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Chuong 1

Pién khong xday ra trong ty nhién dudi dang si dung duge va cing khong
thé tich triv duge luong dién lén. Pién phai phat ra lién tue d€ cung edp cho
cde nhu ciu vé dien. May phat, phat ra dién bing cich bién déi co nang (quay)
thanh dién nang, dé 1a phuong thie thich hop va hi¢u qua. Chi mét phin nhé
cong suat bi méat do tén hao trong mdy phdt dién thiéu sudt trong cic may
phat dién trén 90%

Trong Lurbine hoi nude, nhigét déng tao ra cong suft nhiét cung cap cong
suit co quay thidu suat khoang 40-50% so vdl eéng sudl tao ra nhiét dong).
Trong turbine nudc, th nang cia nude tao ra cdng sudt ¢o quay vdi ton hao it
bé. Nguén ean ban cia céng sudt ed - trong turbine nude hay hoi nude goi la
ngudn nang lygng tprime mover’). Pién cing cd thé dugc phat ra ti dang
plasma cua khi duge dét néng. bién déi cong sudt nhiét truc tiép ra cong sudt
cd (quay} (nhi nha may dién Ba Ria). Quy trinh ca - dign cda sy phédt cong
suit dién duge néu trén Hinh 1-1, dudi cac diéu kién bién dai déu, moment
ngudn nang lugng Tpy = T, (moment mdy phat) vdi turbine va mdy phat dién
chay ¢ tée dj déu

Ngoai viée thip sang va tao nhiét, dién nang duge si dyng cha yéu dé tao
e ndng quay trong cong nghiép (dién niang hién dai thanh c¢ nang). Cdce tram
phat dién trung tam cé hi¢u nang ldn duge si dung két hop dé tang cing Suat
dién. chuyén tai dén vé so cae diém si dung dién. Quy trinh bién ddi nang
lugng dién - co 12 quy trinh thudn nghich v sy diéu chinb don gidn truc co
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Hinh 1-2 Ché d6 dong co cda su vén hanh may dién

quay va cdc dieu kién vé dién nguge lai dang dan cong sudt (Hinh 1-2). Cdc
thiét bi dién co duge goi chung 1a mdy dién, nhu dong co dién va cde may dudi
dang déng co dién. Trong su van hanh téc do déu. moment T f{dong co) = T,
ftai). Trong cd hai dang may phat vi dong co, déu ¢6 mat mat cong sust trong
may dién, nhung hiéu suat bién d6i nang lugng rat cao, hdu nhu toan bé (trén
dudi 90% ),

Mdy dién duge sit dung hau hét trong cac quy trinh sdn xuvat va céng
nghiép. May phat dién ¢d rat lén (50 MW hay cav han), dong co cing nghiép vai
MW dén thiét bi dan dung vai kW va ngay cd cdce thiét bi ung dung tinh vi trong
khong gian vii try déu cén dén sy van hanh nghiém ngat va dang tin cay.

Bién dp la thiét bi tinh, dung dé bign déi dién nang ur mot mic dién ap
xoay chigu (ac) nay dén mot mie dién 4p khac; duye st dung phd bién trong hé
théng di¢n. Cong sudt dién duge phat ra ¢ mic dién ap thap (t8i da 1a 33 kV),
dugc bién dp nang lén dién 4p rdt cao (ching han 500 kV} rdi truyén tai di.
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Hinh 1-3. Hé thong cong sudt dien don gidn



Dién ap cao nay e6 dong dién thap, lam gidm s¢ mat mat cong suat khi truyén
tai tren day dan dai. Khi dén gin cac diém su dung. cong suat dién phai giam
thanh dién dp thap an Loan (220/380 Vi nha sd dung bién ap gidm,

Mai pha st dung mét mdy bién dp thé thing dién 3 pha sy dung 3 may
bén dp). Mot bién dp co bdn goém hai cudn day duge quan trén 1o sa o, Hinh
1-3a la ky hiéu mat imdy) bién ap. Hinh 1-3b bidu thi mat dudng uruyén phiit
ehng sudt dign don gian va hé théng tiep nhan dién. Thue (8, he théng cong
sul dién la mdt hé thong tich hop, phie tap hon nhiéu, 1a mang lién két pha
hop vai cde diéu kién kinh té, hiéu suat van hanh va do tin CAY.

Cac di€ém co béan, phan loai, ddc diém, cau tao may dién

Cdd ban ¢6 ba loai mdy dién {quay) ia :
1. May dién mét chiédu (de.

2. May dién dong bé nhiéu pha.

3. May dién cam (ng nhidéu pha.

Cd ba toai vat liéu chinh trong mady dién 1a © sd/ i ¢ dan tir théng, dong
thay nhonn d€ dan dong dién va et cdel dign A8 cach dién day dan.

May dién bao gbm hai phan : phdn quay hinh try goi 14 rofer va phén
dimg v&én hinh vong boc guanh rolor la sfaior, gilta rotor va stator cdch nhau
hat mét khe hd khong khi rHinh 1-41. Rotor ¢6 mot truc § tam duoe dat trén

Stator
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.. Rotor

Truc
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hai gid d& bang 6 truc (bae dan) & hai ddu Iép vo may, ldp vé may duge gin
chit bang bulong véi stator. Truc rotor dai hon ldp vo mdy ¢ modt ddu va duge
ghép vidi ngudn nang lugng (déi vdi mdy phdt) hay véi tai (451 véi déng col.

Rotor vi stator duge lam tif nguyén 1idu sit tir dé dén tif thang, phu thude
van guy trinh bi€n déi nang lugng. Trong hai loai, may dién dong bo va may
dién de, dong de kich thich cuc tif tao ra trugng chinh. Iday quan trén cuc tir
goi 1o day qudan kich thich tfield winding). Truing chuyén dong tuong dét qua
cugn diy thit hai dat trén phén con lai, cam ting trén cudn day dé mot suc dién
dgng. Cudn day trao dai dong dién vdi hé thing dién bén ngoai phu thude vao
diéu kién mach. Day quan nay goi 1a diy qudn phdn ting, quyét dinh céng sual
tai cua mdy dién vi day quin kich thich tiéu thu mde cong sudt tai nhe (0,5% dén
2141, Tai phu thugc vao dong dién phan ing, goi 1a dong dién tdi (Hinh 1-5),

Trong mey dign de, cue tif nim trén stator va phan ving la rotor (Hinh 1-3).
e W sd lugng chin va tirng cap déi xing nhau, eye tinh Bdc va cue tinh Nam
xen ke nhau. Khi phdn dng quay, trong cudn day phan dng xuat hién ste dién
dong xoay chiéu va dong dién cam ng duge chinh luu bang chuyén mach co
khi quay, goi 1a bi d6i ndi {eon goi 14 vanh doi chiéu, hay cd gop) dude cdc chdi
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than ¢f dinh ¢o cham vao. Vanh doi chiéu ¢é dany hinh try, gbm cdc 14 déng
ghép lai xung quanh true rotor, ¢ cdch dign giita cac 14 dong va giia la déng
vdi truc quay rotor. Phan dng gdm c¢de 14 sdt tir cin mong ghép lai, va cic
ranh doc trén mat 16i dé chita cde day quan phan dng cich Iy nhau, Cac déu
day phan dng duge ndi vdi cde I4 ddng cua vanh d6i chidu dé tao thanh mach
kin trong ddy quan. Phan ing khi mang dong dién hinh thanh ede cye ¢ dinh
igidng nhu s6 cue L) vA tugng tac vdi cde cue LI tao nén moment dién i,

Trong may dién déng bo, cae cde t ¢ thé & trén stator hode rotor, nhung
héu hét cic may dign trong thue t& déu cd cdce cue tir Lrén roter tHinh 1-61. Cie
cue tir duge kich thich bang dong dign de. Stator 1a phan dng mang day quin
ba pha duge quin bang véi s cue LU cda rotor. Diy quin 2 pha doe lap vai goo
dich chuyén pha. Khi roter gquay. sde dién dong xoay chiéu duge tio thanh
trén mbi pha cdn bang nhau, va tdn 56 duge xdc dinh bang cong thire :

._nP o
= *1—2—6 (1.1t

Vé&i f = 14n sd itinh bing Hz)

n = tdc dd rotor (tinh bang v/ph?

P = =8 lugng cuc tir

Vit 56 lugng cuce tit da cho, tée dé rotor ¢é quan hé én dinh vai tan s8
stator. Tae d§ rotor nay la tée d6 déng bo. Khi déng 3 pha can bing chay trén

Cudn ng

Gudn trudng

3-phase ac Stator

V,idc}

Rotor

Cuc chinh .
Gudc cuyc

Hinh 1-6 Mdt cdt miy dong bé
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cudn day phdn dng, tao ra ti trudng yuay dong hé, oo dinh do1 var L trudng
quay rotor, ching tuong tdc tao ra moment dién W ngay ti lue khdi dong dau
tién. Tuy nhién, doi vdi dong co dong bd thl khigng theé tw khdi dong.

Trong may dién de va may dién ddng bo. dien dp va dong dién trén cuon
day phan tng quvét dinh cang suat, va truimg kich thich ehi su dung dién de
cong suat thap, do dé cde loal nmuiy ditn nay duge kich thich kép. Mdx dién
cine ting, hoan tean khae vii hat loai trén, ¢ duge kich thich don bang dién
chinh ba pha trén phan stator.

Day yquan stator phal mang dong dién tai va dong dién kich thich Lao ra
tif truong. Day quan stator 14 ba pha 1tuong ty vdi day quan phan dng trong
may dien déng bd), Khi duge kich thich sé tao ra tif tnimg quay dong bd. Déng
cd edm ting ¢6 hai loal ciu Lrae rotor.

1. Pang eo long sde: rotor L loai ling soe, ¢d cie thanh dong thay nhom:
duge cal trong cde vanh va ndi Lt ngdn mach ¢ hai ddu (Hinh 1-Tay,
(du trac nav tist kiem, kinh 12, nhung moment khal déng tang cham.

2. Bong e rotor div qudn hay vong fruot) @ rotor ¢6 ba cudpn day ba pha
duge dau tam giic hode hinh sao; ba dau ra néi vdi ba vong trugt tiép
xtic vdi chéi than (Hinh 1-7ly

Ciac diu dav niay binh thugng ngan mach khi déng co dang chay. Ba dién
trd duge néi vao ba chéi than trén vong trugt vao lic khoi déng dé tang
moment khai dong

Dav quan stator tuo LT trudng quay. chuyén dong qua day quan rotor ngén
mach, & cam dng doug dién tré hon. Dong dién cam ing nay tao tU trudng
Fieng gquay cing tée do v tir trudng day quan stator tao ra. Sy tuang tac ha
ti truting én dinh nay lam tang moment quay. Rotor chay ¢ tie dd gan nhu
ddng b nhung luon lubn thap hon so véi tir truéng guay. (J 15e do déng b,
khang cd dong cam tmg ¢ rotor nén khdng c6 moment quay.

Pang ¢ dién xoay chiéu mdt pha ¢ dign dp thap, céng suat thip (vai
kW) sy hoat déng cua chung tugng t dong co ba pha, nhung to truong dap
mach mél pha lam ting ton that, lam gidm moment quay, va thanh phan
moment dap mach lam tang tiéng én trong dong co.

Ldp cdach dién trén meis dicn co thé bi tén hai do nhiét 46 tang qua muc
cho pheép, 401 vii mey dien o Lin, nhiet d6 on dinh quyét dinh bai tai caa may
dien, fam ghim cong suiat ton thit dudi dang nhiét bang cdeh lam nuil may

diin vibi gidi han 1ai cho phép. khong dé nhigt 4@ vuut qua nuie gidi han.
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Thanh dan trong cac ranh

{al Bong co long soc

T Y - il }— _j
/ _7 NS N
/ vanh trugt
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Cac cudn day

) Ddng co day quan

finh 1-7 Dong ev long soc va dong co dav qudn.
Diéu khién ddng co

Cde thanh phan va hé thimg dang d¢ didu khidn ~su quay déng cu rat da
dang va khdc nhau. Diéu khién déng e ¢6 thé 13 tit md don gidn hoae diéu
khien mot hay nhieu thong si ngd ra nhu tée dé truc, vi tri gace, gia téc,
moment quay va edng sudt eo hoe ngo ra. Vi <u phiit trién nhanh cdc thiét b
cong suat dién tf. cae mach tich hep (101 va eic module mdy tinh ré, pham vi,
chit lugng va va dg chinh xde mach dién 6 didu khicn déng co trd nén vé tin.
Midy dién va cac hé thong dién co khic ¢6 do chinh xde va dd Uin eay cao nhit
duge dung trong cde img dung dién hat nhan va khang gian. Sv dung cde ha
bién doi cong suat dién wr, dé khdi dong, ding va déi chidu dong co de eong
sudt e MW chi trong mét vai giav. Cuéi cimg, khi ede nguén nang lugng nhw
mMAt Lrdl. sde gid, ... 88 trd nén kinh t€ qua bé bign déi ning lugng dién o s
phit hop vai cde dice tinh thue tien,
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Kinh t& va cac van dé khac

Trong mét 56 thiét bi, tinh kinh t& 14 yéu td quan trong 8¢ chon mdy dién
va vdc bo difu khién tuong tmg. Quan hé giita cde ddu tu ban dau véi chi phi
hoat dong via bao tri phai duge xét trong su chon lua nay. Quyét dinh chip
nhin déng co hidu suat cao cd tri gia cao, dae biét trong mdi trudng gia tri
nang lugng tang cao. Bién dp xudt hién tiéng 6n do ti trudng, may dién quay
¢o tiéng 6n co khi do banh vang, d6 hd... Trong cac mdc & nhiém tiéng én
ngay nav tinh bang decibel, tiéng én may dién c6 thé la mét hé s6 quan trong
dé chon may dién.

Céc xu hudng nghién ciiu va phat trién may dién

Cdc Lién bd hién nay vé mang tich hop, tri tué nhin tao, hé thing théng
minh, cdp quang, chat siéu ddn, cdc vat lidu si, ... tie dong mynh mé dén sy
thiét ké va ché tao cac may dién.

Yéu cau duy tri tir théng theo cde quy dao xde dinh doi hoi sd dung thép Si
trong hau hét cdc thiét bi dién. Ciéc loat thép ky thuat dién hién nay duge chia
thanh cac nhém, gdm nhom khang dinh hudng, dinh hudng ciu tric hat, va
1am ngudi nhanh, trong dé hai nhom dau duoe sd dung chu yéu, Do cac gidi han
vé qui dao tir thong, thép dinh hudng cau trie hat duge ding chd yéu trong cdc
lién ap phan phdi cong suat lan, con thép khéng dinh hudng duge dung trong
cac may quay va thiét bi nho. Ham lugng Si eo tinh quyét dinh déi vdi dac tinh
cua thep k¥ thuat dign do lam tang dién tré suat, giam tinh di hedng va tis trg,
daong thai lam giam muc bao hoa tiy, nhung lam cho thép ¢6 tinh dan.

Su phat trién cde loai vat liéu mdi, nhu thdy tinh kim loai, ferrite, sd
nhom, vil licu chiu nhiét dé cao, vat ligu tor tinh vinh cio (Neomax, Nd-Fe-B,,
Co-lantanide, ) tde dang dén cdu tric va thidt ké cia nhieu logi mdy dién,
khong chi lam gidam chi phi vat liewkVA, ma cén tang hidu sudt va 4o Lin cdy.

(6 nhiéu linh vue tac déng truc tiép dén sy nghién cdu may dién:

a; Caclinh kién dién t véi dong dién/dién 4p cao ngay cang phat trién.

b1 Cdc bd vi xur Iy vdi nang lye va tie 4o xit 1y ngay cang cao nhung chi

phi ngay cang thap.

¢! Cdc cong cu tri tué nhan tao

&) Cac ky thugt CAD/CAM, ..

Cdc linh vue nay da, dang va sé tao ra cude each mang trong thiét ké, ché
tiun, va van hanh may dién.
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Chuong 2
Mach tif va su cam ting

Gidi thiu

H¢ théng dign tir la thanh phan chu yéu trong mdy dién quay, vhiét hi
dién c¢ va Lhiét bi tinh nhu may bi€n dp. Vai tro cta hé thong dien tu 1a thist
Jap va dié¢u khién dién tit trudng dé bién déi, xir Ij va truyén nang lugng. T
truémy trong cdc mdy dién quay thue té (Lir vai chue watt trong gia dung, vai
MW trong cing nghi¢p ndng, hodc may phat dién vai tram MW) |a nguyén téc
dé bién doi gita <o nang va dién nang hodc ngude lai. May bién dp la thist b
truyén dién nang qua trung gian tir truémg, khéng phai la thiét bi bién d46i dien
e hay co diégn.

T&L cd mdy dién tké cd may bién ap) déu sit dung tir trudng trung gian 4é
bién do6i va truyén nang lugng. Mach dién. mach tir va su tuong Lic cua ching
s& duge nghién ciu.

Nhiéu thiét bi co bdn khac nhu relay (rolel. bo ngit mach, ... déu hoat
déng nhd vio tif truding.

Chuong nay tom tét cac dinh luat vat ly chi phai tir truimg, sy cam ing lue
dién tir va tao nén lye cd hoe, trinh bay khai quat cae vat lidu tif tinh va edc mach
tir don gian. Trong cac chuang ke tiép, cac khéi nién trong chuing nay duge dung
dé phan tich bign dp va may dién.

Mach tur

Céc phugng trinh Maxwell va quan hé ciia mai trudng thiét lap tir trudng
mé ta chinh xde tir trudng. Cdc phuong trinh Maxwell déi vai trueng Ia :
VB=0 va Vv.D- p
) . - - ‘B

va VxE =-—"=
&t ot

V‘-'"'xl:I=J+




Trang do:
J o mat do dbng dién déan.
(b : mat dd dong dién din dich chuyén.

Truung 1rang mey dién thay déi cham 50 Hzy, xdac dinh theo Maxwell co
thé khong ein thiét vi dang dich chuyén D ca thé bo qua. Tif truisng ¢6 thé mo
td thes dinh luit Ampere chi vdi dong dén chi phél. Phuong trich dinh luat
Ampere co dang tich phan, sif dung dai s6 vector nhu sau :

[J.ds = §H.dl 2.1)

Vi J = mat db dong din
= mat 46 tir trudng
5 = tidt dién duimg din khép kin cdé chicu dai !
ds = vi phan tiét di¢n
dl = vi phan chiéu dai
Hinh 2-1 gidi thiéu hé thing dién tir don gian gom mot cudn diy kich
thich tae tir teading va 101 sdt ¢iz. Cudn day cé N vong, tai déng dién de la i A,
@ tao ra W trudng trong khong gian, Tu thong tap trung hau hét trong 1o sat

tiz. Loi sat t khép kin la duang dén tit thang trung binh. Téng dong ddn qua
fai sat L oo tict dien s la

[4.ds = Ni
/'Hc
A
{ 3
o ~ = L |- chidu dai 161 trung binh
T p e (st tU)
§ r‘f-T-D Y
e 7 ' | P w ' *
! I‘I C?l'-r-l',-D , T T thong ro i
: 1 i
4 Y / |
0._',_L ] Tap |
- | [ Ca“ e b
Cudn kich l\____.__...____;___/’
]
d

Hinh 2-1, 118 thong it dan gidn
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Ta pti12.1)
Ni-dldl 2.2
Tiech # = Ni co dun vi 1d amp-vong tAT) tao nén wr trudng, dd la fwe tu
dong {mmf) luong o lue dign dong 1erfi tao ra dang dién trong mach dién

Cutng do tir trudnyg H tao ra mat do tir théng B (edn goi 1a cudng 46 to
cami tai mdi diém trén duimg ddn ur thang

Bai vdr dutng dan L ia 1 :

B=ull =ywuit i12.3a)
Bai voi duong dan la khong khi

B=uitl {2.3h)

Bon vi mat dé tir thong thay cudng dd ta cami B 1a Whim?, duge goi la
testa Ty, BPai luong p, 12 49 tir tham tuyét doi cua chan khong, ¢6 tri s :

L, = 4m x 10" H/'m
uo= o, 1a do tr tham tuvet dé1 cua vat ligu dan tic

L, = i, 12 hé =4 tif tham weong déi cda vt liéu din tit, cé gia tri khodng
2000-6000 do1 v sat tir. T thong o trén dién tich S la :

o = {B.ds

Trong Hinh 2-1, tir théng trén duong dan khong khi rat bé. ¢6 gid tri
khong dang ké dude goi 1a (i thong ro. TU thong do luc tir ddng Ni tao ra, 1ap
trung trén 191 sat tir. Khong thé tranh duge ro W néu khong cd cach Ly ur (rat
kha thye higns Hicu dng w thong ro trong may dign 14 dién cdm ro.

Cubng dd tor truemg H 1a tiep tuyvén vai dudng tir thang doc theo dutmg dan,
nén phuong trinh tich phan vector khép kin trong pt +2.2} duge chuyén thanh
tich phan vo hudng:

Ni = 4kidl 2.4
!
Khi i thong i khéng dang k&, tir thong qua tiét didn 101 1a hdng s& dai
voi moi diém trén doan 16i thiang ¢ lan can cde goc vudéng cua 10i, dudng dan
L thong khong can la dudng thang, wén H bi gidm sau khi qua géc. Pé don
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gidn héa sif phén tich mach tir, phai gia dinh H ¢é cing gid tri & khap chidu
dai loi.
Khi gia sif cuting 4o tir triong trong 181 1a hiing s8 H, pt (2.4} trd thanh:
F=Ni = Hl, (2.5)

Vdi F = lue tir déng, tinh bing amp-vong va 1. = chiéu dai 1&i trung binh,
tinh biing mét (m)

Suy tir Pt (2.5);

H,. = Tii AT/m (2.6
C

Néu dong kich thich i bién thién theo théi gian, H, cing bi&n thién theo
(Pt (2.6)). Kiéu truong nay duge goi 1a trudng fua tinh. Néu truing bién thién
cham (50 Hz) thi déng dich chuyén khéng dang ké. Trong truéng tua tinh, mé
hinh trudng va chiéu dai truimg khong thay déi nhung cudng dé trusng He
bién thién theo sy bién thién dong dién.

Mat d5 tir thong trong 161 duge tinh theo céng thitc :
B. = pu.H. tesla (T)
Va tif thong trong 161 1a ¢

6 = {B.dS$ = BuA, Wb

Vai A. = tiét dién 163
Tirpt (2.6 :
Ni

i
Hefe

Var ®=9/p = l/u A = ti trd ctia mach tir (AT/Wh} {2.8)

l;l'
¢ = HeAG = hoge g === (2.7

P = UR = do ddn tir cia mach tir

Hé thong phan bd tit ¢6 thé duge bidu dién bing mét mach vir Lap trung
theo pt (2.7), tusng 1y dinh luit Ohm trong mach dién dc. Hinh 2-2 trinh bay
mach tir vdi lue tir déng ¥ (tuong tu lue dién dong E), tif trd £ (tuong tu dién trd
R} va tir thong ¢ (tuong tu dong dién 1)

18



Mach tif nay khoéng hoan toan tuong #{~ i)
tu nhu mach dién, vi ¢6 hai diém khac nhau:

Tir tri % khéng tiéu tan nang lugng (- B #-A
nhu dién trg R
Hinh 2-2 Svu tuong tu dién cua

Khi luc tir dong F bién thién, mach ti mach tx don gidn trén Hinh 2-1.

vdn gilr tir trd c6 dinh, trong khi mach
dién lai xudt hién cdm dng khi lue dién
déng bién thién. Ly do i khong c6 thii gian tré gilta dong dién kich thich va su
thiét 14p tir thong (trudmg tua tinh)

Mach tir tap trung trong 16i duge so sanh vdi mach dién d& higu rd khai
niém dé tif thAm u cua 1ol va ti trd cda 161 ¢d dinh theo cac gid dinh néu trén.

Trong nhing mach tir phde hgp, nhy da kich thich, va ghép 1di song song
6l tiép, ¢é thé dp dung cdc dinh 1§ chung vé mach dién nhu dinh ludt Kirchhoff
vé dién ap (lue tir dong) va dinh luat Kirchhoff vé dong dién (tir thong).

Pac tuyén tir hoa {quan hé B-H)

Trong chén khéng (va vit liéu khing tir tinh) dé tif tham p, 12 hing sé,
quan hé B-H la tuyén tinh. Nhung dai véi 161 sdt tit trong may dién, quan hé
B-H khéng tuyén tinh ¢ hai ving - bdo héa va tir tré. Khi H bién thién tudn
hoan, do ¢6 tif tré nén quan hé B-H khéng tuyén tinh. Khi tinh toan mach tur
¢6 thé bo qua guan hé khong tuyén tinh nay. Nhung khi xét tén that cong sudt
va dang séng dong dién thi quan hé nay rit quan trong. Hinh 2-3 1a dac tuyén

&),

0

Hinh 2-3 Duong cong tit héa clia vdt Hidu sdl (i



tir hoa dae trung cho quan hé B-H cda vat liéu sat ti. Khdi ddu la vung khéng
tuyén tinh, doan giga 14 vung tuyén tinh va cudi 12 ving bao hoa. (§ viing bao
hoa B tang cham hon H so véi ving tuyén tinh. ¢ ving hao hoa sau, vat liéu
duye xem nhu chan khong.

Vé mit kinh t&, mady dién quay va bién ap duge thidl k& vii vat ligu tit co
bdu hba nhe (¢ trén ving tuyén tinh). Trong tinh todn mach tir thue t&, phai
ding dudng cong tir hds d¢ phan giai dé thifsé tiéu,

Ldi c6 khe hd khong khi

Hinh 2-1 1a bién 4p ¢o ddy quédn trén 16i khép kin. Midy dién quay 6 phin
7 chuyén dong nén 16i phai c6 khe hg khang khi. Hinh 2-4 1a mach (i ¢6 mot
khe hd khémg khi. Khe hd khéng khi hep, nén tir théng chay trong 16i di
thang qua khe hd. Mat d6 tif thong trong khe ho bang véi trong 161 (thue t&
hai nho hon trong 161 D6 tir tham i, cua 161 xem nhu khéng 46 (dac tuyén Lir
hoa tuyén tinh),

Léi va khe ha tiéu thy luc tir déng theo Hinh 2-4

Ni = Hl, + HL (2.92)
Bl' BH

Ni= 1, «—F1, (2.9b)
Inlt- U“

14 su toan bd iz thong déu di thang qua khe hd khang khi (tit théng
ngoai bién khe hd xem nhu khang diang ké) (Hinh 2-5)

/HC
f———A——"-~\ L&i I,
i | I .
- ; | Tiét dién A
qd '
e d l’ P N ; = Khe khong khi Hg, |y
TP | Re ¢
_ C._._;____‘ i
o b P |
L | _
E\...._......._...‘_.___._/ N“L Rﬂ
{a) 1]

Hinh 2.4 Mackh tir c6 khe ho khong khi va mach dién tuong duong
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Tu théng vang

Khe h& khéng khi /_<
/"'__"'--\

L&l e Loi
N
Hinh 2-5 Ti thong mde vong ra bién ngodi & khe hi khiong khi
B, =B.
¢ =B A=B,A (2,10
Tir 16 (2.9}, 12.10)
I ) b & ] K
Ni - g J+|—-’i—] {2.11}
L He S k]-"UA
hay
F=0 (R, + R) = ¢ R,, (2.12)
Tiz Pt (2.12)
| F i
= 7 = R (2.13)

Re + K, Lt Re/R,
Vi y,. gap 2000 - 6000 ldn p, trong vat liéu sdt tif va |, >>1
¢ = F SR {2.14)

Phuong trinh (2.14) ¢6 ¥ nghia 14 trong mach tif ¢6 khe hd khang khi, ti
trd cua 131 ¢6 thé bo qua, é6 chinh xde khang thay d6i dang ké. Didu nay dugc
ting dung trong mady dién quay.

Tinh toan mach tir

Nai chung, ¢dce tinh todn mach tir thudg gdém hai loai vdn dé:

¢ Xic dinh sy kich thich cén thiét dé ¢6 lyc tir dong thiét lap tir thong
mong mudn thay méat dé ti thong) trong mach t&r. Pay 1a truyng hop
thiét ké thiét bi dién co.

+ Xac dinh dang hinh hoc mach tir va lue dién tis, khi chua biét mat dé
tit théng
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Trong mach khuéch dai tir, tit thong hinh thanh cdn xac dinh tuong vng
vdi sif kich thich ciia mat hay nhiédu cudn day quin. Pic tuyén B-H cia vat liéu
st tir khéng tuyén tinh nén khi tinh toan can dung phuong phép db thi/so lidu,

Tir théng ro

Trong L4t ca cae mach tir thue tién, hau hét tie thong bi rang buéc theo
duiing ddn xic dinh bang cach dang cdc 1oi tr, nhung mét lugng nho tu thong
ludn luén ré ri ra bén ngoai, duge got 1a tit thong rd. Ro ri la dic tinh cda mo
mach tif va khang thé loai hé hoan toan. Cic tinh todn vé mach tir chinh
thu@ng duge thuce hién vai hiéu dng tir théng ro ri thudng duoce hd qua hodc xét
theo thue nghiém. Su rd it thing ¢ énh huing xau dén sy hoat déng cua
mav dién ac va may bién dp.

Tir théng bén ngoai

(3 khe ho khang khi trong 161 L, 1o thong mée vong ra bién ngoai khe ho
nhu Hinbh 2-5 Sy md réng khu viue hiéu ang nay lam suy giam mét db tir thong
trung binh trong khe hd khang khi, va gay nhiéu loan tir théng trong 16i gan
khe hd, hiéu (ng bién ngoai khe hd ting khi chiéu dai hd 1ang. Cac hiéu
chinh hiéu ing bién ngoai vdi khe hd ngdn (nhu trong may dién} duge thue
hién theo thie nghiém biing cdch ting mat chidu dai khe hd cho hai chigu tao
ra dién tich do.

Trong 151 ¢o khe hd khéng khi, tir tré khe hdé khing khi duge tinh theo cong
thae:
1 .
woo— voL A, > A
P-uAg

Trong dé A = Liét dién 181,
A = dién tich tif thong di oua trén khe hd khéng khi.

He s0 x&p chong

Lo tir gdm ciie 1d it tir mong nhe, duge phu ldp son ciach dién va ghép xép
ching 160 nhau thanh 16i A2 gidam (6n thal cong suéat do dong dién Eddy ihay
Foueaulty gay ra. T w0 wida thng cie mat cat npang cdce ld sat tir vai mat it 14i
npaven khol duge o 1 he s0 xép chong t<li Hé s6 xép chong phuy thudoe hé
divy L sancein be ey itng tang, hi w6 xép chng ciing Won. thuong (ks don o b5,
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Vi du 2-1 Mach tif Hinh 2-da co cde kich thuge - A, = 4 x4 em?, | = 0,08
e, 1= 40 em, N = B00 vang. Gia sup, = 6000 dai vé sdt. Tim dang kich thich
dé ca B, = 1.2 T, tir théng tuang ung va tif théng néi ghép.

Gidi

Theo Pri2.49

B. B
Ni - { L. ‘—h].r 1
L, b,
Néu bo qua bién ngoal @ A = A, s do d6, B = B,
B
N, )
2 [t : , -
1 - ‘4) £ 0061, 107 (i3
tr 1070 = 500 8000
106 A

o=0.A.=12x16x10'=192x 10" Wh
A=No=800x 182 x 10" = 1.152 Wb vong

Naw tinh tir thang bien ngoai, mot chidu diai khe duge cdug vio timg kich
thutge cuan dien tich khe ha kidng khi, lae d6 -

A, =1+ D061 + 0.06) = 16484 cm?
Hiéu dng A, > A, lam giam o tré khe khéng khi, do dd:

B,=r19.2x 10 16484 x 107 = 1165 T

T pt e
B :
i ] U Bl v B
N o, T
1 2 qa N
e ! S SHAB5 006 1y T i
dxoe 10 B (MUY
1oeids A

Vi e 2-2

MOt thien =i dhid o0 oo duviog kinh 2 e duge uan GronHinh 2-610 Day
guin: o bt vane s Hiiy il e ach tloeh dé tae o thiong 006 mWh trong
mach v cae trong hop s
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Hinh 2.6

{i) Khong co khe hd khong khi
(i) Co khe h¢ khéng khi 1 mm; , (sit) = 4000 (gia si 1a hing s6}

(1ii) Cd khe hé khong khi 1 mm, gia sif cdc dir lidu tir héa eiia sét nhy saw

H (Amp-vbng/m) 2500 3000 3500 4000
B(T) 1.55 1.59 1.6 1.615
Gidai

(i) Khong cé khe hé khéng khi ; i

2’

30x10*

&, = - =1.9x10°
400 anx 107 xnx 107
Ni = @R
¥ -3 5
- ;pl:r_( _ 0.5x106(;<01.9x10 - 0.158A
(iiy Khe ho khong khi = 1 mm, u, (s4t) = 4000 :
¢ =1.9% 10" {nhu phén ©)
-3

Re = 1><_1o =252x10°

4ax107 xnx 107
®(tdng) = Rx + &, = 27.1 x 10°

Ko« '-"xr i)
(05410 <271x10° o0

600



(iii} Khe he¢ khéng khi = 1 mm, dir liéu B-H da cho

06x10" A o .
B. = B, = — - 1.56T !bo qua tit thing bén ngoai khe)
) mx107%
H - By 159
Hu 410"
4
AT, =H,1, = 22221200 960
4m 10"

Luc tir déng ¢ khe hd khang khi 1260 amp-véng
Voi dif liéu tic héa B, = 1.59 T
H, = 3000 amp-vong/m
Lue tir déng d 161 sdt = H,. I = 3600 x (30 x 107 = 800 amp-vong
Luye iir dong tong cong = 900 + 1260 = 2160 amp-ving
1=2160/ 600 =36 A
Tinh tuong tu cho cdc dix lidu con lai
Vi du 2-3
Mach tir Hinh 2-7 ¢6 151 thép die véi kich thude nhu saw :
Chiéu dai tir A d&€n B qua nhdnh ngd ra = 0.5 m
Chiéu dai tit A dén B qua nhdnh trung tdm = 0.2 m

Budng dan t trung binh

iéz o‘
;!f._—«-—’_/_._ A{._/.f_.*_-__.__.___,\ ]
' P i |
i = T p
! ; C—U_l__j/ ] ;//1 x1em
' I 1] ; .
| H—p N
| ik i
[ s : s 0.02ém |
L e B, — ] ]
0.02 cm —-:L 1 2 om — ’ ! ‘L “L.... 0.025 cm
@ o ’B‘——* ______ U Ny
1x1cm
Hinh 2-7
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Tu thong duge thiét lap trong khe hd khong khi trung tam la 0.75mWh.
Xac dinh e tir déng clia cudn day kich thich vai vit lidu 161 ¢d dit Jidu the qua
vung bién ngoart

tdt {, = o=l u = 5000

Giai

a. [ =~ khing ed Ive tr dong rui trén 161 td. Hai nhanh ra ta mach tiy
song song. Mach dign tong tu mach tu nay duge néu teén Hinh 2-8a. T trd
trong cdac khe hg i

0025 <10 ® )
WK LQ_) i_(_ — - 199« 1()’1
41007110

0.02. 10
T T

02102 ,
Y 2-_-L-— = 0.796 « 10"
dn 10 s 210!

= 1.582 % 10"

T Hinh 2-8b

1}

Ni 070 x 100 (R + & VR,

= 1260 amp-vong

0,76 x 107 (0,796 + 0,844} x 106

¢ =0.75 mWb

-R.g a g E P i

#
] e

() ®)

l 0.75 mWb 1 1
N Ni

AARA

>
2 F ol g0

Hinkh 2.8 Mach dien tuong tu mach tir trén Hinh 2-7

bow, = 5000, Mach dién taong w trin Hinh 2-9

Chidu diat khe b due boqua so voi chica dai I0i, Lif tre 161 duoe tinh nhes sau:



r I 0.75 mWhb

MNi
foa ‘kcl
T
‘o i *
g2 g -
Hinh 2.9
(1.5

= 1,796 < 10°

Hew oo - ) )
dro T 2000 -1« 10

R, e - TG - 107
()2
'u\“._i - .

= — = 0.159 % 10"
41007 L5000 210!

Tir 1re tong eong trén mach s
Ry = (R W0 PR B+ TR+ Ry

| 2T.R6 < 23.86
5172

C10% 0955 « 10% = 2.24 « 10"

Ni=gR, =10Hx 100 x 2,24 x 10/} = 1680 amp-vong

Vi du 2-4 Mach 1 Hinh 2-10 ¢6 161 bang theép due. Tiét dién nhénh trung
cam 13 800 mm?® va mai nhanh ra 1 600 mm?. Hay tinh dong kich thich dé 6
tir thang 0.8 mWb trong khe ha khong khi. Tu ro va bién ngodi khe hg duge bo
guit. Pac tuyén tir hoa ena thép duge néu trén Hinh 2-16.

1
|
e e e e e am ':
1 — Lo
5 1 mm P
|
40¢}
— 180 mm mm
I
L JET——— |

Hink 210 !
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Giai
O khe khang khi

K}
2B s ATm
£ o8O0~ 10" r

&
d = L 1107 796AT
4n < 10

Iz

(f nhanh trung tam B, =B, = 1T

Tiz Hinh 2-16 : H, = 1000 AT/m
fo=H. %1, = 1000 x 160 x 10" = 160 AT

Vi mach tir 461 xung, tir théng chia déu cho hai nhanh ra -
¢ (nhanh ra) =082=04mWh

B {nhdnhra) (0.4 x 10% 1600 x 10%) = 1L.667 T

]

va tif hinh 2.16 : H,. =375
FAnhdnh ra) =375 x 400 x 10¥ = 150 AT
Atdngedng) =796 + 160 + 150 = 1106 AT
Dong kich thich = 1106/500 = 2.21 A
Vi dy 2-5 Mach tir Hinh 2-11 ¢ 15 thép vdi cae kich thude sau -
Chiéu dai (ab + cd) = 50 cm; mat cdt ngang = 25 cm?
Chiéu dai ad = 20 cm; mit cdt ngang = 12.5 em?®
Chiéu dai dea = B0 cm; mat cdt ngang = 25 em®

Hay xdc dinh lyc tir dong trong cudn kich thich cin dé thist lap tir théng
trong khe hd khong khi 12 0.75 m Wb. Sit dung dac tuyén B-H trén Hinh 2-18.

Giai
Gid dinh khong ¢ tit thing bién ngoai khe hé va mat dé ur thoéng trén
dusng dan abed 12 nhu nhau

= =0.3T
25 %101
K "
- E-ltu. _03x0.25 }0 _ 60 AT
l-ln 4T{ - }0 '
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a ! |
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Hinh 2-11

H,, = H,, (tir Hinh 2-16 doi vdi 161 thép B = 0.3 Ty = 200 amp-vongim.

Tooa = 200 x50 x 10* = 100 amp-vdng

Frl = 60 + 100 = 160 amp-vong

H,, = 160420 x 1071 = 800 amp-vong/m
B, it Hinh 2-16) =1.047T

0. =1.04 x 125 x 107 = 1.3 mWb

O =0.75 x 1.3 = 2.056 mWh

B,, =205 x 1079/ 125 x 109 =082 T

H, . itir Hinh 2-16) = 500 amp-vong/m

]

Fon = () x 50 x 10* = 250 amp-vong

i =, + ;=250 + 160 = 410 amp-vong

Vi du 2-6 : Mot vong thép co tiét dién trbn dutmg kinh 3 em va chu vi 80
em. khe h¢ khéng khi Imm cit ngang vang d6, cudn diy quin trén vong 15
gom 800 vang.

ra) Tinh dong kich thich cdn dé thiét lap ti thong 0.75 mWh trong khe
ho khéng khi, bo qua bién ngoai khe va ro tir
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ibr Tim tit thong duge tao trong khe ha khong khi néu dong kich tir fa 24,
Bo yua bién ngoai khe hd va ro tir,

DG igw tir héax -

H iamp-vong/mi : 200 400 600 800 1000 1200 1400 1600 1800 2020

BiTi: 0.10 032 060 090 108 1.18 127 132 1.36 1.40
Giai
fut o =0.75x10% Wh
]_.—r'-— . H
B, A -2 g
' | (.03
™o .
L2
B, = B, ikhdng ¢6 tir thing bién ngoai khe hai
T dutdng cong B-H trén Hinh 2-12.
H,. = 900 amp-vong/m
1, = 0.8 m iho qua chiéu dai khe hd khong khi)

Lue tir dong 16t AT, = H. 1. = 900 x 0.8 = 720 amp-vong

Lue tir dong khe AT, = (1.06 x 10"/ 4n x 1071 = 843 amp-vong

Ni = lue L déng 161 + lue L ding khe
= 720 + 843 = 1563 amp-vong
Do do i = 1063/ 600 =26 A

thr Khi biét dong kich thich va ti thong duge xdc dinh tir dac tuyén B-H
dia cho, viin dé dude gig biing dé thifso Lidu

B
Ni = --l-l-“- I+ BB, =B i)
Vi NI =600 x 2 = 1200 amp-vong

Phuivng trinh (i) trd thanh -

1200 — .~-»-§~‘-'--: <10 '+ 0.8H,. (i)
47+ 10"

Phuong trinh trén i tuvén tinh, vé trén do thi 1a duémg thang (Hinh 2-12).
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061 |
[
04+ I
!
0.2 | I
[
1 b I
o i
0 400 H, 800 1200 1600 2000

Hinh 2-12

Phuong trinh dif liéu tit hou da cho trong dé bai cing vé trén db thi la
dugng cong (Hinh 2-12})

Hai dudng biéu dién trén db thi cit nhau tai diém :

B, =0.78 T

Tir do, tinh duge tir thong : & = BeA = 0.78 % ;11(0.03]3 - 0.55 mWb

Cac vat ligu tir va tinh chat cta chiing

Vat liéu o duge phan loai dua vao hé 8 to thdm tugng doi . Vat ligu
thudn £ ¢6 w, hai 1én hon 1; vat liéu nghich # 6 1, hai nhd hon 1. Cdce vit
Héu ndy ¢6 U = 1, nén tinh chat tif cia ching gan nhu tuong Wi chan khang.

Vat liéu ¢6 ¢, 16n hon nhiéu 1an so vdi chan khong 1a loai vat lidu sat tif va
ferrite tir, gdm tir cung va tr mém. Vat liéu sat tif loai cing gom cée vat lidu
nam cham vinh ctiu nhu alnico, thép erom, hgp kim Cu-Nj, va nhiéu hyp kim
khac. Vit liéu sdt tif mém la sit va cde hop kim cia Fe véi Ni, Co, W, va AL
Thép silic la vat lidu sit tf quan trong dung trong bién ap va may dién. Vat liéu
foerrite tiz 1a hén hap ferrite vai oxide sdt - MeO. Fe,0.. Ferrite cing chia lam
toai ferrite eitng (nam cham vinh eltu) va ferrite mém (Ni-Zn, Mn-Zn). Ferrite
mém duge dung trong cac bién d4p cao tén, thiét bi séng vi ba (microwave), .
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Loai tha ba la siéu thudn tiz, duge lam tir bdt sdt va cac bot hat tir khac,
dupe dung trong bién dp dién W va lai cudn cam. Hap kim permalioy (bat Mo-
Ni-Ferla loai vat Héu nay.

Tinh chat vat ligu tir

Vit | oo tired do tirthdm cao va quan hé B-H khéng tuyén tinh do bao hoa
VA LT Lre.

Quan hé B-H theo su b1&n doi tudn hoan H la vong tr tré, dé thi trén Hinh
2-13 ¢6 hai vang ti tré Luong dng hai gia tri cue dai mat do tir thang B..
Vong tif tré cang réng khi B,,,, cang lon. B la ham hai gid tri déi xing cua H,
vl gid tri H cho truge, B tang trén dugng giam tir va B gidm trén dugng téng
tu. Pay la tinh tir tré co bdn, vai B ting cham hon H.

BDuong cong t hoa (binh thuong) 1a dudng nét dit ndi tam toa do vei haij
déu phia 4m va duong cla vong tir tré. Day 14 duimg trung binh cua chu trinh
tu héa, 1a két qua khi tir du cda duting tang tit va gidgm tir, va ciing la duéing tis
héa mét chiéu cia vat ligu tir nguyén thiy (chua bi tir hoa). Pudmg cong ur hog
binh thubng cho bigt mic 4 bao hoa tir

a(n B
82. max ’\
B, ma Budng cong i

héa binh thudng

{
I
}
!
1
|
|
|
I
!

Mat dé tr du
-H
B H2.n‘.ax ‘
i - ma H (AT m)
I
t -
I Vang tir tré
{
'

81 max

A e — — — — — — — — B

- J.omax

Hinh 2-13 Buéng cong B-H vi cde vong i tré



Vong tir tré va dugng cong tif héa (binh thudng) cho bigt tir Lré va muie do
tr dur cia vat lidu, dién tich vong ti tré cang 16n cang tdn hao nang luong
(dang nhiét nang: goi 13 tén that do ir tré. Ton thit nay phu thudc vao chat
lugng vat liéu va mat 4o tir thong cue dai. Vong tir tré thuimg ding dé minh
hoa dang song dong kich thich, dudng cong tii hda (hinh thudng) thuong dang
dé thi&t k& va tinh todn mach tiz. Ton that G tré cang vai tén that do dbng
dién xody la ton that 101 (hay ton that sat) phu thude chiéu day val liéu va tén
56, duge tinh theo hé s6 ton that trén don vi thé tich.

L4 thép

Hdu hét cic hién 4p va cac
ho phan chinh may dién dau
diung thép silic dudi dang 14
* mong ¢6 cach dign bé mat. Silic
duge dua viao thép dé tang dién

trd sudt v xép chang cic 14 thép
mong do dé& gidm 1on (hat do Hinh 2-14 S sdp xép tink thé trong
dong dién xody. thép dinh hudong hat

Thép silic ed cdu trie tinh thé theo kiéu lap phuong tAm khai, ¢ cac géc va
¢ tAm khdi lap phuong déu ¢ nguyén tir. Cde canh cua khéi dé tif héa (. cao
trong khi duéing chéo mat khai va dutng ehéo xuyén tam khéi kho bi ti héa.
Néu tinh thé thép silic duge sap xép sao cho cic canh khoi song song theo
hudng tir hoa, thi vat lidu ¢é do tir tham tudng dai cao, hoat dong véi mat do
Lir Lthéng cao va lugng ton that trong 1oi giam.

Cac ld thép cdn nguéi dat dugc su sdp xép tinh thé nay, dude goi 1a thép co
hat dink huong cdn ngudi, dudge dung trong thiét bi dién co. Su u thép sau khi
cdn ngudl s tang tinh én dinh trong cdu trac tinh thé, Mat &6 tif thong bao
hoa va dién trd suat doc lap vdi su dinh hudng hat.

Su tir gido

Khi vat liéu sit tir bi lue tir dong tir héa, kich thude cia ching thay ddi doi
chiit. Chiéu dai thay déi chimg 107 m va kéo theo thay déi chiéu ngang theo
hudng nguoc lai. Su thay déi nay do tit gido tao nén. K&t qua la ¢é su tiéu tdan
nang lugng khi sy tir hoa xoay chiéu. Hon nifa, cdc ng suat cd hoe lién quan
gay ra tidng on trong dii tin sd nghe duge, anh hudng xau dén mat do tir
théng cao trong mdy bién dp.
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Dac tuyén tir hoa

Hinh 2-15 14 duding cong tit hoa cua thép bién ap va Hinh 2-16 la tap hop
8o sdnh cdc dudng cong tir héa cua mot s vat liéu,

2.0 -
Thép cgn ngudi
/""'/
1.8
//
1.6 7
£ /
@ 1.4 /
12 //
1.0
0.05 (e8] 02 03 05 1 2 3 5

H (KAT/m)
Hinh 2-15 Duimg cong i héa: thép k¥ thudt dién

2.0
- "'""'-H_‘_I'hép can ngliéi
@ 16 /‘L\B
( ﬂ?é//{épd(m
1.2 g
s/y
A
08 /
0.4 //
s 1 2 3 4 5 6 7 8

H{KAT/Hm}
Hinh 2-16 Bhong cong i hod cia mét s6 vit léu
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Luc dign ddng imy (tu cam) va luc dién tir
Binh luit cam dng Faraday la dang tich phén cua phdong trinh Maxwell
thy tu, duge cho nhu sau :
7B
it

ds {2.15)

[Edl = -
Dang sau khi 13y tich phan phugng trinh 12.15) d&i vdi cubn day N ving la

e_._Nfl.qlz_ﬁ (2.16}
dt dt
V&l & = No = tit théng lién két cia cudn day (Wb vang) (A con duge goi la
tir thong maéc vong)

Chiéu duong ciia dong dién trong cudn day 14 chiéu thiét lap tir thong
duong va tif thong lién két. Ddu 4m trong phuong trinh (2.16) ¢6 nghia la luc
dién dong (ng dé tang A la nguoce vdi chiéu duong dong dién. Theo dinh luat
Lenz, phugng trinh (2,16} duge viét thanh :

do

e-nNJo_dr (2.17)
dt  dt

Véi ddu cta lye dién déng duge xdc dinh theo dinh luit Lenz.
Tir théng lién két cua cudn day thay déi theo ba cach:

(1} Cudn day git dung yén, nhung ti théng qua cudn day bifn thién. Luc
dién déng cam ung duge goi la lve dién dong ing tinh (lue dién dong
tif cdm tinh).

{2} 8d ph&n bd mat do tis théng git khéng déi va tinh tai, nhung cudn day
chuyén déng trong ti thong. Luc dién dong dng duoe goi la luc dién
déng ung dong (hoac chuyén dong).

{3) Cd hai thay d6i trén c6 thé xdy ra ciing lic, nghia L cuén day chuyén
ddng trong tif thong bi&n thién. Ca hai luc dién ddong tinh va dong déu
hién dién trong cudn day.

Luc dién déng ¢ng dong trong diy dan chiéu dai 1, dat léch 90° so véi tir

trudng ¢6 mat dé tit thang B, va cdt ngang tir théng véi téc dé v duge tinh theo
cong thdc :

v x B{ 1 = Blv sin® (2.18a)

8 =
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Vdi 6 la gée gitia chiéu mét dé tir théng B va vin tée day ddn
Trong may dién, 8 = 90°, nén

e = Biv

{2.18b
Béy la nguyén ly edt tir thong, va chigu cia lue dién déng duge cho thea

v x B | va duge xdc dinh theo qui fde ban fav phdi cia Fleming
P65 tu cdm

Phuong trinh (2.17) duge viét thanh

e:N@ d¢d1

_ i (2.19a)
dt d1 dt dt
Vi L-nd_d (H)
di 4di

(2.19h)
L 1a dé tu edm ctia mach. D8I vdi mach tir ¢6 quan hé B-H tuyén tinh (dé
tir tham p, 1a hing s6) hoace déi vdi khe ho khong khi, dé tu cam L = hing s

ddc lap vdi dong dién va chi phu thude vao hinh dang cia mach va 46 tir tham
cua vit lidu; L ¢ cong thic

L=t (2.20)
1
Theo dang trudng :
2 2
L-NBA 2 A N g
HI ! £

{2.21)
Bé tucam L t3 1 véi N*

bg ti edm tuong hé M cla hai cudn day ghép gdn nhau trong mdt mach tir
chung la :
12
M, == (H}
L,
M,, = 21 (H)
i

(2.22}
Vdi &, = Tit thong lién két cudn day 1 do dong dién trong cudn day 2

Vdi A, = Tir thing lién két cuin day 2 do dong dién trong cudn day 1



M,, = B9 hé cam gita cudpn 1 v&i cudn 2
M,, = Bé ho6 cam gida cudn 2 v&i cudn 1

Déi voi mach i hai bén (ghép chat hai cudn day), tat cé tif théng déu lidn
két val hal cudn day (khong c6 ti thong o)

M-M,=M, =LL, (2.23a)
Tong quat : M = kyLiL, {2.23b)
Vai k = hé s6 ghép
Tu Pt (2.20) & = La

Trong cdu hinh tif tinh, [, ¢é dinh déc 1ap vdi thai gian, nén huc dién dang
cam ung duge cho theo Pt (2.19a). Trong thigt bi quay, L va i déu bién thién
. {theo théi gian), luc dién déng cdm dng duge tinh theo biéu thic:

eopd,dL
de dt (2.24)

Vdi Lg-i- = luc dién dong tu cam tinh

i% = lue dién ddng dng (tu cdm) déng

Luc dign tur
Lue dién tit goe duge cho theo phuong trinh lite Lorentz ;

dF = [d1 x B (2.25)

Vai 1 1a dong dign trong day dan co chidu dai vi phin dl. Lay tich phan theo
chiéu dai day din va gia si B déng dang (don tri), tdng luc la :

F=11xB=BIlsin0a.N (2.26a)
Vdi 0 = goc gita hudng diy ddn véi truong dién ti
ap = vector dgn vi theo hudng dude xdc dinh bdi tich vector.

Trong cdu hinh mdy dién 8 = 90", Pt (2.26a} trd thanh:
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F = BIl newton (N) (2.26b)

Chiéu ciia lyc duge cho theo 11 x B hay xdc dinh theo qui tde ban tay trai
cia Fleming. Ti Pt (2.26b), B (Tesla) con ¢6 don vi 1a N/Am.

Vi du 2-7 : D3i v6i mach tif trén Hinh 2-17 hay tim d6 tu cdm va do hé
cdm gida hai cudn day. Dg tit thdm 161 = 1600 (tist dién 14i binh thuang).

Giai
LE=(6405+1)x2+4+2)=21cm

L=(3+05+11x2+ (4 +2}=15¢cm

l,=4+2=6cm
x 2
R, = _21x10 - 0.216x 10°
4 x 107" x 1600 2% 2« 107*
v 2
Ry - _15x106 = 0.187 x 10°
dn =10 " x1600x2x2x10 4
6x1072

Ry = i, =0.149x 10%

dnx10" x1600x2x2x10%
{i) Cudn déy 1 duge kich thich vé6i dong 1 A :

R =R +R | R =0261+ (0187 110.149} = 0.344 x 10°

¢, =500 x 1)40.344 x 10¥} = 1.453 mWb
""_‘6 cm——»-l 1ecm |-—3 cm——-!
Fem——— e — - Tk T
#’ -— 3—1 o
| 1] ‘
] | D 1 =] § g)
" =\?§gg . 4cm J(I P s
| i° : o ;:\.
i A=
| I |
: r 4 i 4 l—-_>—°
I ! I
|‘_________gcm_____’_L ________ |
t 2N
Chiéu day 2
Hinh 2-17 o ey sam
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9., =0, = 1.453 x 0.149/ (0.149 + 0.187) = 0.64 mWb
L, =N, =500x1453x 10" =0762H
M, = N,0,, = 1000 x 0.649 x 10" = 0.64 H
{iiy Cudn day 2 duge kich vdi 1 A
R = K, IR R+ Ry
[(L187 + (0.149 x 0.281¥% (0.149 + 0.281}] x 10°

il

= 0.284 x 10°
6, =1(1000 x 1V (0.284 x 10°} = 3.52 mWb
L,
M,, = N,6,, = M, (ghép 2 bén) = 0.64 H

N0, = 1000 x 3.52 x 10 = 3.52 H

Mach tir hoat dfng vdi dign ac

Mach tit trong bién ap, may dién ac va nhiéu thiét bi dién tif khdce duge
kich thich bing ngudn dién ac thay vi de. V6i hoat dong bang dién ac, W
théng duge x4c dinh theo dién sp va tdn s§ dong dién tit héa phai tf chinh
diéu hoa tir thong che phit hgp vdi quan hé B-H.

D¢ st dung vat liéu mot cach kinh té, tit thdng (mat d9 tir thong) phai
trong ving khong tuyén tinh bao hoa nhe (khéng trong vung bao hoa sédu) tru
khi can dén ving tuyén tinh. P& phén tich chinh xdc, khdng duge dy doén
trén co sd dién cam khéng ddi, ma phai sit dung mach tueng duong vdi tham
56 khong déi. Xét Hinh 2-1 vdi cudn day quén trén 15i st c6 N vbng. Gid s
mach tif hoan toan tuyén tinh, dang dién va tir thong bién thién hinh sine:

o = ¢, sinot (2.27)
Vi ¢, = gid tri cuc dal cha tif thong trong 101 {(Wb)

w = 2nf = toc do goc vai f = tdn s8 (Hz!

Theo dinh luit Faraday, luc dién dong uUng (td cam) 1a :
e=N %—t— = olN¢ ., CO8TL (W (2.28)

va gia tri hidu dung
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2n
E- N¢ma\ ~4.44 N¢'ma\ i2.29
72 f / ;
hay E =444 fNAB, (2.30)

Vai B, 12 gid tri cue dai mat d¢ tir théng B icon goi la cudng d6 tir cam
cie dail va A, = tiét dién 15i.

Theo dinh luat Lenz, euc tinh cha lue dién dong nguge véi sy bign déi Lir
thing. Do dong dién tao ra tir thing tde théi va ty 18 vdi tir théng (truimg gia
timh), ching ddéng pha v&i nhau. Tir Pt (2.27) va (2.28), ¢6 thé tim duge lue
dién déng dng éty cdm) din tir théng (va déng dién) vdi goe 90°. Lyc dién dong
tu cam (e dien dong \ing) va dién trd roi trén cugn ddy nguge (pha) vai dién
ap. Tuy nhién, dién trd roi trong cac thidt bi dién tir ac rat nhé nén c6 thé ho
qua dé ¢ the tinh gan dung.

Trén Hinh 2-1, céng suat dién ngd vao gua cudn day la ;

p:ie:i% (2.31)

bién nang ngé vao duge chua trong tr trudng trong khodng thai gian tir t,
dén t, la :

ha

W, - J'pdt Iid). (2.32)
t _

1 L

Vdi W, = sy tang ndng lugng trudng 1a tir thong lién két (tir thong méc
vong) trong cuén day thay ddi tir &, dén A,

B H l B,
Vi truing W, - -—‘l\'z—i)(A(,N}dBc -a.l [H_aB (2.33)
B, ‘ B,

Vii Acl- = thé tich 16i
Tir (2.33), mat d6 nidng lugng trudng 1a;

B,
W, - .[H“ dB,. J/m® (2.34)
By

Vidu 2-8

Trén mach tir Vi du 2-1 va Hinh 2-4a, hay tim:
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ta) Luc dién dong tu cam dng e 401 voi B = 1.2 sin 314t (Tesla)
(by Tl trd X, va R,
{er B tu cam cudn dav L
td) Nang lugng tir truimg o B, = 1.2 T
Giai
ta) Trong Vidu 2-1, gid tei A tim duge 1a 1.152 Wh-vong véi B. = 1.2 T. B,
bién thién ham sine theo phuong trinh

A = 1.152 sin3 14t Wh-vong

Luc dién déng la: e~ % = 361.7 cos341l Y
LIP—C— o4 - =3317x10°
Ut Ae 4nx 107" x6000x16x10
1, -4
Ry = - 610 = 29.856

T oA, 4nx10 «<16x10°
t¢) Tir Vi du 2-1 :
1 =108A
L=31=1152106=108H
Ciing ¢é thé dung phuang trinh (2.21):

Lonp N . N (600

= = 1.08H
R Re+%R, (3.317+29.856)x 10"

(d} Nang lugng chida trong ti trudng tinh theo Pt (2.32)

i

) o 12
W, = fidx - j—l:dl:E -
i3 ]
J1, Q1828 s
277 1.08

Taon that tir trd va do dong dién xody

Trong vat lidu tit, khi chu trinh tif héa xdy ra sé xuit hién hai loai tén
that: t6n thét tir tré va tén that dong dién xody, goi chung la #dn thdt 16i. Tén
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that 6t quan trong trong viéc xac dinh nhiét, nhiét dd phat sinh, dinh mudc va
hiéu suit mdy bién dp, mdy dién va cac thiét bi tir tinh ac khae.

Tdn that tir tré

Hinh 2-18 minh hga vong tir tré dac trung cho vat ligu sat to. Khi luc dién
dong tang tir 0 dén eue dai, nang lugng truong chda trén mét don vi thé tich
vat lidu la:

By=By
J-HdB _ dién tich ofabgo

B,
Khi H giam dén 0, dB dm, tir truding sé& ¢é nang lugng la:
Bl.'
[HdB = dién tich cbhg
Bl\_Bm

Nang lugng con lai trong trubmg (la dién tich ofabeo) bi ton that dudi dang
nhiét do hién tugng tir tré. D6 1a 18n that tir tré trong bdn ki duong. Trong
mét chu k¥, tdn that ti tré la dién tich vong tif trd abedf, ky higu w,,

B6i vai thé tich V vat lidu lam viée & tin s f (Hz), téng ton that tir tré la:
P, =w, VF Watt (2.35)

Theo ¢ong thuc thuc nghiém coa Steinmetz :

P, =k, fB" Wim® (2.36)

&
d/ L aw,= HdB
0

& Hinh 2-18 Ton thdt tir tré
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Vi k, = hing sd dac tinh vat liéu 15i
. = tirthong cue dai
= 8 m0 Steinmetz, tri s6 tir 1.5 dén 2.5 phu thudc vat lidu,
thuimg 1dy 1a 1.6.

Ton that dong dién xody

Trong 16i tit, tit thong bién thién theo thdi gian sé cam ng dién dp xung
quanh dutmng tif thong. Do 16i 1a khoi ddn dién, nén két qué 14 c6 dong dién chay
xoay tron khép kin 16i. D6 1& déng dién xody (dong Foucault hoae Eddy). Dong
dién xody gay ra tén that céng suat dudi dang nhidt (i*R), goi la ton that dong
dién xody, phu thudc vao dién trd suat vat lieu 16i va chidu dai dutmg dan dong
dién xody (trén cdc phan cit ngang 18i). Pién tro sudt cda vat lidu cang cao va
chiéu dai duémg din cang dai, tén that dong dién xody cang gidm (do hidu éng
dién trd tang). Pién trd suat tang khi cd silic trong thép va thép silic duge dung
lam 15i dén tir thong. Chia 16i thanh nhimg 14 mong, mbi 14 dute son cach dién
hai mit, va ghép ching lai theo dudng dan tir, 1am tang chifu dii din dong dién
xoay dé gidm t8n that do dong dién xody. Sy tdn that thye su chi phy thude chiéu
day 14 thép. Chiéu day 14 thudng thay déi tir 0.3 - 5 mm dai vai thigt dién cong
suat, va tif 0.01 dén 0.5 mm ddi v6i thidt bi ding trong dién tif c6 ton hae thap.

Theo eéng thife thue nghiém, t6n that dong dién xedy ia:
P, = k. f*B% Wi’ (2.37)

véi k., = K, d*)p (2.38}

d = chiéu day 14 thép.

p = dién trd suit cua vat liéu
Thue t& tén that 16i xuat phat ti hai loai bién déi tir thong
{i) tit thong bién d&i hinh sine #n dinh (theo thai gian) nhy trong bidn ap
(i) mat dé tir thang 1a hing 50 nhung tir thong xoay quanh mét truc.

Trong mdy dién ac va trong phan ing mdy dién dc hai loai bién dé ti
théng nhu trén xdy ra cung mot lic. Tén that Ioi duge do dac theo kinh
nghiém va thé hign bing dé thi. Hinh 2-19 trinh bay gia tri dac trung tin
th&t 18i xdac dinh (W/kg! cla thép (thép dinh huéng hat cdn nguéil. trong dé
ton thit may dién cao hon bign Aap
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Vi du 2-

Mat dé ti thang (T)
(a)

9

5 50
4 40
2
3 = 30
0.35 mm/‘
2 // 20
3 // Crgos 10
___._.-—'—"’-"./
0 Q
0.8 1.0 1.2 1.4 1.6 1.8

j"?@g
Dy
0.35
__/
0.8 1.2 1.6 2.0 2.4

Mat db b thong (T}
(b)

Hinh 2-19 Tén thdt 16 ¢ 50 Hz : (a) bién dp, (b} médy dién

Téng tén that 15i cia mét mau thép Si la 1500 W & 50 Hz, khi mat d4 tir
théng khong déi, tén that la 3000 W, vdi tdn s6 tang dén 75 Hz. Hay tinh
riéng biét tdn that tir tré va dong dién xody & hai tin s6 d6.

Giai

1500,
3000

(zidt hé phuong trinh (i) va (ii) ta ¢6 A = 10, B = 2/5

Tit do
¢ 50 Hz

G 75 Hz -

P= Af + Bf? hay P/f
/50= A + b0B hay 30
/T5=A + 756 B hay 40

H

P =10f + 2/5/% = P, +P,
P, = 10 x 50 = 500 W
P, = 2/56 x 2500 = 1000 W
P, = 10X 75 = 750 W
P, = 2/5 x (757 = 2250 W

= A + By

=A+50B

=A+758B

{i)
{i1)

(iii}



Nam cham vinh cifu

Nam cham vinh ctu 1a ngudn kich thich gquan trong duge dang dé phan
chia ndng lugng trong mach tir cua mdy dién quay va eac loai thidt bi co dién
khae. (U6 ba lép vat liéu tir tinh vinh cdu 1vat li¢u tir edngi duge dung trong
déng co dién de nam cham vinh etu (PMDC gdm alnico, gom iferrite) va vat
liéu d4t higdm. Nam chdm alnico duge dung trong dong co dén 200 kW trong
khi nam cham gom rdt hiéu qua trong déng co vai kW, Vat liéu nam cham dat
higm rat dat tién, chi kinh t&€ khi s dung trong déng ca rit nho.

Nam chéam mdi nhat 3 leai Nd FeB. (§ nhiét do phong, day la tich nang
lugng cac nhat trong tdt cd cde nam chim khd dung. Do din tr cac va dd
khang tir cho phép giam nhé kich ¢ khung dong co so vdi doéng co nam cham
gom. P8i vdi nhiét do rat cao, nam cham alnico hodc cobalt dat higm thusng
duge siut dung.

Hai dai lugng quan trong cda nam cham vinh ctu (PM) duge xdc dinh dudi
day quy chidu theo géc phin tu thd hai cda vong tu tré.

8(n forn
1.5 J15
Biém tich
nang Igong B, 8,
cuc dai
- 1.0 410
- - -
L 0 405
-0
a HE‘Q*
I
I
H. | | . . - —~— e
HkAM  -50  -40  -30  -2¢  -10 0 pyam) 10 -5 0
(@) Ainico 5 b} Thép M-5

Hinh 2-20 Phdn tu tha hai ciia vong ti tré. ta) Alnico 5, (b} Thép M-5
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Tir hoa vinh cuu hay mét dé tir du B,: d6 1a mat 4§ tir thong bi hat vae
ciu truc tir khép kin khi lue tir dong (va cudng do tir trudng H) gidm dén 0.

D¢ khang tir: 1a 50 do lue tir déng (hay H) khi mat dé tir théng gidm dén
(0, se khu tir vat lieu, va ¢ gia tri Am, don vi 1a kA/m.

Gée phan tu thd hai trén vong tir tré dai vdi Alnico 5 va thép M-5 duge néu
trén Hinh 2-20a va 2-20b. M4t 46 tir du va d6 khang tir nhy sau:

Almico 5 - B = 1T, H. = - 50 kA/m
Thép M-5 - B,=14T, H. = - 6 kA/m

Tuy B, cia thép M-5 cao hen B, cla alnico, nhung H_ ctia alnico ldn hon
H, caa thép M-5.

Tich nang lugng cuyc dai (BH) . : 1a tich BH 16n nhat; dé la gia tr] mat
dé nang lugng (Fm*) cyc dal tai mot diém trén phdn tu tha hai eda vong tir
" tré. (Hinh 2-20a). Tai diém nay vat liéu c6 thé tich nhé nhat cung cap tif
thong cho trude trong khe hd khéng khi.

Vi dy 2-10 Mach tir Hinh 2-21 v6i 13i ¢6 d¢ tif thdm rét cao. Chiéu dai khe
ho khong khi 1, = 0.5 cm va phan nam chdm vinh cyu (alnico 5) dai |_ = 2.4
em. Gid sd Y cua 181 = oo, Hiy tinh mét ds tir théng B trong khe hé khéng khi.
A =4 em?

Gidi

Hg =% = H, =10

lai

Tit dinh ludt mach cda Ampere

Dién tich A ___\
N

] /p Nam cham P
| )

==

Hinh 2-21 Mach fuw co
ram cham vinh citu
{PM)
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Hl +Hl =0=¢« 12.39}

me 2R
1
Hoac H, =--™H, (2.40)
LR ,}

H, cutng d¢ tir trudng trong khe ho khing khi
H,, cutng da tif trudng trong nam cham vinh cdu

Phueng trinh (2-40) cho thay trudng trong khe hd khing khi la truémg 4m
(d6i voi nam cham vinh ciu), Tu théng lién tuc ¢ :

6=B,A,=BA, (2.41)
Bg = u[]Hg
Tir (2.40) va {2.41), cd .
A, Y1
B, = -p| 2|2 H, (2.42)
Am \}g ;
Thay tri sb:
B,=-6p,H =-754x 104 H (2.43)

Pay 1a dutmg théng (duge goi 1a duong tdi) trén Hinh 2-20(a), cat duong
cong ki tif tai difm a; do 46 1im duge B, tai diém a trén dé thi:
B,=B,=033T
Chu y: Trong bai 14p trén néu thay bing thép M-5, két qua dudng téi
tudng tuy nhu phuong trinh (2-43), va tim duge B, = 4 x 107 T, rédt thap so v6i
B, cia Alnico 5.

Tit phuong trinh (2.41):
llTl F
B, =pH, = -1y H, (2.44)

\]'ﬁ

Tu(2.411va (2.44) :

Bl-: = “n{ -
/
|

(=HnBy, (2.45)
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AL 12.46)
" J‘lf}[ I‘.ImE;m} ‘

WVl

B)é tao ra mat do tir thang B, trong khe hd khong khi ¢é thé tich V.1, thé
tich nhé nhat cia nam cham vinh el duge tinh theo Pt (2.46) vdi trang thai
hoat déng cua nam cham ¢ gid tri cuce dai cua tich H_B_

Trén Hinh 2-20{a) ¢c6 vé cac dutrmg cong hyperbol cda tich BH khéng doi.

Vi du 2-11: Bi v6i mach tit Hinh 2-21, hay tim thé tich ti cue tidu cin
thiét dé tao ra mat d6 tir thong khe hd khang khila 0.6 T, véi A =3 em?

Giai
Trén Hinh 2-20(a), ¢6 thé xdc dinh diém c6 thé tich tit nhé nhat. tuong
ung B, =1TvaH, =-40 k&A/m
Tir phuwong trinh 2.41 -
A.=BAJB, =(0.7x3¥1 =21 cm?
Tit phugng trinh 2.39 ;

bo- - Halg _ Bnlg
" H, "J’UHm
0.7=04

= - — — = 5.57cm
4 x 10 " x( -40x 10%)

Thé tich tif cuc tidu = 2,1 x 5,57 = 11,7 cm*

Vi duy 2-10 va 2-11 mé ta vat liéu tir {PM = nam cham vinh cdu) cing.
" ~ a g ]
Ung dung vat liéu nam cham vinh clu
Cde gia tri pho bién cua tinh chat vat liéu tif tinh vinh cu duge néu trong

Bdng 2-1, gobm mat 46 wf du B, luc khdng tir H,, nang lugng cuc dai (BH) max,
va dién trd suat.

Bang 2-1
Loai Vat liéu B, H. (BH) .. p
(T) ka&/m kd/m? T
A Gom Bét carbinat 0.39 200 30 Cao

Ba hodc St
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B : Kim loai Alcomax 1,25 60 45

500
C : Kim loai Hycomax 0.8 100 35 500
D Pat itm  Somari-cobalt (.75 600 130 60

Loai v4t liéu A té tién va ndng, phi hgp véi cc déng cd dinh mite thdp
Loai vat lidu B va C eing, chi duge tao hinh dang don gian.
Loai vat li¢u D duge ding trong hdu hét dong co dién.

Vat liév 6 d¢ khaong ti cao it bi khif tit. Hinh 2-22 minh hoa duéng cong
2if héa DC cda mot sé vat lidu thing dung.

e
R4
g/ -
L7
=0/
s //
/’I' /
,"'/ .,"‘ j,- |
——f ko e

s RAM ST000 00 AT P00 S -S000 407 300 -200 400 0

Hinh 2-22 Cdc dudng cong tit héa de déi vai vai vdt fieu ti tinh vinh ctiu
Vit ligu tit tinh dat hiém 1a Nd FeB, ¢6 B, H, va (BH} 1dn hon somari
- cobalt; ré va ¢6 cdce tinh chét co hoe rat tét, duge dung nhiéu trong cde dng

dung PM (tir vinh citu).

Hay xét mach tir trén Hinh 2-23, gém mét doan vat liéu PM trong 1ai vit
lidu t&r mém ¢é db tir thdm cao, vdi cudn day kich thich N-vong.
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PM LGt g ———t o2 ;
q .
D
T c
N vé
i vong S
i b
g ——e
Hink 2-23 Mach tit ¢o
dogn PM (t& vinh ciiw)

Trén Hinh 2-24, gia s 1a vat liéu PM ban ddu chua duge tir héa va dong
dién duge dua vao cubn kich thich. Léi ¢6 do tif thdm W = o, true hoanh X bidu
thicaiva H.

Khi dong i ting dén gid tri cuc dai (bao hoa), qu¥ tich BH tang tir gic toa
do dén gid tri cue dal & diém a. Néu déng dign gidm dén 0, dac tuyén BH bat dau
tao nén vong tir tré gap trye tung Y tai diém b, § diém nay B =B, va H = 0.
Khi dong dién gidm ti€p d&n gid tri 4m, ddc tuyén BH tiép tuc gidm theo vong
tir tré trén Hinh 2-24. Tai difm 1 = - i,, diém hoat dong la .

Néu dong dién tiép tue gidm, quy dao elia dac tuyén BH hudng vé d (Hinh
2.24). Tuy nhién, néu déng tif i, trd vé 0, qu¥ dao khong phai la duiing hudng
vé b. Thay vao do, sé bat dau mot vong tir tré con. Khi dong dién tit 0 trd vé i,

B(n 4
- T T T —— a

max

b
| — Budng lap

|
i
|
1
|
8, |
| _ . |
/’ | Vongnhd i
/ | I
d | I
! |
i |
1 !
- H, 0 Hiy H__ H KA/M
i Y, i 1A

Hinh 2-2d4 Puiang cong tic hoa vot duong ldp
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vong tif tré con sé& duge thay thé bing dudng thing, 14 dudng Igp. D6 dbe cia
duing nay duge goi la dd tu thdm lap |, tuong tu vdi dudmg cong BH nguyén
thiy ¢ H = 0, nghia ta ¢ B = B.. Thye ra, duong 1ap chinh 13 tiép tuyén cia
dudng cong BH trong ving lam viéc hitu dung ciia nhiéu vat liéu nhy somari -
colbalt, ceramic 7, ... ¢ tr1 56 khang tir cao.

Khi cutmg 36 tir trudng &m khong vugt qud H,, nam chim dugce coi 1a vinh
cifu. Nhung néu cudng 49 am cao hon H,, mat 46 tir thong gidm dén gid tri
thdp hon B,, vong 14p mdi sé xuat hién.

Hiégu 1ung khu tir cda kich thich dm tuong duong su khi tir cua khe héd
khéng khi trong mach tir.

Cdc vat liéu nay tao du tir thong ngay ca trong mach tf ¢6 khe hé khong
khi. Vdi thiét ké dung, ching c6 thé hoat déng én dinh ngay cd khi co su
khong 8n dinh lue va lye tit déng. Nam chim vinh ciu duge ding nhiéu trong

" cée thidt bi nho nhu loa am thanh, déng co de va ac, dng noéi micro, ddng hd do
dién analog, antene v tuyén radio, ...
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Chuong 3
May hién ap

Gidi thiéu

Bién dap la thiét bi tinh, gém cdc cudn ddy ghép trung gian qua mach tir,
dé noi k&t hai edng co6 dién dp khdce nhau, trong hé thong dién, cho phép trao
d8i dién nang gita cde cdng thong qua tif trudng. Bién ap 1a thanh phdn
quan trong trong mach dién tif cdng sult thap (nhu mach dién t1i dong nho,
mach diéu khi€n) d&n cdc hé théng cé dién 4p rat cao. Céc bién dp c& nhd
dung trong hé thang thong tin d4én ¢d rdt lén ding trong hé théng truyén tai
cao A4p, ning hang trim tdn. Md hinh mach dién va phéan tich sy hoat déng
ciia bién dp 1a can thidt d6i vdi hé théng dién td, diéu khién va hé thong
cong sudt.

Bién 4p 1a thidt bi dién tir, sy phan tich s& gitp hifu sau hon vé dién tir
truimg trong thi&t bi dién co, 1a thigt bi sit dung tr truing dé bién d6i nang
lugng giva hai cdng dién va co.

Bién dp dude st dung trong ba ¢dng viée e ban sau :

1. Bi&n d8i dién ap va dong dién trong hé théng céng suit dién (hé

thong dign lye)

2. Tuong hop trd khdng pifa ngudn va tai dé truyén cong suil cue dai

{trong mach dién tit va mach diéu khién).

3. Céach ly dién (gifta mach nay v8i mach khdc, gida dién dc voi dién ac}.

Bién &p duge dung rong rai trong cic hé théng ngudn ac do c6 thé chuyén
tai dién nang mét cach kinh té& (220-1000kV) va taoe dién 4p phén phéi thuan
tién (2204380 V) cho cong nghiép, thuong mai vi gia dung. Trong cdc hé théng
dién tu va truyén thong, bién 4p duge ding cho nhiéu muc dich. Bién dp la
thiét bi cd vai tré rat gquan trong trong moi linh vuc dién nang.

Bién &p cd dang den gidn nhdt gém hai cudn diy cdch ly, néi vdi nhau
bing tir trubng chung hodc hd cam trong 161 vat liéu tir. Khi mét cudn day
(cudn &0 cap) ndi ngudn dién 4p ac, s& cdm ung ra tif thong trong 11, bign déi
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xoay chiéu thee dién dp ac & cuén sd, ¢6 bién 46 phuy thudce dién 4p cudn so, s&
vong day va tin sd dién. Tu théng nay lién két hd cdm vdi cudén day khéc
{cudn thd c&p), sé tao dién ap trén cudn thit ed cling tin sé véi dién 4p cudn sd
vi ¢6 bién dé phu thudc 86 vong day cudn thit.

Ti a6 bién 4p 1a ti s0 gita dién 4p cudn sd vdi cudn thd, dé cing la ti s&
gitta s6 véng cudn so vdi cugn thi.

Né&u dién dp cudn sg < dién ap cudn tha ; bién dp tdng dp (mdy ting ap)
Néu dién dp cudn so > dién dp cudn thii : bién dp gidm dp (mdy ha dp}

Néu dién ap eudn sa = dién dp cudn thit, thi ti s& bién d4p la 1: 1; bién dp
dang d€ cdch Iy dién hai phan mach dién.

P& lién két tif tinh giita hai cuén diy dat hiéu qua cao, 158i dan tif théng
phai dung loai sdt tif ¢6 db ti thdm eao, hode thép k¥ thuat dién (thép dinh
huéng hat cdn ngudi). Bign ap nay duge goi 1a bién dp 16: sdt, tAn s¢ hoat déng
25 - 400 Hz.

Tuy nhién, trong céc trudmg hop dac biét, mach tir lién két cac cugn day cé
thé lam bing vat liéu khéng tir tinh, bién 4p la loai c6 161 khéng khi. Bién ap
nay dudc ding trong cde thigt bi radio va mét sé loai khi cu do kiém.

Cac cAu trilc bign ap va cac nghién ciu thye hanh

Cau tric bi€n ap phu thubde vao dién dp cudn diy, cudng do dong dién va
tdn s6 hoat déng. C&u tric phai ddp dng yéu ciu giai nhiét & 16i va cudn day
mét cdch hidu qua; nhiét di phat sinh d 46 phai trong gidi han cho phép theo
cap 1¢p cdch dién. Ddng thai, 6 4m phdi khéng qua mife cho phép dé tranh
gay hong 16p cach dién. Trong bién dp cong suéi, hai chi tidu nay phdi dat
dugc cing Lic, bing cach nhiing bign dp vao thing kin chia diy dau khéng
chay, cdch dien, duge goi la ddu bién dp. Xung quanh phia ngoai thung dau
nay cb cac ong hay cdc canh téa nhiét, dé tang bé mat tiép xde lam ngudi, diéu
nay s& lam ddu bién dp d& luu thong ty nhién § trong thing. D3i véi cdc bién
4p l6n hon, hé thing 1am ngudi ¢6 bom ddy diu luu thong tuan hoan tif ndp
{phén dinh) thing d4u dén than, sau d6 tré vé ddy thung. M4y bién dp ¢ nhd,
duoe dat trong nha bio vé hay ngoai tréi, duge lam ngudi bang khong khi. Hinh
3-1 (a}, (h), (¢) minh hoa cdc ciu trie may bién 4p hién hanh.

Bi&n 4p céng sudt duge bao vé thang qua sy trac ddi khong khi véi khi
quyén bén ngedi qua mjt thung nhé dit trén ndp thing dau chinh va ndi
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théng dau véi thung ddu chinh. Sy b6 tri nay, bdo ddm dién tich mé4t tip xic
cda dau v6i khong khi bi gisi han, 48 tranb oxide héa va lam gidm cde dac
tinh edch dién cia dau.

Lai tir cia bién &p la chéng cac 14 thép méng (day 0.35 mm) bing thép
silic cdn ngudi, dude san 14p cich dién méng & hai mat, o6 mat dé tir thing cao
{1-1.5 T va c6 tén that 16i thap. Bién ap xung va bién dp dién td cao tin 6 15
tir 12 loai ferrite mém.

0
L)
o'f_l?

Hinh 3-1 (a) {5 va
ddy qudn mdy bién dp
mot pha

g

3
/i
C

=i (At 3
=S "ﬂ \ ‘m o
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S w e Gy S
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Céc cubn diy sg eap va thd cdp duge quan trén 141, cich dién vdi nhau va
vi 16i. Trong thue tidn ¢é hai kiéu 16i: kiéu tru va kidu boc. Trong cdu tric
kiéu tru (Hinh 3-2a) cic cupn day duge qudn trén hai tru cua 161 tir hinh chit
nhat. Trong kiéu boc (Hinh 3-2b) cic cudn day duge quan trén tru trung tdm
cta 1oi tif chit E (¢ ba tru).

HAu hét tir thong tap trung ¢ 161 c6 do tir thim cao, mét phdn nhd tir thong
luén ludn ro ri gua 161 v6i cdc dudng tit thong bao mt phan 16i ¢6 day quén. Tir
théng nay chi litn k&t mét cugn day, do nhd, nhung van ¢ tde dung x&u dai
vdi bién dp. C6 thé gidm sy ro ri bing cdch dat hai cugn day gan nhau hon.
Trong bi€n 4p kifu try, diéu nay dat duge bang cich quén nifa cufn cao ap
(HV) va nia cujn ap thap (LV) trén méi tru coa 16i (Hinh 3.2a). Cugn LV duge

Hinh 3-1b Lol va ddy qudn bién dp ba pha

55



Kep loi trén

Cudn dién
apthdp -

Cudn dién
ap cac b
Phia dién
4p thap
Ong déu

Cylinder
cach dién, _
dién &p thap

Cylinder-—-Y

cach dién,
dién 4p cao
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(b)
Hinh 3-2 (a} bién dp kiéu try (b) bién dép kidu boc

quin d phia trong va HV & phia ngoai € gidm lugng cach dién cin dung. Sy
cach dién giita 16i va cujn phia trong bi ép theo dién 4p thap. Hai cudn day
nay duge s&p x&p theo cde cudn déng tdm. Trong cdu tric kiéu vé, c6 thé gidm
ro ri bang cach chia titng cudn day thanh edc phan nhé va x&p xen ké cde cudn
HV va LV v§i nhau (Hinh 3.2b).

Cau trac kiu 151 €6 chidu dai trung binh cia cde 15t dai hon va chidu dai
trung binh ciia vong day ngén hon. Kiéu nay thich hop véi yéu clu dign 4p rat
cao (EHV) do d& sap xép su cdch dién. C4u trie kidu bac 6 tinh ca hoe t6t han,
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dé& 14p cdc cudn day. Bién dp kiéu boc yéu cAu cac guy trinh ché tao chuyén biét
¢ao hon kidu 16i, con kidu 131 cho phép kiém tra va sia chira cdc cudn day dé
dang hon. Trong thue t& thudng dung bién 4p kidu 161 trong cdc tram bién dp
dién 4p cao.

Céc cudn day bign 4p duge quan bing diy ddng hodc nhém. Pai véi bién
ap dién wr, “day tir tinh” thuong duge ding lam day dan. Day tir tinh duge
phan loai theo ky hiéu cdp cdch nhiét A, B, C, F, va H, biéu thi nhiét dé van
hanh an toan. C&p A c6 nhiét dé 105°C va cap H dén 180"C.

Cac cudbn day cua bién dp céng suidt 16n st dung sy cdch dién cao hon,
khéng chi cich dién trén bé mat ddy ma con gitfa cac 16p day quan.

Lam mat bién ap (loai I6n)
V& cg ban, c6 hai noi giy ra tén that la:
{1} Lai: noi xdy ra tén that dong dién xody va tir tré {do tir théng xoay chiéu)
(2) Déy gudn: xdy ra tdn that day déng (F’R) {do déng dién chay qua).

Nhiét phat sinh do tdn that tir hai phédn trén phdi duge loai bé ¢6 higu qua
theo 16p cach dién. Van dé lam mat bién 4p cang khé khi kich cd bién ap cang
lén. Diéu nay duge gidl thich nhu sau:

Su tén thal trén méi don vi thé tich nhu nhau khi mat 43 tif théng trong
161 va cuting d9 dong dién trong diy dan khong déi bat k€ kich thude bi&n dp.
Néu kich thude bién 4p tang lén k lin, mat do tir thong va cudng 46 diy din
ting 1én k? ldn, tén that s& tang k* o (tuong ty thé tich) trong khi bé mat
tiép xac tan nhiét chi ting k? 14n, nén ton that trén don vi dién tich tdn nhiét
ting k lan.

Msy ldn lam mat khé hon may nhé. Pidu nay cd thé didn dén nhimg diém
néng sau bén trong day din va 181, gdy nguy hiém d&n cach dién va dic tinh
16i. Hiéu tng loai bd nhiét duge diing vdi éng dan Jam mat bén trong 131 va day
quin dé loai bé nhiét tai noi phdt nhiét cin duge nghién ciu ky.

Lam mat tir nhién

Bién ap cd nhé duge nhing vao diu trong thing bién ép. Dau ¢ xung
quanh 161 va day quan néng 1én, din nd va di chuyén 1én trén dén ving lam
mét ¢ xung quanh thiing, tit &6 chuyén xuéng day thing. Chu trinh 1am ngudi
cta dau duge thie hién lién tyc. Nhiét thii ra vdach thang la do bic xa nhiét
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nhung hau hét la do déi tuu khéng khi.
Su luan chuyén tudn hoan dat hidu qui
cao khi ddu bign ap ¢é hé s8 dan nd ldn.

&1 vai bién 4p ¢é kich ed 1én hon,
dién tich lam mat cia thung (14 cédnh
tan nhiét, éng dén téa nhiét) phai tang
1én tHinh 3-3). Su phan bé nay duoe ding
cho bién 4p cd trung binh

IT
FTETTTTITITIOTIIT

i e
0

ITEPTTTTTITIITT

il
B4l vl cd may bign 4p SMVA cén — } / il rﬁ \ \‘ —
phdi tang thém hé théng 1am mat bang \—I I‘a
bg tan nhiét tach riéng vdi thing bign  Hinh 3-3 Lam mat ty nhién trong
4p, dau luu thong ti thing dén bd tdn bién ap
nhiét phdi cin dén may bom. Hinh 3-4a 12 bo trac déi nhiét dawkhang khi.
Péi véi cd bién 4p rat ldn, hé théng lam mét 1a ba trao ddi nhiét dduwnuée
{Hinh 3-4b).

Lam mat bing lyc bom

Ong din diu trong 181 va trong cudn ddy biérn dp dé gidi nhiét 8t cach hiéu
qua. Dang chdy doc hiéu qua cao hon dong chay ngang, nhung trong 1561 bién
ap kicu boc, 6ng din duge dat ngang.

Van dé Jam mat bi€n ap phic tap hon so véi mdy dién quay. Vi phén tir quay
trong may di¢n tao gid théi vao cdc ho phan e khi gdy hiéu ing gidi nhiét.

Nude vag — —,

Bo trao dai

Bo trao doi
nhiét dau/
nugc

nhigt dau/
khang khi

Hinh 3-4 Lam mdt biang bom trong bién dp
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Bién ap chay khong tai

Bién ap chay khang tai (Hinh 3-5) ¢6 cubn thir hd mach va cudn so dude néi
v&i ngudn dién 4p bign thién theo ham sine ¢6 tan s8 f Hz. Gid si dién tro cac
cudn day khong dang ké.

Déng dién ac euding do nhod trong cuén sd 1a dong kich thich, c6 gia tri tic
thai i, Dong kich thich tao ra tir thong ¢ trong 16i. Gia si khang cé tif thing
ro, cudn sg¢ ¢é N, vong, cudn thi co N, vong .

Cuén so cé Lif théng lién két la:

A =N
Ly dién doéng ty cam la:
e, - P . 4 (3.1)
dt dt

Theo dinh luat Lenz, chidu duong cia luc dign dong nguge vdi chidu duong
dong dién, duge danh ddu bang ddu + va - trén s¢ 44 (Hinh 3-5).

Pién trd cudn day = 0, nén theo dinh luat Kirchhoff
v, = e (3.2)
e, v ¢ ¢6 dang ham sine va ¢6 tdn s6 12 f Hz (nhu dién dp vao)

¢ = o, sinwt (3.3)
T T ey
o ! i
| t i
i +C | J T - o 4
+ d b C,_J__D
-1 | |
vy = 2V, coset 91C PN N, | 4-De V> HEmach
N |
b
- | - _
| Q] ‘S
- i 3
e o ——— AR Cudn thu cap
Cudn sg cdp -~

LGi (vat ligu 1if tinh)

Hinh 3-5 Bién dp chay khong tdi
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Vdi ¢, = gid tri cue dai cia tir thong trong 16i
@ =2rxf rad/s(f = tdn s6 dién 4p ngudn vao)

Luc dién ddng tu cam trong cudn sd la

TMHY

e, =N, (;—T = mlN ¢,,,C0sTt {3.4)

T Pt 13.3) va (4.4 cho thay luc dién ddng lu cdm sdm pha hon to thong
thes gée 90" (Hinh 3-6). (Gid tri hiéu dung cua lue dién déng tu cdm la :
B, = 21/ N, = 444N e (3.5)
Vi E, =V, ,vatheo Pt(3.2)
Prmux = %i‘:'}’\;'l_: (3.6}
Né&u tinh dén dién trd cudn s¢ (dién trd rat nhd)
E =V, (3.7}
Tu pt (3.8} cd thé thay ¢_, phu thude ti sd V /f (dién dp/tdn s&)

Tit théng duye xde dinh bdi dién dp ngudn, tdn s8 va s§ vong day quian. Pt
(3.6) dugc sit dung cho thiét bl dién tif khac, hoat déng vdi dién ac ham sine va
dién trd day quan khéng dang ké.

Tit théng ¢ trén 1ai cam dng 1én cudn thit (khéng cé tis thong ro) lue dién
dong la:

de¢
e, = N R r
2 24t (3.8)
e, v e, cing pha (Hinh 3-6). Khi cuén thir hd mach, dién dp sé la:

a N,

e, N,

LN (3.9
E, N, -
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E-V,
+ 1 To -
T I, !
v, G B, &
¢
Hinh 3-6 Quan hé pha giia lue -
dién dong tu cdm, tu thong vad Hinh 3-7 Mo hinh mach bién dp chay
dong dién kich thich khiéng tdi {dong kich thich)

+  Trén Hinh 3-8, n€u quan hé B-H clia 151 1& tuyén tinh (khong c6 tif tré va
bao hoa) dong dién kich thich 1 tir héa 181 ti 1& va déng pha vdi tif théng o.
Nhung vi ¢6 tif tré va dong dién xody, nén dong kich thich chdm pha so vdi luc
dién déng theo géc 8, < 90" T tré tzo nén thanh phén dong dién [, sém pha
haon 1, theo goc 90", Doang dién xody cing bé sung vao thanh phin dong 1, nay.
Hiéu ing bao hog khéng tuyén tinh tao nén mét ho thanh phdn hoa - tén 1&
(s6ng hai 1&} cia dong kich thich. Hoa tin thid ba trdi han, cé thé dat tai 35 -
40% dong kich thich. O day, gia su dong [, va thanh phdn tit héa I vdi thanh
phin tén that 15i [, theo ham sine va co6 gig tri tuong duong higu dung.

I, ladong dién tiz héa € tao ra ti thong ¢. I, 12 dong ton thdt l6i do cong
sudt tdc dung gay ra.

D& tinh hoa tdn, déng kich thich 1, 1a gid tri hiéu dung séng sine, xem
nhu tuong dong dign mat chidu, chi khodng 5% dong t4i ¢6 dang sine, Tir Hinh
3-6, ton that 151 la

P, = E I, cos8, (3.10)

Trong bién 4p thuc t& dong tit héa [ rdt thdp va tén that 16i bi gisi han
bang cach sit dung thép silic e6 dd tir thAm caoc & dang 14.

T sa dé pha khéng tdi trong Hinh 3-6, mé hinh mach song song cda dong
kich thich trén Hinh 3-7 14 tuong dugng. Theo dé, dién din G, dé tinh dong
tdn that 181 dién ap, cdm dng B, d€ tinh déng tit héa 1. C4 hai dong nay duge vé
& dién 4ap V, bang luc dién déng tu cam E, vdi dién trd day dan biing O va khang
cd tit théng ro trén cudn so cdp; trong moi trudng hop, déu cé gia thiét E, =V,
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Vi du 3-1I: Bién ap chay khong tai ¢ tén that 161 50 W, dong dién kich
thich 14 2 A {hidu dung}, lye dién déng cdm ung la 230 V (hiéu dung). Xdc dinh
hé s6 cong suat khong tai, dong ton that 11, va dang tif héa. Tinh cde théng sé
mach khong tdi cua bién dp. Pién trd diy quan va tir thing ro khéng dang ké.

Giai

Hé s cong sudlt:

I~
008 0y = —20— — 0.108 (trd)
2% 230
B, = 83.76"

Dong tirhéa : 1, = 1 sinf, = 2 sin(cos10.108) = 1.988 A

V1 8, = 90" nén bién do dong kich thich va thanh phan dong tir héa khac
nhau. Dong tdn thal lsi:

1, = I, cos®, = 2 x 0.108 = 0.216 A

Trong mé hinh mach khéng tdi (Hinh 3-7}, tdn that 16i duge tinh theo:

GV =P
=D 00945107
Vi (230
1, =B,V, hoae B, =m 198 g0 107
v, 230

Vi du 3-2: Dix 1iéu dudng cong BH d6i vdi 16i bién 4p trén Hinh 3-8 duge
cho thes Bdng dudi day. Hay tinh dong khéng tdi véi cudn so duge kich thich ¢
200 V, 50 Hz. Gi& sif ton that sdt trong 16i 14 3 W/kg. Tinh hé s§ cang suat cla
dang khdng tdi va bién d§ cong sudt khong tdi. Mat do vat ligu I6i = 7.9 glec.

Bang B-H
H(AT/my 50 160 150 200 250 300 350
B (T .14 0.36 0.66 1.00 1.22 1.32 1.39

Giar
Thay gia tri vao Pt (3.5) :
200 =444 x50x 150 x o

mux

¢II|{L‘ = 6‘ 06 me

63



e e 1012“'1 ——————— - | " 5em
f 1
‘ | |
[ A T 1
1
—b ! o
9] g °
200 v 1 150 l
C__+__ vong 20 cm ‘ ; 2 75 vang
D I b
g | s - A
T D |
G 1
= ‘I 25 em :
| I
Hinh 3-8
B ={6.06 x 10 (10x5x109=1212T

TFir dit lidu dudérmng cong BH co:
H,, =250 AT/m
AT, =2501,=250x2(30 + 35) x 102 = 325
F_ ... =325/150 = 2.17A
Thé tich 168 =2 (20 x 10 x 5) + 2 (45 x 10 x 5) = 6500 cm?
Trong lugng 101 = 6500 x 7.9 x 10 = 51.35 kg
Tén that 160 =51.35x3 = 154 W
I, =154/200 = 0.77 A
Theo s¢ dé pha Hinh 3-8
I, =077-3217=232-70.5"4A
Hay I, =2.3 A (dong khéng tai}
D4éi véi khong tai, hé s6 cong suit = cos 70.5" = 0.334 trd
Bién ap 1y tufing
Bién dp ly tudng khéng c6 thue, nhung cdc dac tinh ¢6 thé 4p dung gén

ding cho bié€n dp thuc t&. Cdc gia thiét Iy tuéng héa bao gdm:
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(i} Dién trd cudn so va cudn thii = 0, nghia 1a khang cé tén thit céng
sudt va sut 4p trén day qudn, khéng c6 dién dung trong bign dp.
{Bién dp thuc ¢é dién trd cudn diy nhé, dién dung cac vdng day va
cdc cudn day khong dang k& d tdn s8 50 Hz)

(1) Khang ¢é tir théng ro, Lir théng tip trung trong 131 va lidn két vd hai
cugn ddy. (Bién dp thuc ¢6 tit théng rd va duge phan tich biing mach
dién tuong duong).

tiii) Lai ¢ 48 tir thdm 16n vo han, do d6 chi edn dang tir héa zero dé thidt
lap tir thong {phuong trinh 3-6) trong 18i.

tivi Ton that 151 (do tir tré va dong dién xody) khong dang ké.

Hinh 23-9 1a bién #p 1y tudng, cudn s¢ c6 N, vong, cudn thd cé N, véng,
quan trén mot 1ai ti. Dién 4p ngudn cdp cho cudn so 1a:

.

Yy = J2 V,cosmt ' (3.11)

Khi cudn thit hd mach, tir théng duge thiét lap theo Pt (3.6), vdi gid thiét
{it, luc dién ddng ty cdm sé la:

g, =v, = N vdi (312)

T théng ¢ hd cdm todn b 1&n cudn thit (gia thist (ii)), tao nén lye dign
déng cam dng

e, =N, % (3.13)

Cufin so cap Cubn tht cdp

+

]
+Ic__4_“

{2
v, e

a e
L_.:L“‘!r“

Hinh 3-9 Bién dp
Iy tudgng cd tdi

Fal
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Cdc lue dien dong trén cudn s¢ va cudn thir duge danh d&u cue tinh whu
trén Hinh 3-9, dau “¢” ¢ d4u mdi cudn day, biéu thi tai noi do cdc luc dién ddng
¢t cung cufe tinh. T Pt (3.12) va (3.13):

a _ N

=21 -a (ti 58 bién ap) 13.14)
e, N,

Ti s& bién ap la hang s6, e, va e, cung pha. Pién dp cudn tharla .

V, = By (3.15)
Tt do: e Ny (3.16)
v, e, N,
Hay theo gia tri hiéu dung:
Vi BN L (ahuePa) (3.17)
v, E, N,

Pién dp bién ddi trén hai cudn day ti 1& tryc tiép vdi s8 vong hai cuén day.
Khi cudn thit c6 tai voi tré khang Z,:

Luec dién déng cdm (ng e, tao ra dong dién i, trong cudn thi. Dong dién i,
tac ra lye tir dong F, = i,N, d6i khdng vdi Lif théng ¢. Lic nay, dong dién i,
trong cudn sd (duge cdp tif ngudn) tao ra lue tir dong F, = i N, ¢6 tdc dung khit
N,i,, dé& tif théng hd cam ¢ duge duy tri khong 46i, doc lap vdi dong dién tai i,
Hai lue tit d6ng nay cé gia tri bing nhau :

PN, = i,N, (3.18)
hay : Lo N, L (3.19)
i, N, a

i, va 1, cling pha, 6 chiéu theo Hinh 3-9

Ti thong ¢ dde lap voi tai, va dién tro cudn thir = (3, nén v, = e, tW PL (3.17}
va {3.19)

Hay Vi, = v, {3200
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Biéu do c6 nghia 1a cong suat tde thai trong cudn s va cudn thd bang
nhau. Gia tri hiéu dung tir Pt 13.19) s& ¢6 dang:

L (3.21)
I, N,

Cé nghia 14 dong dién bién doi (trong bién ap 1y tudng) thea (7 56 nguae
vai 54 vong ddy quan. Phuong trinh (3.20) viét theo gia tri hiéu dung :

VI, = VI, 13.22)

Nghia 1a cong suat VA vio cin bing vdi céng suat VA ra

Hinh 3-10a la =0 dd tuung duong mdy bién dp ly tuong Hinh 3-9, véi ddu
“o” ¢ cuc tinh dau day tugng ty nhau. V) va V, cing pha; 1,, I, cung pha

YN (3.23a)
V, N,
LN (3.23b)
L, N,
Tir Pt (3.23a) va (3.23b) suy ra:
v]‘!—\?ﬁ _ Nlmz
L/, N/N,
Vi [ NjY [Nig (3.2
L, Nyj L LNy
2
_ ( 1\} [ 2z .
hay Z, =L—j Z,=a?,=7, {3.25
2

Trd khdng cudn thir khi nhin ti phia cudn s (nghia 14 trd khdng cudn thi
dsi chiéu vdi cudn s0) ty 1e thudn véi binh phuung ti s8 bign ap.

Pt {3.24} va (3.25) ¢6 mach tudng duong 14 Hinh 3-10a duge dién gidi bang
Hinh 3-10b va 3-10c¢

Tudng ty, trt khang Z, cua cudn so khi d6i chidu véi cupn thi la:

2! =—Z 13.26)
N, a
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o

L]

27 4,

l] (NN

{c})

Hinh 3-10 Bién dp Iy tudng, tré khdng cudn thi déi chiéu vdi cudn so.

Dién 4p va dong dién nhin tit mot phia nhu trén Pt (3.23a va b)

Tém lai, trong bign 4p ly tudng, dién 4p bién thién theo ti s vong day,
dong dién theo ti 36 dao, va trd khing theo ti 86 binh phuong clia cdc s6 vong
diy, con cong sudt va VA khong ddi.

Vi du 3-3: Gia su bién ap trén Hinh 3-8 la bién dp ly tudng. Cudn s duge
néi véi tai 5 « 309, Hay tinh trd khdng phia cudn sd va cudn thit, dong dién va
hé s6 cong sudt, cong sudt thuc (cong suat tac dung), va dién dp cuén tha.

Gidi

Hinh 8-11 la m#& hinh cta bién dép ly tudng:

7, =5 /300 s h 50075 b
) =
a = N,/N, = 150/75 = 2 * f o
= o 200V g g v, =
Z, -7,-223% 125 s30° ; G
122 { v
Dién dp cudn ther © Hinh 341
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V,=Vja=200/2 =100 V
1, = 10020°/5.80° = 202 - 30°A
hay I, = 204, hé s& cong sudt - cos(-30") = 0.866 tré pha
1, =1, =207 -30"/2 =102 - 30°A
hay 1, = 10A; hésd cong suat = cos(-30") = 0.866 tré pha
Cong suat cudn thu:
P, =122 x ird khang 5 £ 30" = 202 x 4,43 = 1.732 kW
Pdi vdi bién dp 1y tudng P, = P, = 1.732 kW
Hay tinh theo cach khac:
P, =V, I, cos8, = 200 x 10 x 0.866 = 1.732 kW

Bién Ap thyc 1@ va mach tueng duong

Hinh 3-12 la bién 4p thue, ¢6 tai cudn so va cudn thit cé dién tré 1a R, va
R, khi ¢6 dong dién chay qua, xudt hién tdn thdt day déng (I*R). Tir thing
trong 15i la ti théng hd cdm ¢ lién k&t cudn su véi cudn thit;, ngoii ra cén cé
lugng tit théng nhd rd qua khong khi § mdi cudn day (tir théng td ¢,; (cudn so) va
til thong o cudn thif ¢,) va khing lign két hd cdm hai cuén day.

Hinh 3-12 ¢6 cudn sa va cugn thd quin trén hai try riéng biét cua 16i hinh
vudng. T thong rd ¢, (duge tao ra bdi hee tiv domg [ N,) khép kin cudn 30 qua

U lhO:’lg hé cam

___..,_.._-‘p__/___.._‘

= FTonT T
D 1 ::: Q\L_ ;2
H I '*

I i q—ﬁ'r !
DN\’ tN‘2(:|||D *z: v[
D 1 ap ! _
) | Qi i

! | 1it !

! sl 4

Ra & cudn thi

Hinh 3-12 Bién dp thye
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dudng khéng khi va tir thong rd ¢, (do lue tir ddng [N, tao ra) khép kin cudn
thit qua dutng déin khéng khi, chung khang ¢6 tac dung hd cdm véi hai cudn
day. Quan day nhu trén Hinh 3-2, tir thang rd qua khéng khi, ¢6 tdc dung lién
két hd cAm gilGia hai cudn sg va cudn thi (nhu tir thang trong 16i)

Tit thong ro qua khong khi tao ra lyc tit ding cudn day va suf tuf lién két trong
cudn diy dé tuyén tinh vdi nhau. Dé tu cém rd cia cudn sd va cudn tha déu la
hang sd, hay dién khang rd chi phu thujc vao tan sé hoat dong. Dién khdng ro
nay phan bd déng dang gita khéng khi va doan 161 trong cudn day dé.

BEhién trd va dién khdng rd trong cdc cudn diy cua bién dp cé hidu ing néi
tiép, va d6i vdi tdn sé hoat dong thap (tdn si ngudn 50 Hz), duge xem 1a thong
6 tap trung. Bién dap Hinh 3-12 la loai bién 4p nia ly tudng, c6 dién trd tap
trung la R, va R,, va c6 dién khéng X;, X, duge xem nhu ndi tidp véi cudn day
tuong (ng v4i chiing (Hinh 3-13). Déng dién tir hoa 161 tao nén tir thang hé
edm ¢ va cap cho ton that 16i lue dién dong E,, E, (tuong dng eudn sd, cujn tha)
¢é quan hé véi V|, V, biing d¢ sut dp Lrén dién tré cudn diy va dién khang ro
(R,, X,, ¢ cudn so va R, X, ¢ cupn thi).

Vi dién tré va dién khang rod cudn so va cudn thif rat nhd nén co thé coi E,
=V, vaE, =V, ti s bién 4ap sé la:

(3.27)

Mach tuong deong

Trong bién ap nda ly tuéng (Hinh 3-13), dong dién Tl chay trong cudn sg
gdm hai thanh phén :

Hinh 3-13 Mqch bién dp nia v tudng
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(i) Déng kich thich io , ¢6 thanh phén dong tir hoa Tm tao nén tir thong
¢ va thanh phan I, cdp cho tén that 16i do tif théng bién thién.

(i) Dong tai I, tao ra luc tir dong can bing véi lue tir dong 1N, dé tir
thong hé cam ¢ khong déi va doc 1ap véi 1i. {, duge x4c dinh bdi E,

[ =T+ L (3.28)
I, N, _
- (3.29)
vai: L, N,

Dong kich thich Tn duge thé hién trong ma hinh mach trén Hinh 3-7, tugng
g dong dién kich khéng tai. Mach tuong duong cda bién ap thue duge néu trén
Hinh 3-14a. (Khsc vai mach tuong duong cua bién 4p 1y tudng 1a cé biu thi cdc
thong sé 1oi).

Trd khang R, +j X,, cia cubn thi trong bi#n dp 1y tudng duge doi chigu
vdi cudn s (tif phia eudn so) theo Hinh 3-14b :

¢ 2
X, = L%] X, (3.30a)
2
/N \l2
R, = LRL J X, {3.30b)

— (N Y=
v, = N, v, (3.31a)
LN2 Jl
N 4
I, = [N—z] L (3.31b)
I

Hinh 3-14¢ minh hoa mach tuong dugng T khi d6i chiéu theo phia 1. Mach
tugng dudng cla bién 4p cing 6 thé déi chiéu tuong tu tit phia 2 bang cach
bién déi trd khdng (dién tré va dién khang), dién dp va dong dién nhy trén
Hinh 3-14d; chi ¥ 13 dién dan nap (dién din va dién nap} bién déi theo binh
phuong ti s6 ddo, nguge vdi trg khdng (dién trd va dién khdng) bién doi theo
binh phuong ti s8. Ta cé:
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Bién ap ly tydng
{a

X, Xo2 A, i

1

te}

Hinh 3-14 Trién khai mach tuang duong ctia bién dp thue



2 \2
Gl = & Gi; Blm =IEJ-_ Bm
N'). I\ N2

2 2
: N, : N,
e (S

Hinh 3-14e la mach tuong duung thu gon hai mach {rén cic Hinh 14 ¢ va
14 d

Trong mach tuong dueng Hinh 3-14c, néu G, = hing s& thi tén that 1ai
bién ap thay déi theo E 2 hay ¢°,,, f? (P1(3.6)). Chinh xdc hon, tit Pt (2.36) va
(2.37) c6 tdn thdt 16i = ton that tir (ré + ton thdt dong dién xody =
K,o.8 f+ K92 7°. Dong dién tir héa doi vdi dac tuyén B-H tuyén tinh bién

ddi phu thudc vao ¢,,,, « Efl_ . Noi cdch khic, néu d& tu cam L, phu thude dién
din B_ 12 hing sd thi:

—
™ 2nfL,

Cac bién 481 néu trén s khéng ding khi higu tng bao hoa khéng ding ké,
trong trudng hop B 13 ham E /f khang tuyén tinh. Lac 46, phai tim cdc thong
88 G, B, 1a khong ddi & gia tri dién ép va 1dn s6 xdc dinh khi tan sd va dién
4p bién ddi nhé.

Mach tuong duong T néu trén phi hgp vdi hdu hét cdce bién dp cao tin va
bién ap coéng suit cac. Trong bién dp hoat ddng ¢ tdn s6 cao hon, dién dung
trong day quin xuit hién va phdi xét dén trong mach tuong dueng.

Mach tudng duong & day c6 gid tri ddi vdi su phan tich trang thai én dinh
theo ham sine. Trong phén tich chuyén tiép, toan b dién khang phai chuyén
ddi thanh do tu cdm tuong duong. Mach tuong duong dugc trién khai § trén
cing c6 thé xuat phat tir Iy thuy&t mach ghép tit duge dé cap ¢ phan sau.

Vi du 3-4 Xét bign 4p trong Vi du 3-2 (Hinh 3-8) véi tai tré khang duge
xéc dinh trong Vi du 3-3. But 4p khing ddng ké (do dién trd va dién khang ro).
Hay tinh déng cudén so va hé sd cong suail. Hay so sanh vdi dong dign duge
tinh trong Vi du 3-3.

Giai

Tu Pt (3.28) va (3.29) .
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[ -1 ~1

2 2 _
P 1 va = =

h

Theo két qua Vi du 3-3
L=10.-30"A
Va k&t qua Vi du 3-2
T, =23.,-708"
Tinh duge: 7 .93, 705 s 10 - 30°
=(0.75 - j2.17) + (8.66 - jb)
~9.41-j7.17 =11.832 - 37°A
, = 11.83A, pf = cos37® = 0.8 tré pha

So sdnh vdi dong dién so cap dugce tinh trong Vi du 3-3, két qua o6 bién 4o
Ién hon nhung hé s6 cong suiat nho hon.

Trong cde bién ap ed lén, bién 46 cua dong dién tir héa khong qua 5%
dong dién tdi toan phan va dnh hudng 1&én dang dién s cap trong diéu kién cé
tai khéng gy tén that dang ké. Pay 14 su tinh todn gin dung trong hé théng
cdng sudt cia mady bién dp.

Vi dy 3-5 Bién ap 20 kVA, 50 Hz, 2000/200 V ¢é tr¢ khang ro la (0.42 +
1 0.52} Q2 d cudn day cao Ap (HV} va (0.004 + j 0.005) 2 & cudn day ha dp (LV).
Khi nhin tif phia LV, nhanh dién dén - nap V, 14 (0,002 - j 0,015) (. Hay vé
mach tuong duong tir phia HV va phia LV, biéu thi tat cd cde trd khang trén
mach

Giai

Phia HV dugc coi 1a phia 1 va phia LV 13 2

Ti &6 bign ap : a = N/N, = 2000/200 = 10

a. Mach tuong dudng duge d61 chiéu tir phia HV (phia 1)

Zy = 10%(0.004 + j 0.005) = (0.4 + j0.5)Q
5 1 N
Y‘J = Wf(}UOQ _J0.0IO]

Chu ¥ la dién dén nap bién ap duoc chia cho a?
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0.42 + j0.52 04 +/050 10

2
& L ]
{0.002 - j0.015)
x 10721
1 o ? o o 2
{a)
10t 00042 + 00052 (0 0.004 + jO.005 4
1 2
L] L 2
{0.002 - 05
1" o—— a 2
o)
Hinh 3-15

Mach tugng duong duge vé trén Hinh 3-15a.

b,  Mach tuung duong duge dai chidu tir phia LV (phia 23
7 = %{0,42 - j0.52) = (0.0042 + j 0.0052)2
1
Mach tuong duung duge vé trén Hinh 3-15b

Mach tuong duong gan ding

Trong bién dp céng sudt ¢é tdn s6 khong doi (50 Hz), mach tugng duong T
cua bién ap thuong duge dung dé phén tich cic thang sé bi€n dp. Trén Hinh 3-
l4c¢, khi ¢6 tai, néu dién trd va dién khang ro cua cudn diy rdl bé, \_7, = EE: .
dang kich thich trén nhédnh tir héa ¢Gi | Bm) khéng bi dnh hudng khi chuyén
nhinh 1 hoa dén céng vao, nghia la I, duge V, kich thich thay vi E, (Hinh
3-16ai, V@i phép tinh gan dang, déng chay qua R, X, 1a 1, thay vi ii = fu + Iz
Vi I, rat bé (dugi 5% dong tai toan phén), sy gan ding nay 1am thay doi do sut
ip khong dang ké. Dién trd va dién khdng cia cudn day méic ndi tiép cé the
phéi hop thanh dién trd vi dién khing tueng dusng cla bién dp khi duge nhin
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Hinh 3-16 Mach tuong duong gdn diing etia bién dp.

(duge doi chiéu) tif phia thich hgp (trudng hgp nay la ti phia 1). Nén nhé 1a tat
cd cdc dai lugng (thong sd) trong mach tuong duong déu cé thé dai chidu tif phia
cudn so (phia 1} hay cudn thit (phia 2) nhu tuong duong dién trg, dién khang,
va trd khdng trén Hinh 3-16b.

Vdi R, (dién trd tuong duong) = B, + R,

X,, tdién khang tuong duong) = X, + X,

Z,, (urd khdng tudng duong) = R, + JX,

'

Trong tinh todn dién ap tif mach tuong duong gdn dung, nhdnh tir héa
" song song c6 thé bd qua (Hinh 3-16b).

76



Mach tuong duong gan dung dé tinh toan, sai s6 khong dang k&, két qua
van chinh xdc. Hon nita, dién trd va dién khang tuong dugng duge dung trong
mach tugng dudng gin dang cé thém tién Igi la cé sdn s8 lidu do dac theo kinh
nghiém.

Trong mach wuwng duong gin dung (Hinh 3-16b), tro khdng néi tiép tim
duge hoan toan chinh xéc déi véi hé thang cong sudt (7). Thue su trong vai
nghién citu he théng, bién ap c6 thé duge bidu hién theo md hinh dién khang néi
tiép dan gidn {Hinh 3-16¢). Day la sy x4p xi gdn dung cua bién 4p 1dn, ludn ludn
cé dién trd tueng duong rat bé khang dang ké so vdi dién khéng tirang duong.

Tir phan nay vé sau, khong can ghi ky higu tuong dudng doi vdi dién tré va
dién khdng tuong duong duge quy chiéu tir mét phia bién ap.

St dd pha
béi vé1 mach tuwong duwgng gdn dang Hinh 3-16b :
V, =V, -1Z (3.32a)
hay V, =V, + (R +jX) {3.33b)

Sa dd pha tuong dng vdi phueng trinh ndy duge néu trén Hinh 3-17a, ¢é
hé s8 cong suit cham pha (tré pha) {gdc pha ¢ gifa V, va I) va so d6 trén Hinh
3-17b ¢6 hé sd cong sudt (pf) sdm pha (nhanh pha).

Theo so 4§ pha: V, < V, d8i vai hé s§ cong sudt tré pha.
Va V, > V, d6i vdi hé 8§ cbng suit sém pha.

f

{a) Hé s& cong sudt tré pha {b) Hé s6 cong suit s6m pha

Hinh 3-17 So dé pha ctia bién dp co mach tuong duong gan dung trén
Hinh 3-16b

77



V, = V, chi khi géc sdm pha ¢ 16n hon tan? (R/X) (Pt (3.67h

Trong so db trén Hinh 3-17a va b, V| sdm pha hon V, theo gac 8. Diéu nay
chimg t6 cong suit tde dung (eong sudt thue) chay tir phia 1 dén phia 2. Gée 8 ¢6
gia tri rat bé va chi lién quan dén dién khing tuong dusng (vi dién trd rat bé).

Dinh mic trén bang tén bién ap

Ti s6 bién dp la V, tdinh mitc)/V, (dinh mic), nghia la dién 4p V, (dinh
mife) edp cho cudn sd, dién dp cudn thid véi tai toan phin ¢ hé s8 cong suit (ph
xdc dinh 14 V, (dinh mide). V, (dinh mde)V, (dinh mujc) khéng bang N /N, vi ¢6
sut ap trén cudn so v cudn thit. Sut 4p nay khang ddng ké nén trong thue t&
duge gia thiét 12 bing nhau.

Vi{dinh mie) N,
V,(dinh miie} N, (3.33

Binh mue bién dp duge xéde dinh bing don vi VA/ kVA/ MVA tay theo kich

V {dinh mude) = [ (da taDh
1060

kVA {(dinh muc) = (3.34)

Vai V va I duge doi chidu 1én mét phia. Biéu ting dong kich thich duge bo
qua.
Bang tén bién dp con duge xdce dinh theo trd khang tusng duong, nhung
khaong theo don vi £, ma 1a theo phan tram sut ap:
I{dutair Z

Y2 100%
V (dinh muc)
Vdi tat cd cac dai lugng phai duge d8i chiu 1én mgt phia bat ky.

Vi du 3-6 : Bién 4p trong Vi du 3-5 duce dung dé gidm ap d cudi tdi cia
day dan trd khang (0.25 + j 1.4) (2. Pién dp cudi tai truyén dén la 2 kV. Hay
tirn dién 4p ra cua bién ap khi tai c6 dong bién ap vdi hé s§ cang suat 0.8 tré
pha. Sut dp do déng kich thich khong ddng ké.

Giai

Mach tuong dugng gin ding duge nhin i phia HV, véi gid tri trd khang
theo Hinh 3-1ba dugc vé trén Hinh 3-18. Day din phia HV.
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Hinh 3-18 _i

v =2000V Tai

. {=10A 0.8 pité
0.25 + j1.4 0.82 + j1.02 / P
s

|

v,

?

Bign ap

i

Trong tai dinh mac phia HY = 20/2 = 10 A

2 =10.25 +j1.4)+1{0.82 +31.02)
=1.07+7242=R +X

MaL cach khéc la tinh V, tir phuong trinh pha (3.32), Tuy sut dp nhd,
nhanh, gan ding, nhung nghiém da chinh xdc tit so 46 pha trén Hinh 3-17a,
khéng can tinh s phie.

Tu Pt (3.17a) :

OF = IOAY —1AE¥

T hinh hoc so dé pha

Vi vy :

Tinh V,

Vi vay

AE = AF - FE
=1X cos o - 1R sin o
=10(2.42x0.8-107x 06 =1294V

OF = 4(2000)* - (12.94)* = 1999.96V
OE = QA = V| (v4i do chinh xdc cao, sai 56 2 trong 10%)

V, = OE - BE
=V, - BE
BE = BD + DE

IR cos ¢ + X sin @

|

=10(1.07x 08+ 243 x06)=23.08V
. = 2000 - 23.08 = 1976.92 V
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Pién dp tai phia LV = 1976.92 /10 =197.692 V.

Luu § Vdi d6 chinh xdc du cac, sut 4p trén trd khdng cé thé xdp xi bing:
V, -V, = 1ltR cos ¢ + X sin 9); tré pha (3.35a)
V,-V,=IR cos ¢ - X sin ¢} sdm pha {3.35b)

Tén that bién ap
Bién ap khéng ¢4 bd phan chuyén dong nén hiéu suat cac hon n_hiéu s0 vdi
may dién quay. CAc ton thédt trong bién 4p gém:

Tén that 16i: 14 ton hao tir tré va dong dién xody do tif thong trong 161 bién
d6i xoay chidu, nhu da mé td trong phin 2.8. Ton hao 16i khéng déi khi bién
dp hoat dong d dién dp va tén s6 khiong d6i, nhu cac bién ap tdn sd cong suit.

Tén thit ddy dong (1°R) : xdy ra trong dién trd day quan khi bién ap mang
dong tai, bidu hién nhy mot hé so di tai.

Ton thdt tdi (nhiéu): 16n, do tif trudng rd cam iing ra dong dién xody trén
1¢p vi thing bién dp va ede chat dan dian

Tdn hao dign méi: tén hao nay xudt hién trong vat liéu cdch dién, trong
déu va cdc chat cach dién rdn.

Hai ton that chinh 1a tén that 181 va tén that day déng. Hai tén that nay
sé duge khdo sdt sau.

e | - -t -
Thu nghigm bién ap

Hai khoé khan chinh khéng béo ddm viée thi bigh dp 1én bing tai true
tiep la:

tit Eugng ldn nang lugng bi tén that khi thy nghiém.

titd Rat kho c6 tai ¢ 1dn d€ thif nghiém trye tiép.

Vi thé cde dac tinh cdu tao bign dp phai duce tinh boan tif cac théng so
mach twang dugng. Cdc thong s6 mach tuong dueng duge xdc dinh bing céc
thi nghiém dan gidn tidu thu cdng sudt nhd, duge goi 1a thi nghiém khong tdi.
Hai thi nghiém khéong tai la thi nghiém hd mach (OC) va thi nghiém ng4n
mach (SC).
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Trong hai thi nghiém nay, dién dp, dong dién, va cong sudt dudge do dac
vdi dién trd va dién khang cda trd khdang ngd viao, vi thé chi ¢ bon théng sé
duoe xde dinh theo mach tuong duong gdn ding (Hinh 3-16b).

Truge khi ma td thi nghiém hd mach va ngén mach, can thi nghiém xac
dinh déu cue tinh tuong tu trén hai cudn day bién sp.

Thi nghiém cyc tinh (khao sat cyc tinh)

Cie diau day cd cue tinh tuong ty nhau cia cudn 50 va cudn thi 1a cde diu
ddy ¢6 eue tinh lue dién dong cam ang dm va duong xay ra ding thai, duge ky
hi¢u bang ddu “¢” nhu trén Hinh 3-19a, ddu div a., A, ¢é cye tinh nhy nhau,
dau day a.. A, ¢6 cuc tinh nhu nhau.

Thiét 1ap mach dién nhu trén Hinh 3-19a, néu cue tinh cua hai cudn day
duge dianh diu nhu trén luge dé thi Volt - ké sé ¢chi V = V. ~ V. Néu volt ké chi
V =V +V, thi diem ddnh dau mét cuén dav phai doi lai.

Phuung phap néu trén khong thuan tién khi khdo sat trubng cia bién dp.
Thiét lap mach dién nhy trén Hinh 3-19b, vdi ngudn de, cong tac 8 va volt ké
de. Khi cang tdc 8 dat d phin cudn =0 d6ng lgi, dong qua cudn so gia ting va
tao tir thong lién két qua hai cudn day, cam dng lue dién dong trong ca hai
cufn nay. Cye tinh duong cba lue dién déng wi cidm trong cudn ¢ ¢ cue dudng
cua pin (theo dinh ludt Lenx) va cue tinh duung cda lue dién déng cdm dng
trong cudn thit duve xdac dinh theo volt ké de. Hign tugng xay ra nguoe lai khi
cong tae hd, diu cue tinh duong chuyvén thanh cue tinh am.

T

(a) b)
Hinh 3-19a Thi nghiém cue tinh Hinh 3-19b Thi nghiéem cuc
trén hai cuon day bién dp tinh don gidn.
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Thi nghiém hd@ mach {0C) hoac khong tai

Muc dich thi nghiém la xde dinh cdc thong s6 nhanh song song ciia mach
turmg ducng {Hinh 3-14c¢). Mot cudn day duge mic nai tiép vai ngudn ed dién
ap dinh mife, cudn con lai hd mach. Phia thdp d4p (LV1 thuimg duge edp ngudn,
phiz cao ap hé mach {Hinh 3-201. PDdng ho do ndi vao mach dé do cde gia tri sau:

Bién ap = V.. dong dién = [; cong sual vao = P, (3.36)
w
J 7 S VRV
+ C
Hinh 3-20 So do A¢ g
nei day daf var thi
nghiém hd imach -4

Hinh 3-21a la mach tuong duong duge nhin tir phia mach hd va Hinh 3-
21b la mach tuong duong gan daing. Dong khong tai 1, rat nho (tu 2-6% dong
dinh muer va R, X, edng nho, nén V, = B, (¥) tra khing néi tiép khéng dang
ke Nphia 12 cong sudt viro khi khang tat bang ton (hat 166

P, = P, itdon that lan {3.37)
i a, X, I
+ +f + ' i
v‘ GJ Bm El = V,: IE1 Gn Bm YO
(a} (b}

Hinh 3-21 Mach tuong dwong dwoe nhin (i phia mach ha

Cac théng sé nhanh =ong song (3, B, ) dé xde dinh tir ba sé do (Pt (3.36)),
bing ede tinh todn mach tuong dudng va ddi chidy véi so @6 pha khang tai
trén Hinh 3-4:

Y, =G -iB (3.38)



Y, - 13.391
v,
Vi, P
])
v G .
hay e 3.4
'.7.)
B, -yYi G} 13.41)

(Gic gia tri nay duge doi chiéu theo phia ¢6 dong dan 1dién d4p thap), va
eang dé dang diéu chinh tir phia mach hé theo binh phuong ti si bién ap. Néu
khong bét i 56 bién dp, phai xde dinh bing cich noi volt ké trén mach HV dé
hiét dién ap.

Tom lai, kot qua thi nghi¢m hd mach 1a cac gid tri ton that 161 va cdic
Lthang o nhanh sung song trong mach tuong duong.
Thi nghiém ngan mach (SC)

Thi nghiém nav dung dé xac dinh cac thong s6 ndi tiép cua bién dap

Hinh 3-22 minh houa bién &p cé phia dién ap thap ngdn mach, trong khi
phia dién dp cao duge néi vao ngudn co dién dp khéng ché khodng 5% gid tn
dinh muc {do dién Led va dién khang rd ral bé). Lac dé dong kich thich I, chi
bhang 0.1 - 1.5' domg du tai ], g dién ap dinh mude 1a 2% dong du tail.

HY Ly

Nguén dién ap thap
{bién thién}

Hinh 3-22 Thi nghiém ngdn mach bién dp
Trong thi nghiém ngan mach, khong thé cap didn cho phia dién ap thap va
ndi Lal phia dién dp cace, vi cap dong dien lén cho phia dién ap thidp rat khe.

Hinh 3-23a 14 mach tuong duong duge nhin tir phia dién dp cao trong diéu
kién ngin mach. Hinh 3-23b 1a mach tuong dugng thu gon khi bé qua nhanh
SO 20N



(a) ()
Hinh 3-23 Mach tueng duong o didu kign ngdn mach

Tang dién ap ngudn lén tir tir cho dén khi bién dp ¢é dong di tdi, cae dong
hé do 6 cic tri sé.
dién dp = V.. dong dién = [ cong suat vao = P

L

Bién dap duge kich thich vdi dién ap rat thap, nén ton that 16i khéng déng
ké (d6 l1a ly do nhanh mach seng song duge bo qua), cong sudt vao chi phu
thudc tén that day déng:

P, = P, iton that déng! t3.43)

Tit Hinh 3-23b, cde théng s6 mach duge tinh nhu sau :

z-Yso _ JRTix? (3.43)

IH('
16 . . — F)H(‘
dién tro tuung duong: R = L (3.44)
se b ’
dién khdng tuong duong X =72 - Rre 13.45)

Cde gid tri nay duge dai chidu vdi phia cao 4p ¢6 dong dan hodc c6 thé d&i
chiéu vdi phia khac.

Thi nghiém ngén mach cho biét dién tr¢ va dién khdng tuong duong,
nhung khéng ¢6 kha nang téch bigt ching theo cde gis tri cho cudn s va cudn
thi.

Két hop thi nghiém ngén mach va hd mach cho biét cdce théng sé mach
tuong duong gan ding ¢ Hinh 3-16b tuong d5i chinh xac cho cdc tinh toin
quan trong.
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Vi du 3-7 Dir liéu sau day 1a cia bién dp 20 kVA, 50 Hz, 2000/200 V.

Biénap  Dongdién  Cong suat

V) (A (W)
Thi nghiém hd mach cac ap 200 4 120
Thi nghiém ngan mach ha ap 60 10 300

Hay v& mach tuong duong gan ding dugce d6i chiéu ti phia cao 4p va ha dp
Giai
Thi nghiém hg mach (phia ha ap»

Y,z 2,10%8; G =—e:=03x10% S
200 200)

B, =Y:-G2=198x10% S

Thi nghidm ngdn mach (phia czo dp)

90 _ear=22 30
(10)

X =yZE R =520
Ny 2000__‘“,J

Ti s6 bién dp L =
N, 200

Z = =
16

Mach tuong duong duge ddi chidu tir phia cac 4p :

1

G,iHV) =0.3x107% x o7 =03x10™" 8
B, (HV) = 1.98 < 10 x — -=198x10" 8
(10

Mach tuong duong nay duge vé trén Hinh 3-24a,

Mach tuong dueng d6i chiéu tir phia ha dp:

R(LV)=3x—— =003 Q
(10)

X(LV}=52x =0.052 Q

(100

Mach tuong duong nay duge v& trén Hinh 3-24b.
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Hinh 3-24 Mach tuong duong
fa) d6i chiél t cao dp, (b1 d6i chifu tit ha ap

Vi du 3-8 Cie thong s mach tugng duong cia bidn dp 150 kVA 2400/240

Via:

X=02sz R,=2x10%Q
X, =04 X,=453x107Q
R =10 k&.! X, = 1.6 ki ttr phia 2400 V)

Hay tinh;

a. Dong dién, cong suat va hé 6 cong suil mach hé khi ha ap duge kich
thich o dién dp dinh mic.

b.

Bién dp ¢ phia cac 4p, trong thi nghiém ngan mach phia ha ap véi
dong dién di tai. Tinh céng sudt vao va hé si cong sual.

Giai

a. T{ 50 bién dp: a = 2400/240 = 10

R LYy = 22000 1000

X, (Lvy = 2810000

- 240.0% . 240.0"
I, tLV) = -]
100 116

=24-j1b=152/ -809" A

{, =15.2 A, pf = cosB80 9" = 0.158 tré pha

b, Ha dp ngan mach, cao dp kich thich din, dong dién du téi : cac thing

s0 nhédnh song song duge bé qua. Cdc théng s6 néi tiép tuong duong
chuire 01 chiéu tir phia cao dp.



R=02+2x107 x (100" =040
X - 0.45 + 4.5 <107 « (10 - 0.9 0
7 0.4 - 0.9 =0985 £ 66"0
[,iHV} - 1501000 g0 5
2400
Ve tHV) - 62.5 < 0.958 = 59.9V = 60V

P.. = (825°%04=156KkW

=t

pfy = ¢0s668” = 0.407 tré pha

Thi nghiém cla Sumpner

(Cdc thi nghiém hd mach va ngdn mach che hiét cde thong s0 mach tuang
dugng cua bién ép, nhung khong thé sir dung cho bién dp & trang thai néng,
nhém xde dinh nhiét db tang én dinh véi tai toan phan hoat dong lién tuc. Vi
trong cde thi nghiém nay tén hao cong sudt chi la ton hao Idi hoae ton hao
déng. khong the bao gdm ca hai. Thi nghiém Sumpner la thi nghiém nhu cé
tii thue sy, vdi hai bién dp ddng dang duge dan dién déng thii.

w,

AC

F 1

Hinh 3-25 Thi nghiém Sumpner trén
hai bién dp mot pha déng dang.
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Theo thi nghiém Sumpner, hai cudn so cdp cua hai bién ap dugc nii song
xong qua ngudn dién 4p dinh mde V , trong khi hai cudn tha cap duge nit ddng
pha doi ngdu véi nhau tHinh 3-25). Dién ap thip V, duge cdp vao mach thit
Cip o T, T,

Theo dinh 1y x8p chéng, néu ngudn V, gid st ngin mach déi vai nguén cip
V.. cudn th cia V, bién dp xem nhu hé mach (vi hai cuon thit déng pha dai
ngau nén khong ¢6 dong chay qua). Dong dién tu nguén V Ia 21, (1, 1a dong
khang tii & méi cugn sd cap), cong sudt 1a 2 P, (= 2P,, hai lan tén that 14i cua
méi bién ap)

Khi V| duge xem nhu néi tdt, d6i vdi ngudn V, hién ap duge mie néi Lidp va
bi ngdn mach phia cuon so. Trd khdng duge nhin 0V, 1a 2 Z. Khi V, duoe diéu
chinh dén dong du 1ai, cong sudt 12 2P, (gdp doi ton that dong trén mdi bigh ap).

Mac du thi nghiém cda Sumpner khéng ¢6 tai cung cap, nhung tim duge ca
hai ton that sat trong 16§ va ton that ddng trong day quan. Céng sudt vao bién
ap = 2P, + 2P,. Thi nghiém nay thue hién trén hai bién ap, chi dung dé xac
dinh tén that trong bidn ap.

Vi dy 3-9: Hai bién 4p dugce néi theo thi nghiém Sumpner, méi bién dpla
20 kVA. Ti 6 bién 4p la 250 : 1000 va 250 : 1025. Hai cudn s dudc cip ngudn
250 V va hai cudn thir duge néi déng pha d6i ngdu. Mat bién 4p tdng 4p ca
cudn so duge néi vdi ngudn 250 V, duge dung dé chinh dién dp trong mach
cudn s dé tao dong 20 A Tén that 16i cia méi bién dp 1a 350 W va dién khang
mdi bién ap gip 2.5 1an trd khang. Hay tinh s6 do cia watt-ké duge nol dé do
& ngod vao dén cic cudn so.

Giai

Trude hét can tim dong dién chay trong cdc cudn sa, khi dién ap ¢ip cudn
s¢ ngin mach. Dong dig¢n phan s¢ cip nay dude tao bdi dong dién tudan hoan
d cubn thi cép, ching c6 tdc dung cdn bing nhau va déng pha (theo Hinh 3-
261. Hiéu cua hai dong dién ngén mach trong hai cudn so la 2 A (= 82 - 80}, 2A
la dong dién ndi phan so cdp hai bign ap vai ngudn dién chinh, ¢6 hé sé céng
suat la:

cos tan”' 2.5 = 0.371
Céng sudl tao bsi dong 2 A nay la :

250 x2x 0371 = 1855 W
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Hinh 3-26. Mach minh hoa vf du 3.8
Cong suat nay dude cdp vao mach thi nghiém phu thude vao cuc tinh cua
dién dp c&p cho phan thit cap.

Bay gir xét dong dién duge tao nén bdi dién ép ngudn cap cho phdn sd cap
khi dién ap trén phdn cudn thi ngén mach. Cun so c6 dong ti héa cdp cho
tan that loi.

Tén that 161 trén ha) bién 4p la 2 x 380 = 700 W

Ding dién trong phan thi cdp bé gy ra tén that nhd vi dién dp khdng can
bing nho (do ti s0 bién 4p chénh léch thap)

Cong sudt la: 700 + 185 = 885.5 W hoac 514.4 W

Hé thong don vi

Trong phéan tich may dién thugng dung cac dai lugng dién ap, dong dién,
cong sudt bidu kign VA, va tré khang trén moéi don vi (hosc %) cua dai lugng
dé tinh thea gia tri co ban ho#c gid tri quy chiéu.

Gid trj trén don vi (pu) cia dai lugng bét ky la ti sé:

Gid tri thue
Gid tri co ban hodc quy chidu (cung don vi)
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Su duny hé thang nay ¢6 hai tién lgi;

s 13¢ higu khi phan tich may dién.

»  Phu hyp vii hé théng cong suat khi phan tich cae dat lugng mach quy
chiéu vii phia nay hoae phia khée cua bién ip. Hé thing dun vi nay
duye dung trong hé thong eéng suat tich hgp lgn va trong ma phdng
mayv tinh cua hé thong may dién khi phan tich déng hoace phan tich
chuyén ticp.

Gt (e eo i cun dai ldgng 1ién quan dén cae dinh luat dién thuang diung.
Biéi vdi hé théng mot pha :

? (B (an:mn :\"YA’hnm- = Vlm.»:f-'flhu.-st- {346}‘

Rlu:l.-'u-’ Kl_u;:sc-! Zl::]sw‘ = Vh;ase!"xlh\m- (347},

(';Iui:dr-, Hluzst” Yh.’l.-_ae- = Ihnﬁ;e--’xvh;:se (3.48)

(VA V... duge chon trude sau d6 chon cde gid tri co ban khac. Tiép
theo cic phuong trinh trén la:
V)
Z[i S L
(VA

1’: 101 « |VAJ“

Zidon vi) = 7
Vi

(3.49;

Trong thiél bi va hé thong lon, cde gia tri co hin kVA/MVA va kV sé
thuin tién han, khi dé Pt (3.4% duge viét thanh:

Z () < (kVAIg

Zidon v} = i _
' 1000 (kV i (3.50a)
. L« {(MVA)y

Ztdan vip = 20 VB (3.50b)

kVig
Sau khi xde dinh (MVA)B va (kVIB, tre khing Pu la:

(MVAR pow KV 019
u,

Zidon V'jl . =Z{pu}1| ;
new ol 1MVA]B_ T (kY )12; N

(3.51}
Khi phan tich tinh toan, cdc dai lugng duoe chuyén déi theo gia tri tuong
ung; cac két qua sau khi phan tich phai chuyén vé don vi thue. Cac thong 56 don
vi cua bicn ap thuong trong khoang hep. Vi du, dong ti héa binh thuung trong
Khoang +12-0.05 trd khang tuong duang, va 0.05-0.1 dién khdang tuong dusng.
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Trong hé thong ba pha, ¢ cie dai luong ca ban :
(MVA1, = 3 pha MVA
tkVy, = diéndp dang kV

HRVI, 37 IRV

2y = (MVA) .
LiMvay, VAL
Zipu) - 7 ’“_L:_\';“'A-‘Is

KV 352

Xe¢t ba trd khang, 7 wen mdi pha, duge néi A ttam giic), vo1 IMVAL, ba
pha va dién d@p day (kVi,, ci

ikVi 31kVy,
ARYES .= -
(MVA),, /3 (MVA),
(AT H\r VA
Zipul = é_w

(kVo},

73 1a tré khang wemg duong mie sao. Tro khiang don vi doi véi mde tam
gige hofde suo twong to nhau 48 vai dign ba pha MVA co ban va dién ap day kV
eet ban

Vidu 3-10 Dong kich thich 3 A khi do tren phin thap coa bien dp 20 kVA,
2000200 V. Trd khing tuong dusng (L8 phia coo dpl 1a 8.2 + j 10.2 Q. Hay
chon gid tri co ban cia bién dp.

a. Tim dong kich thich theo don vi trén phia dién dp cao va phia dp thap.

b. Biéu dién téng trd tuong duvng theo don vi ¢ phia cde dp va phia dp

thap.
Gidi

V(HV) = 2000 V VL) = 200 V

I(HV) = 10 A 1(LVI = 100 A

ZHV) = ___2?30 - 200
£

2.0 = 292 9

10{)
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3
: 4LV - — - 0,03
i . 100 pu
Ding kich thich ti phia cao ap la 0.3 A

LiHVY - 0.3 =003 pu
10

b, ZHVI,, - 3200102, 04145005
(107
ziyy - 220102 G 6e0 L 50102
(10)
ZIV),, = ”ﬂiiz;w = 0.041 + j0.051

- ~y ~ . s -
Higu suat va on dinh dign ap
Cac bién dp cang suat va phan phéi duge thiét ké d& van hanh ¢ cae diéu

ki¢n dién ap hidu dung va tdn 8 khong thay déi, nén hi¢u suit va én dinh
dién &p 12 rit quan Lrong.

Hiéu suat

Nang lyc dinh muc cha bién 4p duge xac dinh bing tich dién 4p dinh me vai
dong dién tdi (toan phan) ¢ ddu ra. Cong suat ra phy thuge hé s§ cong suit cia
tai, hiéu suat duge xdc dinh bang ti 55 giita cong suat ra hitu ich va cong suit vao:

_ cong su.:j).t ra (3.53)
cHng suat vao

Hiéu suat bién ap khodng 96 - 99%. Khong thé do dac cong suit ra v cbng
sudt vao khi 6 tai, do Watt k& ¢ sai s0 1-2%. Phuong phap chinh xdc cho
phép xdc dinh 1 1a tim ton thal tif thi nghiém hé mach va ngén mach. Khi do,
hiéu suit duge tinh nhu sau;

ngara tdn that
N=-— > el (3.54)
ngd ra + ton that ngd ra + ton that

Trong Pt {3.54), hiéu ung tir s do watt - k& chi xdc dinh gid trj tdn that,
do d6 higu sudt toan phén tinh tir thi nghidm hd mach va ngin mach e6 4§
chinh xdc hon so vé do true tiép tai.

Ton that bién dp gom tén that sit P, va ton that déng.
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Hinh 3-27 Bién ap ca far o P P}

Hiéu ing tai va hé sd cong suat tai

Fon that sat (1611 phu thude mat do tir thong v lue dien dong cam ing.
Khi E, = V, vai moi tai, 1on that nay duge xem 1 hang 6 tkhong phu thuae L)
Tén that déng trong hai cugn day
P = LR, + IR,
= I{R,,12)
Vai R (2) = dién trg wong duong L phia cuén tha. ton that ding ti lé vai
binh phuung déng dién tai.

Cong suat ra cuu bién ap: P, = VI coss,
Vi cosf, = hi sd cong suat tdi
Tu Pt (3.52) :

VI cost
1 = ] by

VI vosil 4+ P + ]; R 192 (3.55

3]
V6i V, 1a dién ap dinh mde cudn tha, thay déi theo tai 1khodng 3-5% 1, ¢6
thé bé qua khi tinh todn hiéu suat,

Theo Pt (3.55), d8i vdi hé s8 cong suit da cho, hiéu suat bién thién theo
dong dién tai, do dé:

V cosl
n= ' £

s P 4
V. cost +| e+ RO
: P4 1 ] J
e
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Bai v gid tri i ede dai v cos8, cho trude, miu 8 cua Pt (3.56) ¢6 gia tri
bé nhat:

ERE _ P, {3.57)

2 ]
nghia la: tén that dang (thay d&i) = ton that 16i thiing s3)

Do &6, hi¢u sudt dat eye dai § gia tri tdi, kbi ton thiat déng (thay d&i) bang
tén that 161 thing s61, sé la:

-5
© R
2
[, PP e
kl;ﬂ't .’! Iii'\ [{1-1;‘2‘1
P
Ha k = ‘IA—L—- .
¥ S VB (3.58)
Vi k=1/1, i3.59a)

Va: Pufly= tén thdt dong du tal.
Hiéu suat dat cuc dai o phan s6 dong dién tai duge tinh theo Pt (3.5Ya).
INhan W s6 va miu s6 cda Pt (3.59a) vai dién 4p dinh mite V,:

K - V.1, _
= Volg (3,591

Higu sudt dat cue dai ¢ tai k (V1) hay kS, vdi S, la cong suit bidu kién
VA hodc kVA cua bién ap:

kS, cos 0,
F‘ nix = =

kS, cos0, + 2P (3.60)

Noan = 0 khi cos8 = 0 (1di thudn dién khdng).

Ri¢n ap cong sudt duge 8d dung 4€ truyén cong sudt, hoat déng gin nhu du
tdi vdi thoi gian lién tue va duge thidt k& ed hiéu suat cue dai ¢ tii toan phan.
Mat khae, bién dp phin phdi cung cdp tdl thay déi rong theo thai gian, do dé
bitn 4p nay duge thiét ké dé es higu sudt cue dai khoang 3-4 1dn tai di.
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Higu suét (ning Iugng) tinh theo ngay

Hiéu sudt tinh theo ngay cua bién dp 13 i 56 gida tong nang hwing déu ra
(kWh), trong 24 h (ngay) vii tong nang lvong dau vao trong cong thei gian.
Tén that 161 1a hing s6 dée lap vdi tdi, hiéu sudt e ngay phu thuge chu k¥ tdi,
duye tinh theo hé s tai (tai trung binh/tai dinh), d€ du dodin trude hiéu sust.
Do 1a diém guan treng khi bidn dp cap tal hang ngay bién ddii rang theo chu
ky. Higu suat nang lugng cae hon duye tac thanh bang edch thiét ké bign dp
6 hidu sudt nang lugng cue dai ¢ muie tai thap {70% tai toan phdn). Diéu nay
cd thé dat duge bing cach gidi han mat dé tir thang theo cie gid tri thap, su
dung ti¢t dién 1ai wong 46i 16n, nghia 14 tang ty 50 trong lugng sat/déng.

Vi du 3-11: D61 vdi bién dp trong Vi du 3-7, hay tinh hiéu sual néu phin
dp thép la tai du véi hé s8 cong sudt 0.8. Tinh hiéu suit cuc dai theo hé sd
cong sut nay.

Gidi
Cong suat ra =V,I, cos 8,

=200 x 100 x 0.8 = 16000 W
Téng tén that P, = P, + kP,

=120 + 11 x 300} = 420 W

n=1- R,
PO + PI‘
o420 47449
16000 + 420

Bai vdi hiéu suit cue dai

wo (B fl§9=o,632
P, Y300

Nghia 1a d tai don vi 0.632 (doc lap vdi hé 86 cong suat)

2P.
Lvdicost, - 08/ =1 —1
Mhax L VO1 COS Ly P{j N 2Pi
-1 2x120 - 97.68%

{16000 = 0.632) + (2 < 12
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Vidu 3-12 Bien ap 500 kVA, cd hiéu sudt 957 g tai du va & 60% tdi du ca
hai ¢ upf
a. Hay phan biét cdc tén that bién 4p.
b. Xdc dinh hi¢u «udt ¢ 3/4 1ai toan phan,
Giai
500 =1

Ne—— . _0.95 (i1
"TB00<1+ P+ P, 1

500« 0.6 ..
N = - n =095 {11
500 % 0.6 « P, + (0.61°P,
(viai he Pt tir va tin
P = 9.87 kW
P = 16.45 kW
b. F 3/4 tai toan phan upf
- 5097 0.75 - 95.14%

T 500075 - 987 - 10.75) x 18.45

Vi du 3-13: Bitn ap ¢6 hidu sudt cuc dai la 0.98 ¢ 15 kVA & upf, Hay so
sanh hiéu suit tinh theo ngly vdi chu k¥ tai nhu sau:

a. B tai 20 kVA 12h/ngay va khong c6 tai trong 12 gi cén lai.
b. Du tai 4h/ngay va 0.4 tai toan phan trong 20 gidr con lai.

Giai
Moy, = _ B hoac 0.98 = _5
S B, + 2P, 15 + 2P,
P, = 0.153kW
., P 15 5
k? = 5 hodc 1—5— = 0.153
P. L 20 ) P
P. = 0.272 kW
a. P, Thoigian, ;i W, P.=P, +P + kP, W
20 12 240 200+ 0153 + 0.272 = 20,425 2451
0 12 Q 0+ 0.153 = 0.153 1.8
240 kWh 246.9 kWh
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W L3
S 2V 20 = 97.29%

Mo = Zwm 2469
b. P, Thai gian, giv W, P.=P,+P + kP, W,
20 4 80 20 + 0.153 + 0.272 = 20.425 81.7
8 20 160 8+0,153+|T€2%T x 0.272 = 8.196 163.9
240 kWh \ 245.6 kWh

24
Nonergy = —-——/] 0 =97.7%

B 245.8

Lesw %: Di hé s6 tai nhu nhau trong ¢a hai trudmg hop [(240/24120 = 0.5
cdc hiéu sudt nang lugng van khic nhau do sy khac bigt vé ban chat gilta hai
“chu ky tai.

On dinh dign ap

bién dp khong dai 1a yéu cdu dai v¢i cic loai tdi (dan dung, kinh doanh, va
cong nghiép). Bién 4p ra cia bién ap phai trong gidi han cho phép khi tai va
hé s0 cdng sudt thay déi. Yéu cau nay dic biét quan trong déi voi bign ap phan
phoi khi cung cdp dién true tiép che cde tai tidu thu. Sut 4p trong bién 4p c6
tai chi yéu la do dién khang o, phai giit & mue thap nhu thiét ké va kg thuat
xudt xudng cho phép.

Phuong phap di¢u khién dice tinh sut 4p cua bién 4p 12 didu ap. Sy didu dp
duge dinh nghia 14 su thay ddi dién 4p d cudén thd cdp, khi tdi toan phan (tdi
dinh muc) véi hé s6 cong suat xac dinh duge cung cdp theo dién 4p dinh muie,
phdi 0 mdc thap nhat, véi dién 4p (va tin s6) § cudn so cdp khang d6i, duge
tinh thee phén tram dién ap tai dinh mite.

. V,, -V,
D6 6n dinh dién dp (%) = —2—"20 100 (3.61)
FAil

V6i V., = DBién ap dinh mife thit cdp, tai toan phan (vdi hé s cong suit
xdac dinh).

Vy, = dién tha cdp khi ngdt tai (khéng tai).
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{al Mach tugng dudng quy (8) Sdds pha
chigu theo cudn thu Hinh 3.28

Hinh 3-28a la mach tuong duong dugce déi chiéu td phia cudn thd. Hinh 3-
28b 13 so db pha. Sut 4p IR va [X (trén so dé pha) rat nhé trong bign ap tot (Vi
du 3-6). Géc 8 gita V, va V, khong ddng ké :

V, = 0OE
V,-V,= BE = (R cos ¢ + X sin ¢); ¢ tré pha {3.62a)
= [(R cos ¢ - X sin ¢); ¢ sdm pha {3.62b)
Khi t4i bi ngit
V, =V,
V, - V,=ILiRcos ¢ £ X sin ¢ {3.63)

Vai 1 1a dong thit e4p tdi toan phan va V, 1a dién dp thi cdp, tuong duong
gid tri V, dinh muie.

Gn dinh dien sp (%) - 220" V2 . 100
2
TI(Rcosan_rXsm(p)xwo (3.64)
Vs
. X .
Vdi L Ridon vi) v — = Xtdon vi)
A vV,

On dinh dién 4p trén don vi = Ridon vi) cos ¢ + Xidon vi} sine ¢ (3.65)
Tir Pt {3.64) c6 thé thay su diéu dp thay déi theo hé sd cHng sudt va c6 gia
tri cuc dai khi:
dReg

o =0=-Rsind + Xcos¢
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X R
tang = —;  COSQ = ————eee
R ||R.£+x2

Pt (3.661 cho thay su 6n dinh dién ap 12 cye dai khi géc hé s¢ cong suat tai
(tré phaj c6 cing gia tri géc cua trd khdng tuong duong.

Hoic tré pha (3.66)

Tir Pt {3.65), én dinh dién 4p bang 0 khi :
Rcosg-Xsino=10

tan ¢ = .; ; s6m pha (3.67)

P81 vai ¢ tsdm pha) lén han gid tri theo Pt (3.66), d6 6n dinh dién dp am
{nghia 14 dién 4p thi cap du téi Ién hon dién ap khong tail.

Su bi&n thién d6 &n dinh hé sd céng sudt % duge néu trén Hinh 3-29.

1 .

%Reg

Hé s cdng
sudt sdm pha —+— 1

! 1 1 ! 0 1 1 ' i i
! 1

b

r T L) T L) T ¥ T

g 02 04 06 08 1 08 06 04 02 O
+ -1 —= Hé s& céng sudt tré pha

+ -2
+ -3
1+ -4
+ -5

Hinh 3-29 D 6n dinh phdn trdm hé sé cong sudt;
R = 0.075 don vi, X = 0.05 don vi.
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Vi du 3-14: Xét bién ap i dir lidu tur Vi du 3-7.

a. Vditdi toan phén ¢ phia dign dp thap LV theo dién dp dinh mic, hay
tinh dién 4p kich thich trén phia HV. Hg so cong sudt la (i) tré pha
0.8; (ii) s6m pha 0.8.

Tinh d¢ n dinh dién ap trong méi trudng hgp néu trén.

b. Bién 4p cap dong tdi du & hé s6 cong sudt tré pha 0.8 vdi 2000 V phia
cao ap HV. Hay tim dién dp phia tdi va hiéu suit lam vige.

p

Giai e

a. Mach tuong duong phia HV duge néu trén Hinh 3-24a:

v, = 200V.1, = 3%%’0—0 - 100A

vV, =200V;I, =10A
Vi = Vp + [ (R, cos ¢ + Xy sing) Ry = 30, Xy =5.20
{i} cos ¢ =0.8 tré pha; sin ¢ = 0.6
V, = 2000 + 10 (3 x 0.8 + 5.2 x 0.6) = 2055.2 V

Pé én dinh dién dp = 2055.2-2000 44 - 2.76%
2000

(ii) cos & = 0.8 sdm pha; sin ¢ = 0.6
V, = 2000 + 10 (3x08-52x06)=19928V

1992.8 - 2000 y
2000

b. [, (di tai) = 100 A, hé s6 cong suat tré pha 0.8.

Do dn dinh dién ap = 100 = -0.36%

V', =V, - I {(Ry cos ¢ + X, sin ¢}

= 2000 - 10 (3.8 x 0.8 + 5.2 x 0.6) = 1944.8 v
V, =194.48 V
Hiéu sudt
(Jéng sudt ra, P, = VI, cos ¢
= 194.48 x 100 x 0.8 = 15558.4 W

Pinwma = P+ P,
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P = 120 Wivi du 3.7)
P, = (101 x 3 = 300 W

p ten that — 420 W

420

N=l-omo——
15558.4 + 420

= 87.38%

Vi du 3-15: Bai voi bién ap 150 kVA, 2400/240 V, c6 cdc thong sd mach
duge cho theo Vi du 3-8, hiy v& mé hinh mach tit phia HV. Tir 46 xde dinh 49
én ap va hiéu suat khi bién 4p duge cap du tdi & hé s6 cong suat (tré pha) 0.8
phia cugn thi & dién d4p dinh mic. Trong céc diéu kién nay, hay tinh dong
dién phia HV va hé s cong suat tuong ing.

Giai
RHV)=02 + 2x10*x (10 =04 Q
X(HV) =045+ 45 x 10 x (10 = 0.9 Q

Sq 46 mach duge vé trén Hinh 3.30

_—{1——- 0.4 2 0.9 O E__
T :
v E :: ‘7,
V[ 9 :: 1.6 k2 2
Hinh 3.30
Lyn, = %Q = 625A, pf = 0.8 tré pha
V,=240V

I'? = %62.5)\, pf = 0.8 tré pha

V, = 2400 V

Do sut 4p = 62.5 (0.4 x 0.8 + 0.96 x 0.6) = 53.75 V
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. 53.75
B 4n dinh dién d4p = 2300 k100 = 2.24%

Vv, 2400 + 53.75 =2453.75 = 2454 W

P.. =150 x 0.8 =120 kW

P, (1on tnat dongi= (62.5)2 X 0.4 = 1.56 kW

2454)
P ¢

i wen that 101 T 70 1000 0.60kW

P, = P. + P, =0.60 +1.56 =2.16 kW
120
. Y _989%
M= 720+ 216
e o 0
. 245420° . 245420° 0.245  §1.53A

" 101000 161000
I, = 62.5(0.8 - j0.6) = 50 - | 37.5 A
1, =L, + I, =50.25 - j39.03 = 63.634 - 37.8" A
hoac I, =63.63A, pf=0.79 tré pha

Hién tugng kich thich trong bién ap

Dong dién khéng tdi trong bién dp khong c6 dang ham sine, nguyén nhan
gdy ra hién tugng nay la do tif tré va sy bao hoa khéng tuyén tinh ela vit lidu
16i; ¢6 thé tim hiéu didu nay bang cich dimg dé thi.

Gia su dién dp v, cdp cho bign 4p trén Hinh 3-5 1a ham sine. Pién ap roi
{r,i,} khéng dang ké so v¢i dién #p cdp v,. Luc dién déng edm dng cin bing
dién dp cdp ngudn nay cing 13 ham sine, va thist lap tir thong trong 16i. Tir
théng tré pha so véi luc dién déng cdm ung la 90°. Dang song luc dién dsng va
tir théng duge néu trén Hinh 3-31. Dong dién cdn d€ thist lap tif théng ham
sine vé trén 46 thi bing cach dung duting cong tir tré (dumg ¢ - ig).

Gid sif sy van hanh tién ddn dén trang thdi dn dinh, véng tif teé trén
Hinh 3-31 s& lap lai trong cdc chu ky dién 4p ké tigp. Xét thai didm tir thong
c6 gid tri - ¢,, dong kich thich tusng dng 1a 0. G thai diém t,, tir théng biing 0,
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- émax

H:nh 3-31 Hiéu wung tit tré va bdo hoa doi véi dang sing dong hich thich
(tix thong theo ham sine).

dong dién €6 gia tri duong nho i,,. Khi tir thong cé gia tri duong ®,, co hai gid
tri dong dién duong i,, ing véi tif théng & trén phan tang duimg vong tir tré va
igs khi 0 & trén dudng gidm vong W tré, i, > ig;. T théng cye dai @, tuong
dng dong cue dai i, .. Dong bang 0 khi tir thang 1a ¢,. Mot bdn ky dueng cua
dong kich thich i, dugc vé trén Hinh. Ban ky &m sé d6i xing véi bdn ky duong
{d5i xtng 18) do vong tir tré ddi xing. Mot chu ky hoan chinh c¢ta dong kich
thich duge vé phéac trén Hinh 3-31.

Dang séng dong kich thich khang theo ham sine, ¢6 dinh séng nhon, ¢6
hai ban ky 1¢ d6i xitng v6i nhau va ¢6 diém cye dai xdy ra déng thoi vei diém
cye dai tif thong, la dong zero ting theo cing lic vdi dang séng tir thong. D6
13 do tac déng séng hai 1é. Dong dién kich thich ¢6 dong co bian va dong hoa
tin 1é (s6ng hai) 1gn nhat 12 hoa tin thit ba, khodng 40% dong cg ban. Thanh
phén eo ban cGa dong kich thich sém pha theo géc 0, so vdi tit théng (Hinh 3-6),
nén dong o ban ¢6 thanh phan 1, cing pha vdi tir thong, thanh phan [, nho
va sdm pha so vdi tif théng la 90" (hay cing pha vdi dién 4p). L, tao ra tif thong,
I, d4anh gia sy tdn that cong sudt trong 161 (gom tu tré va dong dién xody).

Mot phidn dong dién [, cing pha véi V| 1a ham sine, ¢é tde dung cén béng
hiéu ung dong dién xody do to thing ham sine trong 151 tao ra. Vi th& dong

nay duge xem la dong dién xody, khong gay ra hoa tdn (song hai) trong dong
kich thich.
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S6ng cg ban e
S6ng ¢o ban

Hinh 3-32 Truong hop dong tiz hoa ham sine

Khi bién dp dan dong dién dén tai tuyén tinh, dong dién tdi 14 ham sine
va 1¢n hon nhiéu so vdi dong kich thich, se “che khuat” sy khang tuyén tinh
cita dong so cdp, nghia la dong so cdp dugc coi 12 ham sine khi cé tai.

Trong bi&n 4p ba pha, dong hoa tdn thirba khéng chay nén dong tirhéa 1_
14 ham sine. Theo duvng cong B-H, tit théng trong 16t khéng phai }a ham sine,
dang séng cé dinh phéng. Didu nay duge thim dinh bling dac tuyen tit héa o-i,
v6l i, ham sine tim duge dang séng ¢ cé dinh phing. Lyc dién dong 1a dao
ham cia tir thong, bay gi& ¢6 dinh nhon vi ¢6 chia hoa tdn thd ba ién, dang
song nhu trén Hinh 3-32.

Dao mach chuyén tigp

Gtrén la sy van hanh ¢ trang thai 6n dinb véi v, va ¢ déu theo ham sine,
¢ chém pha so v6i v, 12 90° (Hinh 3-33a). Quan hé ¢ - i, trén Hinh 3-33b, dong
kich thich binh thuéng dudi cdc didu kién nay 12 0,05 don vi néu bign #p duge
thist ké v6i B, =14 T.

Khi dién ap v, duge dong mach vaoe bién 4p, tif thong ¢ trong 16i va dong
dién kich thich tuong ing trdi qua giai doan chuyén tiép trude khi dat gid tr]
on dinh. Sy khdc nghiét cia giai doan nay xay ra rit nhanh khi séng dién 4p
duge cdp vao. Xdu nhat 1a dién ap cdp vao bang 0 & thoi diém déng mach
{Hinh 3-33c). Gia s tir thong ban d4u bing 0 & théni didm déng mach, tif hinh
ve, c6 the thdy gid tri tif théng & trang thai én dinh vao thoi didm nayla-é_,
tif thong chi cé thé bt dau tir gi4 tri 0 (trong mach cdm dng). He qud 1a hinh
thanh mét thanh phan tir thong chuyén ti&p (tir thang bix} ¢, = ¢, d& c6 (P, +
b,,) = 0 & thai diém déng mach. ¢, suy gidm va triét tisu, phy thude hang s6
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th#si gian mach (L/R) tuong ddi th&p trong bién dp. Gia sif ton thdt mach (t6n
that 151) khéng dang ké, tit théng bi chuyén tiép ¢, s& di qua gia tri cue dai 24,
hién tugng nay 1a kiéu dng kép (doubling effect). Dong kich thich tuong (ng s&
rit 1én khi 181 di vao vimg tir héa bao hoa sdu (B, =2 x 1.4 = 2.8 T); khodng

4

LT

¥m

L )

LARE ~al

o

iy

{b)

{d) TGn that tir tré thdp

"'D.rnu ‘0

= Pm

(e

'Io,mnx i

) TBn that we tré rdt thdp

Hinh 3-33 Dong chuyén tiép trong bién dp
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100 lan so vdi dong kich thich binh thuting, nghia la dong kich binh thuding
0.05 don vi s2 tao ra lue dién tit g&p 25 l&n so vdi binh thudng. Dé 1a ly do céc
cudn day trong bién dp 16n phdi duge gia cudng ving chic. Cd méi nia chu ky,
¢, suy giam dan cho dén ldc tif théng trong 161 dat gid tri 6n dinh, vi hing sd
tha: gian mach bién ap nhé, nén hiéu ing bign dang chuyén tiép phai mat
nhiéu gidy. Su chuyén ti€p ddo mach cia bién 4p duge xem la déng dién
chuyén iép bén trong.

Tu thong ban dau trong 18 s& khong biing zero, vi con gia tri tir théng du
¢, (Hinh 3-33e va 3-330). Sy chuyén tiép sé ¢6 ¢, = & + 0, va tif thong 13i sé
trai qua gia tri cue dai 1a (2 9_ + o1,

Quan sdt Hinh 3-33c va e ¢6 thé thay tir thong ¢, 12 mét chidy, do d6 tu

théng chuyén tiép va dong kich thich c6 dang mét chigu trong giai doan
chuyén tiép ban diu. Hinh 3-34 1a so 43 dong chuyén tiép trong bién ap.

I1
I
I

f ;\ / N

[
| [ A I\ P {/\]' ' ' Ef?; %itnuh
/ ll J \ / llll‘ I'J i }I \H \/ Vo l!\‘ f I!l ! \ : thugng
JVEVAVEVEVAVRVAVENNN
Thei gian | -
Hinh 3-34 Dang sing dong chuvén tiép. !
Bién ap ty ngau !
Bién dp da xét & cac phan trén + A, y
¢6 hai cugn day doc lap, cdch ly ' X, B] A
dién vdi nhau va duge goi 1 bién v, N, f . T+
ap cach ly. Khi cac cudn day so A,
cdp va thi cdp duge néi vdi nhau, No X; l (-1} Vv,
¢ mdt phin cudn day chung cho ~ f l J B
s¢ ciip va thi cdp (Hinh 3-35) duge Pt
goi la bién &p ty ngdu. Bign dp tu Hinh 3-35 Bién dp tu ngdu
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ngau déc biét kinh t& khi ty s bién dp nhé han 2, trong trudng hep khong cé
yéu cau cae vé cd lap dién giita hai cuén day. Cdc ing dung chinh bao gém bd
khéi dong trén dong co cam Ung, lidn ndi két cac hé théng cao 4p tai cac mic
dién 4p voi ty sd thap han 2, va trong cdc ngudn cung cdp dién 4p bién thién.
Bi&n dp tu nglu co iré khang thap, ton that nho, dang kich thich thap va su
diéu dp tdt hon so vdi cdc loai bién dp khic.

Hinh 3-35 trinh bay bién dp tu ngu mot pha, c6 cudn so N, vong va cubn
thit N, véong cdp dién ap ra thap hon cuén se. Diay quan doan BC (N, vong}
dung chung cho mach s va thit. Poan day guan AB co dién ap cao hon, duge
cach dién tot hon. Cé thé gia thiét dong ti hoa la khong dang ké, nhung cé
thé xdc dinh béng thi nghiém khéng tdi, néu ein.

bé&1 voi dign dp hai cudbn day teudn so1a doan AB, cudn thi l1a BC), va theo
Hinh 3-35, ti 58 bién ap a sé la:

V-V, NN,

N, = N, 3.
v, N, 1 2 {3.68)
DB6i véi bign Ap tu ngdu (Hinh 3-35), ti 58 bién 4p la:
a-o Ny (3.69)
v, N,

Tir Pt {3.68) va (3.69) :

a=1+a (3.70)

Vdi bign ap hai cudn day duge ddu day theo kifu bign ap ty ngau (Hinh 3-
35) ¢o thé so sdnh dinh mde cong sudt VA clia hai loai.

Déi véi bién dp hai cudn day

VAl = (V, Vo 1, =1, - 1) V, (3.71)
Ddi vdi bién dp ty ngiu

(VA),y, =V, [, = V, 1, (3.72)
Pt (3.71) c6 the viét :

V. ‘N,
(VA = {1 - V_ZJ[VIII )={1- —N“Z*J(VA]auw

h 1

1
hﬂy (VA}E{UT.L‘I = [ﬁJ(VA}F“,a_ N] J{Nz =1 (3.73)
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Tir do -
(VA)e > (VA (3.74)
Bién ap c6 hai cudn day c6 dinh miic VA cho trude duge ddu day nhu bién
ap tu ngau sé c6 cdng sut VA 16n hon, do trong bién dp ty nglu ¢6 mot phin
cong suat VA duge truyén theo sy dan dién. Luu ¥, (Hinh 3-74) khi a’ = N/N,
(ti 50 bién dp ty ngau) tién téi 1, thi:

(VAo »> (VA (3.75)

PG la ly do bién ap tu ngdu thudng duge ding khi i 88 voug nho hon 2,
tuong tir sy noi két hai hé thong dién dp cao d cdc mic dién ap khéc nhau.

P61 voi dién 4p thap, bién dp tu ngdu ¢6 VA nhé duge sit dung 1am ngudn
cung c&p dién 4p bién thién cho cdc ung dung thif nghi¢m. G day &’ = N/N,
bién thién bing cdch thay dé6i ddu ra N,

Gid st mat d6 dong trong day dan 1a héng s&, ¢6 thé so sanh bién ap ty
nghu va bién 4p hai cupn diy duge néi nhu bién ap e ngiu:

Gt - Li(N, - Ny)+ (I, - [|)N,

Gorw I,N, + LN,
2IN N V.
=1L 20 N, =N, J=1~—22-1_-22 (3.76)
211N1( LT N, v,

Véi G 1a trong lugng day din. Tir Pt (3.76) :
1
Gry - Gauto = ;GTW

phin diy din cé thé tiét kiém khi s& dung bién 4p ty ngiu.

Néu a’ = 10, chi tiét kiém 10%, nhung a’ = 1.1, ban sé tit kigm dén 90%.
Bién 4p tu ngdu s¢ kinh t& hon khi ti s6 vong tién dén 1 (dom vi).

He théng dién lye cao 4p (220 kV va 132 kV) duge ndi ghép bang bién 4p
tu ngéu ba pha c6 trong lugng day quén bi€n ap it hon nhidu so v6i bign dp hai
cun day ba pha.

Tir Hinh 3-30, ¢4 thé tinh dién trd va dién khéng tir phia sa c&p:
N 2 N 2
ro=|—=t-1|r; x,=|=t-1|x (3.77)
? [ N, ] v [ N, ] :
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Vi du 3-16 Bicn ap 2000/200 A1
V, 20 kVA trong vi du 3-7 duoc néi . *
nhu bién dp tu nglu ting dp theo
Hinh 3-36 véi AB 1a day quan 200 . ’- 5
V va BC la day quan 2000 V, day  + ? Ve
quin 200 V cd du cach dién vdi 2200 v, l(;‘ .
{ -

V so vdi dat. Hay tinh (a). Bién dap

phia HV va LV cia bién ap t¢ ngau -

{b). Céng suat kVA. (c). KVA truyén . c
theo cam dng va dién dan. (d). Higu Hink 3-36
sudt tai toan phan vé he so cong

suat 0.8

Giai

a. V,=2000V,
V, = 2000 + 200 = 2200 V.

201000

b I, =100 A
200
I,-1,=10A; 1, =110A
Dinh mitc kVA = 22002100 _ 590
' 1000
_2000x110 00
1000

Bién 4p hai cudn day 20 kVA twong duong bién ap tu ngiu 220 kVA, tang
ap 11 lan

V(I -1,) 2000 x 100
= 1000 1000
kVA truyén dan theo dién ddn = 220 - 20 =200

c. kVA truyén din theo cdm Ung

d.  Véi dir ligu tit Vi du 3-7
Tén that 16i (dién dp kich thich 2000 V1 = 120 W
Tén that tai toan phdn J day déng 300 W
(I, = 100 A, I, -1,=10 A)
Tdng ton that 420 W
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Cong sudt ra du tdi = 2200 x 100 x 0.8 = 176 kW

420

- = 99.76%
176420

n =

Trong Vi du 3-11, bién dp nay la bién 4p hai cuén diy quin cich ly c6 hiéu
sut di tai 97.44%. Bién 4p tf ngau ¢6 hidu suat 1on hon (99,76%) vi ciing dién
dp kich thich va cung dong dién diy quan, nghia la cung tén that nhung c6 cang
suat ra lén hon.

Bién ap bién tan
(de phén trude da xét cac bidn gp van hanh vdi tdn s8 ¢o dinh (50 Hz).
Céce bign 4p nay dung dé bién ddi cing suat dién tir dién ap nay sang dién ap
khdc. Bién ap nhé (161 sat) duge dung dé€ ghép ndi mach dién ti trong truyén
_théng, do dac, va diéu khién. Cdc bién dp nay xir 1y tin hiéu trong pham vi dai

tin rong (phu thudc tin hiéu do dae, didu khién, am thanh, hinh anh ...) cde
bi&€n dp nay cé hai dng dung e¢ ban la:

»  Ghép tai véi ngudn dé c6 cong suai cue dai ¢ap cho tai. Cdc dng dung
nay st dung dae tinh bién 46) tréd khang cua bién dp. Hiéu suit toan
phén cua phéi hap trd khing thap, khoang 50%. Nhung trong mach
dién tu, tiéu chuén hoat dong 1a cong suat cuc dai, khac vdi trong hé
théng cong suat 1a hiéu suét cuc dai. Bién 4p nhu thé 1a bién 4p xuat
(bi€n ap ngd ra); trong mach 4m thanh, 1a bién dp dm thanh.

+  Cung cdp duting dén cho dang thién dp de qua mach so cdp va tranh
mach thit cip,

Yéu cdu quan trong cua bién ap nay la dé khuéch dai bién do dién 4p
(bang ti 56 bién do dién dp ngd ra/ngd vao) git khéng déi trong toan bo ddi tin
tin hiéu. Ngoai ra, d6 doi pha tin hidu ra so vdi tin hidu vao phai nho trén d4i
thong tin hiéu. Do khuéch dai va dac tuyén pha - tdn s8 cia bién 4p duge xem
xét ¢ day, ké cd 4nh hudng cua trd khang ra (dién trd) & ting cong suat. Trong
cée dac tuyén nay, dai tan rit 16n va thang do tdn s8 duge tinh theo logarit.

Hinh 3-37a minh h¢a md hinh mach bién 4p duge cdp ngudn dién V, ¢6
dién tro ra R,;. Bé qua tén that 161 trong bién dp. Hiéu wng tir thong rd va tir
héa phu thude theo tin 6 (X = wL), vdi d6 tu cdm tithéa L, = L,, (12 43 tu cam
161 s cap).

Pdp tuyén pha va tan s8 dude chia thanh ba vang, cdc tinh todn dap tuyén
duete don gidn hoa bang cde gia thidt sau
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Ving tin sd trung tam. Trong viing nay dién khdng ré néi tiép c6 thé bo
qua {vi sut ap khong dang ké) va dién khdng song song (dién khdng i hoa) co
thé xem nhu hd mach. Vdi sy gdn ding nay, mach tugng duong tir phia cuén sd
duge néu trén Hinh 3-37b, V| va V, déng pha. Mach chi ¢é dién trd. Véi
khuéch dai bién d5, s¢ 6 :

v, v -DL i R=R,+R +R,
'_R+R[_
N R
;Nl VL:VS R I :|
2 + R
v, iN,[ R
A =L _ _2] L L A =0 (3.78)

_ Vang tin s cao. Trong ving nay, dién khang néi ti€p phai duge xét
trong tinh toan, nhung dién khéng song song 1a d4u ra hd mach, Hinh 3-37¢
1a mach tugng duong gdn dang. Bién d6 va gée pha 1a ham tdn s6 va duge tinh
todn nhu sau:

A, =V [Ny R,
TV, [N, [(R+R, )+ joL
Véi L =L, + L, = téng dién khdng rd dugc nhin tif phia cuin s
UINT Ry 1
l N, lR+RIJj1+j(!)[L/(R+R'L )
e ReR, e o
Co thé viét 3 + = W, = tdn sb gdc (canh) cia ving tan sd cao.
N[ Ry |
N, | R+R, v
Ay =—Do (3.79)
1+ jo /oy
AII

Ay = NG Ay = tan"(owa {3.80)
1+ (woy) |

Theo Pt (3.80), d§ khuéch dai gidm dén A/ /2 tuong dng véi tdn s8 oo,
=1 va géc pha £ - 45° Thuc ra, day 1a mgt nua tan s8 cong sudt (o).
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{8} Mach gan dung & vung tan s6 trung tam

A wl’
Rg R A, il

ol s

+
+ b4
Vs 3R
€} Mach gén dung & viung tdn s6 cac
R
" Ag A, Ry
L

Hinh 3-37 (d) Mach gan dang & viing tan sé thap

Viang tan sé thdp. Trong ving nay, hiéu ung dién khdng ro néi tiép
khong c6 danh hudng dang ké, nhung hidu ng dién khdang thdp song song
{@wL, ) phai duge tinh d8i vdi mach tuong duong gan ding duge néu trén Hinh

3-37d. Bién dd va goc pha cia dap tuyén tén 88 duge tinh nhy sau:

Tan 5§ w, ¢ mach nay duge tinh theo phan tich ngudn dién ap khi ngin
mach, khi 46, L. song song vdi R | R', vi vay:
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Bo khuéch dai dang phue:

A A

A

= - e {3.81}
ol ey

A —

hay A= 2 —r-— 7Ap = tan Yord e {3.82)
1—tealeny ];I[ .

Tan 6 goc thap hon 1a nda tin s8 cong suat.

Ddp tuyén pha va tn s6 hoan chinh caa bién dp (vdi ngudn cap) theo gia
tri logarit cua tan s6 duge vé trén Hinh 3-38. (J tan 86 cao, bat diu xuat hién
dung khing gay nhiéu cac cuén day bién ap. Trong thue té, hén hgp cam
khang va dung khang tac ra hiéu ung cong hudng song song phai duge tinh
dén ¢ dinh bién do trén vong tén s6 cao cia ddp tuyén tin si. Khong thé tao
mach tuong duong hiéu dng nay ma phai xdc dinh theo cdc két qua thuc
nghiém. Pap tuyén tan s§ minh hoa trén Hinh 3-38 chi ¢é tinh khai quat.

1.0

Ty 58 ving tan
Ldiénap"!""_ boao- 56C30

80°
0.8 60°

40°

0.6

0.4

0.2

4]

I U : L .. ]

02 05 1.0 2 3 a2 0.5 1.0 2 £
LY w¥trl,

Hinh 3-38 Pdc tuyén chudn hoa héa tdn sd cia ngé ra bién dp.
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Bién ap ba pha

Trong viéc phat, bién doi, truyén tai va khai thdc sit dung dién nang, hé
théng dién ba pha duce sit dung vi ¢6 tinh kinh t& cao han hé théng mat pha.
Bién 4p ba pha can cho su bién déi dién ba pha, ¢6 hai cach tac 1ap bién 4p ba
pha 1a dung t8 hgp ba bién ap mét pha, hoac mét bién &p ba pha véi cusn s
va cuén thi méi pha duge quan trén ba tru cia mot 1ai chung.

Bién ap ba pha c6 gi4 thip hon 15% so v6i ba bién ap mét pha, va chiém
it khong gian hon. B tin cay khdc nhau chiit it, nhung phuy ting thay thé cia
bién 4p mat pha ré tién hon bién 4p ba pha. T8 hop bién dp mat pha su dung
dudi dat thudn tién hon.

Trong té hgp ba bién 4p mdt pha, cdc pha duge néi dign voi nhau, nhung
ba mach tir doc lap v¢i nhau. Trong mdy bién dp ba pha, ba nhanh bién ap
kiéu tru (Hinh 3-39a) duyc dung nhiéu, 6 ba mach tir lién két nhau, néu cin
nhieu mach tif, c6 thé dung bién ap kiéu boc nam nhanh (Hinh 3-39b).

UL

{a) kiéu try thudng ding (b} kigu boc (16i nam nhanh)
Hinh 3-3% L6i bién ap ba pha

Noi két bién ap ba pha

Bién 4p 3 - pha (mot 3-pha hoac té hop ba bign ap 1-pha’ ¢6 nhiéu cich
noi day theo hinh sao, tam gide, tam giac hd, va sac zigzac. Mdi nhanh néi
day (dau day) thudng ¢6 hai cudén day, ¢6 thé duge ndi tu dong. Loai nsi day
can d&n cudn thir ba, duge goi 1 tidng thi ba.

Ghi nhan eac ddu day bién p

Cdc dau day phia HV (cao 4p) cua mdi pha duge ghi ky hiéu biing chir in
hoa A, B, C va phia LV (ha dp) bang chif thudng a, b, ¢. Cyc tinh hai d4u day
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8 * = Vap,
a & T Vaa,
Hinh 3-40 Ghi nhan - 1,

cdc ddu ddy bién dp

bidu thi bAng s6 1 va 2, véi 1 la cue tinh cudi (day), 2 1a ede tinh ddu ddy. Hinh
3-40 minh hoa cdc ky hiéu pha a. Gid subién dp la Joai 1y tudng, V,,,, (dién dap
diu A, so vdi A,) ciing pha véi V,,, va I, cing pha v4i [,

_ Noi sao - sao (Y/Y)

Néi sao 1a kiéu ndi day cde cudn day pha cé dau cuc tinh cudi 156 1) duge
néi chung (Hinh 3-41a). 8¢ d6 pha la Hinh 3-41b. Dién 4p HV va LV trong
mit pha 1a eung pha. Kidu ndi day nay dude goi ia ndi 0*. Néu hai diu diy cudn
thit ddo nguoe (HV va LV nghich pha), dé6 1a néi 180

A —i B c
ﬁuﬁ. "
"
A, 1 80000001 8, C;lQD.QQDDJC‘
X 4 x X 4
a; UUQ;GG;O‘_F %(UBU'O'UDP Cz{U'OD‘OUﬂ <
xt i 331 d
a pe— vy i N |c
(a)
AlA) : a{d) -
Bén day A <
P n day /E)én day a
/ N n
A BAB)  cyle) by(b)

{b}
Hinh 3.41 N6i két sao/sao O
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Né&u ti 86 bién ép pha la x : 1 thi ti s6 bién ap day (dong dién, dién &p tir
day dén day)lax: 1.

Noi tam giac/tam gidc {A/A)

Hinh 3-42a {a kifu ndi tam gidc/tam gide (VA) va so d6 pha tuong dng
trén Hinh 3-42b. Tong dién ap quanh tam gide thd cap 1a 0. Trén so dé pha,
dién dp day cudn s6 va cudn thit cung pha, dé la ndi 0". Néu diu ra thi cdp a,
b, ¢ lay tir cdc ndt a,b,, b,e,, ¢,a,, dién ap cudn tha nghich pha véi dién dp cudn
sad, dd la no1 186",

Neéu ti s& bién dp pha la x : 1, ti 8§ bién dap d6i véi cac dai lugng day ciing
la x: 1.

Trong kiéu néi A/A, néu mot bién dp khang nai, néi két la loai tam gide hd.

< Gid su bién ap pha b duoc loai bo, tam gide hd duge c&p tit ngudn 3-pha cin
bang (Hinh 3-44). Tir Hinh 3-42 ¢6 Vb,b, =V, , dién dp van khong thay dai va
bang - {1V, + V). Vi thé dién 4p cudn sa van gid 3-pha cén bang. Néu dong
dién pha cujn sa la 1, edng sudt VA cua bign dp tam gidc hd la:

Steim @iac hd = J§VIph

A g c
'y

13
A, Q000 A, 81000000 8, ¢,1000040 ¢,

2 (OUOUIT|® L2 O0OOU0) b5 <2 (BUTOVT) ©

= 1/ =

x!ﬁ

t—— /% ———=]

af b Iy
(a)
Ay(A) aa)
I '
' |
N
GO e BB}

Hinh 3-42 N&i tam
giac/ tam gide Al A o)
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NGi tam giac
Ndi sao

Hinh 3.43
A 1 a
/ \% |
B L b
C c

Hinh 3-44 N&i tam gidc hd, con goi la néi V

Véi ndi A/A binh thuong
S,=3 VL,

N&i tam gidc hé c6 cong suat dinh mire VA biing 1/.f3 = 0.58 dinh mije néi
A/A binh thudng.

Noi saoftam giac (Y/A)

N&i sao duge thye hién d phia so edp biing cach ndi cde dau day 1 vdi nhau;
cdc ddu day 2 duve ndi vao cde diy tuong img; néi tam gide duge thuce hién
bing cach ndi c,a,, a,b,, va b¢, vdi cdc ddy duge ndi dén cdc tiép gidp cé ky
hiéu a, b, ¢ (Hinh 3-45a). Sg 4 pha duge néu trén Hinh 3-45b. Tif so 46 pha <6
thé thiy ¢ phia tam giac téng céc dién 4p quanh tam gide i zero. Didu nay ta
ean thiét, néu khang dat duge, mach tam gide kin s& bi ng&n mach. Tu so 46
pha cé thé thiy pha a dén dién 4p trung hoa (tuong duang co sé ndi sao) § phia
tam giac bi tré -30" so vdi dién 4p pha-trung hda ¢ phia sao; day cing 14 quan
hé pha giifa cac dién 4p day-day. Loai néi két nay duge goi 1a “néi két 30"

N6i + 30" theo so d8 ndi va sg 45 pha trén Hinh 3-46b.
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Tuong ty, ndi + 90 cang cé khd nang néi sao/tam gidc, bang cach ghi
nhan phia tam gidc. Vi du néi + 90, ghi nhan nhusau ¢ > a b—e vaa—+b

J An Dé va Anh sif dung noi + 30 O A, - g noi + 90%

Néu ti s6 bién 4p pha cua néi sao/tam gidc la x 1 1 (Hinh 3-45a), u sty bién
ap day ¢6 4o ton la f3 @ x/L.

Ndi tam giac/sao

Pon gian ta ddi vai trd cudn so va cudn thi trong néi suoftam gric. Phai
déi chii in hoa (A, B, C) va chit thuéing (a, b, ¢} v6i nhau trong cée ky hiéu va
d8i néi -30° thanh nai + 30" va nguge lai. N&u ti 30 bién ap pha la x @ 1 (tam
gidc/sao), ti s6 bién dp cac dai hugng day la (v 3711

Ndi tam gidc/zigzag sao

Cubn day trong méi pha tréa phia sao duge chia 1am hai phén bing nhau,
va ghi ky hiéu nhu trén Hinh 3-47. Méi try cda ndi sao duge tao thanh bing
cach dung hai pita tif hai pha khdc nhau. Hinh 3-48 la s¢ dé piea cta cach nai
nay. D6 1a néi 0". Do nguge noi trén phia hinh sao, sé la ndi 1804

4 a; 2 ay ~ Va,a,

Hinh 3-47. N6i tam Va,a,
gide zigzag sao

Hinh 3-48 Noi (*
tam gide/zigzag sao

A

{A)
\

b

&lO) 8,18 cafc) a by {b)
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Ti sd bién appha  =x:1

Sy b 2
Ti s& bién dp day = x: 3 hodc 3X 1

€

NOi sao/zigzag sao

Hinh 3-49 1a so d8 pha cda cdch néi nay

Tisobi€ndppha =x:1
Ti sb bién 4p day = a./gx:E hoic lx:l
2 " 7

Al A}

F

N
G,{0)

. b, (b ol
N&i -30: NGi +30"
Hinh 3-49 Sao/zigzag sao

Nhém pha

Cdc noi bién dp cé do doi pha gidng nhau, duge xép vao mdt nhom, gdm
cac nhdém I (0%), nhoém I (180", nhém 11T {30, va nham IV (-30"

Chon lva giifa ndi sao va tam giac

Trong n.di sao ¢6 dién 4p trung tinh tiép 441, dién 4p pha, gitia day pha vii
dat bing 1/ f3 hay 58% di¢n ap day (gita hai day pha), con trong néi tam
gide dién dp nay bang dién dp diy khi néi d4i mot trong cde diy bi su cd. Dai
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vii bién 4p cao dp, ndi sao trén phia HV ré tién hon khedng 10% ndi tam gide
khi tinh todn tri gig cach dién. Cudn so ndi tam gide 1a cin thid't dbi véi cudn
thu LV (4p thap) ndi sao, dé cap dién dén tdi 3-pha va 1-pha tday vdi trung
tinh), vi tdi e6 khi khong can bang. Trong truong hop tdi mot pha khong can
bing (trén cuén thi, cudn s¢ néi tam gide cin dan dong thi Ly zero (zero
sequence) :

I(-I;;-l(l P L+ D

Theo Hinh 3-50:

I!\ + TB + T‘.. =0

Diéu nay nghia la chi ¢d cac dong the tu dm va duong chay trong cde day
dan phia tam gisc.

Béi vai cudn <ot va cudn thic déu néi sao, cing ¢ két qud tuong 1y nhu trén
(day trung tinh ti&p dal). Piéu nay khing nén sit dung khi xét dén dong néi
dat déi vdi eac tai eudn thi khéng cdn bang.

e Hinh 3-50
Chon lya kifu ndi bign ap
Sao/sao. Kidu ndi kinh té dai vdi bién 4p HV nhé do giam sé vong/pha va

cach dién cudn diy. Tuy nhién, ndi sao/sao it duge ding, vi cdc khé khan lién
quan v dong kich thich.

Tam gide /tam gide. Kidu ndi thich hgp vdi cdc bién dp LV ldn, do ¢dn si
vong 16n / pha trong thé tich nhé. Su khong can bing tai duge phép trong
khoing dung sai du ldn. Bat lgi 14 khong c6 di€ém sao. N6i két nay ¢6 thé van
hanh véi 58% dinh mic nhi tam gide - hd khi mot trong cdc bién dp cia bd
bién 4p duge thao ra d& bdo tri hodc sita chira.
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Sao{tam gide. Kiu né1 thuing dung trong hé théng cong suat (dién luc).
G cde mie truyén tai thuong ndi sao trén phia HV, nghia la tam giac/sao a tang
4p, sao/tam gidc la ha dp. Day trung tinh duge diung dé néi dat phia HV. O miic
phan phéi, not tam gide/sao dug¢e dimg véi sao ¢ phia LV, cho phép c6 tai la han
hgp ba pha vi mit pha. Trong néi A khéng cé day trung tinh (vi dong trung
tinh lia dong chay vong trén) tHinh 3.50).

Noi sao/tam gidc c6 lién két déri pha + 30", phai duge tinh todn trong hé
thing cong suat.

Hoa tan (séng hai)

Phan trén da dé cap ddng hoa tan tha ba bing 40% dong cg ban, chay
song song vdi dong tif héa ham sine, do cdc didu kién clia mach bién dp. Khi
dong tif héa ham sine, tif théng o dinh phang. €6 dién ap hoa 14n thy ba hién
dién trong lye dién dong cam ung.

Quan sat cho thay, su khdc pha giita dién 4p va dong dién hoa tin thit ba
trong bién dp 3-pha l1a 3 x 120" = 360" hoac 0" (déng pha). Vi vay ding dién va
dién dp hoa tan thi ba khang thé hién dién trong cac day cita hé théng ba pha.

Ba pha cila 13 hgp bién ap mot pha

Néi A/A. Dién dp ngubn chi cap dong dién tir héa ham sine tao ra ti thong
161 ¢6 dinh phing; nhung lue dién déng hoa tédn thi ba dude cdm tng gay ra
dong dién chay vong trom trong tam gide, phuc hdi tit thong theo ham sine.
bién ap hoa tan thd ba rit nhé vi bién dp 6 tré khang thap d6i véi dong hoa
tan thi ba.

NI sao/tam gidc va tam gidc/seo. Do mdt néi két tam giae 6 cdc didu
kién tuang tu nhu ndi két A/A, chi khdc 1a trd khéing 461 vdi dong hoa tin thir
ba 1én hon, nén dién &p hoa tén thya ba 16a haon,

N&i sao/sao. Néu trung tinh cach ly, dién 4p hoa tan thi ba hién dién trong
mdi pha nhu da dé cap ¢ trén. Khi cic dién 4p nay dong pha, khong c6 dién ap
hoa tin thit ba hién dién giifa cde day. Pién 4p pha a (@51 voi trung tinh) la:

ex =&, 510 ot + e, sin 3wt

Khi dién dp tan sé co ban trong ba pha c6 hiéu s pha 120°, céc dién dp
hoa tin thi ba déng pha, nhung pha cila ching duge xét theo tdn s3 co bin



Hinh 3-51 Trung a
tinh dao dong E,

Bién ap (E,) hoa tan
thu ba déng pha

{dién dp thay d&i gip doi tin sd cd ban, 2 ). Pidu nay duge minh hoa trén so
dé pha Hinh 3-51, hién tugng dién dp diém trung tinh dao déng & tdn s8 2 w,
dudge goi ta trung tinh dao dong. Diéu nay 1a khéng mong muén vi ndi sao/sao
c6 trung tinh cach ly khong duge diing trong thuc té,

Né&u noi trung tinh, cdn tach biét ba bién dp. Dong hoa tan thi ba sé chay
qua trung tinh.

Bién ap 3 - pha

Trong bi€n ap kiéu tru (Hinh 3-39a), tir thang hoa tan thit ba trong c4 ba
nhanh ddng thai hudng 1én hoic xuéng, 4¢ tit théng nay trd vé qua khong khi
{e6 tir trd cao). Pudng dan tif trd cao ¢é xu hudng trigt tif thong hoa tan thi ba.
Hién tugng trd nén phie tap khi mat do 161 vugt qua 1.5T, téng luong hoa tan

rit rd trong dong tif héa (déng hoa tdn thit nam chay trén duéng din khi hiéu
s6 pha la 5 x 120 = 600", hoae 120,

Dé giam hoa tdn thif nAm trong dong tit héa vdi ndi sao/sac cang vdi trung
tinh cach by, mét dudng din tif thang hoa tan thid ba phai duge edp qua sit. Vi
thé, can st dung 16i nam nharh (Hinh 3-39b).

Thi nghiém dau ngugc cac bién ap 3-pha

Hinh 3-52a minh hoa céch sdp x@p ndi day thi nghiém ddu nguge trén hai
bién 4p ba pha ddng nhdt. Hai phan thi cap néi déng pha ngugc va theo thi
tu pha thich hgp. Bign 4p phu cho dong du tdi chay vong tron trong mach cia
hai phdn thif cap, va ¢6 thé gop trong mach cua hai phin so cdp. Do d4 chi 6
cac ton that (tdn that 161 va ton that déng) tif ngudn dién chinh, thi nghiém
“chay nong” duge thue hién trén hal bién ap.
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3 pha chinh

%
%
%
%

{a}
Hinh 3-52a Thi nghigm ddu ngugc trén bién dp 3 - pha

Bién ap ndi tam gidcAam gidc (A/A)

Cudn so thudng duge
kich thich tir mach nguén
chinh. Mi cugn tha hd d
mit mdi ndi, bien dp mdt
pha duge diing dé chay vong

dong di tai trong ca hai tam _/4
giac {Hinh 3-52b). Bién &p phy

Vi du 3-17. TS hop ba
bién d4p mdt pha dong 4é

Cac cudn thy

Ngudnr 1-pha ndi tam giac

Hinh 3-52b Thi nghi¢m ddu nguoc trén
bién dp Al A
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Iy~ 1A fov = Iy
A e -

V., = 6600V = bj%ﬁ@/ 121 g
< |
i
Hinh 3-53

giam &p dién ba pha, vdi dién ap day 12 6600 V. Néu dong dién day so cap la
10 A, hay tinh dién ap day va dong dign day thi cdp, cong sudt ra kVA doi véi
ta). N6i sao/tam gide. (b). N6i tam giac/sao. Ti 56 bién dp (i s6 véng) la 12. Bo
qua céc ton that.

Gidi

a. Hinh 3-53a minh hoa néi sao/tam gidc

Voo = Gfgo
Ve, =V, = 6600 _ 51755 v
J3x12
I,, =10x12=120A
Lo = 12043 = 207.84A

Cong suat dién ra kVA = 43 x 6600 190y3 x —— = 663 = 114.3
J3x12 1000
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b.  Hinh 3-53b minh hoa néi tam gidc / sao

10
I, = —=A
sy J:';
Ly =210 62984
N
v,, _ 6600
12
Vi = S0 g5

H

Jﬁxwx@x_l_zlm_g

12 J3 1000
Vi du 3-18. Mot bién dp ba pha ndi tam gisc/sao nhu trén Hinh 3-54, ¢6
ti 56 bién dp 22 kVitam giac)/34.5 kVisao) (dién ap diy). Bién 4p cung cAp 500
MW va 100 MVAR dén ludi dién (345 kV). Hay xdc dinh gi4 tri dinh mide VA
va dién dp trén moi pha (1 pha). Tinh dong va 4p ca 46 16n va géc pha trong tat
ca cdc euon day (so va thin, gia si mdi bién dp mot pha déu la bidn ap ly twing.

Cong sudt ra kVA

- - C
g ——— -
b
€ -
A
Hinh 3-54
Giai
Tai MVA, 5 =500+ j 100

$ = 500 + j 1001 = 510
Miic MVA ciia méi bién dp (mot pha) = 510/3 = 170

345/43 o
22

Mudc diéu dp cia méi bién dp =
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Chon di1én ap pha A hinh sac dé tinh toan
Phia hinh sao : V, =V, = ﬁg{)” =199.2 20" pv
J3
Vi =199.2 £ - 120" kV, V. =199.2 £0" kV
Chd ¥, thit t pha la ABC

Van = Vs - Vi = 345230"kV
Ve = 345 2 - 90" kV

Ve, =345 £ - 210" kV
{ . 500+;100

A =0.837 + j0.167 kA
3x199.2

Hay [, ~0.837-j0.107=0.853 » - 11.3" kA

1, =0.853 2 -131.3° kA
1. =0.853 2 - 251.3° kA
Phia tam gidc.

Voo Ya 1992 0 o0 00y
® = T 9.054

V, =227 -120"kV

V., =22 / - 240" kV

I, =9.054x0.853 2/ -11.3° = 7.7234 - 11.3" kA

I, =7.723 £ -131.3° kA

I, =7.723 £ - 251.3" kA

I =1, - I, =+3x7.723 £4(-11.3% - 30°) = 13.3762 - 41.3°
I, = 13.376 £(-120° - 11.3°) = 13.3762 - 131.3° kA

I, =13.376 £(-240" - 11.3°} = 13.376 2 - 251.3" kA

Chi ¥, dién dp va dong dién day phia sao sdm pha hon phia tam gidc theo
goe 30"

Vi du 3-19. Ba bién dp mét pha 20 kVA, 2000/200 V déng nhat nhu trong
Vi du 3-3 duge ndl sao/tam giac thanh mét t& ba pha 60 kVA dé ha 4p ¢ cudi tai
¢6 trd khdng 0.13+] 0.95 (pha. Pién dp day d ddu cung cap la 3464 V. Bién 4p
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cung cap tdi 3-pha can biang qua day nguon ¢6 tong trg 0.0004+j0.0015¢phis.
Tim dién ap tii idién dp day) tao dong dinh mue ¢ hé s cdng sudt {tré pha) 0.4

0.13 + f0.95 (¥Vphase 0.0004 + j0.0015 (¥phase |

3464 V

* / Tai

Hinh 3-55

Giai

Trén Hinh 3-55 1a s4 dd mach cua hé thong. Viée tinh todn dua vao cde dal
lugng trén méi pha hinh sa0 theo phia HV cua té hop bién dp.

Trdg khing day dan LV tr phia HV la:

| 200043 (0.0004 + 50.00151 _ 0.12 + } 0.45 (/pha
| 200

L
Téng i1rd khang ndi tiép cua day din HV va LV tir phia HV la:

Z,

1

(0.13 + 5 0.95) + (0,12 + j 0.45)

Il

0.25 + j 1.4 (¥pha
Tir Vi du 3-3, trd khang tugng duong cua td bién dp tif phia HV la-
7, =082+j1.02%phaY
. x ; d464
bién dp day dan ngubn = —— =2000V / pha¥

V3

Dang dién tdi trén phia HV = dang dinh mde bién dp
=10A/phay.
Mach tuong duong ddi vdi mot pha ¢ phia HV noi sao tuong ty vdi Vi du 3-
6 (Hinh 3-18). Do d6 dién dp tai tit phia HV 1a 197.692 V (so vdi trung tinh).
bién ap tai thue su la 197.688 V,idién ap day) v6i pha thir cap ndi A
Phuong phap gis tri don vi: Chon cdc gid tri cd ban sau:

(MVA}, = 31;02; ~0.06
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Dién ap co bdn phia HV = 2./3 kV (dién ap day)
Dién 4p co ban phia LV = 0.2 kV (dién ap day)

Chii y: Gia tri dién dp co ban trong ti s& dién ap day (tuong ty dién 4p pha
trén mach tuong duong sao co ban).

Z,{LV)don vi} = (0.0004 + j 0.0015) x 0‘062
0.2
=(0.06 + j 0.225) x 1072
- . _ 0.06
Zy(HV)tdon v1) = (0.13 + j 0.95) x —=—
(243}

= (0.065 + j 0.475) < 1072
= . . . . 0.06
Z,(phiasao)don vi}) =(0.82 + j 1.02) x

(243)

={0.41+j0.51}x 1072
Chi y : Gid s trd khang bién ap dugc cho trén phia A.

Z,(phia A){don vi) = % L
(

o7 5082+j1.02)

=(0.82 + j1.02)x 10 % Q {pha A)

Tr& khdng sac tuong duong . %(0,82 +31.02)x 10720

0.06 1

Z_(dan vi) = _x—(0.82 + j1.02)x 1072
r 10.2)° 3

=(0.41+j0.51)x10 3 {nhu da tinh & trén)

7, (tdngXdon vi} = 0.06 + j 0.225
0.065 + j 0.475
0.41+j0.51

(0.535 +j 1.21 x 102

V, (dién 4p truyén dén dau cudi)= 2.3 kV (dudng day) hoac 1 don vi
I, (dong dién dinh mife )= 1 pu; pf = 0.8 tré pha.
V, (dién ap tdi)=1- 1 x1{0.535 x 0.8 + 1.2 x 0.6) x10°*
= 0.98846 don vi
= 0.98846 x 200 = 197.692 (duong day}
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Vi dyu 3-20. Ba bién 4p, mdi bi&n 4p cé dinh mue 20 kVA, 2 kV/200V, ndi
A/A v duge eap dign qua day ddn ba pha 2000 V (dién 4p day) ¢6 dién khédng
0.7 Q/ pha. Pién khéng ciia mbi bign &p 12 0.0051 don vi. Todn b dién trd co
thé bd qua. O ddu dudng truyén, day din nhan cong sudt qua cudn thir cda bign
ap 3-pha ndi sao/tam gidc c6 dinh mic ba pha ta 200 kVA, 20/2 kV {(dién 4p
day). Pién khéng cia bign dp dau dudng truyén la 0.06 dun vi theo dinh mde
bién 4p, dién 4p cfp cudn so 1a 20 kV (dién 4p day)

Mat sy ¢6 ba pha x4y ra & ddu 200 V cia bién &p cudi. Hay tinh dong suf cd
trén dudng day dén 2 kV, trén cudn so va cudn thi cha bién 4p cudi, va trén
hai dau tai (200 V).

Giai
Chon c¢ 56 chung ba pha la 60 kVA. Cdc dién dp day c¢ ban trong ti s0
truyén 4p 20 kV/2 kV/200 V. Cé thé thay:

60

X p{dAu dudng truyén) = 0.06 x 200 = 0.018 dom vi

Péi v6i day ngudn 2 kV

Vg = 2000 =11564.7 V (day - trung tinh)

J3

_ 60 x1000
B =73 < 2000

1547 g5 60/ phaY
17.32

0.7 .
Xnguan = 566 =0.0105don v1

X7 (s nbam = 0-0105 don vi

=17.32 A,pha Y

B

Téng dién khang tir ddu truyén dén diém c6 su ¢ (phia thif cap cia bién
_ ap cudi)

0.018 + 0.0105 + 0.005} = 0.0336 don vi

’ 20 .

Pién 4ap ddu duing truyén = 20 1.0 dan vi
D dié 1 10 _ 29.76 don vi
ong dién su cd = 90338 > i

Dong dién trén phdn bat ki cia hé théng cé thé tinh todn nhu sau:
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Dong dién trén day nguén 2 kV = 29.76 x 17.32 = 515.4 A

Dong dién trong cudn day 2 kV cta bién Ap A/A = 515.3/43 = 297.56 A

Dong dién trong cugn ddy 200V cia bign 4p A/A =287.56 x 10 = 2975.6 A

Dong dién trén hai ddu tdi = 29756 y3 =5154 A

Van hanh song song cac bién ap

Khi tai tiéu thy cong suft 16n hon céng suit bién dp (cdp cho tai), viec
ghép song song thém mot bién dp (A€ c4p dién cho t4i) s& kinh t&€ hon 1a thay
thé bing bién ap khdc 16n han. Béi khi trong tram mdi, hai mdy song song,
tuy dit tién hon, nhung s& thich hop hon mot may do c6 dd tin cdy cao hon -
mdi nia cdng sudt tai duge cap tif mdt may. Hon nita, véi hai may song song,
chi phi bao tri dy phong thip hon mé§t mdy ldn. Tuy nhién, khi cde may du
phong duge duy tri & vi tri trung tam dé€ phuc vu cho viée 14p dat bién 4p trong
mét vang xac dinh, 1dp dit mot mdy la pha hgp. Vi thé, van hanh song song
cdc bi€n dp rat quan trong va cdn thiét trong nhidu trkmg hop.

P& van hanh song song cdc bign 4p phai dat cdc didu kién sau :

(n

(i)

Cdc bién 4p phii duge néi ddng cdc cuce tinh. Nai cyc tinh sai, u6i dién
4p bi ngén mach hoan toan.

Bién 4p ba pha phai ¢6 do dich pha bang 0 trén phia thit ¢&p va c6 tha
t¢ pha ding. Chi vdi cdc bién dp ¢é cung nhém pha méi duge ghép
song song, Vi du, bién dp sao/sao vi sae/ tam giac khing thé ghép
song song vi cdc dién dp th( cdp ciia chung khdc pha 30%. Tuy nhién
vdi dg dich pha + 30° va - 30% ching ¢6 thé ghép song song biing cdch
ddo thi ty pha clla mét bién dp.

(iii) Bi€n 4p phai c6 cung ti s6 dién dp d€ tranh dong chay vong khéng tai

khi chiing duge ghép song song trén ¢d hai phia so cap va thit cap. Vi trd
khéng rd thap, su khde biét nhé cia dién 4p cd thé tao ra dong dién
chay vong khong tai ldn va tang tdn that I2R.

{iv) Dong dién tai trén hai mdy bi&n dp phéi phan chia ti 1& theo néng lyc

mbi may. Nghia la trd khdng trén don vi Z cha hai bi&n ap phdi bing
nhau va ti 0 dién khdng ro tuong dudng vdi dién trd tuong duong cua
hai mAy phdi nhu nhau. Néu ti 6 nay khdc nhau, géc pha cia hai dong
dién s& khéc nhau va hai hé s8 eong suat ciing khac nhau. Két qua 13 tai
khong duge phan chia ti 1é theo céng suit mbi may.
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Cac bién ap song song khdng tai

Su van hanh song song cac bién dp c6 thé dé& dang giai thich dua trén ca
8¢ pha. Trén Hinh 3-56 (3 hai bién 4p duge ghép song song cd hai phia ding
cifc tinh, nhung khéng cé tdi. Dién 4p sa cdp V|, V, biing nhau. Né&u ti sd bién
dp clia chuing khéng déng nhat, luc dién déng cdm dng trén cudn s E, va cudn
thd E,, tuy cang pha, nhung khong biing nhau. Khi déng mach (déng cong tic
8), mdt bién dp cd tai, cdc cudn tha duge noi song song, mdt dong dién chay
vong xudt hién, du cdc cudn thit cé tai hay khong tai. Dong dién chay vong phu
thuge vao tdng trd khdng rd cia hai bién ap va sy khac nhau gitta hai ti 6
dién dp (hay hiéu E, - E,). N&u hai ti sd dién dp khédc nhau nhd, dong dién
chay vong gua hai bién ap cé thé bd qua.

Sd cip \v_’1 '72
1 ° 2 .
Thi cdp £, E,
Tai | | 2
I3

Hinh 3-56 Sy vgn hanh song song hai bién dp.

Phan chia tai giita hai bin 4p ndi song song

T 56 dién dp béing nhau. Khi cdc bién dp cé ti s& dién dp bang nhay, E, = E,
(Hinh 3-56), mach tueng duong duge néu trén Hinh 3-57, v6i gid dinh dong kich
thich qua nhé so vdi dong téi, ¢é6 thé phin tich mach én dinh theo ham sine.

- Z —
L =—"2_1
1 AN L (3.83)
- 2'1 -
. = — _ I i
va L 7, + 2, L {3.84)
do do : L+L, =1, (3.85)
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i Z,
~ "

--—\}—L—-H

Hinh 3-57 Mach tuong duong gdn ding ctia hat bién dp song song (ty 56
dién dp nhi nhau)

Liy V, lam d6i chidu pha. Céng suat dang phic sé 1a V*T,

nhin f{“ véi hai vE clia cac Pt (3.83) va (3.84), s& c6 :

— 3 22 —
S = YA St (3.86)
_ 7
S, ==—1.8
2 7.+ 2, " {(3.87)
vifi
_gl = vf:Il
8 =Vil,
S, = VIt

D4y 14 guan hé pha theo tai da cho theo d§ 1dn va géc pha. Cdc Pt (3.86),
(3.87) ciing ding v6i tdi don vi va trd khdng rd khi ching duge biéu dién vdi
quy chi&u theo ¢o s& chung. TU c&c Pt (3.83), (3.84), dong dién cla mdi bién 4p
ti 18 nghich véi trd khang ré tuang ing (cGa méi bién 4ap). Vi vy, d€ phan chia
tai ti 1& theo cong suit dinh mitc kVA cda bién dp, mdi bign 4p phai c6 trd
khang rd ti & nghich vdi eong sudt dinh mdc kVA cla bién 4p d6, nghia la:

Z, S5;(Qinh mic) (3.88)
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Diéu kién nay doc 1ap véi hé s& ebng suft cha téng tii.
biéu kién eda Pt (3.88) ¢6 thé viét :
Z, _ V,1,(dinh mic)
Z, V_L{dinh mc)
Hose ZiL(dinhmic) _ Z,1,(dinhmi)
‘ vy vy,

Z(dan vi) =Z, (dan vi}; theo dinh mic riéng (3.89)
Biéu d6 cé nghia 12 néu cdc tai cta cde bidn 4p riéng ré ti 1& v&i cong sudt
dinh miic kVA, tr& khéng don vi cda hai bién 4p phdi biing nhau.
Néy Z, <7 S,(dinh miic)

S,(dinh mic) 3.90
2’3, (dinh mdc) 3.90a)

bi€n 4p 1 s& dat tai dinh muc trudc, khi tai kVA ciia hai bién dp tang. Tai
kVA cha hai bién 4p dat gi4 tri cuc dai (ma khéng qué tdi) theo cong thiie:

S,(dinh muic) = —Zz—_SL(max)

2 + 2
7,42,
8 (max) = §,(dinh mﬂc)!—z—-—l (3.90b)
2
. 5, (dinh muc)
Tuong ty, néu Z, < Z, =L~ """ 3.91a)
18 Wk BeU & < S g dinh mao) @.91a
. z1 s z"
thi Sy (max) = 8,(dinh m(rc)'——-z — (3.91b)
1
Trong ¢4 hai trudng hgp Pt (3.9Ca) va (5.91e) 1éu co:
S, (max) < 8, (dinh mc) + S, (dinh mudc} (3.92)

Cac ti s0 dign &p khac nhau

Nhur da dé cap, sy khéc biét nhé gita hai ti s§ dién 4p c6 thé bé qua trong
van hanh bién 4p song song. E, va E, 14 lyc dién dong thi cdp khong tdi coa
hay bién &1 Theo Hinh 3-586, dong tai I, v6i dién ap téi V,, c6 hai phuong
trinh cdn bang dién ap:
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B, =17 +1,Z, = 1Z +(, + 7, (3.93)
v E, =1L,2Z, + L.Z = LZ,+ (1, + LYz, (3.94)
E -E, =LZ - LZ, (3.95)

N&u khong tdi, I, = 0, dong dién chay vong gita hai bign ap la:

T--i,-EE (3.96)
Z, +7
Trén phén ngén mach
=B -5 (3.97)
1 ZZ
Trén tai I = @:—E}E)—ﬂ
Z,
Thay I, trong Pt (3.94)
E, = LZ, + {'(‘E‘ 1= B+ L%y L2, + Iz] Z,
zl
= E,Z - (B, -E)Z
'[2 - ___2_1 _1_'_' 2_]. (3.98}
52y + A2y + Zp)
wong ty T =izt E Bl (3.99)

Y T T, + 72, + L)
Binh thubng E, va E, déng pha ho#ic khdc pha khong déng ké. Trong
bién dap ghép song song, dong chay vimg khong qua tai (Pt (3.96)) cln chi ¥.

Khi nhiéu bién 4p dugc ghép song song, sy chia tai cho chang duge xac
dinh bing cach sif dyng dinh ly Miliman.[2]

Vi du 3-21: Bién 4p mot pha 600 kVA, ¢6 dién tré 0.012 don vi va dién
khing 0.06 don vi, dugc ndi song song véi bién 4p 300 kVA c6 dién tré 0.014
don vi va dién khang 0.045 don vi, d€ chia tdi 800 kVA v6i hé 86 cong sudt 0.8
cham pha chung chia t&i nhu thé nao:

a. Khi ca hai cudn th ¢6 dién ap 440 V

p. Khi cdc dién dp cudn thd hé mach c6 gia tri 445 V va 455 V.
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Gigi
a. Trd khdng don vi dugc tinh trén co s& chung 600 kVA la :
2, = 0.012 + j 0.06 = 0.061 £79°
Z, = 200.014 + j 0.045) = 0.094 £73"
Z, + Z, = 0.04 + j 0.15) = 0.155 £75°
Tai la Si. = 800 (0.8 = j 0.6) = 800 £ - 37° kVA
Tu Pt (3.86} va (3.87)

0.094 £73°
0.155 275°
0.061 £79°
0.155 »75°

Cé thé nhan thay hai bién 4p khong duge tii theo t¥ 1& dinh muc cia
ching. & tdng tai (trén hai bign 4p) 800 kVA, bién ap 300 kVA hoat déng qud
tdi 5% vi trd khang don vi {trén co s§ chung kVA) nhé hon hai 1in so v6i bi&n
ap 600 kVA.

S, =800 £ - 37° x =485 2-39° =377-7305.2

8, =800 £ - 37% x =315 2-33° =264-;171.6

Hai bién 4p c6 thé ddn song song tdi kVA cyc dai ma khéng ¢6 bién 4p nao
bi qué tai. Bién 4p 300 kVA sé dén tién dén dd tai trude bisn 4p 600 kVA, (tai
cuc dai) khi t8ng tdi tang; tdi nay duce tinh nhy sau:

0.061

a'gg SL(maxJ = Sz(d].nh mLTc) =300 kVA
S (max) = 300x 0155 _ 00 2 kva
0.061

Trong khi tSng dinh mic hai bién 4p 12 900 kVA. Két qui nay la tuong
Ung véi trd khdng bi€n dp (trén ce s& chung) khang ti 1 nghich v§i cong sudt
dinh mitc kVA.

b. Trong truing hgp ndy, sé& thudn tién néu xét céc trd khéng thuec.
Tinh trd khédng tir phia cudn sg;

= _ - 440 _ - _ i)
Z;{thuc) = (0.012 + j 0.06) x 600 <1000 0.0039 + 1 0.0194 = 0.0198 ~79

440
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440
600 x 1000
440

Z,(thyc) = (0.028 + j 0.09} = 0.009 +  0.029 = 0.0304 273"

Zy + Z, = 0.0129 + ; 0.0484 = 0.05 £75°
(;id dinh mot dién 4p ra trén tdi la 440V

VL * T x 107 = (VE/Z) « 10° = 800 £ - 37°
_ (440)*

- . (0.242 237"
L 800x10°/ - 37"
Tu Pt (3.98) va (3.99)
I- 445x 0.0304 £73" - 10 % 0.242 £37° - 940 £ - 34°A
1T 0.0198 279" x 0.0304 £73% + 0.242 £37° « 0.05 £75°
. ~ 0. 7 0 ) {
5, 445 - 0.0198 £79" + 10 % 0.242 /37 883/ _ 4474

= 0.0198 279° x 0.0304 ~73° + 0.242 /37° x 0.05 £75°
KVA tugng dng la

S, = 440x 940 % 10° 2 - 34° = 413.6 £ - 34°

S, = 440 x 883 x 10 £ - 44° = 388 /£ - 44°
Tdng céng suit ra

413.6 cos 34° + 388 cos 44° = 621.5 kW

Céng suat nay thap hon khodng 3% so vdi 800 x 0.8 = 640 kW can cdp cho
tai do gid thiét gid tri dién 4p ra duge tinh vdi tai tré khang

Déng chay vong trén dudng din khéng téi la.

(—.EELI—EQ =20 a00a
\Zl + Zzl 0.05

tudng ing vai cong suat khoing 88 kVA va ling phi theo tén that déng.
Bién ap ba cudn day

Bi&n 4p cb cudn diy thif ba, duge goi 4 cAp thif ba, b sung cho cudn s cip
va thit edp. Cdc muc dich s dung cuén day thi ba nay la:

(i) Cung cip mét dign 4p khdc hd trg cdc dién 4p cufn so va cudn thi.
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(i) Tu dién tinh hodc tu dién déng b6 ndi vao cudn day thd ba tao céng
suit phdan khdng chay trong hé théng dé kiém sodt dién 4p.

(iii} Cufn day thd ba néi tam gide lam gidm tré khdng duge dua dén cic
dong thy tu zere, do dé6 cho phép dong su cf ndi dat 1on d€ van hanh
thiét bi bao vé. Hon niva, cudn nay gi6éi han su mat cAn bang dién ap
khi tdi khéng cdn bing. Ngoai ra, cuén nay con lam gidm dién ap hoa
tin thd ba.

{iv) Ba cugn day c6 thé dugc ding dé néi v6i ba dudng ddn & cdc dién 4p
khéc nhau.

(v) Cé thé ding dé do dién 4p cla bién 4p thi nghiém HV. Khi dung vdi
muc dich {iii), cudn day thi ba duge goi 14 cudn day &n dinh.

Tao &n dinh béing cudn diy thi ba

Bién 4p sao/sao gdm cdc mdy mdot pha hodc mét may don véi 168 nam
nhanh ¢6 dién khdng cao d€ ddn tdi khong can bing giita day din va trung
tinh. T4i khong cdn biing duge phin chia thanh ba thanh phén ba pha (thanh
phin duong, am va thd ty 0). Thanh phén thit ty 0 (dong dién trén ba day
cung pha [, = 1/3 1) dugc tao bdi tdi (day d&n trung tinh) trén phia cudn thir
khong thé cfin bing do dong cubn so, khi dong thit ty 0 khéng chay trung tinh
trong cudn sg ndi sao. Dong tha ty 0 phia cuén thi tao tir thong trong 15i sit.
L5i dan tir théng thi ¢ 0 trong t8 mdy mot pha va trong 16i nam nhdnh. Két
qud la trd khdng do déng thd ty 0 tao ra rét 16n (0.5 dén 5 don vi) va can tré
dong dién nay. Cde cudn thd ba néi tam gidc 1am dong thi tu 0 chay vong, do
d6 gidm trd khang that tu 0 (Hinh 3-58)

=3

Cudn thit ba tao én dinh fy
Hinh 3-58



Mach tuong duong

Hinh 3-59 minh hoa mach tuong duong mot pha cia bién 4p ba cudn day.
M&bi cudn day c6 dién trd va dién khang tuong dueng. Tat cd cde gid tri duge
gidm dé€n ¢o s¢ dinh mife chung va cde co sd dién dp wigng dng. Cdc ky hidu 1,
2, 3 bidu thi cudn sd, cudn thd, va cudn tha ba. P& don gidn, hiéu dng dong
kich thich cé thé bd qua trong mach tuong dugng. C6 thé thdy sy phan chia tai
giifa cudn thif va cudn thd ba 1a tuy ¥. Ba mach ngoai duge néi vao ba ddu 1,2,3
tuong dng va ghi k¥ hiéu ddu chung 13 9. Do bé qua dong kich thich nén
LT+l -0

Hinh 3-59 Mach tuong
duong mét pha cia
bién dp 3-pha

Piém 0 chung

Tré khang {Hinh 3-59) duge xde dinh ti thi nghiém ngdn mach. Néu 212
la trd khéang ngin mach cuén 1, cudn 2 va cudn 3 hd, sé c6:

1

Zyg = 2y + Ly {3.100)
Zy=Zy+7Z4 (3.101)
Ty = Zy + 2 (3.102)

Vi Z,, trd khang ngin mach cuén 2 va 3, cudn 1 hd
Em trd khdng ngdn mach cuén 1 va 3, cudn 2 hd

Moi tré khang duge d6i chiéu vdi co sé chung.

Gidl hé phuong trinh (3.100), (3.101), (3.102) :

- 1 = I 2
Z = E(zlz + Ly — Lyy) (3.103)

5 1= = =
Z, :E{ZQS + Ly - gy {3.104)
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; l = = 5
by = E(Zm + Zyg = Zyy) (3.105)

Thi nghiém hd mach ¢6 thé thuc hién trén cuén day bt ky dé€ xdc dinh

tn thét 15, trd khang tir héa va ti sd vong.

Vidu 3-22 C.u(m ¢, cudn thit va cudn ba cua bién 4p ba day quin, 1 pha,

50 Hz, co dinh mie 6.35 kV, 5 MVA; 1.91 kV, 2.5 MVA: 400 V, 2.5 MVA. Ba thi
nghiém ngdn mach cho cdc két qua sau :

(i) Cuén thit ngdn mach, cudn s¢ kich thich : 500 V, 393.7 A.

(i1} Cudn ba ngin mach, cudén sd kich thich 900 V, 397.7 A

(iti) Cudn ba ngdn mach, eudn thit kich thich 231 V, 21 312.1 A

Bo qua cac dién trd.

a. Tim gid tri don vi cla trd khdng mach tuong duong etia bign 4p 5
MVA, co sd dién ap dinh mige.

b. Ba bi#n ap nay duge dung trong t§ ba pha 15 MVA, Y/¥/ A A€ cung c4p
mach céng suat hé trg 3.3 kV va 400 V trong nha mdy dién. Hay tinh
gid trj don vi cda dong dién ngdn mach trang théi 6n dinh va dién ap
6 hai d4u cugn ba. Sif dung co s dién ap dinh miic ba pha, 15 MVA.

Gidi

a. Dau tién cdn bi€n ddi dir liéu ngdn mach theo don vi trén co s¢ / pha 5
MVA.

béi vdi cudn sd Vy =635 kV

1, = 2000 28744
6.35

Béi vai cudn thi Vi =191kV

I, - 2990 o61784
1.91

Bi€n d8i dir 1iéu thi nghiém theo don vi.

S0 thi nghiém Cudn day \'% I
1 Pva 8 0.0787 0.5
2 PvaT 0.1417 0.5
3 SvaT 0.1212 0.5
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Tit cdc thi nghiém 1, 2, 3, tuong ing
_ 0.0787
.5

0.1417
Xz =

2 = 0.1574 dun vi

- 0.2834 don vi

0.1212
23 =

= 0.2424 don vi

Tir Pt (3.103) d&n (3.105)
X, =0.5(0.1574 + (G.2834 - 0.2424) = 0.0992 don vi.
X, =0.5100.2424 + 0.1574 - 0.2834) = 0.05825 don vi.
X, = 0.5 (0.2834 + 0.2424 - 0.1574) = 0.1842 don vi.

b. Pién 4p day co sd dbt véi sd cdp ndi sac 1a /3 x6.35 =11 kV, nghia la
dién 4p 1a 1 dun vi. T¥ Hinh 3-60, ngdn mach hai ddu eudn 3, V, = 0, do d6:

ISC = —-L = ‘V—l = 1.00 =3.53 don \-'i
dong ngin mach phia cudn s¢ = 3.63x7874=27795A
dong ngin mach phia cuén ba = 3.53x 5000 x 1000 = 76424 A

400/+/3

Bé qua sut ap do dong tai cudn thiy, dién ap cudn thit 1 dién 4p tai diém
A (Hinh 3-60), nghia la:

V, = I;.X; = 3.53 x 0.1842 = 0.6502 don vi.

V, (thuc) = 0.6502 x 1.91 fa = 2,15 kV.

0.05825
TIT o

141



Bién da8i pha
Bién 4di 3/2 - pha (ndi kifu Scott)

Bié€n déi ba pha thanh hai pha dugc ding trong cdc truéng hop dac bidt,
chédng han, cdp dién 2 - pha cho 15 hé quang,.

Trén Hinh 3-61 1a s¢ db pha ciia bién d8i ba pha thanh hai pha vdi ngufn
dién ba pha cdn bing. Néu diém M & gita Vy., V,\ s6m pha hon V. theo goc
90°. Hai pha dién 4p nay cung cip cong suit ra qua hai bién 4p. Mat bién 4p
ndi v6i cudn sd 1& AM, 1a bién dp kich. Bién dp con lai duge ndi cdm dng tif qua
day B va C. S8 vdong day cudn so cdp eta hai bign 4p d6 13 (3 N1/2 (kich} va N1
vong (vi V,, = (/3 /2) V), nghia 14 dién ap trén mdi vong diy so cip cia hai
bién 4p la bing nhau. Trén hai cudn thd {cé6 vong bing nhau 13 N,) xust hién
hai pha dién 4p can biing. Kiéu néi nay la néi Scott (Hinh 3-61a) va s di pha
cla cudn cdp dién hai pha phia thit cap trén Hinh 3-61e,

Piém trung tinh trén phia ba pha la diém N, phan chia cudn so bi&n &p
kich theo ti 5§ 1/2 {Hinh 3-61b).

(b} (c)
Hinh 3-61 N&i Scott
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Phan tich tii

N#u dong ti thi cdp la 1, va 1., tir Hinh 3-61a c6 thé tinh cdc dong nay
" & phia 3 - pha.
- 2N, =

I, = =—T N,/N, = 1)
A JENIIE J_ 2

- N, - 9 -
Lo.=—21 =———1 (N,/N, =1
BC N, b J§"( 1Ny =1)

TB = TBC - TA ," 2
_I‘C = "'IBC - -I-A J'r2
Hinh 3-62 la so 45 pha tdi cin bang phia thi cip cé hé s& cong suit dan
vi (bang 1), cdc dong dién duge vé tit hé théng dién 4p ba pha ndi sao can
bing. So db pha tdi hai pha khéng cdn bing duge néu trén Hinh 3-63.

A

Hinh 3-62 Néi Scott,
tdi edn bdng (h¢ sd

f‘t2J§

ebng sudt dan vi v,
fbdng 1))
*—-“E fan=1 l'. l
e =143 !
o T 8 B

e 1g=Jvua=2,{a

tpe A
"ﬁ
12
"C
é B
Hinh 3-63 N5i Scott, fec
tdi khong cdn bdng ‘s 12
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Bién ddi ba pha/mdt pha

Cong suit 1- pha xung déng véi tAn s§ gap doi, eon cong sudt toan phan tir
tdi 3-pha ¢an bing la hing. Do dé tdi 1-pha khéng thé truyén cho hé thang 3-
pha & dang ai can bang n&u khéng st dung thiét bi luu ning lugng (tu, cudn
cdm, hoac may quay). Cac néi két bi€n dp thich hap ¢6 thé duge dung trong
phin phoi tai 1-pha trén ca ba pha dii ¢6 thé khéng can bing. Dai vdi cace tdi
l-pha ldn, nén dé€ tdi néi véi cac pha cita hé théng 3-pha. Hién ¢6 nhidu kiéu
ndi két bién dp. Hinh 3.64 minh heoa cdc bién dp ndi két kidu Scott cho muc
dich nay va so dd pha tuong (ng.

0k
(a}

Hinh 3-64 Bién dp 3- pha néi Scott dé cdp tdi 1- pha

Bién doi 3-pha/6-pha

Ma4i pha cudn thd ndi sao chia thanh hai phdn bing nhau, ghi ky hiéu cuc
tinh nhu trén Hinh 3-47. Cdc dién dp 6-pha (c6 goc pha 360%6 = 60° gdm hai
thanh phén sao nguge pha nhau, mdi pha ghép tir ba mita cuén day (Hinh 3-85).

C
B, G
Hinh 3-685
Néi 3-pha
tam gidc B p
vdi 6-pha A,

hink sao A
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Kiéu néi nay dung cho cic mach chinh luu, mach thyristor doi hai dong dién
mét chiéu,

Vi du 3-23 Hai b 1-pha A va B duge cdp 100 V bang bién dp nai Scott tu
hé théng 3-pha 6600 V. Pién 4p 1o A sdm pha. Hay tinh dong dién day trén
phia 3-pha khi 1 A 12 400 kW vdi hé $6 ¢dng sudt 0.707 cham pha va 1o B 800
kW ¢6 hé s& cong suidt bang 1.

Giai

Tit Hinh 3-61

N, _ 6600 g
N, 160

2__ -57.16

h‘.’.

Dong dién trong 1o

= M = 5658 A: §, = 45" tré pha
100 = 0.707
I, = 800 1600 8000 A; ¢, = 0°
100 =1

Dién 4p va dong dién dude vé trong sg dé pha trén Hinh 3-66a
Trén phia 3-pha
5658

475716

By = 200 12124
66

—99 A

{,= 99A

457

o= 121.2

Hinh 3-66 (g (b}



Tir s¢ dé pha trén Hinh 3-66b.

Iy =121.2 - 48.5(0.707 + j0.707) = 86.2 - {35 =93 A

I = 121.2 + 48.5(0707 - 90.707) = 156.2 - j 35
Hoace 1. =160A

Bign ap thay ddi d4u ra

Su bién @ai dién 4p trong hé thong cong sudt (hé théng dién lue) 1a hién
tugng binh thuiémg do sy phat trién cia cong nghiép va ludi dién phéan phoi. Su
kiém sodt dign ap hé thong do d6 rét quan trong, nham:

(i) Diéu chinh dién dp nai tiéu thu trong gidi han cho trude.

(ii) Piéu khién c¢Ang sudt thyc (cong sudt téc dung) va efing sudt phan
khang trong lugi dién

(iii) Didu chinh timg ¢&p 1-10% d¢ diéu khién cdc thay di ngit tai.

Su diéu chink thuéng duge thyuc hién bing sy thay déi diu ra, khoang
chung la 5% theo bude 2.5% . Piéu chinh ngdn han va hang ngay duge thue
hién bang thidt bj bién ddi ddu ra c6 tai.

Ngoai ra, sy thay ddi ddu ra con dugc thue hién véi cac muc dich sau:
{i' Thay d8i dién dp thu cip
(i) Duy tri dién dp thi cdp khéng déi vdi dién 4p so cap bién thién.

(iii) Cung cép thém dién ap thu cdp déi véi cde muc dich dac bist, ching
han chiéu sdng.

(iv} Cung cap dién ap thdp d€ khéi déng may dién quay.

{v] Cung cdp diém trung tinh, vi dy, néi dat.

Bién ddi d4u ra c6 thé dat duge theo mot trong ba didu kién sau:
(i) Dign dp bién déi nhung tif thong va dién dp vong khéng dsi
{ii) Vdi bién d4i tir theng

{iii) Phoi hgp (3) va (ii). Trong (i) day d4u ra theo phéan tram tuong ing
bién d6i dién 4p.
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Vi tri cac d4u ra

Tay theo c8u truc bign ap, cdc ddu day c6 thé § phia so cp hay thv cép.
N&u cac ddu day gan déu cé dién 4p, phéi cd cdc 6ng cach dién tot. Néu cic diu
day ra dat gan dau trung tinh, diéu kién cdch dién giGa c4c pha d& dang hon.

bé dat duge su thay ddi I6n dién 4p, c4c ddu ddy nén dit gan taAm edc cudn
day pha d& giam sy suy giam tir. Tuy nhién, khéng th& dat trén cdc cudn LV
¢ gan 161 (nhu trong bién dp kidu tru) vi khé ti&p can va cdch dién phic tap.
Cudn ddy HV dit bén ngoai cuén LV dé Li€p can va dé dua cdc ddu day ra (dé
thay déi s6 vong day)

Khéng thé tao d4u ra trén s8 vong 1 s6 nguyén cha cudn diay HV. Vi du
cudn day pha 250 V vdi 15 volt / vbng, khing thé tao ddu ra sdt vdi 5 % .

Khi pham vi ddu ra qu4 ldn, phai diung mdt cudn diy dac biét dé tao cac
d4u ra. Thay ddi cdc ddu ra giy ra thay ddi trd khdng r, tén that 16, t8n that
IR v& mot vai trd ngai khdc khi van hanh song song cdc bién 4p khdc nhau.

16 g

{&) Cac ddu ra dat d cudi {B) Cdc ddu ra bién ap on dat
ddi v&i bién ap nhd & gilla cac biénapavayY
Hinh 3.67 Vi tri cde ddu ra bién dp

Bién doi ddu ra khdng tai (c3t tai hodc cit mach)

Phudng phdp thay déi ti sé vong ré nhat 1a ding bé bién déi ddu ra sau
khi cit mach. Mot thiét bi sé cdt kich thich bién ap trude khi thay ddi dau
dédy. Trén Hinh 3.68 la bé bién d8i ddu ra don gidn, cé 8 nit duge ddnh dau tir
1 dén &, duge ndi vio 8 ddu ra ciia cudn day. Thanh cong tde A duge xoay tiép
xii¢ vdi cdc nit tugng Ung bing mét banh xe chinh tay gin bén ngoai thing
bi&n dp. Khi thanh céng tdc a ndi 1 - 2 thi cudn ddy cé s6 vong lén nhat, nai
2 - 3 nhd hon,..., va néi 7 - 8 ¢ &6 vong it nhat.
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Hinh 3-68. Bj bién dot ddu ra khong tdi.

Cat mach bién 4p truse khi d8i déu day va ndi mach sau khi déi diu day
xong bing thiét bi khéa dién tu hoiic bing CB bo ngé&t mach.

Bign d6i dau ra co 13

B¢ bién ddi diu ra c6 tdi duge dung dé thay déi ti s6 vong bién dp (d€ dn
dinh hé thong dién ap) trong khi bin dp dang cap tai. D6i véi bign dp cong
suat (bin dp dién lye) 16n, néu thay d8i ddu ra khi ¢6 tai sé sinh ra danh hia
nguy hiém va gay ngdn mach cdc cudn day ra. Cho nén tat ca dang mach bién
doi d4u ra (c6 1ai) phai o trd khang d€ gigi han ddng ngin mach. Tri khang ds
¢6 thé 1a dién ird hay dién khang. Bd bign d8i dau ra c6 ti dugc phan loai theo
dién trd hoac di¢n khang va hién nay hau hat Ia dung loai mét cap dién trg.

Trén Hinh 3.69 14 chuyén mach theo thit ty dé thay déi ddu ra cé tii (&
day la ddu ra 4 néi véi 5). Dong ngdn mach dugc gidi han qua dién tréd.

B¢ diéu khién bién ddi ddu ra co tai duge didu khién bing mét nit nhan
don gian (thii ky daw hoac mach phie tap ty dong én 4p nhiéu bien 4p van
hanh song song. Mach ti 8n dp nay ty dong duy tri mic dién dp én dinh véi
dung sai cho phép, nang dién ap tdi lén khi ¢d sut dp trén tdi, va ¢4t mach khi
xdy ra tai ngdn mach,

148



) Ngi 5 Vi, (e) N&i 5

Hinh 3.69. Thu tu chuyén mach don gidn khi thay d6i déu ra. (a) déu re
4 (b) ddu ra 4 voi r, (c) ddu ra 4 va 5 (d) dau ra 6 véi r, (e} ddu ra 4.

Hién nay bé bién ddi ddu ra kha dung véi mic cdch dién cao nhat dsi véi
cde xung dinh 1475 kV, va 630 kV d8i véi dién dp c6 tdn s§ dién lue (50 - 60
Hz). Ngoai ra, by bi€n ddi ddu ra sit dung Thyristor (SCR, TRIAC) ciing duge
st dung nhiéu.
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Chuong 4
Nguyén Iy chuyén ddi ning lugng dién - co

Gidi thigu

Uu diém chinh cda néng lugng dién so vdi cde dang nang lugng khdc 1a ¢o
thé truyén tai qua nhimg khodng cach lon tuong d6i d& dang va higu qua.
Céng dung chinh cta dién nang la cd thé chuyén tai cae loai ning lugng khac,
chdng han, co ning, am thanh, 4nh sdng,... tir vi tri nay dén vi tri khac. Pién
nang it khi khd dung ¢ dang tu shién va hau nhyu khong duge sit dung truc
tigp. Cin dung hai loai thiét bi chuyén d6i nang lugng - chuyén d8i mét dang
nang lugng thanh dién nang, va chuyén déi dién nang thanh dang nang lugng
mong mudn. Céc thiét bi co ban duge dung dé chuyén ddi nang luang co - dién,
c6 the 1a cde thiét bi bién nang d€ x 1§ va chuyén tii c4e tin hidu nang lugng
thédp, cdc phuong tién tao ra luc hoac moment véi chuyén déng ca hoc ¢6 gigi
han {c&c nam cham dién, bé kich hoat, role, ...), cc thiét bi chuyén déi ning
lugng lién tuc, chng han c¢ dién, may phat dién ...

Sy chuyén d6i nang lugng dién tif, ¢6 vi tri trung gian gita dign trudng va tir
trudng - dién trudmg rat thich hop cho cac thigt bi chuyé&n ddi thite tifn. Do quén
tinh lién quan dén cac chuyén dong cc hoe, cde truimg nay phai bin thién cham.
Qud trinh chuyén d6i vé co ban la thuin nghich mac dau céc thidt bi thue t& ¢6
the duge thiét ké va ché tao dé chi dédp ing mot trong cde ché do chuydn déng.
Noi dung chinh ciia Chuong nay 1a nguyén Iy chuyén d8i nang lugng dién tir.

Néng fugng trong hé thdng tif tinh

Nang lugng c6 thé duge luu hoac iayv ra to Lé thing tif tinh bing cudn day
kich tif duge ndi vdi nguon dién. Vi dy, c6 thé khao s4t hé thong tir tinh dang
role c6 phin dng (Hinh 4-1). Dién tré clia cudn day duge bidu thi bang mach
ndi tiép bén ngoai cudn day, do d6 cudn day c6 thé duge coi 13 €6 muie tén that
khéng ddng k&. Dong dién cudn day lam cho tir théng xuit hién trong mach
tir. Gid sif toan bd tif théng tap trung trong 161 s4t, va ndi ghép toan ba N vong
day tac ra cdc ndi tr théng trén cudn day:

A= No (4.1}
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Loi kA x -
\ Tu'fh/ongo }_‘__E

[
| | i Ban lé
Hinh 4-1 Role phdn ing

N&i ghép tir théng nay tao ra luc dién dong:

di

== (4.2}
dt

xuat hién & cac diu cudn day vdi su phan cue (theo dinh luit Lenz).
Phuong trinh mach lién quan la:
v=iR+e
di

iR+ B (4.3)
BT

Nang lugng dién dua vao cubn day 1y tudng tao ra dong dién i trong thoi
gian dt la:

dW, = ei dt {4.4}

Gia stf vao thai didém phén (ng duoe giit cd dinh & vi tri %, toan bd nang
lugng dua vao tif trudmg. Do d46:

dW, = ei dt = dW, (4.5

vii dWela sy thay déi nang lugng truéng trong thai gian dt. Khi biéu thic
déi véi e trong Pt {4.2) duge thay vao Pt (4.5), sé co:

dW, = idAk = ¥d¢ = dWI {4.6;
vdi F = Ni, lue tir ddng (nmf).

Quan hé i - A hogce 7-A la ham tuong (ng mach tir, v& cg ban 1a phi tuvén
{va ¢6 tinh tré). Nang lugng duue tir trusng hip thy de thay déi hiru han céc
nd1 k&t tir thong d8i vdi tit thong nhan dude tir Pt 14.8) i
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AW, = [itdr = _[}?r(qndq; 4.7
-1 1

Khi tif théng trong mach tir qua mét chu k¥ 0, — ¢, — ¢,, tén thit ning
lugng xdy ra do su tré va dong dién Eddy (xody) trong 16i s&t, gid st csc tén
that nay la riéng biét va duge cung cip true Liép bing ngudn dién. Gia thist
niay bao dam cugn day 1a 1y tudng va mach tir 1a ké théng bdo tean véi SU trao
ddi nang lugng sac cho nang lugng chung ludn luén duge bao toan.

Néng lugng hdp thu ¢ hé thong tir tinh d€ thiét lap tir théng ¢ tir gia tri tir
thong zero ban dau la:

W, = .[i(ﬁ.)di. = Jj’f(¢)d¢ (4.8)

bay la nang lugng cda tir trung vdi cdu hinh co hoe cho trude khi trang
thai tuong dng tir thong ¢ (hogc ndi két tir thang A).

Quan hé i - A 1a duiimg cong tir héa bién thién vdi bién edu hinh x (Hinh 4-
1, khe hd khéng khi giita phan ung va 151 thay ddi theo vi tri x ctta phédn ing,
mat do tir thong giam khi tang x). Quan hé i - & vdi cde gid tri x khde nhau
dugc néu trén Hinh 4-2. Quan hé nay eé thé duoc bidu thi theo:

i=1(Ax}, néu A la bién doc lap; va
A = A (i,x), ndu i la bién déc l4p,

Do d6, nang lugng trudng (Pt 4.8} 1a ham cia hai bién

W= W (i,x) (4.9a)
hose W= Wiix) {4.9b)
Al
xl
X
*
X, > Xy > Xy
Hinh 4-2 Quan hé .
i-A voi bién s6 x ) =t
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Theo eac Pt (4.9) nang lugng trudng dude xdc dinh bang cdc gid tri e thoi
ctia cde trang thai hé théng ((,x) hode (i,x)) va la doc 1ap ddi vdi cde qua trinh
tiép sau cac trang thai nay dé dat tdi cic gid tri hién hiu. Diéu nay cé nghia
la nang lugng trudng ¢ thai diém bat ky luén luén doe [ap vdi gid tri trude do.

Su thay ddi A vdi x khong dai cd thé lam cho nang lugng dién - tif thay déi
theo Pt (4.3) va {4.6). Tugng tu, néu x thay dai vdi A khong d6i, nang lugng sé
trao d6i gitta mach tir va hé théng co hoe. Truting hop téng qudt vé cdc thay dai
nang Jugng niy (dién - tir - ed) s& duge trinh bay trong phan sau.

Trong Pt (4.8) ning luong trudng 1a dién tich gira truc A va duimg congi- A
(Hinh 4-3). Dai lugng mdi, dong ndng luong, duge dinh nghia la:

W (ix) = ik - W% (4.10)

trong d6, bing cdch bifu thi A theo Alix), cdc bign dbc lap cia W', trd
thanh i va x. Pdng ning lugng trén Hinh 4-3 duge col la dién tich bi clia hinh
chif nhat i - &. Tir Pt (4.3) ¢6 thé suy ra

Wf = ‘lei 411
Tryc A 4 W, = néng lugng trudng
i
Pudng cong i-A vdi x ¢d dinh
W', = ddng nang lugng
Hinh 4-3 Nang !
luong trudng vi
déng ndng lugng 0 i Tryc

Truting hgp tuyén tinh

Su chuy&n d8i ning lugng co-dién trong cdc thiét bi duge thiét 1ap véi cde
khe hé khong khi troeng mach tir dé ngiin cdch giita phan chuyén déng va phin
¢6 dinh, do d6 gquan ha i - A ca mach tit hdu nhu tuyén tinh; cic ton thit tif c6
thé dugc tinh bing phueng phédp kinh nghiém. Véi gid thiét tuyén tinh, sy
phan tich s& dugc don gidn héa. Céc tén that va cde téc dung phi tuyén c6 thé
dugc phdi hgp & giai doan sau.
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V8i gid thiét tuyén tinh, tir Pt (4.8) va Hinh 4-3 ¢6 thé suy ra
1., 1 1 .
W, = —h=—Fd= (4.12)

Trong 46, £ = ¢ la tif trd cua mach tir,

Do d§ cam dng cudn day, L = i, nang lugng trutmg c6 thé duge bidu thi
bang biéu thdc:

2

1A (4.13)
t2y

Trong truting hgp tuyén tinh, dé cdm ing L 12 doc 1ap vdi i va 12 ham clia cau
hinh x. Do d6, nang lugng trudmg la ham d4c bigt cua hai bién dac lap A va x.

1 :E
W.h, x)y=——
2%y 2 Lix)

(4.14),

Nang Jugng trudng nay duge phan phdi trén toan bé khang gian do truong
d6 chiém ché. Gia sif khong c6 cae tén that va dé thdm ti la héng s6, mat 4o
ning luengeia truimg nay la:

w, = fHdB = %HB =g J/m’ (4.15)

trong dé H: cudng d§ tir trugmg (AT/m)
B: mat dg tir thong (T)

Biéu thie mat dé nang lugng, Pt (4.15), la radt quan trong khi thiét ké dé
bdo ddm kich thude t8i uu cta thiét bi.

D41 voi trubng hyp tuyén tinh, tit Pt (4.11) cé thé thay déng nang lugng vé
tri 36 1a bing nang luong, do dé

1., 1 1 ;
W, =W, = taiztapotpge (4.16)
Pty
Theo dé cam Ung cia cudn day
: i R G
W, = '[(l =LiMi ==Li
2
hoac téng quat hon

Wi, x} = = L{x}? (4.17;
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Biéu thite cta mat do déng ning lugng la:

. 1
w, = EBdH (4.18a)

ddi véi truomg hop tuyén tinh

2
_IHH?:lB_
2 2

Nang lvgng truting va luc €o hoc

Hay khao sat role phin dng duge kich thich bing ngudn dién (Hinh 4-4).
Truomng nay tao ra lue c¢ hoc F, theo chiéu truyén déng hé théng co hoc (c6 thé
gbm cac thanh phan eo hoe thtj dong va hoat djng). Cong ca hoc duge thue hién
do trung nay khi phin dng dich chuyén vdi khodng cach dx theo chidu ducgng 13

(4.18h}

dW,, = F, dx (4.19)

Niang luong nay duge 1ay ra tif truérng néu trén do su thay déi dx trong cau
hinh trugng. Theo nguyén 1y bdo toan nang luong

Nang luong co hoc = ndng lugng dién - d6 tdng ndng luong truomg (4.20)
& dang ki higu

F,dx = idA - dW, (4.21)
Cé thé thay F; dx 12 nang luong co hoc téng, mot phén bi tdn that do ma sat.
Tu Pt (4.10}

W, =ik — W, (i, x)

dW, = d(ix) - dW, (i, x)
"'W}
ax

. .| AW,
=idx + Adi - | —=di +
A

dX] (4.22)
J




thay dW, tir Pt (4.22) vao Pt (4.21)

oW w, V]
Fdx = idx - irl),+}.di—[ Ldiv St gy
{\ C'1 (. )-|
o Aw- \
Fodx = | 0 5 i+ 2 rde (4.23)
’ il }! ¢

Do cae thay doi di va dx 1a doc lap va di khéng c6 trong v trai elia Pt

{4.23), hé 50 g v& phdi sé bing zero

“.-W'
oo

rl )

. W, (1, x}
hotic h = —427 (4.24)
1
Tu Pt t4.23)
AW, (1, x)

F =—1"" 25

¢ ox (4.25)

Biéu thiic biéu thi lyc co hoc, duge 4p dung khi i ta bign ddc 14p, nghia la
hé thing kich déng
Ne&u (A,x) 12 cdc bién doc lap
W, = W,0,x)

W W
¢ J' dh + —2 dx (4.286)
ax .

dwW, =

;

Thay Pt (4.26) vao Pt (4.21)

W W
F,dx = idh - ——L da - 2L gy
i X
oW oW
Fdx = -—4Ldx +]i-—ZL|da .
f o (1 Py ) (4.27)
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- (4.28)

F,oo s (4.29)

Trong dang biéu thuc luc co hoc nay, A 1a bién doc lap, nghia la hé théng
duge diéu khién bing dién dp khi dién #p la dao ham cia A.

Trong cic hé thang tuyén tinh, cde 46 cdm ung duge chuyén bigt, viéc sq
dung déng nang lugng dé tim luc cg hoe (Pt 4.25) s& thudn tién hon. Néu he
thong duge diéu khién bing dién ap, dong dién ¢é thé duge xac dinh biing cdch
viét cdc Pt mach tudgng Ung.

Cée biéu thic cia Pt (4.25) va (4.29) v& lye trong hé thdng tuyén tinh, co
thé duge d4p dung cho moment ngiu luc trong cdc hé théng quay, vdi x duge
thay bing dé quay géc 9.

Chiéu tang lic co hoc

Tir Pt (4.29) c6 the thay F, la duong (tac dung theo chiéu duong cia x) néu
dW,{&,x]/ 0x 14 4m véi ¥ nghia nang lugng luu giif trong tir trudng bi giam khi
. tang x va A khéng d3i. Trusng hop dac biét (Hinh 4-4) khi x tang (phén ¢ng
chuyén dong sang bén tréi), nang lugng trudng déi véi A khong d6i bi gidm do
gidm khe hd khong khi. Biéu d6 6 nghia la F; tdc dung theo chidu duong. Do
do, c6 thé nhan thay lue co hoc do truéng nay tao ra, sé tdc dung theo chidu
giam nang lyong trung, néi cdch khac, hé théng luén luén chidm vi tri nang
lugng truong téi thidu. Tuong ta, tir Pt (4.26}, c6 thé thdy ha thang chiém vi tri
c6 déng ning lugng cuc dai.

Ciing tit Hinh 4-4, ¢d thé nhan thay luc tde dung theo chiéu x tang, do do
gidm luc cua mach tor va ting d9 cAm tng cia cudn day.

Xac dinh Iie co hoc

Truong hop phi tuyén: Phan trén da dé cap lue co hoc duge tinh bing dao
ham riéng cia déng nang luong hodc nang lugng theo cde Pt 14.26) va (4.29).
Trong trusng hop phi tuyén tong quat, dao ham nay phai duge xac dinh bing
50 hodc biang dd thi véi gid thidt 56 gla At nhd. Do dé:
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AW,
F; = (4.30a}

i=hing sd

F, = (4.30b}

Ax
AW,
AX » =héng 56

Hai biéu thitc nay cho cac gid tri ¥, hoi khac nhau do Ax hine han. Khi Ax
— 0, F, I& nhu nhau trong ed hai phuong trinh.

Truang hop tuyén tinh: Tit PL (4,17},
" - ]. -z
W, (i, x) = 2 Lixh

p oW1, AL
$ T Tt
X 2 &x

(4.31)

Tir Pt (4.31), luc nay tdc dung theo chidu tAng 4o cdm (ng coa cudn kich.
T Pt (4.14).

17
W ,x)==
X S Ty
. . A2
F'f __ (YV_; _ l( A ) dLix) (4.32)
(%4 2 \L(x) ox
C6 thé thay cdc Pt (4.31) va (4,32) la tuang duong khii = /L
T Pt (4.12)
1 .
W, (6, %) = 51’{(x)¢rz
AW L AW
F} _ £ I - _l¢2 3 .‘t_(x) (4‘33)

X 2 X

Céan nhg, ¢ day khong ¢6 su khéc biét giita A 1a hi&n doe 1ap hay ¢ la bign
déc 14p khi chung quan hé vdi nhau theo hiing s& (X = N¢). Bidu thidce thd hai
cua F c6 thé suy ra tir Pt (4.12)

W, (x, x) =%Ai(x)

B C.-’W, L _1“ AOHXK)

F, = — —
ox 2 &

(4.34)
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Nang lugng c¢o hoc

Khi phin ung (Hinh 4-4) chuyén déng tis vi tri x, dén x,, vdi dong dign
cupn day khong déi i, nang lugng co hoe sé la

W, - I“F, dx (4.35)

Lay tich phin Pt (4.26)

= [*F; dx = AW, (i khong i)
= tang déng nang lugng (4.36)
D6 thi cia Pt (4.36) duge néu trén Hinh 4-5 vdi trudng hgp phi tuyén (a)
va tuyén tinh (b). Dién ning cung cdp la
AW, = ig, - Ay 4.37)
Béi véi truding hgp tuyén tinh

AW, = AW, = AW = liﬂ(;\., - k)= lawe (4.38)
27" 2

c6 nghia 14 mdt nua dién ndng cung cap duge luu trong trubng va nia con lai
duge xut & dang co nang. Trong kidu van hanh nay, phdn ing phai dich chuyén
tir vi tri x, dén x,, vdi tde do rat cham dé dong dién cugn kich giff khéng déi.

Gia sy, phan dng (Hinh 4-4) chuyén ddng ur x, dén x, vdi A khong déj, lay
tich phan Pt (4.29),

i a
W,
. Y X
- P
AW = WY, W= W
O [ i Q Ia !
{a: Phituyén by Tuyén tinh

Hink 4-5 Cic gia tri co ndng khi khéng déi
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AW, = [hF_,dx - AW, (1. khong déi)

= giam ndng lugng truitng . {4.39)

Pifu nay duge minh hoa trén Hinh 4-8, d6i vdi trudng hgp phi tuyén tdng
quat (a) va trudng hop wuyén tinh (b). Trong dé

AW, = 0 (4.40)
B#t vdi trutmg hgp tuyén tinh

AW, = %;L,Ju] iy (4.41)

Khi & khéng déi, phdn ung phai dich chuyén tir x, dén x, trong khoang
théi gian zero. Do khéng ¢6 ning lugng dién cung cdp , cg ning duge iy tor
nang lugng truding, do d6 d€ bao toan, gia tri co nang bing gid tri tuyét 4ai cha
nang lugng trudng.

Su chuyén dang thuc t& ciia phdn dng giffa hai truéng hop 1y tudng duge
minh hoa trén Hinh 4-5 va 4-6. Quan hé i - A tuong ung la quy dao tira dén b
duge néu trén Hinh 4-7. Treng trudng hop ting qudt

AW, = dién tich cabd
AW, = dién tich obd - dién tich oac
AW, = AW, - AW,

= dién tich cabd - dién tich obd + dién tich oac
= dién tich oab

Co nang = dién tich td dam trén Hinh 4-7.

A A
AW, = — AW, AW, = = AW
b a . h a
o 4 " 4
Q iy i f 0 i I S
at Phituyén tby Tuyén tinh

Hinh 4-6 Cdc gid tri co ndng khi A khéng d61
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Ak
d b
Ay AW,
i a
e i
0 Iy Iy . . i
{a) Phituyén {b) Tuyén tinh

Hinh 4-7 Cdc gid tri co ndng

Do ab la chuyén dong t6ng quat, dién tich nay biéu thi co nang duge tinh
todn bing db thi hoac bing sé.

Luu dd nang lugng trong céc thiét bj co - dién

Su chuyén ddi ning lugng co - dién 1a qua trinh thuan nghich, cdc Pt tir
4.26 dén 4.29 biéu thi qué trinh chuyén déi luc co hoc. Trén Hinh 4-4, néu
phan img dich chuyén theo chiéu x duong dudi téc dung cia F;, dién nang
chuyén thanh co niang théng qua ndi ghép truong. Néu phan ing dich chuyén
theo chiéu x 4m do tdc dung ctia ngoai lue, ca nang duge chuyén thanh dién
néng thong qua ndi ghép trutng. Qué trinh chuyén ddi nay khong chi trong
cac thiét bi tuyén tinh, ma con c6 thé thuc hién duge trong céc thiét bi quay.
Céac ton thét dién va co 1am cho qud trinh nay la khong thuan nghich. Luu dé
chuyén déi nang lugng co - dién theo chiéu bat ky cing véi nang lugng tén
that duge néu trén Hinh 4-8.

Vi du 4-1. Trén Hinh 4-9 1a tiét dién nam cham solenoid 16i sit. Piston
bang sdt bi gii han béng cdc cit chan do d6 chi chuyén dong trong khoéng gidi
han. Cudn kich ¢6 1200 vong, dén dong dién 2.25 A khong déi. Puding cong tir
héa clia phan sit trong mach tir duge cho theo bang dusi day:

Tu thong Wb 0.0010 0.00175 0.0023 0.0025 0.0026  0.00265
Luc tir dong, AT 60 120 210 300 390 510

Hay tinh nang lugng tif truong va déng nang lugng véi khe hd khong khi
g=0.2cmvag=1cm, dong kich 2.25 A.
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Tén that dien Tén thdt co

Céng suat dién vao [ei'dt

Cang xuat
[Fvdt hodc j'pmdtly

Trudng

Ngudn dién 1 — néi ghep + T Thiét bi cd

Chuyén ddi
Bién cung cdp {vidt congra [F vdt hodic [T wdt
{a) Bién ddi dién — co
Tdn that dién Tén thit ca
Dign vao [eidt
Congra
JF vdt hodc {T' o)dtl
. N Trudng ] Nguén
Bién - n&i ghép iy £d nAng
Chuyén déi
Biénra [vi'dt Cong cung cdp [Fvdt hodc [Twdt

(b) Bién ddi cd — dién

Hinh 4-8 Luu dé ndng luong trong qud trink chuyén d6i co -dién
thong qua trudng néi ghép

7////////////// // )

Solenoid

NN

\\\\\\\\\\\

X2
Hinh 49 Minh /:r’;\
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Giai

Mach tif ¢6 hai khe hd khéng khi, tif tr& trong titng trutng hap duge tinh
nhu sau:

Truimg hop 1: g = 0.2 cm
T trd ciia khe hd khong khi hinh tron
0.2 x 1072
dn x 1077 x KZ % (0.05)%

= 810.5 x 10°

Tit tré cua khe hd khéng khi hinh xuyén

0.2x107%
41 x 107 x 71 x 0.05 x 0.012

Téng tif trd khe hé khong khi

= 84.4 x10°

R =895 x 107
Fag = Rag ¢ = 895 x 10% ¢ AT

Budng cong tir héa ciia sit va khe hé khong khi vdi g = 0.2 em dude tinh
theo bang:

AMWDT) 1.2 21 2.76 3.0 3.12 3.18
AT 955 1686 2269 2538 2217 2882
i(A) 0.796 1.045 1.891 2.115 2.264 2.40

Buéng cong i - A dugc vé trén Hinh 4-10, tif d6 dong nang lugng truting
duge xéc dinh theo 45 thi

Dién tich vea =3.734
Dién tich nang lugng oaf =311x225-3.73=327J
Truong hgp 2: g = 1 em
Tir trd cia khe hd khdong khi hinh tron = 4052.5 x 108
Tir trd cda khe khong khi hinh xuyén = 84.4 x 103
Rag = 4136.7 x 10%

Do tif trd cao cda khe h& khong khi, s§ ampere - vong do phan sit eda
mach tir hdp thu 6 thé bd qua, do d6:
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Hinh 4-10 Quan h¢ O o5 10 15 20e 25
i-Aeta Vi du 4-1 iA)
¢ = 0.0025 Wh
AT (khe hd khong khi) = 10342
AT (sat) = 380

Co thé thay ké ca trong ving gan bao hoa, AT (sdt) dudi 5% téng AT cén
thiét dé thidt lap tir théag.

Béi vdi i=225A
¥ = 1200 % 2.25 = 2700 AT

- 210 o653 x10% Wh
4136.7 x 10
%= Né =1200x0.653x10° = 0.784 Wb - T
Nang luung truémg = déng nang lugng = 1/2 ik
= 1/2 x 2.25 x 0.784 = 0.882 J

Vi du 4-2. T Vi du 4-1 hay tinh luc tdc dung 1én piston khi g = 0.2 cm vdi
dong kich 2.25 A
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Gidi
_ oW G,g)
2
Trong dé g 1a khe hd khong khi, gid tri 0.2 x 102 m

F;

Trudong hop a: Tit tré cia duong dan & 151 skt
bay la trudng hop phi tuyén ¢6 thé xdc dinh dao ham theo s4.
Gia s
Ag = -0.05 x 102 m (giam)
g+Ag =015x102m
Tir trd khe hé khong khi

810.5x 10% « 015
0.2

+84.4x10° = 692 x 10°

b4i v6i khe hé nay

A 1.2 2.1 2,76 3.0 3.12 3.18
AT 752 1331 1802 2030 2189 2344
i 0.626 1.110 1.501 1.692 1.824 1.953

K&t qué duge v& dd thi trén Hinh 4-10, tir d6 do tang cda déng ning luong
khii = 2.25 A la dién tich oab

AW, =0.718 J

W, o718

F, = =
8 -0.05x1072

f

=-1436 N
Do gidm g sé 1am tang W', lyc tdc dung lén piston theo chidu am (chiéu
duong 1a chiéu tang g), do d6 day 1a lyc hit (c6 xu hudng gidm g).

C6 thé thdy, cdc k&t qua chinh xdc hon o6 thé nhén duge bing chch chon
gid tri Ag nhé hon,

Truimg hgp b: Pubing cong tif héa cia st duge coi 1a tuyén tinh (tuong wng
d5 déc ban ddu)

Day la trudng hgp tuyén tinh, do d6:
Téng tir tré
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R = 60, g44x10%+ g
0.001

4nx 1077 x E (0.05)

— 144.4 x 10° + 4053g x 10°
- 144,400+ 28.1x10%g) x 10°

N 1200i
144.4(1 + 28.1 x 10%g) x 10°
2-2
N = N = (1200)%i i 3
144.4(1 +28.1 x 10°g) x 10
L 12009342 '
W,(,g) =ik = (120071 5 5
2 2% 144.4(1 + 28.1 x 10°g} x 10
e oW (1200)%i% x 28.1 x 10°
5= ==

3 2x144.4(1+28.1x10%g)?% x10?

Poi voi g = 0.2 x 102 m

2.2 2
F; __ {1200)°i° x 28.1x 1(; = _1617N
2x144.4 (1 +28.1=x0.2)°x10

Ci4 thist tuyén tinh lam cho cdc gid tri cia luc nay kh#c bigt khoéﬁg 13%
so vi trudng hop phi tuyén. Su khéc biét thye t& s&¢ nhd hon khi dao ham
trong trudng hop phi tuyén duac x4c dinh biing phuong phap gén dung. Co thé
nhan thdy gia thist tuy&n tinh cho phép gidm ding ké cdc tinh tedn.

Vi du 4-3. Trong Vi du 4-1, gid st tif tré clia duong dén st 12 khong ddng
k€&, dong kich 14 2.25 A, piston dich chuyén rit chdmtir g=1 cm dén g= 0.2 cm.
Hay tinh nang luygng dign cung cip cho cudn kich va co ning.

P

Giai

Tir tr& da duge tinh tir Vi du 4-2, la ham cia chiéu dai khe hd khong khi
R = (84.4 + 4053 x 10%g) x 10°

Cac ndi ghép tir thong ¢ ddi voi dong kich 2.25 A la

_ ¢ (1200)° x2.25 _ 38.4
(84.4 + 4053 x 102 x 10 (1 + 48 x 10%g)
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Do piston chuyén déng rat cham, déng kich héu nhu khéng d8i. De d6
Awe = iO (lz - A‘l)

1
=225x 38-4[1“;‘;“’(‘3‘7 1. ]

=2.25 = 38.4{0.u4.

wows) = 6.39.J

-]

AW, = éawe =3195J

Vi du 4-4. Mat 4o tir thdng trén bé mat cia mat st 1a 1.6 T, day 1a gia tri
mic bio hoa d6i vdi vat lidu sit tir, hay tinh mat d§ lue trén mat sdt
Giai

Gia sv, dién tich cia mit sdt 14 A m?, ning lugng trudng trong thé tich
. giita hai m3t nay véi khodng cdch vudng goc la x. Tir Pt (4.15)

W,(B,x) - L BiAx
2 u

T Pt (4.29), Iyc co hoe do trudng nay giy ra la:

F oo W Bx) _1B%Ax
! ax

2 p

Dau am ¢é nghia la luc tdc dung theo chidu gidm x (14 lyc hit gita hai
mit). Lue nay trén mt don vi dién tich Ia

{Ff| o

1. Qe

Zx——— - =102x10° N/m?
2 4nx1Q

Vi dy 4-5. Trong role dién tir (Hinh 4-11) duge kich tit ngudn dién ép,
dong dién va néi ghép tif thong ¢é6 quan hé

- : = ?L+27L(1-1)2 x<l

Hay tim lue tdc dung 1én phén. dng dudi dang ham s6 ciia A,
Gidi

W 0,%) = fida =%x3 + 131 - x)?

oW
F,=-—2L =23%(1 - x)?
ox

¢
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Phan ing

v

Hinh 4-11 Minh hoa - “I' 17

Vidu 4-5 va 4-6 ——-l x }-—

Vi du 4-6. Trong role dién tu (Hinh 4-11) duge kich ti ngudn dién ép

V=J§V sin @t

Gid sf tif trd cda dudng dén sét trong mach tir 13 hiing, hay tim bidu thite
xéc dinh lyc trung binh t4c dung 1én phén iing, khi phén @ng duge gid e§ dinh
¢ khoang cdch x.

Giai
Tif tré cha dubng din sit 12 a (vi du)
Tif trd cta dudng din khong khi 1a

2x
——=bx
HoA

Tit trd todn phén cia dudmg din ti, £ = a + bx

W (4,x) = —21, R (x)¢* (chii ¥, & = N¢)
W, x} 1,8k 1
_ i) - 2 2
E‘j____.___§¢ .___§h¢ (4‘42)

Chd ¢ 0%/ dx = b la duong, do d6 F, 1a am, tdc dung theo chibu gidm x.
Liic nay i vd v quan hé véi nhau theo phuong trinh mach

di
= L—
v R+ at

nghiém trang th4i én dinh la

oY tan " % (4.43)

R? + 012
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Khi d6 i:_ﬂ_‘f_.

R? + w’12 r

sin(mt -tan ' %] (4.44)
Tir Pt (2.21), L = N¥®

, [ 2
= Ni = __J_gﬂ__ $1n Lmt - tan”' E-N—] (4.45)
R J(RR)? + (N%)? RX.

Thay ¢ vao Pt (4.42)

khi dé o

NZo )

BN2ZV?
RX )

FJ, = Sinz(mt —tan’'

TIRR S + (NZp)?

Luyc trung binh theo thoi gian la

1 on
F =—det; T=—
javi=o L F o

_ 1 bN%W?
2 (Rg ) + (N%p)*

Vi du 4-7 Hinh 4-12 minh hoa thiét bi co dién kiéu quay, duge goi ta dong
cd tit tré. Cén xéc dinh moment tdc dung 1én rotor theo ham cla dong dién
cung cdp cho cuén kich va gbc chéng chap giita rotor va stator. Biéu thirc
moment tif déng nang ligng, W, (i, ¢), edn duge khai trién. Gia si dudng tis
qua khdi thép ¢6 tit trd khong ddng ké&, do 46 tir trd trong duting tir 1a do hai
khe hé khang khi hinh xuyén.

(4.486)

Stator

[
) p Chidu dai tryc = |
j
e r
g s
4
a > Ratar
—hH N
q D
c___-'—h
PR D g

Hinh 4-12 Mdy cdm

y 1y Thép du
tng don gidn ep cuc
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Dién tich khe hd khong khi vudng goc vdi tir thong
A —(r +}-gJ81 .
2
Téng chidu dai khe hd khong khi doc theo tir thong = 2g .

__ %2 (4.47)

Tt trd cia céc khe hé khéng khi |
Kolr + 5 g6l

: _ Ni, (r + Sg)ol
Tir thoug duge thigt lap, ¢ = — 2~

= (4.48)
2
N2iu0‘(r+lg) 61
N&i ghép tif thang, A = ¢ N - —__2_2___ (4.49)
g
- 1 Nzigpﬂ(r Y gJ¢l
Péng nang lugng, W, G4, ¢) = EM = _ 2 (4.500
.( . P .
- oW (i, 0
Y Sl b
. Moment T, = . )
Nzizpo[i+ %g}l‘
= = - (4.51)
4g ¢

Moment may tde dung theo chiéu tang déng nang luong d6i véi dong dién

i cho truée & cudn day Pidu nay xdy 'rgff_Pt (4.500} khi géc chéng chap tang, tie

1a rotor c6 xu huéng tu chifih thing hang vdi stator, ddng thdi moment trong

truong hop nay la dée lap vai gbe (_th%_!_lg chap. - -

C6 thé khéo s4t van 48 nay ti quan diém thit keé® didu co bén 1a moment

cye dai e6 thé duge khai trién, khi vat ligu tif tinh dat dén gis tri bag hoa

(1.6T). Biéu thife moment tir Pt (4.5]). phai duge bigu didn theo dai luong mat

do tir thong thay vi dong dién cia cugn kich.

: . unNi ’
B=¢/A = g/mA = Holt
¢ JIRA 2 (4.52)
Sit dung Pt (4.52) trong Pt (4‘.51.).
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Bzgl [r + %g] _
Tf = (4.53)

Ho

Do gi4 tri cuc dai caa B 1 ¢6 dinh d&i vdi vat lidu tif tinh, moment mong
mudn ¢ th& dat duge bing sy két hop gila g, T, val.

Cho cdc gid tri

g = 0.0025 m
‘l =r= 0.025 m
B=16T

(1.6) x 0.0025 x 0.025 [0,0'25 N é y o.ooés]

Khi 46 T, = — =3.34 Nm
4n x 10 . ‘

Trong vang khong chéng chip gila rotor va stator, dang hinh hoc cla
truong nay rit phic tap, rat khé bi&u thi moment theo phuong trinh gidi tich.
Cé thé khao s4t van dé nay khi xét cAm khdng cudn day 1a ham vi tri gde cla
rotor. Tir Pt (4.49). '

szol_[r+%gJ9 - Lo
: ) (4.54)

Véi chiéu dai khe hd khong khi khong ddi, trong ving chéng chap, do t
_cAm tdng tuyén tinh vdi géc chéng chap (#), nhan duge gia tri cute dai khi retor
& vi tri théng dimg (Hinh 4-12) sau d6 gidm tuy&n tinh. Tix Pt (4,54), 40 ty cam
‘14 zero tai (8 = 0, tic la khdng co s chdng chip gilfa cic bé mit cyc ela rotor
va stator. Tuy nhign, trang thuc t& dd ¢dm iing cia cudn diy khong cé gié'tri .
zero khi © = 0, nghia 1a md hinh cdm ing cua Pt (4.54_)-klif)ng €6 gid tri. trong
viing 0 thip. Do cdm img ¢6 gid tr1 thip nhét trong vi tri ngang eta rotor va
tang d&n gid tri cye dai khi rotor d&n vi tri thing dung. Trong thiét bi thuc
ti#n, vimg gifa hai mat cyc cua stator rat hep(Hinh 4-13), cdc mét cye stator
va rotor duge dinh hinh dé dg ‘cAm l}fl‘lg ctia mach ti va de dé ciia cuif)“n day 'bié'n
thién theo ham sine. B9 cdm (ng cudn day 6 gid tri cuc dai khi rotor thdng
hang doc theo truc cye chinh {(dude goi 1a tryc thing) va gid tri“cue tidu khi
rotor & 907 so véi truc cuc chinh (duge goi 1a truc mot phén tuw) (Hinh 4-13). Bé
xét gée 8, vige chon true thing s¢ thudn tién hon. :

L{t®) = ')}hlz % - .
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CUC chinh —_——

- Tryc mét phén tu

Vi tri rotor | ‘| Y
khit=0 P9 h‘
. TG rotor
Hinh 4-13 Vi tri | .y v
rotor va stator Trye chinh

Tir Hinh 4-13 ¢6 thé thdy 4% cidm iing cubn déy ia ham tén s6 kép cia goc B
(bién thién L haj chu ky trong mot vong quay rotor). Do 46, L (8) duge viét
dudi dang:

L{®) =L, + L, cos 26 {4.55)
Su bién thién nay duge néu trén Hinh 4-14.
Gia s dong dién kich 1a ham sine
i=1_cos ot (4.56)
Bong nang lwgng truomg (tir Pt (4.17)) 1a

W,(i,8) = %L(B)iz

Moment co hoe do truiimg nay gy ra sé la

oW,
EEIE %ﬂ =17, Lysin 6cos®0t  (4.57)

Theo t5c d6 gée caa rotor (w')
O=pt-5 (4.58)
trong d6 & 1a vi tri chia rotor § t = 0 khi dong dién i 1a cue dai. Do do:
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1)) L, (Rotor thding hang véi truc mdt phin tu)

L, (Rotor thdng hang vdi tryc thing)

[ SR VS SN Y RGN NN W N N ——

] * 1 L | 1 { -
0 2 n g2 2r g

Hinh 4-14 Bién thién d6 cdm ung cuén déy vdi vi tri rotor

T; = -I2L, sin 2 (&'t - 8) sin’ot

= -%lfan sin 2 (w't — 8)1 + cos 2 ot}

= ——;—I'fn Lyisin 2 (@'t - 8) + sin 2 ('t — &) cos 2 ot}

= - % l,anz{sin 2wt - 8) + % [sin 2w't + ot ~ 3) + sin Hw't - ot — 5)]}(4_59)

Tit Pt (4.59) c6 thé thay moment bién thign theo thdi gian vdi gia tri
trung binh zero néu o # w. Tuy nhién, khi rotor quay véi téc dd o = o, duge
goi la #de dg déng bd, moment trung binh la:

T,av) = LIZL, sin 2 (4.60)
F 4 m
Tir Hinh 4-14
1
L2 = E(Ld - Lq)

1., .
T,(av) =§If" (Lg - L) sin 23 (4.61)

Do do, vi dy, vd1 1, = 5A, Lg=0.25 H, L, = 0.15 H gi4 tri cuc dai cia
moment trung binh 13 :
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Tf(av)mx = -{1; x 25 % (0.25 - 0.15) = 0.3152 Nm

khi & = 45°

Su bién thign moment - § theo ham sine 1a dac trung cla cic may dbng bd.

Cac h@ thong tix truvong da kich thich

Cac thist bi kich thich don, da d& cép & phén trén, thudng dude ding cho
chuyén dong qua khodng cdch gidi han hoac chuyén déng quay qua géc cho
truge. C4c thiét bi bién ddi dién - ¢ ¢6 yéu cdu dic bidt tao ra tin hidu dién
ti 1& véi cdc luc holic cde tde do, hodc tao ra luc ti 18 véi tin higu dién (dong
hodc dién 4p). Céc thigt bi nay ddi héi hai kich thich - mt kich thich thit lap
tif trudng vdi cudng db che trude, kich thich thd hai tae ra tin hiéu mong mudn
idién hofic cg). Céc thiét bi chuyén déi nang lugng lién tuc - déng co va may
phat dién - cing dbi hdi da kich thich.

Hinh 4-15 minh hoa hé théng tif trudng vdi hai kich thich dién - mét &
stator va mot & rotor. Hé théng nay cé thé duge biéu thi theo mét trong hai
tap hop ba bién doc lap, (&, 45 , 6) hodc (i, ig, B). V& tédp hgp thd nhit

EW (), 35,0)
T, = ——-"8972 (4.62)
! !
Stator ' 4
I !
" /
i &
¢—1
S R S
v, A, c"“‘) 1
= c“““ﬂ)
C“‘“‘)

Hotor
Hinh 4-15 So dé '
hat kich thich.
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nang lugng truong duge tinh theo phuong trinh

- 3
W, 0y, 00, 0) = I: i\ dh, + ‘[izdkz (4.63)
Tuong tu Pt (4.28)

_ W, 0,05,8)
an,

AW, (0,00, 8)
Iy =——( ——

I

Sy
Gi4 s ham la tuyén tinh
dy=Lypi; + Lgig {4.64a)
A = Loy iy + Logig; (Lyp = Loy (4.64b)
Tinh i, v i, theo A;, Ay, va thay vao Pt (4.63), ldy tich phan

1 4.65)
W, (04, 05,0) = Eﬂnlf + Pyghihg + %5227\-3 (

trong d6 P, = Ligp/(L; Loy — Li5)
Baz = Lyl Lipg — Liy)
Prz = By = Lo/l Ligg - L21.2)
P% ty cam va hd cadm cia hai cudn kich la cac ham cua goc 6.

Néu dong dién duge ding d€ xdc dinh trang th4i h¢ thong

_ W, (i, 1,,0)

{ 20 {4.66)

trong d6, déng nang lugng duge tinh theo
" a . 1 . -? -
W, (i,,i;,0) = ‘[ rdi; + ‘[)..zdlz (4.67)
Trudng hop tuyén tinh
S 1 .2 ..o 1 .2
Wiy, 1,,0) = —2‘1-'1111 + Liyglyig + §L2212

v@i cdc d6 cam dng 12 ham coa géc 0.
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Vi du 4-8. Ddi vdi hé théng trén Hinh 4-15, cdc do cdm ung la:
L, =(4 +cos 26)x 103 H
L;=015c0s6 H
Ly, = (20 + 5c0s 200 H

Hay tim moment, khi biét i, = 1 A, i, = 0.02 A

Wiy, 1,,8) = = (4 + cos 200 x 10° x 2 + (0.15 cos 0) i,
2

+ %(20 + 5 cos 20) i

e

W, . .
T, - - o = (5in 2600 x 10 i} - 0.15 (sin 8) ii, ~ 5 (sin 20) i3

[
= -107sin 26 - 3x 10"%sin @

bai higng thi nhit, 10-% sin 26 12 moment tif trd phat sinh néu cde do ty
cdm la ham cGa goe khdi 8. Néu L, va L, 14 doc lap d6i vdi B (rotor va stator
¢6 khe hd khéng khi déng nhat) moment s& 1a zero. Pai lugng thd hai 1a
moment duge tao ra do thanh phdn hé cam. Moment tif trd 1a tin s§ kép cla
gbe khoi khi so vdi dai lugng tha hai. Dau Am cé nghia la moment nay tu héi
phue, nguge vdi sy dich chuyén ciha gae 0.

Vi du 4-9. Trong role dién tir trén Hinh 4-16
Lyt = ky/x, Lyy = ko/x, Ly = ky/x.

Hiy tim biéu thitc v& lyc tac dung 1én phén itng, néu
iy =1, sin ont, iy = I, sin myt

h&y viét biéu thie vé lyc trung binh, quan hé gia @, v ©,, luc trung binh,
cuc dai va cye tidu

Gidi
1k, .o k,.. 1k, ..
WG, 0y, x) = ——Li% + 2244, + — 2
FLSITRY" 2 g 1 gt o= rh
AW, 1k, .o k 1 ky .»
F,=—_L =222 2244 2332
! o 2x2 1 17 2 x? 2
Thay i, va i,
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f
o |
Ly C#)\
'I2 L‘?

Hinh 4-16 Minh hoa

Vidu 49 L

X
1k . k., ) Ik,
F! = _E 1 If %mzmlt - —1,I, sin ot sin o, - E_Iz sin’ (J)2t.
X X X
1ki ., 1k¥ 1k,
F, = —‘i-——’, I+ Z_‘]Z_ cos2 mt - E—ﬁj— I,I, cosie, — w,lt
X X X

1 k 1 k. 1k,
+— =L LT, cos ooy + oyt — = —2 15 — = =213 cos 2m,t
2x 4 x 4 x*

Do ¢6 cac dai lugng tdn si
1 &
F,(av) = %11:1)1' T fFj(tJdt

Néu w, # vy

ki 1 Xy
Filavy = —Zx—zll ey 5 b2 (e eye tidu)
Néu o, = oy
1k , 1k, Lk, po
F,lav) = _Zx_;ll —E—zlllg abris 5 (e cue dai)

Vi due 4-10. Hai cudn day ndi ghép cé dd ty cdm va hd cam

1

1 1
L11:2+E; L22=1+E‘. LIZ:Lzlrz_x

trén khodng dich chuyén tuyén tinh x xdc dinh. Cudn thd nhit duge tinh
biing dong dién 20 A khong ddi, va cudn thit hai duge tinh bing dong - 10 A
khong d6i. Hay tim:

a. Céng cd hee duge thue hién néu x thay dai tit 0.5 d&n 1 m.

b. Nang lugng duge cung cap bing timg ngudn dién trong phén a.

¢. Sy thay d8i nang lugng trudng trong phéan a.
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Ti do hay kiém ching nang ludng cung cap tir cae ngudn 1a bing db tang
ning lugng trudng va cong co hoe,
Giai

Do day la sy kich thich bing dong dién, cdn su dung biéu thic vé déng
nang lugng

ST 1 . - 1 .
Wf(l],lz, X! = ELllllz + L12l1]2 + §L22l%
’ 25

=[2+L] 200+Lx{—200)+tl+—1-]x50=450+—
2x 2x 2x ) X

I ex X
AW, = -[ Ffdx=.[ —gf-dx=—25J
5 5 X

Fytx=1t
AW,, = ji,dll =iy fyx = 1) - 2,00 = 0.5)]
nyix=05/
Ay = Ly + Ly
b}

=[2+i]><20+ix(—10)=40+—
2x 2x X

Mix=058)=50; 4{x=11=-45
AW, = 20(45 - 50) = ~100:]
Tudng ty AW, = ip[hy(x = 13- 4,0x = 0.5
Ay = Loyl + Lol
)

;-.z:-1—x20+(1+"1—Jx{—101:—10+‘—
2x L 2x X

lolx =051=0, i,dx=11=-5
AW,, = -10(-5) = 50J

Nang litgng dién cung ¢ap toan phin

AW, AW+ AW,

-10G + 50 =-50J
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c. B¢ tinh toan su thay ddi nang lugng trutmg, cdn tinh

L, .
By = _[2)_2; D =LyLy, - L212

_2x+1
T 4x+ 3
[122:4x+1
4x + 3

1
4x + 3

Khi x = 0.5; By, = 2/5, By = 3/5, Py, = -1/5

Tuong tuy

Pra=-

Khi x =1; By, = 3/7, By = 5/7, Pyy = -1/7
Cae gid tri cia A duge tinh véix =05 va 1 m

Theo Pt (4.65), nang lugng truéng duge tinh theo
1 Fl - -2
W, = 2 BiaAT + Biphade + Boshy
Nang lugng trugng tai x = 0.5 va 1 m dugce tinh

W, ix =05) = 1, % x (50)* = 500J

| ]

Wiix = IR VT LTSI SN NI TS
2 7 7 2 7
Tir do AW, =Wix=1)-Wix=0.5 =475 - 500 = -25.
AW_I,- + AW =-25-25=-50 = AW,
Ghi ehii: trong trudng hop tuydn tinh véi su kich bang dong dién khéng dai
AW, = AW,
AW, 6 thé duge tinh dé dang tif phan (a) ma khéng cdn tinh ', do dé:
. [~
‘\w! =450 + 2—d
X
AW, = W,(x = 1) - W, (x = 0.5) = 475 - 500 = -25J = AW,

Vi du 4-11. Hai cudn day noi ghép c6 dd td cdm va hd cam nhy trong Vi
du 4-10. Hay tim biéu thic vé& luc trung binh thii gian cla truong goc tai x =
0.5 m, néu:
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Ca hal cudn day duge mic song song véi nguin dién dp 100 cos 314tV.
C4 hai cujn day duge mic ndi Liép vdi ngudn dién ap 100 cos 314t V.

c.  Cudn thd hai bi ngan mach va cudn thif nhit duge mic vai ngudn dién
ap 100 cos 314t V

d. Ca hai cubn day dugc mac ndi tiép va o dong dién la 0.5 cos 314t A.

Giai

Cac truirmg hop fa), (b), (¢) la kich thich bang dién ap, cé thé su dung
phusng phap déng niang lugng

AW, iy, iy, %) = %L,,if + Logiyiy + ‘—E-L._,.ziﬁj

=l[2+i|1f+'1+LJi1i2+—]—{-1—)1§
217 2x] \ 2x 21 2x |
g OW iy g, x)
= — L2
o
1, 1 .. 1 .,
=—-——i] ——= 11, ——— I
ax? oot NP gyt
Doivéix=05m
F, = -i} - 2§i, - i3

Luc tde dung theo chiéy gidm x

a. Ca hai cudn day mic song song vdi ngudn dién dp

Ly, =1+ 1 =2
2%\ 05
1
L,=Ly = =1
12 0 =5

Tir Pt {4.64a) va {4.64b)

'y 1 1.
v =e :L:3ﬂi+&=100c05314t
dt dt  dt
v=ez=%=§i+2&=100005314t

dt dt dt
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di
Nghiém sé la d_tj = 20 cos 314t
di; _ 40 cos 314t
dt
. . . 20 .
Lay tich phan i = sin 314t
' 314

I, = —ilp—sin 314t
314

Thay i, va i, vao bidu thie tinh F,

F,:———l*;kzoﬁ-+2x20x40+(4oﬁ]mn2314t
T (314)

I.ru\Z

= 60 Jsinz3l4t
\ 314

—1— fsinzu)tdt = 1
T 2

2
ﬂmw:—lLElJ:OBBSN
21314

b. Ca hai cudn day mic song song vdi nguén dién dp

at dt

:(3(_1.1!‘1__(.1_.1_2_} +[&+2&]
dt dt dt dt
Do iy = i, = i {mic nbi tiép)
v = 'Y—d-1 = 1030 cos 314t
dt

Liy tich phéan i sin 314t

T 7314
Thay vao biéu thie tinh F,
2
Fy=-4x 100 sin® ot
Tx314

100
Tx314

2
hoge Flav)= —2[ ] =-0.00144 N
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¢. Cudn hai bi ng&n mach, cupn mdt mic véi nguon dién ap

100 cos 314t = 3%‘+ ]

dt
o9 ,dip
dt dt
Nghiém sé 1a % =40 cos 314t
9y _ 90 cos 314t
dt
Lay tich phan
i = 40 sin 314t
314
By = - 20 Ginstat
314
Thay i va iy vao bidu thic F,
— [(40)2 - 2x40x 20+ (20)2]sin2 314t
f7 3142

2
F,tav) = —l(ﬂ) =-0.0203 N
21314

d. C& hai cuén diy méic ndi tiép c6 dong dién i = 0.5 cos 314 t
Thay vao biéu thic tinh F,
F_f= -(1+ 2 +1) x (0.5 cos? 314t

Vi du 4-12. Hé théng tir trudng kich thich kép c6 d6 tu cdm va hd cAm
cupn déy
Lyy=Lly=2
Lip = Ly = cos® ; trong dé 0 la gic gida cdc true cudn ddy

a. Cde cudn day duge méc song song véi ngudn dién dp v = V, sin wt.
Hay xdc dinh bidu thitc biéu thi mement tic thai theo ham cia vi tri
goc 9, tif 46 tim moment trung binh théi gian, khi bigt géc 8 = 309, v
= 100 sin 314t.

b.  Néu cudn 2 bi ngén mach, cudn 1 c6 ddng dign i = I_ sin wt, xde dinh cdc
bidu thiic vé moment tifc thii va moment trung binh thai gian, tinh gia
tri cua moment trung binh thoi gian khi 8 = 45° va i, = fg sin 314t.
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¢. Trong phin (b} néu rotor duge phép dich chuyén, tim gi4 tri 8 dé rotor
dimg lai.

Gidi
3 EW (i1, i9,0)
/ 0

:l[——ﬁL“ i+ Ly )1112 ;L[ L2z
2 ™ o0 ARG ]

Thay cdc gia tri cAm dng

2
2

T, = - (sinB) ki,

Tir cac phuong trinh mach

i di,
Vacos ot = 2 % + (eosB) o2

dt
V,.co8 ot = (cose)ﬂl— + 2d—12-
dt dt
Nghiém sé& la
di, di, Vpcoswt
dt  dt {2+ cosO)
L4y tich phan
. V,8in ot
1] = :|2 [ L LY
@ (2 + cosh)
Thay vao T,
2 .
T,F = - —*"-V’—ms"]"r% Sinzu)t
(2 + cos0)¥w
Vi si
T/av) = m §in

22 + cos 012’
0=30° v =100sin 314t
£100)*sin30"

T lav) = - T3 7 = —0.069 Nm
A2+ cos307 ) x(314)
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b. Tif cac phuong trinh mach

0 = (cos (i)—d-li + 2di
de dt
diy = —l(ms G)di
dt 2 dt
. 1 .
1y = _E[COS 6,

i1 = ImSiﬂ il
. 1 .
i = —=I{cos Bisin ot
2
Thay vao T,
. 1 s . By
T, = ~{(sin 8) x 2 1%, (cos tsinot = - —12- 12 (sin ©)cos )sinot
Ty(av) = —%I'ﬁ,(sin 20)
6-45, I, =2
Két qua Tylav) = % x 2 sin 90° = 0.25 Nm

¢ Moment trung binh la zero va déi dau khi q = 0% 90°, 180" Rotor cd
the dimg lai & céc gia tri goc néu trén, nhung vi tri can bing 6n dinh
chi tai q = 90°, 270°, ...

Luc/moment trong cac h@ thing co nam cham vinh clu

Phuong phép tim cée lue trong hé thong vdi nam cham vinh ctiu ¢6 thé
duge minh hoa tot nhét bing vi du. Hinh 4-17b bidu thi rdle phén dng chuyén
dong dugce kich thich bang nam chim vinh ciu (PM)

Puting cong tif héa de ciia nam cham vinh citu duoc néu trén Hinh 4-17a,
phin ngoai suy tuyén tinh ¢ d4u B thip ¢6 thé duge biéu thi theo

B, = pg(H,, -H'o) = pgHy, + B, (4.69)

Phan s&t mém cha mach tit chifa phdn (mg dugc gia thist 1a c6 u = . Bé
tim lye tac dung 1én phéan dng, c6 thé sift dung Pt (4.25), can phdi c6 bigu thuc
ctia déng nang lugng hé thong W'y (i,x), doc tap voi i khi khong c6 dong kich
trong hé théng. Péng ning lugng nay sé 14 ham ciia bién khong gian, nghia la

W ix) = W, (%)
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¢ Fe HrDigntich A H 7™ Phan tng
(déng nhat)
fa) Budng cong B-H clia (b)
nam cham vinh clu {PM) X
—o] b
1 i
AT
ST |
,/ o=
/! ]
Hinh 4-17 H¢ théng v TR _"ﬁ"_
nam chdm vink ciu e}

Péng ning lugng duge cho theo Pt (4.11)
W, = [iai

Biéu thife nay cin dugc didn dich cdn than cho cdc hé thong kich thich bang
nam chém vinh ciu. Cac gidi han tich phan trong bidu thic nay duge 1dy tu
trang théi tif théng zero dén trang thdi tir thdng xdc dinh (khéng c6 dong dién
kich). Trang thai tif thong zero duge hinh dung bing cudn kich 4o (N vong)
din dong dién i, (Hinh 4-17c). Dong dién nay dugc gié thidt 1a c6 thé didu
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chinh dén gia tri [, lam cho tir théng cia 161 giam dén zero va trang thai goc
dat dugc bang cdch coi dong dién i, gidm dén zero. Khi dé
]

W, = 7y di, {(4.70)
i

Tai gia tri i, bat ky co thé vist

N, i,= H,d + 2Hx (4.71)
Tinh lién tuc cua tir théng cho phép vidt

B,A = B,A

B,, = ugHy, = B, = u,H (4.72)

Thay H, vao Pt (4.71)
Nyi,=H,d + 2/ p,B,
Thay H,, tir Pt {4.69), nhan duge

_ petN, - Hods

. (4.73)
d + 2 {pp/uyx
Cdc noi ghép tir thing cua cudn day do
i, = aB,N, = MxNA N - HD (4.74)
d + 2 (up/pyix
Tu thong va néi ghép tir thong sé 1a zero tai
i, =(Hd /N, (4.75)

Thay vae Pt (4.70)

. N,AIN,, -Hd
W, (x) = ‘r Hr XA ) di,
A+ gy x

_ us AH;d?' (4.76)
2]d + 2lug/ng )x]

Luc tac dung lén phan ing duge tinh bang

_dW,0  ugH,)%a%
dx  pold + 2ug/ugxf

Fy

ma rH, = B,
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AB?

Do d6 F,=—f -
Holl + 2pp/gXwd)?

4.77)

Chung ta hay tinh dé 16n ciia lye nay theo cac gid tri s0 nhu sau
B, =0.98 T, H, =720 kA/M, d = 2 cm, A = 8 cm?
(i) x = 0 cm va (i1} x = 0.5 cm
Khi d3

0.96 107
- 096 2% 106y,
270 10° 47 Ho

Thay cdc gia tri vao phuang trinh luc (Pt (4.77))

Br = BR[H::

(iyx =49

_6x10 * x(0.96)°

F, - &
4n < 107

=-440 N

(il x = 0.5 cm

-4 2
P - 610" x (0.96) _ 188N
4nx1077{1 + 2 x LO6x (0.5/2)]

Ghi chi: Ddu dm cho thay luc nay tdc dung theo chidu giam x (khe hé
khong khi}

Phuong phdp nay cing c6 thé duge ding cho hé théng cé ca nam cham

vinh cliu va cac cudn kich. Ngoai pbuong phdp néu trén, cd thé ding phueng
phap phan ti hitu han dé tinh déng nang luong ti dang vector cua Pt (4.18a)
duge 18y tich phan trén toan bd thé tich

W, = jf" B.dH dV (4.78)

Chuyén ddi ning Ivgng thong qua dién trudng

Chuyén d6i nang lugng cd - dién thong qua dién trudng tuong tif tr trudng.

Bién tich trong dién trudng tuong tu cic nol ghép tir thong va dién ap vii
déng dién trong trudng hop tif trudng.
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Néng lwgng dién truong

Hinh 4-18 minh hoa tu ban cuc song song v6i mét ban ¢d dinh va mét ban
di dong. Tu nay duoce cap dién tit ngudn dong. Dong dién ro cua tu duge bidu thi
phia ngoit bang dién dung, do dé dién trugng cua ty duge bio toan. Gia sif bin
cue di déng etia tu duge gid cd dinh § vi tri x. Bién nang cung cap cho tu ly
tudng duge luu ¢ dang dién trugng.

AW, = vdq = dW, (4.79)

Nang lugng truéing toin phdn la

]
W, = |vdg (4.80)

Trong tu, v va q ed quan hé tuyén tinh

C = g/v = dién dung cta tu

1q°

W, = 2. 4.

T5E (4.81)
bién dung C 14 ham cdu hinh (v tri x ciia cue di dong), ¢6 thé bidu thi ¢

dang:

EoA

O
(xy - x)

trong d6 A la dién tich ban cuc, £, 46 thdm dién cia khoéng gian. Do d6,
W, nang lugng trudng la ham cda hai bign déc lap, g va x.

1 q?
W lq,x) ==
q,x 2 C(x) (4.82)

I"'_ Xo
Cuc di déng N
Cuyc cé dinh
Hé& ¢d hee
q.f C) E

+ j F, -

m

Frrrrr.

Hinh 4-18 / (’)

Thiét bi co dién
vdi dign truimg —

VA
9}
<
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Phuong trinh (4.82) vé nang lugng truémg cho thay nang lugng dién trusng
co thé thay déi dién tinh bang cach thay déi q hoac thay dai co hoc bang cich
thay ddi x, nghia 14 dich chuyén ban cuc di dong. Nang luong trudng cé thé
duge viét dudi dang:

W!{\',xl_'lvq:l(.‘.[x]vz {4 831,
2 2

MAat d4 nang luong trong ti truing

¥ 2
w, = f EdD:%D— (4.84)
1 [0

trong dé E la cuong dé dién truong, bang Dig,
D la mat dd dién thong

Chuyén 88 néng liong

Gia st ban cyc di dong ciia tu duge phép dich chuyén do tac dung cia luc
di¢n trugng F, theo nguyén ly bao toan nang lugng, cd nang (eong duge thue
hién do lue dién trudng) bing hidu cta ning luong dién cung cdp vit sy ting
nang lugnpg trudng

F dx = vdg - dW, t4.85)

Cé thé chon (v, x) la cdce bign doc lap, khi dé

q=qiv,x)
dg= Qg Yy
q=2-dvy (4.86)
vi
‘WJf =W, (v, x)
aw, = 2 gy Wiy
= dv + X
= - (4.87)

Thay cac Pt (4.86) va (4.87) vao Pt (4.85)

f q W "W,
Fdx = v {A—"}dx + [vﬁg— W2 dv 14.88)
(W o Yl

oot [
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Do v va x la cde bién dpc lap, hé s6 dv trong Pt (4.88) phai bang zero. Do do.

-

q Wy
= V-—-(V,Xl (v, X)=— V (v, K)—Wf(\' X (4.89)
X ¢ x

bing nang lugng duge dinh nghia la
W, (v,x) = vq(v,x} - W,(v,x) (4.90)
lye dién trugng F, ¢6 the duge vigt dudi dang

W, v, x)
F = —L—"— (4.91)
X

Néu dung (q,x) lam cdc bién dée lap

W, = W,(q,x)
F‘WJ, W,
dW, = —~dq+ —dx (4.92)
4] X
Thay vao Pt {4.85)
W, W,
Ffdx =jfV-— dq dX {4.93)
(4] X

Do v va g la cdc bin doc lap, hé sé dq trong Pt (4.93) phai bing zero. Do
dao, Pt (4.93) trd thanh

W
F, = _W, (g, %} (4.94)
o

T Pt (4.90) va (4.80), dong nidng lugng c6 thé duge viét dudi dang
W, iv,x) = quv {4.95)
Bai véi hé thang tuyén tinh, g = Cv
\’\t’),(v,x):%C(rmv2 14.96)
Mat d6 déng niang lugng duge tinh theo
1

W, = —g,E” (4.97)
2
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Vi du 4-13. Hiy tim biéu thie x4ac dinh luc theo don vi dién tich giia cdc
ban cyc song song cua tu vai dai lugng cuing do dién truong, sd dung c¢d hai
phuong phdp ndng lugng va déng ning lugng. Tim gid tri cua luc nay theo
don vi dién tich khi E = 3 x 105 V/m

Giai

Tir Hinh 4-18, nang lugng trong dién irudng 1a
_1g%

1
W,(q,x) = wod e TR
714 2 Ag,

<

C

Tit Pt (4.94)

_ F-Wj,(q,xl _ l qz
X 2 Ag,

ma q=DA=¢,EA

F, =

Fo-lobA hoae  Fua=lep
2 2
= % x (3% 10%1% x 8.85 = 107" = 39.8N/m?

Tir Pt (4.98), ddng nang lugng truong la

s At
VE i)

W, iv,x) :lez = 1
2 2 X, - x}

Tit Pt (4.94)

B FW}{v,x) ~ lvz Agy
o2 x, - x)?
v = E(x, - x)
F, = %EUEgA hoac F,/A = %a,,E2 (nhu trén)

Co thé thay, tuy mat do lue & bé mat bién trong tif trudng 1a gin béo hoa
duge tinh 13 1.02 x 105 N/m?, nhung chi e6 gid tri 1a 39.8 N/m? trong dién
trudng vdi cudng do dién dat gia tri tdi han. Day la 1§ do chinh d& moi thiét
bi chuyén déi nang lwgng thye tién déu su dung tif trudng thay vi dién trudng.
Cic thift bi dién truimg doi khi duge ding lam cée bé bign nang.
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Phuong trinh dong hoc cta cac hé thdng co - dién

Hinh 4-19 minh hoa roie dién it ¢d phan dng chiu tai vdi 1o xo K. bé gidm
chdn B, khéi luong M, bé tao luc F. Hinh 4-20 minh hoa so dé hé thong co -
dién tong qudt. ('6 thé dé dang nhan thay thiét bi cu - dién c6 mot cong dién
vl mét cong co imét ddu cdng co duge néi mat) qua d6 duge ndi vdéi ngudn dién
d mot phia va tai co hoc o phia bén kia. Noi chung, ¢é thé c6 nhidu céng dién

| i

ih¢ thong da kich thich),

]

N
{)

[N /n P
LV Aa v s v v w
2

a—

[N

A
|
|

fegssranis

’» K

—

Hinh 4-19 So dé role dien tir vdi 16 xo di.

R i
- Chuyén doi| x =4
Y\ dign - ¢o [z ay

Tai cd hoc —E

Hinh 4-20 So dd hé thong co - dién tong quet

Gid su thiét bi co-dién ¢6 46 cdm ing
L = L {x).
Phuong trinh dién la

da

v=iR+-—==iR +i[L(x)i]= R+ Lol
dt dt

dt

. dLix} dx
+ 1 -
dx dt

= M
dién Ap W cam  dién ap van toe
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W,G,0 = %L{x}iz

) W, _1adlx (4.99)
T2 dx

Cong suit co hge duge tinh theo

dx 1., Y dLix) dx

=F; o =—i —
e 2 dx dt
:_1[IdL(x] dx (4.1002)
2 dx  dt
= % cudng d6 dong dién x dién ap toc 40 (4.100%b)

Cong sudt cg hoe duoce tao ra (cong suit dién duge chuyén sang dang e¢ hoc)
khi dong dién trong thiét bi theo chifu nguge vdi tde 4 dién 4p. Khi dong dién
treng thiét bi cing chidu véi téc d6 dién ap, ngd ra sé 14 cong suit dién, co ning
duge chuyén thanh dién nang. Phuong trinh vi phén cta hé thong ¢ hoe la:

d%x dx

Ff:Mdz BE—+KX+f (4101&)
1 .; dLix) d%x dx
— =M—+B—+Kx
2 ' dx dt? i dt * +/ : (4.101b)

Pdi voi he thang trén Hinh 4-18, khi phan dng d vi tri x, 40 ty cam L duge
x4c dinh theo:

P = POA
21, - x)
2
Lix) = N°g = 2o
2(I; - x)
dL(x) _ poAN?
dx 2, -x)

Thay vao Pt (4.98) va (4.99), hai phuong trinh vi phin nay sé xéc dinh cde
tinh chét déng hoc clia hé théng:

2 . ®e
v=in+ﬂxﬂl+“_ﬂ‘“§—— dx (4.102)
2, ~x) dt 20, -x°  dt
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BANE L dh L dx
_—— = +B—+Kx + {4.103)
4(1, - x)* dt® dt S

Bay 1a cde phuong trinh vi phdn phi tuyén, ¢6 thé gidi duge bing sé trén
cde may tinh. Tuy nhién, déi v6i chuyén déng nhd xung quanh diém can bing,
¢6 thé sir dung quy trinh dudi day.

Gia str diém can bang la (Vy, I, X, fy}. Tai vi tri cén bing, hé thong 1a dn
dinh, tat cd cac dao ham déu bang zero. Do dé tir Pt (4.102} va (4.103), quan hé
gida cdc gid tri can bang s& la

V, = I,R (4.104)

272
HoANTL _ ex, +
4, - x,)? o+ fo (4.105)
Bat dau tir cdc gid tri cdn bing (vy, i;, x,, ;)

Khi d6

MoAN®  diy | AN, 4 i) dx
2, -Xp ~x) dt 21, - X, —x, ) dt
AN, +i))* oM d? X, |
4y - Xy -1, a

v+ vy =(; + ;IR +

dx‘ + KX +x)+ fo+ i

Bé qua cde tich s6 cia edc gid tri nhé, cde gid tri nhé so véi cde gis tri cin
bing, va xéa ching trong cdc Pt (4.104) va (4,105}

!JOANz ﬂ + HoAN’I, g

T o0, ~ Xy dt | 2, X, dt (4100
2 -

2}.10AN 10]21 - dle BZ&L dxl + KXI 4 fl (4.107)

401, - X,) dt dt

Cde phuong trinh (4.106) va (4.107) 1a phuong trinh vi phén tuyén tinh
ddi vdi hé théng ed cdc gid tri gia s6 nhé xung yquanh c4c gid tri can bang (dudce
goi la diém vgn hanh), céc phuong trinh nay cé thé gidi dé dang bing phuong
phdp gidi tich cho cdc didu kién trang thai tinh va dong.
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Chuong 5
Cac khai niém co ban vé may dién quay

Gidi thigu

Vé nguyén tdc, su chuyén déi nang lugng co-dién x4y ra mdi khi cé su thay
ddi tir thong lién quan dén chuyén déng co hoc. Dién 4p téc dp duge tao ra
trong cugn day khi ¢6 chuyén dong tuong ddi giita cudn day va tir truitng. Lue
dién déng xoay chiéu duge tao ra néu cé sy thay d8i tir thong cGa cudn day theo
chu ky Cdc cudn ddy trwong, 12 nguén tir théng chinh trong mdy, do ds, dugc
sdp xép dé tao ra sy phan phéi cdc cue Bde-Nam theo khéng gian. Cau tric
hinh try la lua chon wu tién cho cde loai mdy d6. Cac cudn ddy 1a cdc diém tua
» cua lye dién dong cdm tng duge ding nhiéu trong cac may thue tidn va duge
mic néi ti€p/song song mét edch thich hdp vé theo ndi két sao/tam giac 3-pha
dé c6 dién ap mong muén va d& cung cdp dong dién dinh miic; sy sdp x&p nay
duge goi la qudn déy phdn dng. Khi cde cugn day phan gng cé dong dién,
chung tao ra tir truong riéng, tuong tdc vdi tir trusng cia cudn day truomg dé
tao ra mornent dién tir 6 xu hudng x8p thing hang ca hai tir trudng dé.

Cudn day trung v cudn day phan tng duge bd tri thich hgp trén mach tir
chung gdm hai phén - stator va rotor. Stator 13 phén tron cda éng tru trong dé
¢6 rotor quay, ludn ludn cé khodng hd thich hgp (khe hd khéng khi) giita hai
bd phén nay. Truc rotor duge 1ap trén hai § d6 b6 tri & hai ndp phia ngoai va
dugc 1&p bulong vao hai phia cua stator (Hinh 5-1). Stator va rotor duge ché
tao bing vit liéu cé dd thdm tir cac - thép silic.

Do syc chuyén déi nang lugng eo - dign dbi héi sy chuyén déng tugng dai
gilta cuon diy trudng va Ung, ching phai duge dat trén rotor ho#e stator.
Trong thye t&, cdc cudn trudng thung duge b tri trén rotor ciia cdce may déng
bg, tiét dién cla loal may nay duge néu trén Hinh 5-1. Cupn ddy dng duge bé
tri trong cdc rdnh c6 hinh dang thich hop trén stator. Cubn day trudng duge
cung cap dién de tit ngudn bén ngoai, duge goi la bé kich, théng qua ciap vanh
trugt (Hinh 5-1). B$ kich thuting duge ndi ghép true tiép vdi true rotor trén
may ddng bo

Trong mdy cdm ung, stator c6 cupn ddy 3-pha, 14y dong dién t& thanh
phéan chinh d€ thiét lap tir thong tudn hoan trong khe hd khéng khi, quay véi
tde d tuong ang tdn s ngudn cung cap (t6e 26 ddng bo) va rotor dude quin
hop 1y duge ndi ngdn mach hodc 1a tap hgp cac thanh Cu (hoc Al) dit trong
cic rinh rotor ngdn mach ¢ méi ddu bing cdc vong dauw.

195



Trong céc mdy de, sy sp x&p thuin tién va hop 1¥ la, dé tao ra dién 4p
xoay chiéu va chuyén sang dang dc bing b chinh luu eo hoc kiéu quay. Do 45,
cudn phan dng trong mdy de phdi & trén rotor va cudn truding & stator.
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Cac may co ban
May dfng bd

Hinh 5-2 minh hoa may phét ac déng b v6i cudn day trugng hai cuc trén
rotor vA mdt cudn aa’ trén stator. Kiéu cdc cuc rotor ndy duge goi la cyc chidu,
duge kich bang dign de dua vo cugn trudng tap trung. Dong dién duge dua vao
rotor qua hai vong truct va cdc chédi than (Hinh 5-1). Trén Hinh 5-2 cbn c6 hai
dudng din trung binh cha tit thong (dusng dit nét). Cédc ving ti tinh trung
hoa & cdc khe lién cuc. Viée bd qua tif trd cda dudng din gdt s& anh hudng
khong déng ké dén dd chinh xde khi tinh todn.

Gia s khe hé khong khi ¢ cdc gude cue la déng nhat, mat dd tir thong
trong khe nay qua cdc gube cyc 1a hing $8 (lye tir déng tde dung theo dudng
dén tir thong Khong 461 461 véi cugn trudng t4p trung); mat dd tif thong trong
16p khéng khi doc theo chu vi stator giam dan dén zero trong vung lién cyc.
K&t qua 1a séng mat do tit thong c6 dang dinh phéng (Hinh 5-3). Do tit théng
di vao stator theo phép tuyén, chuyén dong tuong doi giita cc day dén stator
va mat d6 tif thong kKhe hé khéng khi vudng géc véi nhau. Pidu nay lam cho
Ige dién dong cam dng doc theo cac day dAn stator theo nguyén tic Blv, vai
chidu lye dién dong duge quyét dinh bing tich vector v x B hoae nguyén tic
ban tay phai Fleming. T truomg c6 tinh dbi xdng doc theo chidu dai truc.

Tryc i

+
o=l @=
Toc db rad dién/s
F:] Tryc ,
™ cudn
stator

Hinh 5-2 Mdy phat déng b
- rotor cuc chiéu hai cuc .
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Song B trong khdng gian

Trong cdc mdy ac, luc dién don
song mét do tir théng trong

trung) bang cdch cung cdp khe hd k

" gudce cuc; khe hd khong khi cue tidu § gilta gudc ¢

S6ng sine hoan hio bifu thi mat do
néu trén Hinh 5-4.

Phuvng phap thi hai cho
khéng khi 14 sit dung cdu trae
hé khong khi déng nhét nhun
theoe chu vi rotor (Hinh 5-5). T

phép
cue d
g vai
rong

Xa tryc cye, cde dudng tir thong ndi két sé
triudng. 86 ampere - vong c6 thé duge
hinh sinc trong khéng gian (Hinh 5-4

bt ? 1 }

khe hé khan
sine. Bitu nay dat duge trong cdu tric ¢

2r -—_é
Hinh 5-3 Séng mat d6 f
thing hhe hd khang khi

g cdm tng phai cd dang song sine, do dé
g khi cua mdy cing phai & dang séng
ue chidu (vdi cdc cupn day truimg tdp
héng khi khéng déng nhat phia trén cac
uc tang din vé phia hai canh.

tir théng khe ho khéong khi Iy tuéng duge

dat duge séng B hinh sine trong khe hd
dng nhét, nghia 1a rotor hinh tru v6i khe
cudn trudng duge phan bd thich hgp doc
c8u tridc nay, khi mot cuc chuyén dong ra
glam dan s§ ampere - vdng ctia
phan phéi hop 1y dé nhén duge song B
).

Song B trong khéng gian

song-B, hoic r rad
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Cudn diy phdn dng trong may
hai cuc co ban (Hinh 5-2) dugc dat
vao hai ranh d6i dién theo dudmng kinh
¢ mit trong cha stator. Cubn nay cd
thé c6 nhiéu vdng, cé thé sd dung
nhiéu kiéu hinh dang (Hinh 5-6). Mdi
cubn ¢ hal mat duge goi 1a céc mat
cubn day. Chisdu dai hoat djng cia
cdc mit cudn diy bang chidu dai cia
stator, qua dé séng B tac dong d€ cam
img lye dién dong.

Hai mat cuén diy cua mdy ¢ ban
duee néu theo sa da tiét dién trén Hinh
5-4. Do cac mit cudn diy cdach nhau
bing 1/2 budc séng B {x rad), cac dién
ap cdm dng trong hai mat cudn day
{Blv, trong 46 v la t6c dd chu vi cta
cde mat cuc) 12 ddng nhal vé gid tri

Hinh 5-5 Rotor tru cuc 'dé‘ng nhdl

nhung nguge déu, do d6 dién 4p cudn day toan phén la gap doi dién ap mat cudn
day va cé ciing dang séng nhu séng B (Hinh 5-7). Mat chu k¥ clia lue diégn dong
xoay chiéu duge tao ra trong mét vong quay rotor.

/.\20 ndi két dau ('go}/.\

Chidu dai day
dan hoat ddng L

Budc cudn day =
1/2 budc séng-B
ia) Cudn day 1-vong

Chiéu dai

i o ————— — e — - — — -

1

Céac mat

|~ cubn day

tor

(b} Cudn day nhiu vang
Hink 5-6 Hinh dang cuén déy phan ung
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Hinh 5-7 Lyc dign
ddng cuén déy trong
mdy hai euc co bdn

Hay khéo sit may vdi ciu tric bdn cue (Hinh 5-8), ede cuc lan lugt 1a Bie
va Nam, S6ng khéong gian mat 46 tir thong cda cdu trie nay duge nédu trén
Hinh 5-9. Hai chu k¥ v6i géc toan phan 2n rad lic nay duge eoi 1a goc co. Tu
Hinh 5-8 va 5-9, hai cujn day c6 thé dat mjt cdch 461 xing - méi cudn dudi
mét cap eve. Mbi cudn c6 bude vai 1/2 bude séng B va cac truc cda hai cupn day
cédch nhau bing budc séng B. C6 thé thiy cédc didu kién dién va tir trong mot
cip cyfc s& 1ap lai chinh x4c trong cap cue kia. Cac hic dign dfng cdm tng trong
cdc cudn ddy a,a’, va a, a’, déu 1a xoay chiduy, bing nhau v4 d lén va ddng pha.
Khodng cach gée toan phdn cia mot cap cue 14 2 v duge coi 13 gée dign 48
phén biét véi géc co hoe. C6 thé ky hidu 8 1a géc dién, va a_ la géc co.

Buée cudn day =
1/2 butdc song -B,
r rad ién

Hinh 5-8 Mdy phdt déng
b bon cue véi ede cudn
bude nguyén

C4 hai géc nay déu duge néu trén Hinh 5-9. T¥ s8 giita cdc gée dién va ca
toan phan cia may P - cue 14
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Khodng cach gilia cac trye
cudn day (budc s9ng B)

8 Sang - B

—= 8, {rad co)

2 \/ —= pgfrad dién)

Budc cudn day = 1/2 budc séng-B = mrad dién

Hinh 5-9 Séng B va cdc cudn stator cda mdy phdt déng bg bén eye.

3] _21'|:x(Pf'2)_£
2n 2

8 =(EJGm (5.1}

Bude cta cudn day, duge goi 1a bude cubn, & day bang 1/2 bude séng B, sé 13
r rad (180°%) géc dién va khong 461 khi 8¢ ciip cuc thay ddi. Cudn day nay duge
goi la c6 bude nguyén. Phin nay gia thist tit ca cae cudn day déu la bude nguyén.

Trong may P-cue, mot chu ky luc dién dong xoay chiéu duge tao ra trong
mébi cudn déay khi mdt efip cue cla cde cuc rotor di qua stator. Do d6, d&i vdi
mét vong quay cla roter, sé ¢é P/2 chu k¥ luc dién déng trong cudn diy dé, tdn
s8 cia séng dién ap (theo théi gian) la

P n nP

D Mg
f=3"% "150 = (5.2)

trong &6 n = tée dé rotor v/ph
L4y vi phin hai v& cta Pt (5.1) theo thoi gian

P
o= {E] B (5.3)

trong dé w = téc dj rotor rad/s dién
= téc do rotor rad/s ca
Do d& w = 2nf rad (dién)/ s (5.4)
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100N o
{aj
&4 oo a
3 . a a’
Hink 5.10 Mde néi tiép va T .
mdec song song ede cugn day. - (b

Hai cudn diy cia may phat bén cye (Hinh 5-8) 13 mit tua eda cdc lue dién
déng dong nhdt va cé thé duge mic ndi tiép hode song song (Hinh 5-10). Mic
ndi ti€p lam tang gdp déi dién 4p ciia mét cudn day va o6 thé van hanh véi
cung dong dién cye dai cho ca hai cugn diy. Mic song song ¢6 elng dién ap
trong timg cudn day va dong dién cyc dai gdp doi dong dién clia mot cubn day.
Trong thue t& thuéng st dung ¢dc nhém cudn diy mic néi tiép - song song dé
¢6 mdy vdi dong dign v& dién dp dinh mite mong mudn,

May phat dién ba pha

Cac mdy phdt dién déng bd trong thye t& luén luén Ia loai ba pha do ¢6 cic
uu di€m cda hé théng ba pha. Néu hai cudn day duge bé tri & hai vi tei khong
gian khdc nhau trong stator (Hinh 5-2}, ¢ac lye dién dong cia ching s& o6 sy
léch pha theo thai gian tuong ing su dich chuyén dién cia ching. Néu ba cudn

60° dién

60° dién

120- dién

(a) (b)
Hinh 5-11 Mdy phdt déng bo ba pha, hai cuc va bén cuc
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—
L

B
(a) (o)
Hinh 5-12 Mdy phdt ba pha mde sao

day dugc bd tri trong stator eia may hai cue (Hinhk 5-2) edeh nhau 120 dién,
may ba pha cd ban s& ¢6 dang nhu trén Hinh 5-11a. Sy sdp x&p bén cuc tuong
ung duge néu trén Hinh 5-11b, mdi pha cé hai cuon déy d#i xing tuong wing
ting cdp cuc. Cdc cuon day cla ting pha duge mac ndi tiép/song song va ba
pha clia mdy phst déng bd thuing duge mée sao (Hinh 5-12)

May dc

Hinh 5-13 minh hoa mdy dc co ban hai cue vdi phin dng quay ¢ mét cudn
day, C6 thé th8y cudn trudng 1a & dinh véi céc cuc chidu ¢d cdc gude cue chidm
phdn 1dn bude eye. Lye dién ding xoay chiéu cdm ting trong cudn day nay do
su quay cla phdn Ung qua cic cuc (trudng) stator. Hai ddu cia cudn dng duge
méc vdi hai vong (Cu) dan dién c6 dang cung gan nifa chu vi. Cac vang nay
duge cdch dign véi nhau va véi true. Sy sdp x&p nay duge goi 14 b4 gop. Dong
dién tif cic vong bd gép sé tap trung bing cde chdi than. Cae n&i két cia cudn
ddy vdi mach bén ngoai sé ddo chidu timg nita chu ky sao cho cye tinh cta mot
chéi than luén luén duang va chdi kia luén luén am. Day 1a sy chinh luu cla
b gop-chdi than. Do yéu cdu chinh luu cg hoc, d€ nhan duge dién 4p mét chidu
tir Iye dién d¢ng cdm dng xoay chidu, phin dng trong may dc ludn ludn 1a
rotor va cudn trudng phai duge dat trén stator.

Khe hd¢ khang khi dudi cdc cye trong may de ludn luon déng nhat va cdc
gude cuc rong hon so voi may déng bo (vong cuce khodng 70% budc cuc). Do d4,
mit do tir théng trong khéng khi bao quanh chu vi phén iing ¢6 dang séng
dinh phéng (Hinh 5-14a). Bién ap cdm ing trong cudn diy (budc nguyén) cé
dang séng tuong ty nhung ca hai nita eta chu k¥ déu dudng (Hinh 5-14b) do
tac dung chinh luu cla bd gop. Dé dang nhan thay dang séng nay cé gia tri
trung binh cao hon déi véi gia tri B, cho trude, diéu nay giai thich 1y do may
de durge thist ké dé c6 séng B dinh phing.
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Pudng dan tu
thang trung binh
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Guéc cyc  Cy
Hinh 5-13 Mdy dc co bdn hai cie
Bi

Song - B

Boaau
27p 4a/p
0 v '1:
2n 8
(a) Song dinh /
phing 1/2 budc sdng - B
I n rad dién
pign 4p
chdi than
(b) dign ap
dudng 1 -
© m 2n wit

Hinh 5.14 M6t d6 tix thong va dang séng dién dp & chéi than trong mdy de.
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Luc dién ddng

Cdc bidu thite dinh tinh sé duge xdc dinh cho lye dién déng phdt sinh
trong phan ng may dc va mdy déng bd.

pién ap duge tao ra trong cufin day ac

Séng B cua may ddng b (thudng da cuc) duge gid thiét 1a c6 dang ham
sine {Hinh 5-15) va mdt cudén day bude nguydn (mit cudn day cach nhau 180"
dién) duge néu dudi dang tiét dién. Séng B dich chuyén sang trai vdi toc do w
rad/s dién hosic @ rad/s co. Tai diém goc théi gian, cde mit cudn day & vang
lidn cye, tai dé ti thong cye nguyén sé néi k&l cudn day. J thai diém t bat ky,
cudn day dich chuyén tueng doi mot khodng

o = ot rad. dién

sang b&n phai séng B. Séng B ¢6 thé duge biéu dién theo
. . (P
B =B, sin 8 =B, sin EB"’

trong dé B, = mat dé tu théng dinh

Do tir théng trii rong qua géc cd, sy ndi ghép ti thong ¢ dén cudn day co
thé duge tinh bing cdch 14y tich phén qua toan bé gdc cd, do dé:

Anral P
6= I B, sin[%ﬁm]lrdem (5.5)

2uiP

=3

3

=¥

2

Hinh 5-15 Vi tri tuong ddi giita séng B va cudn tng & thot diém t bdt ky.
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trong dé 1 = chiéu dai mat cuén day hoat dong (chidu dai stator hudng
true) va t = ban kinh trung binh cba stator & phin khe hd khéng khi.

2
Do 8, = Fe

Pt (5.5} chuyén thanh

¢ = ( )J'B Ir sin 6d9

= (%J 2Bp lrcos o

5.6
:[%J 2B, Ir cos ot = & cos wt 66

Do d6, cé thé thay néi ghép tir théng v6i cudn day sé bién thién theo ham
sine va cé gid tri cue dal.

® = % Bp Ir (tlz thong / cuc) (5.7)

tal o =wt=0,1a tif thong/ cuc. Cac khdp néi tir thong cia cudn day § thai
diém t bat ky.

A = No=No cos wt (5.8)
trong d6 N = 88 ving day
Luc dién déng cam dng trong cudn day la

€= _dr = oN® sin ot (5.9}
dt
Dau am trong Pt (5.9) tinh dén chiéu duong dude gid thist cia luc dién
dong va dong dién trong cudn déay aa’ (Hinh 5-2) tao ra tif thong doc theo truc
cudn day lam xuat hién cac ghép ndi tir thang duong. Psi vdi may bién ap,
chiéu duong cia lue dién dong dugc gia thiét 1a gay ra dong dién d€ c6 thé tao
ra cae nGj ghép tir thong am, do dé dinh luat luc dién dong cdm ing s dung
ddu duang treng Pt (5.9).

Cé thé thay séng mat dé tif théng khong gian khi quay s tao ra cdc ndoi
ghép tir thong bién thién theo théi gian véi cugn day nay va véi su tao ra luc
dién dong, mét hiéu img duge tac ra bang tir thong bién thién thec théi gian
v6i tryc ¢d dinh trong mdy bién ap. H¢ sé bign thién theo thii gian do sy quay
s& gdy nén hién tugng bién d6i nang lugng co - dién, didu nay khéng xdy ra
trén mdy bién ap véi tir thong bién thién theo thai gian va truc ¢ dinh.
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Gia tri trung binh cda lue dién ddng cdm (ng trong cudn day tir Pt (5.9) la

E = v2r/N® = 4.44/Nd (5.10)

tuong tu nhu trong mdy bién 4p, nhung
g day @ la ti sd tir thong/cve. 1 @

Tit Pt (5.6) va (5.9) ¢6 thé thay tif théng
bién thién theo ham sine 14 sdm pha 90° so
v@i lfe dién dong bién thién thee ham sine.
Quan hé nay duge minh hoa bing so dd pha
trén Hinh 5-16. Piéu nay hoan toan ngudc
viii mdy bién dp, trong d6 pha tir théng tré
90" 50 vii pha luc dién ddng. Su khac biét E
nay la do ddu 4m trong Pt (5.9}, ddu duong
duge dang cho mdy bhién 4p.

Hinh 5-16 Quan hé pha giia
tit théng va lue dién dong

' Cubn day phan phoi

Tir Pt (5.7} c6 thé thay tif thong/cye bi gidi han do cde kich thude may va
mét d¢ tit théng dinh, khéng thé vugt qu4 gid tri chuyén biét do dic tinh bao
hoa cia sét. Do dé, d& cdm img lyc dién déng véi gid tri thich hap trong thist
bi thuc tién, cAn phdi ding nhidu vang day, khong thé xép tat ca cdc vong day
nay vao mét cap ranh. Hon nia, ¢é thé nhan thay véi mét cudn day/ cap cuc/
pha, tifc 1 mét ranh/cue/pha, chu vi cda stator khong duge tin dung tdi vu. Do
dé, cAn phdi tao ra nhidu rinh/ cue/ pha (SPP) trén chu vi stator, Trong may
thic t&, v6i S rdnh duge phan bd déu trén chu vi stator.

SPP=-m-= S {g = s& pha) {5.11)
; qp
Hinh 5-17 minh hoa mdy 3 - pha, 2-cuc, vdi m = 3. Géc giita hai rdanh k&
nhau la

b= % rad dién {5.12)

Cudn pha a trong mdy nay ¢6 ba cudn day (11°, 22", v 33') duge dat trong
ba cip ranh phin bd trong khéng gian cach nhau theo gée vy rad dién. Géc toan
phén ¢ = my danh cho cuén pha doe theo chu vi phéan dng duge goi la khodng
trdi rong phe, cudn nay duge goi 1a cudn phdn phéi. Do mdy lubn ludbn duge
qudn vdi cde cudn diy déng nhat, cdc lye dién dong cdm iing trong cidc cudn
11, 22, va 33’ c6 gia tri trung binh (E) nhu nhau nhung c6 hiéu s8 pha theo
th#i gian la ydo cdc cudn nay phin bé déu trong khéng gian. Céc cudn duge
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Pai pha a trdi rong theo goéc o = my = 60°

r
BV Y : E .C__
E\ Ay | 7 I
hY | 4
A\ /
~ \ | / -~ E;
A \\]"f%,.\ l.d / - d Ea
— N S 7 - I
- J"QZ N MY 7 - - s
e
(0]
Hinh 5-18 So dé pha ciia hie dién déng
cudn day

Hinh 5-17 Mdy phdt déng bo vdi
cudn phdin phot

mic néi tiép d& co dién 4p pha E, 1 téng pha eciia cde Iue dién dong cuén day
(Hinh 5-18). Tt Hinh nay cé6 thé thay, do sif phian phdi, cdc dién dp pha trung
binh 1& nhé hon tdng dai s& cha cdc dién 4p cudn day trung binh, Ti 58 nay
duoc goi la hé sé phdn phdi.

Tif Hinh 5-18 ¢6 thé xdc dinh hé sé phan phdi cho trutng hgp chung véi
S8P = m. Cac pha lyc dién djng cudn diy tao thanh cdc canh da gidc déu trén
sd 46 pha, tim dudng tron ngoat tiép cta da gide nay duge dung trén s dé.
bién ap pha E, dugc cho biing vector pha tdng (AD trén Hinh 5-18). Hé s6
phén phéi duoc xdc dinh ia

3D AD . .-
K, =—— hoa e (tHD uat)
b“3AB °°  mAB g4 (5.13)

Tit dang hinh hgec trén Hinh.5~18
AB=20Asiny/2
AD =2 OA sinym /2
Da d6

_sinmy /2

K, = <1 khim>1 (5.14)

m sin y /2

Layte dién d9ng pha cdm img d6i vdi cudén phin phdi c6 thé nhéin duge bing
cach nhan Pt (5.10) vdi K,, do d6
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E =444 Kf N, o {5.15)

trong dé N, = tong s6 vong ddy (néi tiep)! pha

Lugng song hai trong cudn phan phai

S6éng mit 46 tit théng cia mdy déng b khéng bao gis hoan toan la séng
sine. Do sy d6i xing lé cia cédc cue {Bdc -Nam luan phién) séng hai khong gian
elia séng B chi gbm cdc séng 1&, cdm 1ing cdc lue dién déng hai tuang (ing trong
cudn nay. Hinh 5-19 minh hoa séng B co s& va séng hai thd ba, do bdn chéit
dinh phéng cua song B, song hai thif ba bi 16m ¢ dinh, tao ra do 16m méat 46
tit thong ¢ gita cuc chinh. Tir Hinh 5-19, n cyc cha séng hai thi n xay ra trong
khéng gian s& chiém mét cue cia séng cd sd, do 46

8 (song hai thi n) = nd (séng cg sd)
Tir Pt (5.14)

sinmny / 2

K, (song hai thitn) = (5.18)

m sin ny /2
C6 thé dé dang chiing minh K, {séng hai thif n) nhé hon K, (song co bdn)
dé lam gidm lugng séng hai cia dién dp trong cudn phan phéi.
Vi du 5-1 Hay tinh song co 54, hé s6 phén phfi séng hai thd ba va tha
nam trén stator cé 36 ranh duge quan v@i 3-pha, 4-cuc

B
S6ng cd s6
/A N Séng-B téng
I N s \/
! -
P \
|
o o (co s&)
5 27 3n 67 "y {s6ng hai
thil ba)
1
54ng-B hai thit ba

Hinh 5-19 Séng co sd va séng hai thu ba cia séng B
trong khe ho khong khi cia mdy dong b
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36 . . 180° x 4
m = = Y D ————rrr——
3x 4 36

(1) K, (séng co s8)

=t - 096

(1} K, {séng hai tha ba)
3x3x20°
p 2xoxa)

=2 _ 0667
. 3=20
3 sin

(ii1} K, (song hai thd nam)

. 3x3x20"
3N —

c—— 2 _0218

= i
Ssinaxzo

Cé6 thé nhén thay K, dfi véi song hai thit ba 12 di nhé so véi séng ca sd.

Cac cudn budc ngan (budc day cung)

Cac cudn day khéng chi c¢6 bude nguyén (x rad dién), ma cén cé thé cé cde
buée nhé hen bude nguyén. Su sdp x&p nay c6 thé c6 cdc vu diém xac dink. Ban
hay khdo sdt bude cuin diay nho hon bude nguyén theo géc dién 8, (gée bude
ngin} duge néu trén Hinh 5-20a. Tir Hinh 5-15, Pt (5.5} v& ndi ghép tif thong

cudn day, lic nay duoc viet dudi dang
21.'r~n:—ii!p R

o= J' B, sin"rEGmJ Ir do,_
L2

dire P

Do

4 trea 9
= [T"] jB, sin 6 Ir dé = {FJQ By, Ir cos (« ~ 8,,/2) cos 8,/2

o
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=®cos (8, /2)cos lot -8,/ 2) {5.17)
N&i ghép tir théng cudn day va lyc dién dong cudn day sé gidm theo hé s
K, =cos 8, /2 = hé s8 budc {5.18)

Y nghia cta hé s6 budc c6 thé dat duge tif géc khde. Trén Hinh 5-20a véi
chiéu duung cia lyc dién dong, mat cudn day dugc danh dau theo chiédu nguge
lai, lue dign déng cudn day 13 téng pha cia cac lue dién dong mét cudn day,

E. =E +E._.

© a a

Trong trugng hap cudn diy bude nguyén Ea. ., va En- déng pha (chdng cach
nhau n rad nhung céc chiéu duong cia chiing duge danh ddu nguoe nhau) do 46

E, = 9E,
nhu trén Hinh 5-20b
Trong cugn day bude ngan 8, E, s& sdm (hoac tré) pha mét gée 8,, 50 v4i
E, (Hinh 5-20c). Tir dang hinh hoc cda so dé pha
E. =2E,cos6,,/2
& day, su giam lue dién dong cudn day duge quyét dinh theo hé s§

2E, cos0_ /2

K, - =cos8,, /2 {tuong tu pt.(5.18)
2E,
P
~ T
/\\\ Ssp Ea E;
7 s
r-—— (- 950) [ 3
Budc ngan | c
o . )
al ! ta
—t 3 {
Budec nguyén :
|
J

(&) Cudn day budc ngén

Hinh 5-20 Cudn ddy va géc bude ngdn
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De bue ngén, bidu thie cia Pt (5.15) v& dién dp pha sé cé dang.

E =444 K K, f N, ® (5.19)
Vi K, = KK, = h¢ s6 cugn ddy, khi dé
E=444 K fN,® (5.20)

Pai vdi séng hal thd n, hé s buge sé la
K, =cosnb,/2 {521}

S6ng hai bat ky cd thé bi loai bé do bude ngin cudn diy bang cich thye hién
T .
nd,, f2=k—; k=13,. (&
2

Vi dy, dé loai bo séng hai thir 13
139,,/2 =90° hoge 6, = 14°

Nhuit vy bude ngin sé giap leai bé séng hai hogc gidm lugng séng hai cia
dién 4p cdm tng. Tir Hinh 5-26 cé thé thdy, cdc cugn day bude ngin c6 cdc két
néi ddu cudi ngdn hon, cho phép tigt kiém day ding, nhung phai ting thém
cae cudbn ndi tidp/pha dé tao ra dién 4p pha mong mudn.

Quén day hai Jdop

Mét trong cac phuong phap quan trong va phd bién dé sdp x&p noi kél dau
cudi cua cde cudn day khi quan day 1a dat hai mat day trong ting ranh. Mbi
cudn day 6 mdt mit § nita dudi cua mot ranh va mit kia d nia trén cia ranh
khidc (cach nhau mat bude cue ddi vdi cdc cudn day bude nguyén). Su quan day
nay duge goi 14 quén day hai lép. Moi cuén quan diy hai ldp déu c6 hinh dang
tueng tf nhau de d6 ¢6 thé duge quan riéng ré va dat vao céc ranh. Cac noi két
ddu cudi ¢ mbi diu cudn day tao
nén kidu ving xodn sao cho céac
mach cudn day cé thé duge dat
mot cdch thuan tién vao phin day
mét ranh va phin trén clia ranh
kia (Hinh 5-21}.

Cac n6i két cudn day caa kiéu
quan hai iép cd thé duge minh —

hoa bang sd 46 quan day vdi sta- /
tor duge cdt ngang va dat trén
mat phdng. Mot pha etia cudn day Hink 5.21
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Hinh 5-22 M6t pha cda cugn ddy ac 4-cue 2-l6p

hai i¢p 4-cuc duge minh hoa trén Hinh 5-22, 16p trén 12 dubng nét djm va lop
dudi 1a duding nét diit, cd hai dugc € canh nhau trén so 4. Hinh nay minh
hoa trudmg hop don gidn nhdt vé 4-cuc vdi 1 ranh/cyc/pha. Bén cujn day cd
thé méc ndi ti€p hodc mée ndi ti€p-song song. Trén Hinh 5-22, bén cudn day
ctia mit pha duge mic song song vdi hai nhém néi tiép. Dong dign pha i, va
dong dién day din i, ¢6 quan hé i, =i/ 2.

Vi du 5-2 May phat dong bo 3-pha, 16-cue ¢6 cudn diy méc sac vdi 14
rdnh va 10 diy din trong 1 rinh. Tir thang/cuc 1a 0.04 Wb (phén bé theo ham
sine), téec 46 375 v/ph. Hiy tim tdn =6, pha va luc dién déng cam \ing. Tdng s6
vong/pha c¢6 thé duge gid thidt 13 méc néi tiép.

U Gisi

= nP _ 375 x16 - 50 Hz
120 120

Téng s0 day din 144 x 10 = 1440

Téng s6 vong = % =720
S5 vo % ticoyoh 720
0 vong diy (ndi tiépypha, Nph =5 = 240
14} 1]
Géc ranh , - 180°P _180°x16
S 144
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Ranh/euyc/pha m 144 =3

16 =3
sin 3 207
o sinmy /2 =
H& 6 phan ph K, = - "9
& s0 phan phai " msiny/2 %in?‘{)”

Luc dién déng pha E, = 4.44 K, f N, (n&i tiép) @
=444 x 096 x50 x 240 x 0.04 = 20468 V

Dign 4p dwong day E, = J3 E, = 35436V

Vi du 5-3 May phat dién mic sao, 3-pha, 5¢ Hz, quan day 2-1dp, tdc do
600 v/ph, c6 12 véng/eudn, 4 ranh/eyc/pha, budc cuén day 10 ranh. N&u tir
théng/eue 14 0.035 Wh phén phéi theo ham sine, hay tim lye dién ddng pha va
Jue dign dong dutmg day, gid thiét cac vong/pha duge mic noi Ligp.

Gidi
_120f  120x50
n 600
Téng s4 ranh, S =4 x 3 x 10 =120

P 10

12012

N, = 480
SPP, m=4
G6e ranh _180°x10 _
y=————-15
120
4157
;9 sin-———
Ky = o002 2__ . 0.958
msiny/2 . 15°
4sin——-
Budce cuc =120/10 = 12 ranh
Bude cubn day = 10 ranh
Goc bude ngén, 8. =({12-10) x 15" = 30"
30°
K, = cosB,, /2= €08 5~ = 0.966
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Lwe dién dong pha, E, = 4.44 KK, f N, (ndi tiép) &
= 4.44 x 0.958 x 50 x 480 x 0.035 = 3451 V
Lyc dién dong duong day, E, = J3 <3451 = 5978 V

Vi du 5-4 May déng bod 2-cuc, 3-pha, 50 Hz, 2300 V, ¢6 42 ranh, mdi rdnh
¢6 hai ddy qudn hai ldp. Bude cudn day la 17 ranh, mdi cudn pha cé hai duimg
dén song song. Hiy tinh tif théng/ouc d€ ¢4 dién dp pha 2300/ f3 V.

Gidai
SPP.m = 22 o7
3x2
4]
Gdée ranh ¥ = 2186 = 857"
42

K. = sinmy/2 _ sin(7 x 8.57° / 2)
® msiny/2  7xsin8.57°/2

=1.952

Budc cudn day = 17 rdnh
4
Budc cuc = ?2 = 21 ranh

Gée bude ngén, 8,, =1(21-17)x8.57°=34.28°
K, =cos34.28"/2=10.956

o422 .
2x3x2

E, =444 KK fN, (néitiép) ®

N,, (i tiép)

33_-3—0 = 4.44 x 0.952 x 0.956 x50 x 7 x ®
® =094 Wh
May dc

T may de ¢co ban mdt cudn diy (Hinh 5-13 va 5-14a), s6ng B cua may nay
lidn hé vl cudn day bude nguyén cg ban, goi
¢ = tir thang/ cuc

Hay xét cudn day trong vung lién cuc sao cho tir théng/cue toan phan (¢
ndi két dueng tinh. Cubn day dich chuyén mat bude eue (1 rad dién) trong thai
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gian Al sao cho cde ndi két tir thong ddo ddu. Sy thay ddi néi k&t tir thong
treng qud trinh chuyén déng nay 1a

Ak =- 2N @
trong dé N_ 14 s8 vong diy. Dai vidi may P-cuc.

2
At = =%

= {s) (5.22)
Pu,

Luc dién dong cdm Gng cudn day trung binh la :

AL G NP
At n

E, = (5.23)

Phan tng may dc luén luén dude quin véi hai l1dp tao thanh mach kin. Cac
cuon day duge méc thich hgp vdi bo gép, cdch dién vai nhau va vdi truc quay.
Dong dién tir cugn day phan dng duge lay qua cac chdi than dat trén chu vi bd
g6p, cich nhau 180° dién. C4c chéi gép ¢ cue tinh nguge nhau, tat ¢ cdce chéi
gop ciing cue tinh duge méc seng song tao thanh hai d4u day phén dng. Su bé
tri nay lam cho cudn day phan dng khép kin tao thanh mach n#i ti&p - song
song. Bién dp de gira céc chdi than 6 ede tinhngude nhau 1a téng cac dién dp
trung binh cia cie vong dédy néi ti€p gitta cdc chéi than, mdi vong ¢é cing dién
4p trung binh. 5§ lugng cac dudng din song song phu thude vae kidu quin day
phén iing - kifu s6éng va kidu chéng chap.

A = 2; quan day kidu séng
A = P; quan day kiéu chdng chap (5.24)

Gia s mdy duge quin vdi Z diy dén (diy din 13 phén hoat dong cia phia
vong day). Do hai day din tao thanh mét vong
Cdc vdng diy néi tiép/dung din song song, N = %
S dung Pt (5.23), hue dién ding phdn vng, bang lye dién dong dudng din
song song, duge tinh theo

E, = 20’ (3) (5.25)
2n A
Wy =g-n-rlradcdz‘s
60
- ‘I’nz_[BJ v (5.26)
60 LA
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Tir Pt (5.24), suy ra

P_P doi vdi kiu song
A 2

=1 d4i véi kiéu chdng chap (5.27)
Do P c6 gié tri cuc tidu la 2, quan day kifu song s& c6 lye dién dong phén
img lgn hon kiéu chdng chap vdi cung cac gid tri Z, n, va &.
Vi dy 5-5 May phat de 1500 kW,
600 V, 16-cuc, tdc dd 200 v/ph. Gia
tri tif thong! cuc hiu dung 14 bao
nhiéu, néu ¢6 2500 day din quan theo ’ Trugng

16p, tén that tdi toan phén cla day ..
Cu la 25 kW, hay tinh dién tich eda
gudc cuc néu mit d i thong khe

_hé trung binh la 0.85 T.

Gidi Hinh 5-23 So dé mach cia mdy phdt de
Dong dién phidn (ng tdi toan phén, I, = LOCE._;_O(E = 2500 A
Tén that do day Cu =172R, = 25 x 1000

trong 46 R, 12 dién tré hiéu dung cia mach phén dng

- 251000 _ . o0
2500 x 2500

Phuong trinh dinh luat Kirchhoff d6i v6i mach phan dng 13
E, =V, + LR, = 600 + 2500 x 4 x 107 = 610 V.

enZ( P
E, = —of >
va * =760 (A]

trong 46 @ 12 tir théng / cue hitu dung ndi két cde cudn phén iing. Mt phin
tit théng/ cyc khong di qua phin tmg - duge goi la tir thong ro,

Thay cdc gid tri

610 = ® x 200 x 2500 [_IEJ
60 16
< =0.0732 Wb
0.0732

Dién tich cta gudc cfc = 610 = = 861 ¢m?
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Vi du 5-6. May dc 4-cye, quan theo lap, c6 728 day dan phén (ng, cuén
day trutmg duge kich tif ngudn de dé tao ra tir thong khe ha"khéng khi 32
mWb/eue. May nay duge truyén dong tir dong co diesel vdi 1600 v/ph. May
cung cip dong dién 100 A cho tdi dién,

a. Hay tinh cong sudt dién tir ?
b. Cang sudt co duge cung cap tir dong cov diesel 14 bao nhiéu ?

¢.  Moment duge cung ¢ap tir déng cd diesel ?

Gidi
a. Ea = fDnZ X (—EJ
60 \A
-3
_ 32x1077 « 1600 = 728 x1=621.9V
60
I, =100 A
Cong sudt dién tir = E I, - 821x100 _ 0 0w

10040
b. Cong suit co hoe do dong co diesel cung cip

= Cong suit dién tir = 62,12 kW

Pln = Tmlﬂ
Moment tir ddng co diesel - w =370.75 Nm
2% 1600J
60

Luc 1y dong ctia cac cugn ac phan phoi

May dién trong thyc t& ¢6 cudn phan phéi duge quan vdi clng sd cue nhy
cudn day trudng. Khi phén iing c6 dong dién, trudmg téng hop cia cdc cudn day
dén di¢n cé cing s6 cyc nhu cudn day trudng. Phan nay sé xdc dinh sy phan
bo khong gian ciia lue tir dong (mmf) trang phan dng din dién bang cich
chéng chap cdc song khdng gian cla luc tir dong & cac cufn day riéng ré

Song khéng gian mmf ciia cudn day don

May rotor hinh tru vdi khe khong khi nha (Hinh 5-24a) duge ding [am vi
du dé khado sat séng mmf. Stator duge quar 2-cuc vdi cudn day bude nguyén N-
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ving din dong dién i theo chibu cho truge. Cuc Bic va cye Nam tuong ing
duge cam tng trén chu vi stator. Truc tif cia cugn day la cye Bdc dén cue Nam
trén stator. Mai duéng tir thang di qua khe hd khang khi hai 1dn, vuéng géc

- —8-! -~ Tryc i gha
cubn day

MMF § 41 CO banN

Ni2 7

~
~
-~

i

s o N ’
1 s AY '
s hY I
_,N‘iz X, 2.

i ! ' |
Rotor L . il ! \ — - — L | J
AN ANSNSSE W*M
i ' )
7777 ///”/////HIY/{//’/””Y/”///WWWW

Stator &' ~L- ]F ‘I‘S! I ‘._f'?.._l } 4N+ L l_llha:—
== : l L_.-_!___J 1 II. l___r_..-
[ [ _——— ——— — = — -

i |
Fat—— Cic Nam—=1——— Cu¢ Bac —-—-11
i I

{o) Hinh khai trign
Hinh 5-24 Song khéng gian mmf cua cudn ddéy don
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v6i cde bé mat stator va rotor, lién hé véi mmf khéng déi Ni. Gia thi&t, tir tré
cua dutng ddn 13i sat 1a rat nhé, mét nida mmf (Ni/2) duoe ding dé tac ra tir
théng tir retor d€n stator trong khe hé khéng khi va nda kia sé thist lap tir
thing tir stator dén rotor trong khe hé khang khi. Mmf va tit thong hudng ra
ngoai tif rotor dén stator (cuc Nam trén stator) duge gid thigt 1a duong tinh va
tif stator dén rotor la 4m tinh,

S dé hinh dung hon khi sif dung hinh dnh khai trién (Hinh 5-24b), stator
vol cugn day duge dat phing véi rotor phia trén. C6 thé thiy mmf ta séng
khong gian hinh chi nhat, trong d6 mmf dueng (+Ni/2) duoe ding d& thiét lap
tif thong tif rotor dén stator, va mmf am (-Ni/2) sé thi&t 1ap tif théng tir stator
dén rotor. Cédc mat cudn day chi€m khong gian hep trén stator v mmf thay
doi tir - Ni/2 48n +Ni/2 tai mot ranh va dao chidu d ranh kia, Su thay d&i mmf
¢ rdnh bat ky la

Ni = ampere - day ddn/ranh , (5.28)

dau phu thugc vao chidu dong dién

Song khang gian mmf cia cugn day don cd hinh chit nhat, c6 thé duge chia
thanh séng co s6 va cdc séng hai. Tir gidi tich chudi Fourier ¢6 thé thay séng
mmf c¢ s¢ (Hinh 5-24b) 14

Far =i[%J cos B =F, cos @ (5.29)
n

trong d¢ 6 la géc dién duge do tir truc ti ctia cudn day tring véi dinh duong
clia séng co sg.

Tir Pt (5.29)

. Ny
F,,(dinh) = F,, = i{?‘] (5.30)
T

Tur day sé khao sdt séng mmf cd sd ciia cudn day mang dong dién, bé qua
ede s6ng hai khéng gian lién quan, do cdc bién dg ciia ching rat nhé. Hon nita,
trong cugn phan phai, cdc séng mmf chif nhat cia ede cudn nhém pha riéng ra
duge cong voi nhau dé tao ra séng mmf gén v6i song sine, tic 12 cde song hai
cd xu hudng tuf triét tidu.

Séng khdng gian mmf clia mt pha & cudn phan phii

Hay khéo sat cdu tric 2-cuc cd ban véi rotor 18ng séc, véi 5 ranh/cyc/pha
(SPP} va quin day hai 16p (Hinh 5-25), cdc so dé tuong ing duge ndu trén
Hinh 5-26a cung v6i so d mmf la séng bac - gin vdi song sine hon 14 séng
mmf chir nhit eda cudn day don (Hinh 5-24b). Do SPP 1a 13 (5), nlra sd day din
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Nee . T2k (2N, i)+ % ST TY R I N
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¢ - b
Cuyc Nam
(a)

Hinkh 5-26 So da khai tritn va song mmf ctia mdy trén Hinh 5-25
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-ampere cia ranh gida cua nhém pha a va a’ goép phéan tao nén cue Nam va mgt
nita hudng dén cue Bac trén stator. Tai mé&i ranh, song mmf ¢6 bac 2N, i céc
day din - ampere, trong d6 N_la 3§ vong day (bAng s6 day dan/ldp) va i, la
dong dién day dan.

F,,. dinh cua séng mmf e s6, c6 thé duge xac dinh. Thay vi xde dinh séng
béac ed s¢ mot cdch tryc tiép, ¢d the thyc hién biing cach cong cac séng co sd
chia vac mmf trén ting cap ranh riéng ré (vt mot bude cye). Cde séng co s¢
nay dan dén lgch pha v&i nhau (pha khong gian co thé khdc v6i pha thai gian)
theo goc ranh y. Phép cong nay ¢6 thé thue hién dé dang bing cach xac dinh
hé s6 phan phai K, tugng tu trugng hop lue dign dong cda nhdm cudn day.

Goi N, (néi tiép) la s6 vong néi tiép trén dutng dan song song cua mat
pha. A la s8 dudng dén song song cua mot pha. Khi dé

AT/ dusng dan song sang = N, (ndi tiép) i,
AT/pha = A (N, (ndi tigp)i) = Ny, (n&i tiép) i,
trong 46 i, = dong dién pha = A i,

N (ni 4
AT/ cye / pha = {_NL;‘_@} i,

cudpn day sé la cujn diy tap trung. Binh o sé cida cudn day tap trung la

4 (N, (néi tiép) ) |
¥, cugn day tap trung) = —(_P*‘__._p—} i,
b

Do cudn day thyc té la cudn phan phéi, dinh co sd s& gidm theo hé s0 K,,
do dé

4. [N, (nditiépr)
F,, (cudn day phéan phat) = —Kh[—l-]——-—p] i, (5.31}
T P
N_,(ndi tiép
%1 =1K4M i, cos 0 (5.32)
mo P

_ trong 46 true cue duge Jdy theo quy chidu géc {Hinh 5-26b).
Tac dung déi v6i song mmf cia cée cudn day budc ngén cé thé duge thay rd
trén Hinh 5-27, trong d6 stator ¢ hai cudn day bude ngén (a,a,’, a,a,} ddi véi
pha a cia ciu trie hai cye. Mmf cua mdi cudpn day thiét lap mét cue. T sa dé
khai trién (Hinh 5-28) c6 thé thiy séong mmf 14 chif nhat nhung cé chiéu dai
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Hinh 5-28 So dé trién khai song mmf

khéng gian ngan hon bude cuc. Bign do cha dinh co s§ pidm theo hé =& K,

dudc goi la hé sé budce, so véi séng mmf chir nhat buge nguyén. Bling giai thh
Fourier ¢6 thé chitng minh:
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F

4 ]
W = ;I‘m cosf,, /2
K, =cos0,/2 (5.33)
Nai chung, khi cudn day 14 loai butde ngdn va 1a loai phan phdi, séng mmf
khang gian co s¢ cia pha a theo Pt (5.32), ¢6 thé duge téng qudt hoa.

N, (ndi tiép) )

i
¥ = 4 F. | i, cos O (5.34)
m P )

trong 46 K, = K, x K, & hé sd qudn ddy
Tuang ti trudng hop lue dién ding cdm dng, su phin phoi cuén day stator
vi budc ngén sé cho phép gidm cdc séng hai trong song mmf khong gian. T
day =& gid thiét, song mmf khéng gian dude tao ra d timg pha cda euén stator
khi ¢6 dong dién, la séng sine. Khi pha a ¢é dong dién séng sine
1, =T1_cos ot; (I, = gid tri dong dién pha cue dai) (5.35)
song mmf duge che theo

4 N .. (ndi tiép)
Far = Kw["hip] I, cos wtcos 0

b4 P
=F, cos wt cos 0 {6.36)
trong do
P, - g, [Nenln0itiep)), - aV2 K“.fN"h(n(ﬁ B (s.37)
n P n \ P

trong d6 T =1/ /9 la gia tri trung binh hiéu dung cia dong dién pha.

Theo Pt (5.36), mmf cda mét pha la song dung (séng xung) trong khong
gian ¢6 dinh ludn ludn tring vdi true pha, bién do dirh bién thién theo ham
sine vdi thi gian (Hinh 5-29),

Khai nigm dong dién phing.

Cutn phan phoi lam phat sinh séng mmf bic ¢é thanh phan co so rat
manh, duge khaoe sat trong mé hinh may dién, con tat cd cdc thanh phan séng
hii déu bi bd qua. Mot dang phan phai dong dién trén stator (hoac rotor), duge
phit hién, c6 thé tao ra song mmf phan phdi theo ham sine thuin. Co thé dé
dang nhan thiy ddy la dong dién phan phoi theo ham sine.
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MMF mf = O
Truc pha “a” wt= /3
-ri2 a mi2 3n/2 o
Hinh 5-29 Song diing
wl = 283 xung) mmf do dong dién
theo ham sine trong cdc
ot =n cudn day pha a.

. Hinh 5-30 néu ra ding dién phan phdi ham sine véi mat d9 tuyén tinh
dinh 1a A, A/ m chidu dai khe hd khong khi. Dong dign nay tif mot dau stator
{rotor) d&n dau kia song sang vdi truc stator. Theo quy chiéu géc da néu, sy
phan phéi dong dién nay duoc tinh theo cong thde :

i=Acos®

Mmf & gée 8 duge dong gop bang dong dién theo géc o/ 2. Dong dién nay
theo phan tr vi phan do tai goc « 1a

{A cos G)Ed (g-ct] :—@cns o da
2 \P P

trong 40 D = duong kinh khe hé khidng khi trung binh

Hinh 5-30 Dong Déng phéng Séng mmf
dién phdn phot 78
theo héam sine va
sang mmf lién
quan
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Mmf tai géc 8 duge cho theo phuong trinh:

] Al A
F(G}:l[ﬂ jcosuda-é?v jcosadu :ét—)sinﬁ (5.38
2K P 2 2

Satdeu i)
gia tri dinh 1a
AD
F dinh = T
Theo cde Pt (5.38) va (5.39) séng mmf lién quan véi dong dién phan phéi
theo ham sine, ciing la ham sine nhung léch 90" (dién) so véi dong dién nay.
Gia tri dinh cia séng mmf bing mét nia dong dién trong mot vong, nghia 13
l{EAxﬂjzﬂsz (5.39)
2.7 P P
Vi du 5-7 Hay tim ciac bién thién mmf do mét dai day dén mang deng
dién biéu thi m¢t pha ciia cuon day 2-eyc, 3-pha. Pai nay ¢6 thé duoc gia thist
la mit dong dién vdi mét d¢ dong dién déng nhat. Hay tinh bién dé dinh cda
séng mmf va bién d§ trung binh cia séng co sé. Biét dong dién toan phan
trong dai pha 14 A ampere, d6 réng pha ¢ = 60¢

Giae
Séng mmf ¢6 hinh thang (Hinh 5-31a), bién dg dinh la A/ 2 ampere-ving

Khi dong dién trong dai pha duge trai rong ddng déu, s¢ db pha clia cdce
pha co sd la cung 60° (Hinh 5-31b). Tir s¢ d6 nay c6 thé thay

L 7 I I I N I
/ a I b a c
-/
(a}
A@ 8
N PR
,
Nl
<«
N
o]
{D)

Hinh 5-31 Minh hoa Vidy 5-7



_ day cung AB _ sin6/2

K,
cung AB 6/2
. , n x 60°
trong 46 & = khoang rong pha tinh theo rad = 50" =n/3
H 1]
- sin 60 - 0.897
n/3

Bién do trung biah hidu dung clia song mmf ed s& cia mot pha bang 0.827
(A/2)=0.4135 A

Tu trwdng quay

IDong dién ham sine trong pha bat k¥ cua cuén day ac tao ra soéng minf
xung treng khéng gian cé bién dd bién thién theo ham sine véi théi gian. Biéu
thue v& thanh phan eo sd cla séng mmf nay la Pt (5.36). Cac séng hai cua
séng mmf duge coi 14 khong dang ké trong cuén phan phéi va gidm bién df 1o

.rét néu su dung cdc cugn day bude ngdn. Do dé, séng cd sd cia mmf la séng duy
nhit duge khao sat theo mé hinh may dién.

Xét ba pha ctia cudon ac dan dong dién xoay chiéu can bang
i, = 1, cos wt
i, = I cos (wt -120%} (5.40)
i, = I cos (ot - 240°)

Ba séng xung mmf duge thiét lap trong khe heé khong khi, cé d§ léch pha
14 120°. Cde mmf nay dinh hudng trong khong gian theo cde true tif cda cdc
pha a, b va ¢ duge minh hoa bang cde cudn diy tap trung (Hinh 5-32). Do cae
truc tif cich nhau 120° trong khéong gian, ba mmf cé thé duge bidu thi bang
todn hoc

¥, =F_cos wtcos B
#, = F_ cos (wt - 120") ces (8- 120%) (5.41}
4. = F, cos (wt - 240") cos (8 - 240°)

trong dé, ba séng mmf léch nhau thee pha thoi gian 14 120°, tugng (ng 2/
3 rad (dién), va léch pha khéng gian 120" Séng mmf 1a téng cia ba séng xung
mmf

¢ T+ 4R

hodc #(qt) =F_ lcos wt cos B + cos (wt - 120} cos (6 -120%) +
cos (wt - 240" cos (0 - 240))
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Trycpha b

--1-—- Truc phaa

P Hinh 5-32 Vi tri tuong déi cia
Truc pha ¢ ede trye tif cia ba pha

Béang lugng gidc ¢6 thé don gidn héa phuvng trinh trén

F(B,t) = %Fm cos(® — @t} + % F, leos(0 + wt)
+ cos{d + ot - 240"} + cos(® + ot - 480°))] (5.42)
C6 thé chap nhan
cos (0 + wt -480%) = cos (0 + ot -120")
Céc dai lugng trong ddu ngosc vudng cla Pt {5.42) biéu thi ba pha don vi
vdi hiéu sd pha 120" do dé téng la zero. Tir d6, mmf tang la

'I(B,t}:%Fm cos(8 ~ wt) (5.43)

Tir Pt (5.43), mmf téng duge phan phdi theo khong gian va thei gian. Pay
14 séng chay vdi su phan phéi khéng gian thee ham sine, gic pha khéng gian
thay déi tuyén tinh véi théi gian, ot. Do d6, séng nay sé quay trong khe hd
khéng khi véi téc dé khéng ddi Ya o rad (diénV s

(iig tri dinh cia mmf téng Ia;

Fon = ‘gFm {h.44a)
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S dung gid tri F | tor Pt (5.37)
(N, (ndi tiép))

22 K. on N0 tiép) ) (5.44b)
T U

Fyan = 3x

Khi ot = 0, dong dién pha a c6 gia tri duong cuc dai
Fip,0) = %Fm cos O

séng mmf c6 gia tri dinh (tai 8 = 0) doc theo tryc pha a khi pha nay cé
dong dién dugng cuc dai. Tai wt = 2r/ 3, pha b (duge gid thiét 1a tré) cé dong
dién duong cuc dai, de 46 dinh cda séng chay mmf doc thee truc ciia pha b.
Tuang tu, dinh ela mmf sé chay va trimg vdi truc cia pha c tai ot = 4x/ 3. Do
dd, ¢é thé thdy séng mmf téng chuyén tif truc cha pha sém dé&n tryc eva pha
tré, tir pha a hudng dén pha b va pha c khi thit ty pha cia dong dién 1a abe (a
sdm so vdi b, b sdm so véi c). Chidu quay cfia mmf t8ng ¢6 thé ddo nguoc bing
cach thay d8i thd ty pha clia déng didn. Tée do guay clia mmf la

@, = [%} © rad(eg) /s  hoke -26%1 = % x 2nf

n= @ vong/phit (5.45).
Day 1a tdc db rotor cdm (ng lyc dién dong véi tdn s6 f trong cudn ac. Do
d6, toc 44 nay duce goi la tdc dd dong b3, va duge ky higu la n, .

Tir 46 c6 thé két luin : mdi khi cuén 3-pha c4n bing véi cdc pha phan phdi
trong khing gian sao cho géc khéng gian giita chiing Ia 2n/ 3 (dién), duge cung
cAp vdi cdc dong dién 3-pha cdn biing c6 higu s& pha theo thoi gian 1a 2n/ 3
{dién}, mmf téng quay trong khe h& khdng khi vdi tée db w, = 2nf rad/s, trong
d6 f 1a tan s& cla dong dién tinh theo Hz. Chiéu quay ciia mmf 14 tif truc pha
s¢m hudng dén true pha tré. Két luin nay c6 thé duge tdng quat héa cho q pha
(g > 2), gbéc pha khdng gian gifia cudn pha la 21/ ¢ rad (dién) va gdc pha thai
gian giifa cdc ddong dién cing 1a 2r/ q rad (dién). Pdi véi cuén day 2-pha cac
goc pha thoi gian va khong gian phai 14 90° (dién).

Minh hoa theo vt Iy

Mmf phan phéi theo ham sine doc theo gdc khong gian 8 ¢d thé duge bidu
thi biing vector khéng gian hai chidu dinh hudng theo dinh duong (huéng vé
cuc Nam trén stator) ¢6 bién 46 bing gid tri dinh. Vi dy, mmf cia pha a trén
Hinh 5-33a duge bidu thi bing vector Fg theo chidu dugng cia truc cudn day
aa'. Cdec mmf phan phéi c6 thé duge céng véi nhau theo phuong phép vector.
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¥ . (xung)

{a} Cac trudng quay thanh phdn & trudng xung

Trye pha b\\ b

———a= Tmycphaa
Fa(= Fr

~12i,, -
Fb[n1i‘2Fm)
a Trudng pha b
_ +hy
F (=1/2F,) o b ,3
Fl=%2F,)
Trudng pha ¢
b [
1721, 1721,
Tt ¥ Trudng két qua

(&) Vi tri cAc trudng quay thanh phdn cia cd
ba pha va trudng két qua tai thai didm t= 0

.

Hinh 5-33 Minh hoa song mmf quay

{c) sd dd pha
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Mmf cda pha a bién thién theo thai gian va khong gian (Pt (5.41)).
¥, =F, cos wt cos B (5.46a)

Day la s6ng xung vdi truc cd dinh (Hinh 5-29), bién 4% cda vector Fa dao
dong theo ham sine vdi thoi gian (dong dién kich lat T cos ot vdi vruc e
dinh (truc pha a). Theo lugng gidce, cé th? viét

Fo = -é—Fm cos(0 — ot) + %Fm cos( + ot} {5.46b)

Fa=F' +F (5.46¢)

Tis Pt (5.46b) ¢6 thé thay mmf xung c6 thé dugc coi 12 téng cha hai mmof
{phan phé&i theo ham sine) c6 ciing bién dg (1/2) F, , quay véi tée 46 khong d6i
o rad (dién) s, theo cde chidu nguoc lai; - c6 bién d9 1/2 F, quay theo chiéu

_duong cda 0 va §- co bién dd 1/2 F,, quay theo chidu &m cta 8. Su phin chia
mmf xung phén phdi theo ham sine thanh hai mmf quay dugc néu trén Hinh
5-33a. Khi hai mmf thanh phin quay, tdng cia ching s& dao dong theo ham
sine vdi thai gian nhung truc cia chdng 1 ¢ dinh.

Céce luc tir déng doc theo cde true cilia cudn bb’ va cc’ co th€ phan gid mat
cach tuong tu thanh hai Iye tir dong quay nguge nhau c§ cing bién do. Hay khao
c4t thoi diém khi dong dién pha a dat gia tri duong cuc dai, + [, (i, = I, cos ot),
dong dién pha b vao thoi diém dé 12 -1/21, va tré nén it &m hon G, = I cos(ot
- 120%) va dong dién pha c la - /21 nhmmg &m hon (i, = 1 costwt - 240%)). Diéu
nay l& ré rang tir s¢ dd pha trén Hinh 5. 83¢. Cdc vi tri tic thai clia cde trudng
guay thanh phan cla c& 3 pha dugc minh hea trén Hinh 5.33b. Tir Hinh nay
c6 thé thdy ba F* déu tring nhau va quay theo chiéu duong véi tée d  cfng
vio truding quay dugng ciia bign 46 3/2 F . Ba F~ léch nhau theo g6c 120° va
quay theo chiu &m vai toc 46 wdo 46 tf tridt tidu Hn nhau (trubng tdng 13 zero).
Do db, c6 thé thiy téng ba luc tir ddng xung cda bién 49 cye dai F,, véi hidu sé
pha thai gian 120° ¢6 cdce truc vdi cac goc khéng gian 120 1a mt tir trudmg
quay véi cudng do 3/2 F,, quay theo t&c d o rad dign/ s c6 chiéu duong.

Né&u bo qua i trd cia dudmg din sdt, song mmf quay theo ham sine taora
séng B quay theo ham sine tring 1ap trong khe hd khong khi véi bién d9 dinh:

trong d6 g la chiéu dat khe hd khéng khi cda mdy

Vi du 5.8. May phat 3 - pha mic sao, 400 kVA, 50 Hz (mdy phat dédng b
chay vdi téc 46 300 v/ph duge thist ké dé c6 3300 V gitta cac d4u day. Phin ung
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gom 180 ranh, mdi ranh c6 mot phia cudn day vdi 8 day dan. Hay xae dinh

gia tri dinh clia mmf co ban theo AT/ cuc khi mdy ¢é dong dién tdi tean phan.
Gidi:

p- 120f _ 120 x50

=20
n 300
_ 400x1000

V3 x3300
Gid tri dinh dong di¢n pha, 1 = 702 A

=1

V]
Gdoc ranh, v = 180" <20 = 20°
180
SPP,m = 180 _
3= 20
K, - sm‘m-,r/2 - 0.96
msiny/2
S& vong/pha (ndi tigp) = 180%8 _, 0
2x3
4 . [ Ny, (néi tiép) 4 240 :
Fo = Ky =B |1, = 2 x0.96 x o5 ) 7042 = 1452 AT/ewe/pha
1 n

.

Fy, - gFm = 2178 AT/ eye

Vidu 5.9. Bong co cdm tng 3 - pha, 50 kW, 4 - eufe, 50 Hz, e6 cudn day (ac)
dugc thiét ké dé mdc A. Cudn diy c6 24 day dan/ranh duge x&p trong 60 ranh.
Gid tri rms ctia dong dién dudng déy 14 48 A. Hay tim séng mmf c¢ 5§ cha pha-
A khi déng dign nay di qua gi4 tri cuve dai. Téc da va gid tri dinh cia minf téng/
cue 1a bao nhiéu?

Gidai:

_ M:Q“
60

60

SPP = =
4x3

. B5x12°
31N — —
K, = —2_ -0957

Ssin —
2
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o = 2872 5904
) J3
60« 24
O Vi = = 240
56 vong/pha I

4 { N_,inditiép})
Fiphaus = = KhL'L_PS_*—\ P, max

l

=4 0957« [_2_:_9} «39.2 = 2866 AT/ cye
2

Fiaw = —Z*Fm = 4299 AT/ cyc

120/ 120 x50

= 1500 vong/ phat
P 2 vong/ phi

Te 46 quay cia mmf tdng =

Moment quay trong may rotor tron

Khi c¢dc cubn day rotor va stator clla may déu cé dong dién, ching tao ra
hai tir truding riéng doc theo cde truc tuong ing, phan phdi theo ham sine doc
theo khe khong khi. Moment tif hai trudng nay sé ty chinh thdng hang. Céc
thanh phén tir thong do dong dién roter va stator tao ra sé cit qua khe ha
khéng khi hai l4n va hoan tat mach qua 14i sit rotor va stator. Céc tir trudng
thanh phén nay lam xuat hién cdc cuc Bic vA Nam trén bé mat stator va
rotor; céc truc trudng theo huéng Béc - Nam va ra ngoai cuc Bac. Didu nay
duge minh hoa trén Hinh 5.34 a v4i két cdu 2 - eye. Moment ¢6 xu huéng chinh
thdng hang hai truémg chi duge tao ra néu hai trudng c6 ciung 8 cuc va i tinh
tai vii nhau, Hai triding quay tuang déi sé tazo ra moment bién thién l4n lugt
khi ¢4t nhau, do d6 moment trung binh 1a zero. T4t ¢4 cdc bién thé médy dién
{déng bé, eam dng, dc} do d6 déu phai tao ra céc tir trung tuong tde véi van
1éc tuong déi giita chiing 14 zero.

G giai doan nay cdn ¢6 cde gia thist:

1. Mmf cGa stator va rotor Ia cdc séng khong gian theo ham sine, didu
nay la da bdo dédm tif cac cudn diy phén phéi.

2. Rotor hinh try, do dé khe khéng khi 1a déng nhat.
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Goi

Stator (1)

Rotor {t
P M

Truc trudng stator

(gla tri dinh F,) i

Y
\\ -~ T T T T : -
Tryc trudng rotor £ d

ia tri dinh F . .
(gid tr 2 (b) Tdng vector cha
‘a) Trusng rotor va stator trudng stator va rotor

Hinh 5.34

Khe khong khi di hep dé tir thang duge thist 1ap bén trong 1a huéng
kinh (thanh phéan ti€p tuyén khéng ddng ké) va méat do tir thong
khéng thay dai rd rét theo hudng kinh ciia khe. K&t qué la cudng do tir
truong H theo dudng huéng kinh bat ki la khang 4di trong khe. Mm(
qua khe khéng khi ¢ diém khong gian bat k¥ la

F e khang khi = Hg
trong d6 g la chiéu dai khe khéng khi
Trd hye tir thong cda 151 sdt duge gid thiét 1a khong ddng k&, séng mmf

khéng gian theo ham sine tao ra séng mat 49 tir théng theo ham sine
trong khéong gian ddng pha véi séng mmf.

Hau hét tir théng tdng 1a chung cho ¢a cudn day stator va rotor, nghia
la ti thong tuong hé. Su ro ri tit théng lién két hodc cudn diy tao ra
cdm khdng ré ri nhu trong bién 4p. Piéu nay chi t4c dong d&n dién dp
tdng thé cung cdp cho may li tudng.

F, va F, la cdc gia tri dinh cla s6ng mmf khéng gian thes ham sine

cua stator va rotor (Hinh 5.34) trong may 2 - cue, goc gidta cdc dinh duong cia
ching duge ky higu 14 o. Nhu d& dé cap, edc mmf nay c6 thé bidu thi bing
vector khong gian véi d3 16n twong g céc gid tri dinh va cée goc tuong ng
cde dinh duong cia ching. Mmf khong gian t8ng (ciing theo ham sine do 12
téng etia cde ham sine) c6 th€ nhan duge bing cich cong vector (Hinh 5.34b).
St dung cdc ham lugng gide c6 thé dé dang nhan thay gid tri dinh cia mmf

téng la
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Do bé qua tit trd cua dudng din sit, gid tri dinh ciéa cudng dé tif trudng
téng la

g - (5.47b)
g

Tir Pt (4.18), mat 46 déng ning lugng 12

1 2
—pH
2!»10

Gié tri trung binh mat d8 ddng nang luong qua thé tich khe khdng khi la
%uu (gid tri trung binh cda H?)

Péi vai sy phdn phdi theo ham sine

Gid tri trung binh cia H? = EHf
Iy 1 2
M4t do déng nang lugng trung binh = noH;

Thé tich khe khéng khi bing = nDlg
trong 46 D 14 dusng kinh trung binh & khe khong khi

Pdng ning lugng toan phin clia tit trudng =& la

W, = S HDlg=2p 52D1g=ﬁﬂw (5.48)
! 4 [t 4 4 1} g 4g H

Thay F, tit Pt (5.47a)

W, = %gm(l?;‘ + F? + 2F,F, cos o) (5.49)
Moment duge tinh theo

"W,
T=+ me =- “02“01 F.F, sina - (5.50
- g

Déi vdi may P - cue

T-= —(%J “‘;‘DI F,F,sina (5.51)

g
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Tir biéu thite moment (Pt 5.51) co thé thidy moment ti 1& vdi cdc gid tri
dinh cia mmf stator va rotor va ty 12 vdi sine caa goc gilta cdc truc cha hai
truéng ddé. Dau &m treng Pt 5.50 duge hidu 134 moment tdc dung theo chiéu
gidm o dé chinh thdng hang hai truing nay. Ro rang, cdac moment bing nhau
va nguge ddu sé tdc dong lén stator va rotor.

Ti Hinh 5.34 b c6 thé thay

F.sinu=F sin & (5.52)
F,sin « = F siny (5.53)
Biéu thic moment (Pt 5.51) do d6 cé thé duge bidu thi theo hai dang
T - ~[E] oDl b iny ' (5.54)
2; 2g
T- _( E) oDl p & gins (5.55)
2) 2g

Moment trong bifu thife ciia cdc Pt (5.54) va (5.55) ¢6 thé duge coi 14 két
qua tuong téc ciia cdc mmf tdng va mmf stator hoic mmf tdng va mmf cha
rotor va ty 1& v6i sine cha géc gitta cde mmf tuong tde. Bidu thiae moment (Pt
5.55) néi chung duge dimg cho cdec mé hinh mdy dién don gian héa.

Do uF/ g = Br; {gi# tri dinh cda mat 4 tir thong tdng, Pt (5.55) ¢6 thé
duge viét dudi dang). :
T - —[3]“—'3-11?213, sind (5.56)
2) 2

Bigu thic nay c6 thé xde dinh quan diém thi&t ké: moment cia goc dién ti
bi gi6i han do gi4 tri bdo hoa ctia mat d6 tie thing (B,} trong vat liéu tir tinh vi
mmf eye dai cho phép (F,). Gia tri cuc dai ciia F, duge quyét dinh tif dong dién
cuén day cue dai cho phép khéng vuogt qua do tang nhiét do cho trude,

Dang biéu thiec moment hifu dung duge tinh theo tit théng téng/ eue, @, ,
thay vi mat dé tir théng dinh B_.

@ =R, (>1 cue) x (dién tich cue)

2. YaDl} 2B.DI
= | SB, | =222 (5.57
[It r}( P ] P )
Thay B, tir Pt (5.57) vao Pt (5.55)
2
T= -E[B) ®.F, sin 8 (5.58)
2|2
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trong 86 @, la tir théng tdng/ cuc do sy chéng chap cac mmf stator va rotor.
Phuong trinh (5.57) ¢6 thé vi&t dugi dang

o, <[ i e (5.59)
\P g
trong dé o= [% < B o dd tir tham hiéu dung / cue
b g

P& tir thdm higu dung/ cuc 1a quan hé giita gid tri dinh ciia séng mmf theo
ham sine va tif thong/eue do séng d6 tao ra. Day 1a dai lugng khéng déi khi gia
thi¢t 46 cam vng tif cua sat la v6 han, nhung khi dai lugng nay 1la ham F, sé
giam khi F_ ting do dd bio hoa cda sdt.

Cac dao ham

Hinh 5.35a minh hoa song mmf stator va song mat do tir théng khe
khéng khi tuong itng. Séng mmf rotor tao thanh goc o vdi séng mmf stator.

8, cos 8

4

{a) mmf stator va méat & ir théng khe
—— r -
~ A, sin{d — ) 42
\/ .
-~

pad /

a ¥

{b) mmf rotor va déng dién

Hinh 5.35 Tuong tac cia mdt do tu thong khe khong khi duge thiét lap bat
mmf stator va song dong dién rolor tugng ing vol séng mmf rotor.
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Séng dong dién rotor, lam cho mmf rotor sém pha 90 (Hinh 5.35b). Luc {(va
moment) duge tao ra do tuong tdc cia sdng-B, va séng-A, theo nguyén téc Bii.
(’6 thé thay B, duong va A, duong tac ra luc 4m (nguge v&i chidu duong cua 9).
Phan tif gée dO cha mdy tai goc O tir gfc toa do tao ra moment.

dT = —%D {B, cosB) I (-A, sin (B - o) % de;}
2
= %%lBlAz cos 0sin(0 — a)dd

Moment d&i voi mdt cdp cuc c6 thé nhin duge bang cach lay tich phan
phuong trinh néu trén tk 8 = 0 va 6 = 2n.

T=—$nD2 1B,A,sina (5.60)
B =pF/g
A,=F,FD (xem Pt (5.39))
Do 46
1‘:—%0-’11)11?,172 sina (5.61)
g

1a két qua tir Pt (5.50)

Su van hanh cia cdc kifu may ca ban

Su gidi thich vé qua trinh tao ra moment cila cdc kiéu may co bdn théng
qua biéu thiec moment tdng quit (Pt 5.58) sé duge dp dung trong phin nay.

Méy déng bd

Hinh 5.36 minh hoa mdy déng bd véi rotor tron. Rotor ray ban diu la
tinh tai v@i cdc cue BAe va Nam ¢d dinh duge tao ra de su kich thich de. Gid
sif cuén 3 - pha cila stator duge mic vao ngudn 3 - pha c6 dién 4p V ¢d dinh va
tan s f khéng ddi. Do dé cdc dong dién 3 - pha trong cudn stator tao ra tis
trugng quay vdi téc dp dong bo n, (= 120§/P) ngugc chiéu kim déng hé. Do
rotor la tinh tai va khéng thé dat tdi téc d6 tie thai (de quan tinh), hai trudng
nay chuyén dong tuong d6i vdéi nhau tao ra moment trung binh la zero. Loai
déng co nay la khéng tu khdi déng.

Hay khao sdt rotor chuyén dang do thiét bi phu dén tdc do gdn nhu déng
bé theo chiéis quay eta trudng stator. Hai trutimg nay sé cé kha nang khoa lan
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nhau, hodc ndi céach khae, rotor kéo
theo bic vdi trudng stator sau dé sé
chay vdi téc d6 ddng bd. Tir Hinh
5.36 ¢6 thé thdy moment dién tir (T)
tdc déng 1én rotor theo chidu quay
cua rotor va cdn bang vdi moment
tai T . Cong sudt c¢ hoc do d6 sé
theo tdl (tdc dung kéo), va theo
n;uyén 1y bao todn nang lugng, cong
<14t dién tuong Ung (cong voi tén
"ndt trong thiét bi) sé dugce cung cap
- ngudn dién. T Hinh 5.36 cing
- .hé& thdy vdi T| che trudc, trudng

Ngudn ba pha (V.0

N F, {stator)

&
N

rotor tré pha so véi trudng stator £ (rotor) . N (két
mdt g6c o, hodc tré pha so véi trudng . " qua}
tung theo géc 5. Moment ciia dong Hinh 5.3{1' M{imenfldwg{c tgo ra
co déng bo duge tinh theo Pt (5.58),  70n8 mdy dong b (dong co)
sé e6 dang
2
T-= E[EJ @ F, sin (5.62)
2.2

Cé thé& thay ddu am bi loai khéi phugng trinh moment khi gid thiét
moment tdc dong theo chidu chinh thdng hang céc trudng (d5u mii tén trén
Hinh 5.36).

Néu dién trd cudn stator va cdm khang rd ri duge coi 1a khong dang k&,
mmf cdm Gng cda cudn stator can bing vdi dién 4p diu day, nghia la
V = 43 x 4.44K, f®, N, (ndi tiép) (5.63)

b1 vai dién dép khéng 4di, tif thong tdng/cye hiu nhy khong 461, doc lap
v6i tal & truc dgng ca. F,, dinh caa séng mmf rotor phy thude vao dong dién rotor,
1a hing s6 doi vdi sy kich thich khang di. Phueng trinh 5.62 trong didu kién
dién ap dau day khong ddi va kich thich rotor Khong déi, ¢6 thé viét dugi dang

T = K sin & (5.64)

trong dé & 13 duong khi truing rotor tré pha so véi trudng téng, va la am
khi truéng rotor sdm pha. Géc 6 duge goi la géc moment hodc goc edng sudt.

B thi moment dién tir trong may dong bo duge néu trén Hinh 5.37. May
van hanh véi & ¢6 dinh déi v6i tdi cd hoc cho trude va chay véi toc do déng ba
(8, va T\ ,). Khi moment tdi tang dén T, 16n han T,,, rotor giam tde 4o va &
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ting dén gid tri §, (Hinh 5.37).
Mady sé dn dinh dén vé&i gac vén
hanh mdi va téc dé ddng bd
mdi. Su ndi két truirng stator -
rotor tac déng tuong tu ndi két
1o xo két hgp vdi qudn tinh ro-
tor, tao thanh hé dao dong. Tuy
nhién, cdc dao déng nay sé tit
ddn do tdc dung clha cdc hidu
ung dién va co trong may.

Tur Hinh 5.37 cé thé thdy
moment cuc dai dat duge vdi
goe 6 = 90°, duoc goi la moment
hoac cong suit kéo toan phin;
eong suit ty 1& vai moment khi

. toc A6 may la dong ba, doe lap
v6i tdi. Néu dong co chiu tai

Moment/céng suat |

-180°  -90" .
I a0° &
&
a1
Mzy phat S R

Hinh 5.37 Dgc tuyén moment - géc ctia

mdy ddng bé

v6i moment (hode cong suit) cao hon T kéo toan phan, moment sé giam (Hinh
5.37), goc tré pha rotor sé ting tuyén tinh cho dén khi pha v lién két tru‘orng
rotor - stator, nghia 14 rotor phdi dimg lai, cdn phai ngdt ndi két dién nguén
trude khi xdy ra diéu dé. Ti phuong trinh 5.62 c6 thé thdy moment kéo toan
phan tang lén khi tang dién ap dau day stater va/hodc trudng kich rotor.

V6i 8 4m, nghia la truémg rotor sém pha so véi trudng téng theo chidu
quay cua rotor, moment dién tit {Hinh 5,38) s& nguge chidu vdi chiéu quay cua
rotor va phéi duge can bing voi moment co hoe bén ngoai déi véi rotor dé chay

vai tée do dong bd duy tri su
khéa giva cdc trudng rotor va
stator. Céng sudt co hoe tde
dung 1én rotor va cong suit dién
cung cdp cho stator. Rotor =&
diéu chinh lai goc s6m pha sao
cho céng sudt dién bing céng
sudt cg hoc trir cdc ton that.
Néu céng suat ed hoc cao hon
cong sufit dién cyc dai, roter sé
tang téc, lam sai léch sy ddng
b gifta stator va rotor.

Tém lai, may ddng bd cé
sif khéa déng bd giita trudmg
stator va rotor véi trudng rotor
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tré- pha so vor truong khe khong khi khi van hanh theo kiéu déng co va sdm
pha so vdi trugng nay khi vin hanh theo kiéu mdy phat. Moment dién tir 1a
ham sine cia goe & gida trudng rotor va trudng ting, do 46 mdy sé hi mit tinh
déng bé néu cac didu kién vin hanh lam cho & ra ngoai khodng + 90° Trong
khodng nay, may v&n hanh véi toe a6 dong b khi ede luc truyén tdi thay déi.

Vi du 5.10. Trong may dién c6 F, = 850 AT, F, = 400 AT, o = 123.6°va P
(dg tit tham / cuc) = 1.408 x 104 WH/AT. Hay tinh gi4 tri tif thong khe khong
khi téng/ede.

Giai
F. = (F2 + F? + 2F\F, cosa)'?

- (40077 + (85012 + 2 x 400 x 850 cos 123.6°] 7 = 711.5 AT
®, = PF, =1.408x107* x711.5 = 0.1 Wb

Vi du 5.11. Mdy phat déng b 50Hz, 400V, 4 - cye, ¢6 36 ranh, quin day
hai ldp véi cde cudn bude nguyén la 8 veng/cudn. Puing kinh khe khong khi
trung binh la 0.16 m, chiéu dai truc 0.12 m, kha khéng khi déng b6 2mm. Hay
tinh gig tri AT tdng/ cuc va mat do tir thong khe khong khi dinh. May co
moment dién tif 60 Nm khi hoat déng theo kiu mdy phat géc moment 26°.
(Jia tri AT/ cuc ciia rotor 1a bao nhiéu? Gia tri AT ciia stator va géc tao thanh
AT tdng la bae nhiéu? Ddng dién stator 14 bao nhiéu?

Giai
N, (ndi tiép) = 3—62% =96
o 4x31;00 _ 90"
mo= 4353 =4

_ sin(3x20°/2)
3 x sin (20%/2}
V=E =444K,f® N,

K,

400
s

b, =0.0113 Wh/cue ; D =016 m;1=0.12m

=4.44 % 0.96 x50 x @, x 98
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T 0,16 x0.12

Dién tich cue = 2 =0.0151 m’
0.0113
i = = 0749 T
B, (trung binh) 00151
B (dinh) = gx0.749=1.18T
B_(di 10 x 1.
F = gB,(dinh} _ 2x10 x_ln 18 - 1878 AT ey (dink)
Ky 4n =107
P .
Moment, T = %[E}D’ Fy8ind
x (4Y . o
60 = —x|—| x0,0113 F2 sin 26
2 |2
F, = 1928 AT/ cuc (dinh}

So d6 pha mmf duge néu trén Hinh 5.39, v6i 4, sém pha so vdi ¥ lad=
26°. Bay la truong hgp mdy phat. T so d5 pha cé thé tim duge

F',"Z = (1928)% « (1878)* - 2 x 1928 x 1878 sin 269
hoac F, = 858 AT/ cuc (dinh)

(858)7 + (1878)% — (1928)°
Cos y =
2x B58 x 1878
y = 80° N
7, tré pha 80° so vdi ¥, 7, 4
i P (1928)
. 3 42 (N, (nditiép) ,

¥ = E * - kw( L P I (1878)

K, = K, = 0.96; N, (ndi tiép) = 96

858 = ix 4‘/_ < 0.96 x 94—6><I

Hinh 5.59 So dé pha mmf
1, =138 A
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May cam img £

Xét mdy rotor hinh tru
vdi rotor va stator duge quéin
cho 3 pha va c6 cing sd cue
(Hinh 5. 40). Gid si cudn

rotor ban ddu 14 hd mach F

va stator dugc mdc vdi s
thanh gép vé han (V, ). Cac I——= v ¢
dong dién stator tao nén t e

trudng quay trong khe
khong khi cé toc 46 déng b
s& cam ung luc dién dong
(emf) trong cudn stator cin
biing véi dién ap déu day khi
£33 thiét dién trd stator va
cdm khdng rd ri 13 khéng £
ddng k& Ti trudmg quay
cam dng emf trong cudn ro-
tor nhung khéng ¢ dong
dién trong cuén nay do rotor la hd mach. Tén s6 cia emf rotor 1a f. Do mmf
rotor F, = 0, khing c6 moment & day va rotor tiép tuc tinh tai. M4y tdc dong
tuong tu bién dp, trong 46 stator (sg cdp) va rotor {thu cdp) ¢b cac emf clung
tdn sd dudc cam dng bén trong de tit théng quay thay vi tit thong tinh tai bién
thién theo thdi gian nhir may bién dp théng thuing.

{ne - M rotor
hode ns stator

Hinh 5.40 Nguyén Iy mdy cdm dng

Gia sif rotor duge gitt tink tai (khéng quav) va cudbn rotor la ngin mach.
Rotor ¢6 cdc dong dién 3 pha tao ra mmf F, quay cung chiéu va cing cip 4o vdi
trudng stator. F, lam cho cdc dong dién cam ing di vao stator tir thanh gép
{tuong tu may blen ap) do d¢ tir thong / eyc @, cila séng mat d§ tir thang téng
{quay trong khe khéng khi véi téc do déng bo) cam Ung emf stator da d& cén
bing dién 4p diu day. Ro rang, &, nay phai khong ddi so v6i gia trj khi rotor
hd mach. Thite viy, ®, 1a khang d5i, doe lap vdi cdce didu kidn vaAn hanh do tai
clia dgng cu. Sy tuong tac ghita @, va F,, tinh tai véi nhau, tao ra moment ¢6 xu
hudng 1am cho rotor chuyén déng thee chiéu cia Fr hodc¢ trudng stator F,.
Béng co cam dng, do do 1a thiét bj tu khoi dong, khde vdi dong co déng beo.

Gid sk rotor ngdn mach duge phép quay, se quay theo chiéu cla trung
stator va dat duge tdc d9 6n dinh n. R3 rang n nhé hen n, do néun = n,, tbe
dt tuong d6i gita trudng stator va cudn day rotor sé la zero do d6 khong cé
moment, Rotor nay khing thé dat dude tdc da déng b n,, do d6 cang khéng
vuogt qud toe d nay. Vi tée d¢ rotor la n, téc do tusng dai gida trudng stator
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va cdc day din rotor 1a n_ - n theo chiéu n.. Tan s& ciia cac emf cdm ing {vi ciic
dong dién) trong rotor sé la

(n, —nP n.-nijn P
- =S| BB N 5.65)
2 120 [ n, J(lzoj / (565
trong do s=22"1 = 45 trugt cia rotor (5.66)
n

5

b trugt s theo dan vi tée d6 (tde dd déng ba) tai 6 rotor trugt phia sau
truting stator. Tdn sé rotor f, = sf duge goi la tdn sd truot. Tit phuong trinh
5.68, tic do rotor la

n={(1-s)n, : (5.67)

Céc dong dién t4n s& trugt trong cudn diy roter lam cho trutng rotor quay
véi rotor cng chiéu vdi trudng stator theo tdc do

120sf _120(n, -m f
= P ={n, - n) (5.68)

Do rotor quay véi tée df n va téc dd truding rotor la (n, - n) se vdi rotor
theo ciing chiéu, téec dd t8ng ciia trudng rotor nhin tir phia stator la

n+i(n -n) =n,

ddng b véi trubng stator. Do dé trudng phdn dng F, luén luén tinh tai sa
vdi trudng stator F, hodc truéng téng F, (vdi tir théng ®/ cuc). Do mmf rotor
F, ti 1& vdi dong dién I, va tif thong téng / euc @, 14 cd dinh theo dién dp dau
diy dc lap vdi cde didu kién van hanh, moment déng co cdm tmg duge tinh
theo (Pt 5.58).

T = KI, sin & (5.69)

Tu ddy ¢6 thé thdy moment duge tao ra tif déng co cdm Cng tai téc 49 co
hoc bat k¥ khdc véi téc dd déng bs, do 46 dugc goi la moment khéng ding bo.

Go6c 8 1a gée tré cila F, so v6i F,, mm{t8ng cdn phai bigt. Trude khi chuyén
sang xdc dinh &, cdn phéi chi ¥ sy ngdn mach cudn rotor tueng duong vii sy
ngin tat ca cdc day dén ¢ cudn nay mit cdch riéng ré. Do dé rotor khéng cin
phdt duge quan mét cdch hoan chinh, cé th& ¢ cdu tao gdm céc thanh din
dién dat trong cdc ranh rotor va duge lam ngin mach bing cic vanh din ¢
hai ddu rotor. Loai rotor 46 duge goi 14 rotar {dng sée (Hinh 5.41). Rotor téng
s6c ¢6 chi phi ré v& két c&u don gian duge ding nhidu trong cdc thist k& déng
¢ cdm dng. May vdi rotor quan hoan chinh-duge goi 14 déng cd cdm ting rotor
ddy qudn, cé 3 vanh trugt d€ ting dién trd ngoai cho cudn rotor. Cdc rotor nay
duge ding vdi su khdi déng ¢6 tai.
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Hinh 5.41 Dang long soc cia rotor

Néi chung, su trugt tii toan phin cta déng co cdm tng ldng séc tuong dai
nhd, khodng 3 - 10%. Do dé t8ng tré rotor chi y&u 1a dién trd, cdm khdng rb
rl rotor ti 1& v6i f, = sf 14 khong dang k&. Hon nita, emf cdm tng cda rotor ty
& vfi suf truot rotor khi @, khéng d8i va quay védi téc do n, - n = sn, so vdi
rotor. Didu nay 1am cho dong dién rotor gin nhu ddng pha véi emf rotor va ty
18 v§i syt trugt rotor. Bidu ndy ciing ding v6i tiing diy dén rotor.

Hinh 5.42 minh hoa séng mét dd tit théng B, di qua cdc ddy dan rotor vdi
toc dé {n, - n = sn,). Cic déng dién cdm dng trong cdc diy ddn rotor ngén mach
phéin bé theo ham sine - su phan bd nay dich chuyén véi tée 46 (n, - n) so véi

8, {song mat db ti thang t8ng)

F, (s6ng mmf rotor)

Hinh 5.42 Mat d6 ti thong khe khong khi tdng va séng mmf rotor - rotor cé
tinh dién tré.
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rotor khi déng bé héa véi séng B,. Hon nita, do c4c diy din rotor dugc coi la eé
tinh dién trd, nghia la cdc dong dién déng pha vdi emf, sy phén phéi dong
dién rotor 12 déng pha khéng gian véi séng B,. Phén phsi dong dién rotor theo
ham sine tao ra séng emf rotor cing theo ham sine F, tré pha 90° so vgi phan
phdi dong dién rotor hode 90° so v6i s6ng B.. Do d6, ddi vdi cdc gis tri d§ trugt
nhd, goc § trong ding cd cdm dng duge coi 1a 90°. Do d6

T = ki, (d8i vdi dé tnigt nhd) (5.70)

Do emf rotor ty 1& thudn véi @b trugt, de do dong dién rotor d8i véi rotor
¢0 tinh dién tr§ véi cdc gia tri 3¢ trugt nhé. Moment trong dong co cidm tmg
tang tuyén tinh vdi 49 trugt khi dp trugt co gid tri nhd, 1a zero d6i véis = 0,
diy 12 t8c d6 déng bo.

Kl dd trugt ting, cdm khdng 1o ri cila rotor phai duge tinh d&n Gid tri
cam khidng 14 sx,, véi s 1a 4o trugt, x, 1a cdm khang ro ri rotor/pha vdi tin sé
f, nghta ]a khi rotor ding yén. Khi dé dong dién rotor tr& pha so vdi emf cam
* ung rotor la
5%4

6 =tan ' 222
Ty

trong d6 r, 14 dién iré rofor/ pha.
3

Do cdc dong dién trong diy din rotar tré pha vdi géc 8 so v6i emf cadm
ing, sy phdn phdi ddng dién rotor va do d6 mmf rotor F, dich chuy#n sang tr4i
(Hinh 5.40) vdi géc 8, sao cho

6=90°+9 (6.71)

Nghia 1a sin & < 1. Hon nita,
do téng trd rotor ting theo s,
dong dién rotor nhé hon so vdi
dong dién t¥ 1& véi do trugt s.
Hai yéu t6 nay iam cho moment
dang co di qua gid tri dinh sau
d6 gidm dan khi s tiép tuc tang.

Moment cit

=3
o
o

g

@
5

5

.Ban chit coa d4e tuyén mo-
ment - d§ trugt duge minh hoa
trén Hinh 5.43. Moment cyc dai
duge goi la moment cdt. Pong co

Moment {% moment todn phan)
&

s& dimg lai néu bi qué tai trong NeTos os 0r o7 o T
théi gian ngdn véi tdi moment Bé trugt —~——

lciﬂ hon so v6i gid tri moment H;nh 5.43 Bgc tuyén moment - dé truot
cat. ctia dong co déng bo
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Nhu da dé cap, d6 trugt cla dong co cam dng 1a 3 - 10% véi tdi todn phén.
Do d4, vé cd ban day la su truyén dong téc 4o khong ddi, khdc véi dong eo
déng bo 6 tde d6 ddng b déc lap vdi 14i.

Mot cdch tdng qudt cé thé thiy dong co cdm dng chay vdi do trugt am hoac
toc 46 n > n,, s& 1a téc dd cae hon tée dd dong bo.

Vi du 5.12. Mdy phat déng bé 4 - cuc duge truyén déng véi tic do 1500 v/
ph cdp dién cho déng cd cdm ng 6 - cuc, cd tadi dé chay vdi 48 trugt 5%. Tic
dé cua dong co la bao nhiéu?

Giagi
Tan s& cia may phat dong bd

f:4X1500:50Hz

) 120
Tdc dp déng bé ciia ddng co cdm ung

n, = 120{;‘_50 = 1000 vang / phit
Bo trugt dong co, s = 0.05
Téc d6 dong co =(1-s)n_= 095 x 1000 = 950 vdong / phat

Vi du 5.13. Béng co cam ting rotor day quén, 6 - cye, 50Hz duge cap dién
v#i dién dp dinh mite va tan 28 vdi cdc vanh trugt hd mach, c6 dién 4p 100V
gida hai vanh bt ky. Trong cing diéu kién dé, rotor duge truyén ding tii bén
ngoai:

aj 1000 v/ph nguge chidu quay cia trugng stator
b} 1500 v/ph cing chiéu quay cGa trudng stator
Hay tim dién ap giita cac vanh trugt va tin &6 trong hai trudng hop néu trén.

Giai

Téc do dong bod n, = 12050 _ 1000 ving / phit
{a) n, = - 1000 vong / phut
s _Ds—m _ 1000 - (~1000) _
n, 1000

TAn 58 trugt, sf=2x50=100Hz
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Pién ap hd mach cho trude 1& v, = 100 V tuong ing d9 trugt s = 1, dong co
1a tinh tai voi rotor hé mach. Do emf cdm ung trong cufn ac ty 18 véi tan 50,
emf cadm vng rotar vdi dé trugt s (tdn sd sf) 13 sv,. Do d6

Pién 4p vanh trugt =sv, = 2 x 100 = 200 V.

(h) n = 1500 vong / phit
s = 1000 - 1500 - 05
1000

Tén s6 trugt = 0.5 x 50 = 25 Hz
Cé thé thay d&u 4m bi loai bs, nghia 1a sy dédo nguge géc pha cda dién ap.
Dién 4p vanh trugt = 0.5 x 100 = 50V

C6 thé thiy may cam ung duge coi 14 mdy bién dp téng qudt hda vdi dién
4p rotor va tén s6 déu ty 18 vdi dd truot.

Vi du 5.14. Stator cia ddng co cdm Ung tUr Vi du 5.13 duge cap dign voi tan
s§ va dign 4p dinh muc trong khi cde vanh trugt dude mic véi ngudn 25 Hz.

a) Moment khéi dong 1a bao nhigu?
b} Té&c¢ 45 van hanh én dinh 1a bac nhigu?

¢) 'Téc 46 vAn hanh én dinh 1 bao nhiéu, né&u rotor duge cdp dign v6i
nguén 50Hz.?

Gidi
a) Trong cde didu kién tinh tai ca rotor, sé khong ¢é moment khi céc

trudng stator va rotor quay tuong ddi véi nhau, nghia 1a khdng cd
moment khdi dong.

b) D& van hanh én dinh, trudng stator va rotor phai tinh tai véi nhau.
Toe 46 cha trudng stator (so vdi bé mit stator)

- l%o_s’fﬂ = 1000 vong / phat

Téc dd cta trudng rotor {so vdi bé mat rotor)

= &;2_5- = 500 vong / phut

Sy van hanh déng bj 6n dinh s xay ra khi rotor guay v6i tée 8% 500 v/ ph
cing chidu véi trudng stators.
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¢) Tée 46 cfia trudng rotor {so véi bé mit rotor)
= 1000 v/ph
(i) Néu truang rotor quay cing chidu vdi stator, su van hanh (déng bd} én

dinh chi c6 thé vdi tde 4o zero. ¢F moi téc do khéc, hai trudng nay co
sy chuyén déng tuong déi va s& tao ra moment zero.

(ii) N&u trurng rotor quay nguoe chiu véi truting stator, sy van hanh
(ddng bo) 8n dinh s& xay ra khi rotor dich chuy&n v6i 2000 v/ph ciing
chidu v6i truetng stator, day 1a toc Ao duy nhét cia rotor d8 hai tridng
la tinh tai tugng 48i v4i nhau.

Ghi chi: Pong ¢o cam (ng dude cdp dién nhu néu trén tir ¢a hai phia
stator va rotor s& van hanh theo ché 46 déng bd khac vdi ché dé cdm tng.

Vi du 5.15. Dong cd cam itng 3-pha, 50 Hz, tdc 46 576 v/ph v6i tai toan phén

a) Déng co cé bao nhiéu euc?

b} Dg trugt va tan s6 chia dong dién rotor vdi tdi toin phén 1a bao nhieu?
Hay tinh téc d§ roter so vdi truing quay.

¢) Téc d6 dong co 1a bao nhidu khi tang gip di do trugt tdi tean phén ?

d) Dién trd rotor phéi ting bao nhiéu dé déng ca chay véi toc do 528 v/ph
vi moment tai toan phén?

%

Giaz

a) Téc do gdn déng bd nhat, n, = 600 v/ph

o 120x50 o
800
600 — 576
= ———=0.04
B s 600
f, =0.04x50=2Hz
Toe 4o rotor so véi tit trudng quay = 0.04 x 600 = 24 v/ph
c) s =2x004=008
n =(1-s)ns=1{1-0.08x 600) =552 vdng / phut
600 — 528
oo S0 02
d) s(mén) = 600
s(mdi) 0.12 _3
s {cd) T 0.04
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Ddi vdi cing cde moment déng co, dong dién rotor phdi khong d§i. Khi da
truot rotor ting gép 3 lan, emf cdm tng rotor tang theo cung hé sd d6. Do ds,
d¢ dong diéa rotor khéng déi, dién tré rotor phai tang 3 1an.

May dc

Hirh 5.13 minh hoa cac dic tinh cAu tric ¢¢ bdn cta mdy dc 2 - cue. Stator
¢6 cau trie ¢6 dinh véi kich thich de, nghia 1a séng mat dé tir théng do stator
tao ra tdc déng lén chu vi rotor 1a khéng déi trong khéng gian. D€ tao ra
moment, phan dng (rotor) khi ¢6 dién phéi tac ra mmf c¢ dinh trong khéng
gian khi phéan ting quay. Chuang 6 sé trinh bay chi ti&t vé cde miy de. Phuong
trinh 5.58 khdng duoc diung d& xdc dinh biéu thic moment d&i véi may de.

SU 10 ri tir tinh trong cac méy quay

Tu théng ro ri trong cde mdy quay la tir théng chi néi két v6i cac cudn
stator hoac chi véi cde cudn roter. Do ¢ khe khang khi trong mach tit cda cic
may, su ro ri tif tinh tuong dsi ldn, khong thé bé qua trong phéan tich mach,
chi c6 thé bo qua sy rd ri nay ddi vdi may bién ap. Sy rd ri tit tinh trong cde
méy dién duge chia thanh hai nhém chinh:

1. Rob ri trong cde eye chinh

2. Ro ri trong phén ing

Ra ri trong cac cuc chinh

Cac cye chinh ciia mdy de va elia mdy déng bs duge kich thich béng ngudn
dc d& tao ra mat 49 tir théng phan phoi on dinh; sy khéc biét chi yé&u giira hai
loai mdy nay la céc cye cha may de tao thanh stator va céc cuc clia mdy déng
bé 1a & rotor. Tw théng hau dung la ti thong di tir cdc cue chinh c#t qua khe
khong khi va vao phdn ing. Mot phdn tir théng ro ri qua hat dudng din (Hinh
5.44a) khéng di vao phdn tng. Phin nay sé gop vio tif thong ro ri, tac dung
duy nhét 1a lam ting mat d6 t& thong & cdce ddy cuc khong lam tang tir thong
hiu dung do dé phdi duge tinh t6i khi thidt ke mach ti trong mdy dién. Sy rd
ri tuong ty cing xdy ra trong cdc mdy déng bé (Hinh 5.44b)

R ri trong phan ing

Sy phde tap khi xdc dinh cac duong dan ro ri trong phan (ng diy quin
nay sinh do cufn déy nay dugc phan phsi va dugc ldp trong cac ranh bé mit
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Ti5 théng hitu dung {tuong ho)

Hinh 5.44 Ro ri trong ede cyc chinh
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phén tng. Tit théng rd ri toan phén cia phén iing 6 thé chia lam nhiéu thanh

phédn nhu sau:

Ro ri trong ranh. Day la tir théng theo dudng dén tif ddy dén dinh rinh
(Hinh 5.45) va chi trong qua trinh ndi k&t cdc cudn stator/rotor. C6 thé thay

dutng dén cia tir thong
rd ri ranh vubdng goée véi
duong ddn tw thdéng
chinh, di xuing cac ring
rianh va mot phan rit nhd
di thidng xuéng ranh.
Ngoai ra mdt lugng nhé
tif théng rd ri ndi két cdc
chan day dan ddy trong
cdc rinh thay vi cac day
dén ¢ phia trén. Sy rd i
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Hinh 5.45 Sy ro ri ranh

Hinh 5.46 Cac

dang rdanh

{a) Ranh ban kin

L

{bjRanh hé
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ranh phu thude chd yéu vao hinh dang ranh. Su rd ri nay kh4 lon trong cde
ranh ban kin (Hinh 5.46 a) duge dung trong cde mdy cdm ung, do khodng mé
cia ranh kha hep, khi se vdi cdc ranh md (Hinh 5. 46b) duge ding trong may
de va may ddng bo.

4 N ™y

Su ré ri dinh rdng. Ta thong
nay di theo dudng ddn cia mat rang
dén rang k& cin bao kin tat ca cac @ @
déy dén trong ranh (Hinh 5.47). Kiéu
ro ri tit théng nay lan da6i vdi stator @ @
lén do khe khong khi rotor c6 dién
tich 16n. Do d6 sy ro ri dinh rang 1a p,
nhé trong cdc mdy cim dng vdi khe S dh
khong khi hep khi so véi cac may Hinh 5.47 Sy ro ri dinh rang
déng b6 cé khe khéng khi ldn.

Su ro ri treo. Day la tif thong rd Phén treo
ri bao quanh cic ddu day din cta cudn
day (stator/rotor) nhu trén Hinh 5.48,
Buiing ddn chd y&u di qua khong khi, T
nhung mdt phén c6 thé treng 16i sit.
Lugng ro ri nay phy thude vao phin l

— )

A

nhd l1én trén 15i cia cde day din va
vi tri tuong d8i coa ching so vdi 161,
b4&i v6i rotor long sée, su rd i treo
héu nhu khéng dang k&,

Su ro ri ek chi, Trong miy cdm Hinh 5.48 Sy ro ri treo

tng vdi stator va rotor dédu cé cdc

ranh, mdt phdn tir thong 1an lugt luan phién gida cde réng stator va rotor
(Hinh 5.49). Ti thong nay lan lugt ndi két trong cdc ranh stator va rotor tao
thanh sif ro ri chi chi. Do ban chét loai rd ri khong hoan toan phy thude vao
cudn stator hodc rotor, mét nita tir théng nay ndi két véi cudn stator va nia
kia n6i két vfi cudn rotor. Sy rd ri nay chi ¢6 trong mdy cam ung, gid tri 1a
ham cda s& phan tram budc rinh do rang chi®m chd trong rotor va stator va
chidu dai khe khéng khi.

Sy rd ri séng hai. Dang ro ri nay x4y ra khi sy phan phéi cugn day trong
stator va rotor 1a khéc nhau. Tif thong chinh cé thanh phdn hai khéng tuong
Ung v4i cudn diy, va c6 dnh hubng dén tir théng ro ri.

Cdm khdng ré ri. Tir thong rd i cha cde loai néu trén luén ludn lién quan
d8n sy rd 11 & cde cudn day, do cuhn day c6 cam khang rd ri ¢6 thé coi 1a tham
s¢ ndi tigp trong mo hinh mach ciia mdy, ¢6 thé lam gidm dién 4p trong m4y.
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Hinh 549 Surori
chi chi

‘Da cée cudn trudng eha may de va may déng b c6 dong dién mdt chidu, sy néi
k&t tir thong ro ri néi chung khéng anh huéng dén hiéu suit hoat dong cia loai
may do.

Tdn that va higu suat

Cdc tdn that va hidu suat cha may bign ap duge trinh bay trong Chuong 3.
Cimg nhu mdy bién 4p, viée xdc dinh hidu suit clia mdy gquay sé chinh xéc hon
khi xac dinh cdc tén that thay vi kiém tra tai truc tiép, treng d6 phdi do cong
sudt vao va ra. Hon nifa, trong cdc méy trung binh va Ié¢n, rat khé do tai thue
t& cha mdy. Sau khi xéc dinh céc tén that, hidu sudt cia mdy (n) ¢6 thé duge
tinh tif cde quan hé:

cong suit ra

= . = — - {ddi vl mdy phdt)
n cHng sudt ra + ton that yP

_ cong sudt vao - tén that
cbng sudt vao

; (dd1 vai dong co)

Hiéu suat khi d6 s& duge xdc dinh chinh xdc hon do sai 56 c¢hi ¢6 trong
phén tén that.

Viée nghién ctu cic tén that chd y#u nham mue dich thiét k&, do (i) cdc
tén that anh hudng true tiép dén tinh kinh t& cia sy vén hanh mdy, (ii) dinh
miic ela may phu thude vao nhiét do cuc dai cho phép cia 16p cdch nhiét, nhiét
dd nay do nhiét phét sinh trong 16i va céc day dan do t6n thét. Binh mde cua
may d6i vdi kich ¢& khung cho truge va cdc tdn that cho trude cd thé tang lén
bang cach thiét ké hop 1y hé thing thong gio.
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Qu4d trinh chuyén d8i nang lugng trong may quay bao gém dong dién, tir
théng, va sy quay, gy ra i6n théit trong cdc day ddn va vat liéu sit tir, ngoai
ra con ¢6 tén that co hoc do ma sdt khi quay. Cde tdn thit cé thé duge phan
loai theo st dé trén Hinh 5.50

Ton that khong ddi

May duge thiét k& thubng d& van hanh véi ngudn dién dp khéng ddi va tde
dt hau nhu khong ddi. Do d6, ludn ludn c6 céc tén that hdu nhu khang d6i
trong khoang lam viéc cha may, duoe goi la tdn that khong déi, ching duge
chia thanh tén thit 16i khong tdi va tén that co hoc.

Tdn thét 18i (sit) khdng tai

T#n thit nay bas ghm t8n thdt do tir tré va dong dién bd mat xay ra do sy
thay d8i méit dé tit thong trong 15i sit chi khi cuén diy chinh duge kich thich.
Tén thit 16i chu y&u tdp trung vao phin (ng cia mdy dc, phan iing cia mdy
déng bd, va stator ciia may cdm dng. Tin s6 bién thién m4t d6 ti théng trong
13i rotor cia mdy cdm dng la rat thap trong cdc diéu kién van hanh binh
thuting, do dé thudng duge bé qua.

P81 véi may bi&n 4p, tdn that 161 ndy sinh do bién thién théi gian cla mat

db tir théng v4i truc tir thing khéng d481; d6i véi cac may quay, tén that nay do
bién thién mat dé tit thong va da

bién thién true tit théng. Do 46 tén Cye chinh
that 16i trong cde mdy quay 16n hon N
trong mdy bién dp (Hinh 2.17), .
Guéc cyc
Bi€n thién th&i gian va bién
thién truc cua mdat do tir thong Phén tng

trong may quay dudc minh hoa trén
Hinh 5.51. Tit Hinh nay cé thé
thdy, khi phdn itng quay, mat dd @
tif théng trong phan té thé tich cha
16i ¢6 dd 16n va chiéu bién thién
theo chu kj.

Téng tén that do tir tré va do
dong dién bé méat duge goi 1a tén s
that xung x4y ra trong mdy quay
khi tinh d&n cde bién thién mat

. Hinh 5.51 Sy ¢ it dé t thé
do tif théng tdn s6 cao do cde ranh oy o auaY STYe et 60 ong

vee bién thién do lon trong mdy quay
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rotor/stator. D61 vos may dc va may dong bo, su chuyén dong tuong dos gitra
phéan dng c6 ranh va cdc cuc gly ra su bién thién mat do ti thong tan sb cac
trong phén guéc cue do sy khac biét vé trd lue d5i vai dudng tif thong tusng
Ung cdc rang va cac rdnh {Hinh 6.9). B&i v6i may cam iing, ca stator va rotor
déu ¢6 cdc ranh, tdn s6 xung 1a khac nhau giiia stator va rotor. Bé giam ton
thét xung, thuiing si dung cdc guic cue bing nhiéu lép thép ghép lai cho mayv
dc va may déng bd; d6i vdi cac mdy nho, ee chinh ciing ¢6 th& ghép bang
nhiéu lép thép.

Tén that tir tré va dong dién bé mat trong 15i do séng 1am cho song mat dd
tir théng hoi tré pha so véi song mmf tao ra moment cdn trd sU quay. Day vai
didu nay, tn that 1oi tua nhu i8n that c hoe, do moment dong dién bé mat va
ti tré s& hap thu cong co hoc tif trye quay. N6i chung, moment nay tuang 461 nha.

Tén that co hoc

Tén tha: co hoe bao gbm ma sat chéi than, ma sat § d&, tén that do hé
théng théng gié. Tan thét cd hoc ¢o thé tuogng déi 16n trong may ¢é duding kinh
l¢n hodc toe dd cao.

Tén that 16i khong tai va tén that co hoe thudng dugc goi chung la £6n
thdt quay khéng tdi.

Cac tan that bién thién

(4c tén that nay thay déi theo téi, do 46 duge goi 2 tén that bién thién,
dudc chia thanh tdn that day dong (IFR) va tén that do tai.

Tén thdat day déng (IPR). T4t c cdc day déu c6 dién trd (di nhd) do d6 ton
that nay lién quan chat ché vdi cubng db dong dign. Tén that day déng ¢6 thé
duge chia thanh tén that stator, tén thit rotor, tén that tiep xac chéi than
Cac t6n that stator va rotor ty 1& vdi binh phuong dong dign va duge tinh thee
dien tré de efa cde day & 75°C.

Sy dan dién gita cdc chdi than va c§ g6p ctia may dc thong qua ho quang
ngén trong cdc khe khong khi. Do d6, d6 sut ap tai difm tiép xdc choi than
hau nhu én dinh so vdi tai; gid tri nay khoang 1-2 V. Tén that tiép xue cha
than trong méy dc ty 1 thudn vdi dong dién. Tén that ti€p xic gira chdi than
va vanh trugt trong may ddng bd c6 thé duge bé qua.

Tén that day déng c6 thé hign dién trong cdc cudn day trugng cGa may dc
va may dong bd.
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Tén thét tai. Ngodi che tdn that néu trén cdn cé cde t8n that bién thién
theo tai nhung khong lién quan dén ddng dién. Cac ton that nay duge goi 1a
tdn thAt tdi, xay ra trong cudn diy va trong loi.

(i) Ton thdt tai de ddy. Tén that nay xdy ra trong cac diy din do sy phan
phoi dong dién ac khong ddi, lam ting dién trd hiéu dung eta day ddn
va dugc gol la hiéu dng bé mdt. Hon niva, khi day dién co dong dién
tii, cde rang cia 15i s& bao hoa, lam tang ti thong di xudng cdc ranh
qua day din ddng do 46 t8n thit do dong dién bé mit tang lén.

(i1) Tén thdt tdi do {6i. Do dong dién tdi trong may, tit thong trong cac
rang va 151 bi bién dang. Mat 43 tif thong gidm & mot ddu song mat do
tir théng va tang ¢ dau kia. Do t6n that 161 hiu nhu ty 1& vé6i binh
phuong mat dé tir théng, su giam t8n thit nay do gidm mat 4o tit
thong s& thap hon so véi 46 tang da ting mat dp tif thong, téng tén
that sé tdng, dic biét ]a § cde rang.

Trong cde diéu kién tdi, cdc rang bi bde hoa do 46 su ro ri tir théng qua

khung stator ting 1én, déng thai 1am tang tdn that do dong dién bé mat.

Tén thit do tai rat khé tinh todn mdt edch chinh xdc, do dé thuang duge
tinh la 1% d8i vdi may de, 0.5% 461 vdi may ddng bé va mdy cim dng.
Hiéu suat may

Da c6 cdc tén thdt khong d8i va tén that bién thién trong may, hiéu suit
may ting véi tdi cho dén khi dat duge gia tri cuc dai dng véi tai chuyén biét
theo thiét k& cia may. Hon nifa, hiéu suit tai toan phan bién thién theo dinh
muc ctia mdy va cao hon rd rét d8i véi cac mdy d 1én; vi du, higu suft khodng
75% d6i v6i may 1kW, 90% doi v6i may 35kW, 93% d6i vai mdy 350 kW,.... Hiéu
sudt cha mdy toc do thap thudng thip hon cac may tée d9 cao khodng 3 - 4%.

Pdi véi su vian hanh méy theo toc 46 va dign ap khéng doi, cdc t6n théat
néu trén cé thé duge tinh theo cdc cing thic:

(1) Tén that khong déi
P, =P, + P, (5.72)
trong dé6 P, t6n thdt {5i khong tdi (khong d8i)
P, ton thdt théng gié va ma sdt (khong déi)
{2) Tén that bién thién

P.=P,+P, +P, (5.73)
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trong dé P_= 3I’R tén that day dong (hé s6 3 khong 6 trong may de)
K la tham sd dién trd cha may,

Ll

P, tén that tai (day ddng + 161 sdt) = al?
(18n that tdi duge gia thidt 1a ty 18 v6i binhk phuong dong dién tai}

P, = V, I tén that ti€p xae chdi than (trong may de),
V, 12 d% sut dién 4p ti&p xuc chdi than.

Do d6 P, =3FR + ol +V,] = (B8R + ayI? +V,I = K I + V,] (5.74)
Téng céc tén that c6 thé duge tinh theo ham cla dong dién
P =P +KI*+ V] (5.75)
May phaitl dién
Cong sudt ra, P, = CVI
C = hingsé( 3 xpf 6t véi mdy ac 3 - pha)

V = dién 4p may

Hiéu sudt 1 = PP¢P
re TIL
AL {5.76 a)
T CVI+ P, + K 2+ V,I ea
cv
= {5.76b}

(CV+ V) + [P;'i + K\,I]

Hiéu suat eye dai dat duge khi méu s& chia phuong trinh 5,76 1a cue tiéu

B g (5.77)
1
P, = KI?

Bay 14 hidu suit cuc dai dat duge véi tdi khi cdc t8n that ty 16 véi binh
phuong dong dién bang cdc tén that khong déi. Diéu nay cong ding vdi may
bign ap (Pt 3.55)

Cac dong co
Cong suat vao, P, = CVI

i
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i _ 3
Hiéu suit 1 = E—”P—&- = CVI_P“(;‘/};“I = V! (5.78 a)

CV - V,) - f%k_ . K\_I]

b,
= 5.78b
cv (5.78b)

Hiéu sudt cue dai
‘ P, = K I (5.79)

khi tén that khéng d8i biing tdn that ty 1& v6i binh phuong dong dién

Theo cde didu kién cia Pt 5.77 va 5.79 461 v6i hiéu suat cue dai, cde tén
that khéng d3i va cde t8n that bién thién (hiing 4 ty 1&8 K,) dige xdc dinh
biing cdch lya chon kich thude mdy d€ dat duge higu suat cue dai tuang ing tai
toan phan. Cac tén that khéng ddi duge xde dinh chi y&u bang cach lya chon
mat db tir thong va khéi lugng sit, cde ton that bién thién duge xdc dinh theo
Iua chon méat do dong dién va khdi lugng déng duge diing. Hon nita, mét dg tir
théng bi gidi han theo cac gid tri bac hoa va mét dd dong dién bi gidi han theo
nhiét do (tuy theo leai cdch nhiét). Do d6, viéc didu chinh hiéu suat may dé
dat dugce gia tri cue dai véi tdi cho trude chinh 1& xdce dinh ty 1& vit lidu sit va
ddng duge dimg trong may.

Cong suat ra cuc dai
Xét mdt vi du vé dong co dign, cong suit ra la
P, =CVI-P -KI?-V]I
(6 thé gia thit V, nhé va duge bé qua, do dé
P, =CVI-P, - K’
Cong sudt ra cc dai

Pu _cv_2K1-0
al

LoV
hoac 9K .

Cong sudt ra cuc dai duge tinh theo

2 2
P, (max) =~ V| SV |.p, -k | SV | Y)Y _p
K oK. ) ~ak

v v
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Cong sudt vao

b4
Pviln = CVI = (CV)
2K,

Hiéu suit vdi cdng sudt ra cue dai

_(CV)Y /4K, - B,
(CVY /2K,

Gia tri nay hoi thap hon 50%. Pay la gid tri qud thip d& cé thé chap nhan
déi v6i ddng co dién. Hon nita, khi van hanh véi cong sudt cuc dai, cdc tén that
chi®m d&n mdt nita cong sudt cung c&p, khong thé gisi han dp tang nhist do
dén gi4 tri cho phép. Do d6, cac déng co dién khéng duge phép van hanh vai
cbng suit ra eyc dai. Trong thue t&, ching chi van hanh vdi tai {gln tai toan
phén) tai dé hidu sudt la cue dai. Pidu nay ngugc vdi cdc linh kién dién tr (tidu
thu cbng sudt thap), thudng duge van hanh vdi cong suat ra euc dai, do téng
cong sudt rat nhd, hiéu sudt khong déng vai trd quan trong.

Dinh mifc va su tidu tan ton that
Dinh mifc

Binh muc cda m4y phat dién déng bg 1a dién 4p v&n hanh, tin s8, tée 43,
kVA hodc MVA vdi hé & cong sudt cho truge. PSi véi cde ddng co, cdng sudt
duge tinh theo kW (841 khi duge tinh theo ma lyc). Mdy de duge ghi dinh mifc
theo dién 4p va cong sudt kW. Cdc yéu cdu tan s6 cla mdy ac thuimg duge tinh
theo tén s6 chuén, 50Hz, ¢ Bic M§ 12 60 Hz. Pién dp dinh muc duge x4c dinh
theo gi4 tri tidu chudn, 230V/400V/3.3kV/6.6kV/11kV,

Ldp cdch nhiét duge s dung véi yéu cdu chiu duge nhiét dé cho trude tie dé
¢6 th€ xac dinh tudi tho ctia may. Tudi tho cia may sé gidm mot nira khi dé
ting nhiét dd 12 8 - 10°C. Tudi tho trung binh cia cdc may dién thudng dudc
chap nhan trong khodng 10 - 30 n&m, nhiét d cac nh4t eta 16p cdch nhiét
trong mdy dugc gidi han theo gia tri chudn cia vat lidu cdch nhiét. Cong sudt
cte dai mdy c6 thé cung cdp khong vugt qua d6 tang nhidt da cho trude cao hon
nhiét 446 moi trudmg (40°C) duge goi 1a dinh miic lién tuc cia m&y. Pinh mide
lién tyc ciia méy, dude xdc dinh theo dé ting nhiét 3, gidi han cdc tén that
may, thudng bde ddm gid tri hidu suit cia may trong khodng cho phép.

Ca dong va sit déu la ngudn gay ra tdn that trong may, sy phan b nhiét
do trong mdy 13 rat phite tap. V&n dé nay thudmg duge don gidn héa bing cach
gén gid tri nhiét dp d€ xdc dinh trang thai nhiét eda mdy. Nhiét dd nay duge
xdc dinh bang su tang dién tré cia cac cudn day khi do cac ddu day cua mdy.
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Su cach nhiét d4i vdi cic may céng nghiép duge phan loai theo Cdp B, Cdp
F, va Cap H. Cach nhiét C4p B bao gém mica, sgi thiy tinh,..., vdi cdc chat
lién két thich hgp. D5 tang nhiét d3 cao nh4k (trén nhiét 4 mdi truang 40°C)
duge phép d6i vdi eAp cach nhiét nay 1a 130°C. Cach nhiét Cap F gom céc chat
téng hop, ¢6 kha nang chiu duge nhiét do dén 155°C, Cdp H phai chiu duge
dén 180°C.

DPéng co dinh mue lién tyc phdi van hanh 8n dinh véi bién thién dién 4p
dinh mic £ 10% vh bién thién tdn s6 dinh mdc * 5%. Cdc dong co nay cé bién
an toan sao cho ¢6 kha nang chiu dude su qua tai thii gian ngédn 14 25% v6i di
sut 4p 10% nhung khoéng lam ting nhiét 46 qud mde.

Trong cac (ng dung cong nghiép, ddi hdi ddng co chju tai trong cdc khodng
thdi gian ngén sau cdc khodng 1am ngudi dai. Cdce dong co nay duge tinh dinh
muc theo théi gian ngdn véi cic khoang tiéu chudn 5, 15, 20, 30, 60 phit. Céc
déng co duge thidt k& dac bigt trong 161 sdt va nhiét do cao trong day dong.

Chiing cd khad néing tao ra moment quay t6t hon nhung kha ning chiu nhiét
" thap hon so véi déng co dinh mic lién tuc.

Pinh mue thdi gian ngdn cia dong co dinh mye lién tuc phai ldn hon
ahiéu so véi dinh mic lién tue do sy tich tu nhiét trong may khi truyén nhiét
trong qud trinh tai thdi gian ngén (Hinh 5.52). Nhiét chuyén ti€p bién thién
theo ham s& mil véi dd ting nhiét 4o én dinh la P, R, trong dé Pl tdn that
nhiét véi tai cho trude va R, 14 nhigt trd tdng quét cia hé théng lam ngui. Tit
Hinh 5.22 ¢6 thé thady, tén that tdi thoi gian ngdn duoc phép 481 véi khodng
théi gian tai cho truge 16n hon t8n that tai tién tue voi diéu kién khing vugt
qué d6 tang nhiét d6 cho phép. Do d6, khi khodng thoi gian chiu tai gidm,
dinh mic thoi gian ngdn cia djng co ting.

D9 tang nhigt 4¢ 4

PSR, P ————— === ==

SBinh mdc thdi gian ngén

Tras = PR —— e — o -

Binh miuc lién tyc

Hinh §.52 Dinh . -
muc lién tuc va dinh |'" Q

muie thot gian ngdn hu ki tai
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Trong cdc ing dung cong nghiép, vin dé co ban la xac dinh gi4 tri dinh
miuie lién tuc cia dong co trong chu ky tdi cho trudc, vi du, chu ky ti cha may
bag, trong hanh trinh tién cia mdy, déng co chiu tai toan phén, hanh trinh lui
cia may dong co khéng tai. Phuong phdp tin cdy d€ lya chon déng cd, c6 thé
gidi quyét céc tdn thdt dgng cd t§ 18 v4i binh phuong tdi (tdn that I?R). Tén
that trung binh trong chu ky tdi ty 16 vé6i

Z(kwf* x thii gian
D thi gian

trong d6, kW la tdi dong co trong mot chu k¥ tdi. Pyng co dinh mde lien
tuc cé cling gi4 tri tén th&t dude tinh theo

W (Z(kwf x thisi gian
] inh mic lign =
s TS tho gian
hoae
Z(kW)2 % th#i gian .
KW ginh mie lien we = z thot gian = (kW) (cOa chu ky tii)

Néu khodng khong tai la mét phén trong chu ky tdi (¢hdng han dong co
cia mdy nang chuyén) quan hé néu trén duge vidt dusi dang

Z (kW) x thoi gian
(kw)rms = i . - .g
thai gian chay + (thoi gian dimg / k)

{5.80)

trong d6 hing s& (k > 1} tinh dén sy thong gié khong hoan hdo trong chu
k¥ khong tai. B6i v6i cac dong co kifu md, k bing 4. Tur phuang trinh 5.80 ¢6
thé g1a thiét chu k¥ tdi 1a 40 nhé hon so vdi thai gian déng co dat tdi d tang
nhiét df 6n dinh khi chiu téi lién tuc dén gia tri dinh mdc.

Hinh 5.53 minh hoa mé hinh mach tugng dugng don gian héa cia may vé
sy truyén nhiét. Nhiét dé (bifu thi trang thdi nhiét téng quit cda may) dusc
do theo quy chiéu nén (nhigt dd maéi trung), vdi cdc dai luong:

P;: Tén that dong co tinh theo don vi nhist. .

R,: Nhiét tré chung clia hé théng tam ngudi.

C;: Nhiét dung cha may.
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Hinh 5.53. Mé hinh mach
vé nhiét

—i-

g

Phuong trinh vi phan vé chuyén ti€p nhiét la;

Nghiém doi v6i 46 téng nhiét do ban ddu & 0°C (mdy khdi dong) 1a
T(t) =T(1 - e¥%)

vdi 1 = R Cy: hiing thai gian nhiét.
T, = P,R,: 40 tang nhiét dg trang thai én dinh.

Sy tigu tan ton that (1am ngudi)

D& tang tudi tho clia 1¢p cach nhiét dén gid tri chdp nhan dudc, nhiét phat
sinh do tén thit trong méy phai duge tiéu tdn db nhanh dé d tang nhiét 4o
khdng vuot qui gidi han cho phép ing v6i nhiét dé méi trubmg xung quanh. Bay
1a qua trinh truyén nhiét, cho phép gidm kich ¢& mdy vdi dinh mit cho trude.

Su lam ngudi phdi hop gitta din nhigt va d6i luu euGng bic thudng duge 4p
dung dé gidi nhiét cho cdc may dién. Do sy gidi han do tang nhiét 46, sy
truyén nhiét bing bie xa hau nhu khong ¢6 y nghia d6i v6i thiét bi dién.

Su théng gié huong tém thudng duge s dung khi tée dong ly tim cda
rotor duge tang cudng biing quat rotor. Hinh 5.54 minh hoa s¢ d6 théng gio
hudng tam thich hgp cho cde mdy dén 20kW.

Su thong gid hudng true (Hinh 5.55) duge ding cho mdy cé cong suAt
trung binh vdi tée db cao,

Théng 6 két hap huong truc va hudng taém duge dung cho céc may cd lén
va dong cd cam ong (Hinh 5.56).

Cic mdy khép kin hodn toan thutng c6 vin dé thong gié ddc bigt do bén
trong may khong cé duong din vé khong khi bén ngoai. Trong cdc may nay
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Hinh 5. 54 Su thong
gio hudgng tdm

Hinh 5.55 Sy théng gio
hudng true

Hinh 5.56 Sy
théng gié két
hop hudng tém
va hudng true.




nhiét duge truyén dén vach bang guat bén trong va tif dé dirge truyén ra xung
quanh bang quat bén ngoai lip trén truc mdy. Sy lam ngudi may khép kin
hoan toan khéng thé dat hiéu qud nhu may ki€u md.

Céc tén thét ty 18 véi thé tich cla vat lidu tang theo ham béc 3, bé mat
lam nguoi tang theo ham bac 2. Do dé, van dé gidi nhiét trd nén quan trong
461 v6i cac may phdt dién kiéu turbine,

Déi voi cde may lon c6 th€ dai héi nhiéu t&n kbong khif gio, su d6i luu
cutng birc duge dung khi khong khi di qua bd loc lam sach trwde khi di vao
mdy dé 1am ngudi.

Lam ngudi biing hydro. Di vdi cde may phat 4ién ¢d 16n, hydre thutmg
dugc dung 1am mbi chat lam ngudi trong mach kin, Hydro c6 cac tinh chat dae
biét thich hgp d€ lam ngudi.

1. Ty trong hydro bang 1/14 ciia khéng khi khi c6 cing nhiét d¢ va dp
suit, do dé lam gidm tén thit va tiéng én

2. Trén cd s¢ cung trong lugng, nhiét dung riéng cGa hydro gip 14 lan
khéng khi.

3. Kha nang truyén nhiét clia hydfo bing d8i Iuu cudng bice trén bé mat
néng bing 1.5 14n s0 vdi khong khi

4, Hé s6 dén nhiét cia hydro gdp 7 1an khéng khi.

5. Sif dung mbi truéng hydro, tudi tho cta 16p cach nhiét ting lén, gidm
chi phi bao tri, do khong c6 bui, hai §m, oxy.

6. Hdn hap hydro - khéng khi khéng bi ng khi ham lugng khong khi
dudi 30%.

D€ tranh khéong khi rd ri vao mach hydro, 4p sudt hydro luén ludn cao han
1 atm. Khi tang 4p suét cho hydro d¢& lam ngudi mdy, hidu sudt vin hanh cha
may sé tang l&n, do gidm tén that bén trong mdy.

Ma4y va b trao d8i nhiét lam ngudi bang nude ding dé€ 1am ngudi hydre
duge bd tri trong hop kin khi. Van dé cd ban 1a 1am kin cdc § 48 truc.

Lam nguéi tryc ti€p biing khi. Dsi véi may cong sudt trén 100 MW,
chanh lach nhiét d6 giia bé mat céch nhiét cia day dén la di cao, cho phép tiép
Xéic truic tigp giida moi chét 1am ngudi va day din. DE lam ngudi, day dén rotor
12 céc 6ng réng (Hinh 5.57) qua 46 hydro tuén hoan d€ lam ngudi céc day dén.

Lam nguéi tryc tiép bling nude. Cac may phat dién cong sudt lon 6
16i stator duce 1am ngudi biing hydro, cdc cujn diy rotor va stator duge lam
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Hinh 5.57 Lam ngudi truc tiép Hinh 5. 58 Lam ngudi true tiép
bdng khi bdng nudc

ngudi trye tiép bang nude. Téc dd tuin hoan nudc khong qua 2.5m/s d8 tranh 4n
mon bé mat. Hinh 5.8 minh hea sy lam ngudi tnuc tisp bAng nudc cho cudn rotor,

Tuong hop cac ddc tinh ctia may dién va tai

May va tai la hai thanh phédn cia hé théng chuyén déi nang hong dién -
<0, ndi chung, céc dac tinh cia mdy ¢6 tinh quyét dinh d&i v6i sy van hanh ciia
hé thong.

Khi lya chon déng c¢g dién, cin biét dic tuyén téc d6 - moment vdéi do
chinh xde du cao, doéng thoi bdo dam d6 tuong hop véi dic tuyén toc do -
moment cua tai co hoc. Hinh 5.59 minh hoa dac tuyén tée d6 - moment ciia
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Téc dd
Tai

Bdng ca

Téc 8

o

Hinh 5.59 Biém vdn hanh on dinh cda hé théng dong co - tdi

déng eo cdm dng eda tdi kidu quat (moment tai ty 1& véi binh phugng téc do),
Piém van hanh 6n dinh 14 giao diém P cua hai dac tuyén nay. Tir Hirh 5.59
c6 thé thay, diém van hanh &n dinh va hé théng mdy - tdi trd lai diém nay sau
mot khoang thoi gian ngén.

Céc dac tinh cOa tdi co hoc cé thé€ phan loai nhy sau:

1.

Téi tée dé khéng d6i. C6 thé 6 hai loai, mat sd tai doi héi tée do hdu
nhy khong ddi khi mement tdi thay d8i, vi du edc mdy céng cu, cic
bom thiy lue, cdc quat, Mgt s& tai dic biét, chdng han méy xeo gidy
doi héi tée 49 xde dinh ddc ldp vdi moment tdi.

Tdi tée d6 bien thién. Mot s6 tdi, chdng han cdc thiét bi nang ha, dbi
moment cao vdi téc dd thip vA moment thip véi tic 46 cao sao cho
edng sudt hdu nhu khéng d6i. Piéu nay thudng duge sit dung dsi véi
tdi cé quan tinh 1dn ddi héi téng tdc.

Tai tée d6 diéu chinh duge. Day la loai téc dd &n dinh va didu chinh
duge, thudng ding trong mét s6 may cong cu, ndi chung khoidng téc 4o
cdn didu chinh tigng d6i lém.

Cac dac tuyén dong cd ¢6 thé phan loai nhu sau:

1.

2.

Kidu t6c dé khéng déi. Toc do khong ddi va doe lap vdi tdi (Hinh
5.60a), day 14 dac trung clia dong eo dong bé.
Kiéu mach ré. Toc 40 dong co gidm vai phan tram tit khong cd tdi dén
tai toan phﬁp (Hinh 5.60b}. Déng co cadm dng {(trong khodang van
hanh) va déng co de mach ré ed dae tinh nay.
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(@) Bac tuyén kiéu ddng bod {b) Dc tuyén mach ré
{n,=n, ddi v3i 4éng co cam Ung)
n
e -7

{c) Pic tuyén ndi ligp
Hinh 5.60 Cdc kiéu ddc tuyén déng co

3. Kiéu néi tiép. Tée d6 tang nhanh khi moment tidi gidm {(Hinh 5.60¢),
DPéng co néi tiép de ¢6 dic tinh nay, thudng duge dung cho cdc tai kéo.

Céc truyén dong toc d6 didu khién duge ddi héi didu chinh 3 dic tinh dong
cd. Tif cac Chuong 7, 8, 9 cé thé thay, didu nay duge thue hién véi dong co de d&
dang hon déng eo ac. Didu khién cong suat bing mach dién tir (Chuong 11) bt
d4u dugce st dung rong rai dé diu khién téc 6 cho cde truyén dong bing déng co.

Cac dac tinh gia tdc (khdi dong) va gidm tdc (dimg) cha hé thing ddng co
téi cling rit quan trong trong cdc tng dung céng nghiép. Hé thong phai ¢6 kha
nang dat duge tde db toan phén tif trang thdi dimg yén va ¢6 kha nang dirng
lai trong khodng th#i gian cho trudc. Cde yéu cdu nay d4c biét quan trong khi
khdgi ddng 6 tdi, khi ding nhanh, va khi d&o chiéu quay. Péng co cé 3 ving
van hanh - tao moment, truyén déng, dimg. Trong viung tac moment, déng cd
sé chuyén niing lugng quén tinh dén nguén dién cung cdp d€ hé thong khong
bi dnh hudng béi téc dé cac. Trong vung diing, déng ca hap thu ning luong co
hoe (va m{t phén nang lugng dién) chuyén thanh tén that nhiét. Péng co de
cé dée tinh vdn hanh va dimg tét hon so vdi déng co cdm dng ac.

Tuang tu cédc dgng cd, diém van hanh cda hé thong mady phét - tdi duge xdce
dinh bing cdc dic tuyén duge néu trén Hinh 5.61 (mdy ph4t dién dec mach ré).
Trong cdc hé thong hién dai, may phét van hanh song song véi viée cung cdp
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bién ap

Tai

May phat

¢ Qong dién

Hinh 5.61 Diém vdn hanh 6n dinh cia hé théng mdy phdt - tai

dién cho cde tai trai rdng trén cdc vimg dia ly thong qua hé théng truyén tai
dién. Hé thong nay phdi ddp tmg dién 4p khong d6i khi tai thay déi trong
khodng rong.

Tom tit

Trong chuong nay, cic dse tinh chung sau déy ciia cdc may dién quay duge
dé cap - cde cudn ac, emf, va mmf cla cudn ac, khdi nigm vé tir trudng quay va
qué trinh tao ra moment do sy tuong tdc clia hai trugng dé. Théng qua cdc bidu
thite v& emf v moment, cé thé thiy nang luc cta may ddi véi kich ca khung
cho trudc, bi gidi han bdi (i) mat d¢ tir thong baoc hoa trong phan sit clia mdy,
(1) khd ning din dong dién cia cdc cudn day bi gidi han béi 46 tang nhiét ds.
Sy tang hiéu sudt may va gidm chi phi/don vi cong sudt duge thye higén qua
nhiéu nam chd y&u do su cdi tién vé chat luong va céc dic tinh cia cac loai vat
liéu cdch nhigt, dén dién, va tir tinh, Hudng quan trong 1a giat nhiét cho thiét
b1 sac cho gidi han sit ting nhiét d§ duge phép trong vat lidu cach nhiét bao
dam sy v4n hanh t6i uu ctia thiét bi. Nhidu nghién cdu duge thye hién va img
dung treng link vye didu khién hoat dong cta may dién, dac biét 12 cac ing
dung dién t trong may dién.

Hién nay, vé mit ly thuy&t da dat dugc cde md hinh todn hoe don gidn cho
cde mdy dién quay, tir d6 cho phép cdc cai 1ién co bin trong thiét k& va ché tao
may dién.
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Chuong 6
Cac cudn day phan ting

Gi6i thiéu

Cdc cudn day truimg va cugn diy phdn (ng 14 cdc phén cd ban cia may
dién. Cac cudn diy truong den gidn la cdc sdp x&p véi cde cudn day tap trung
(tdt cd cdc vdng diy déu cé chung true tif). Cdc cugn diy phén ing gdm nhidy
cudn day (mot hodc nhidu vong} duge xép trong cde ranh cach déu theo chu vi
phén img. Cdc emf cdm ing trong cdc cudn diy phin (ng gay ra sy chuyén
dong tuong déi giita chdng va song B trong khe khong khi duge thiét 1ap tir cae
cudn trudmg. Trong mdy ac (3 - pha) cde cudn phan itng duge nai két ddi xing
dé tao thanh m4t b ba pha e4n bing (d6 16n emf bing nhau véi 46 léch pha
2/3n rad). Trong mdy de cdc cujn phin ing duge ndi qua cae vanh gép. T
Chuong 5 ¢6 th€ thdy, khi cudn phéin ting ¢6 dong dién, sé tao thanh cing s&
lugng cde cue (Bée - Nam) ludn phién,

Cudn day cd thé 1a mot vong c6 hai day ddn vdi cic ndi két ddu day hode
nhiu vong véi hai phia eudn ddy gém nhiéu day dan. Chidu dai phia cudn day
hoat dgng trong d6 emf cdm {ng, bing chidu dai phan dng (noi thist lap mat
d{ tir théng). Bude cudn diy 1a goc khong gian (géc dién) giita hai phia cudn
day va phai bang st nguyén ldn cdc ranh. Bude cudn day c¢6 thé 1a nguyén
{bing mét bue cyc hodc 180° dién) hoge bude ngin (theo cung nhé han 180°).
Bude cupn day cd thé tinh theo khodng cich gée hoac khodng cach gitta céce
ranh. S& ranh/euc phdi 14 s8 nguyén d8i vdi cudn day bude nguyén.

Thue té c6 hai ki€u quin day, mét 16p va hai 16p. Trong quin day mot lap,
mdi phia cudn diy chi€m tron ven mdt ranh (Hinh 6.1 a). Trong quan day l6p
dbi, mét phia cudn day chiém phin trén trong mot ranh va phia thit hai chiém
phan dudi trong ranh k& can theo budc cudn diy (Hinh 6.1 b). Trong quén day
16p d8i, mdi ranh chida hai phia cuén day chdng lén nhau, duge goi la phia
cupn day trén va dudi. T Hinh 6.1 ¢é thé thiy

U = 2 phia cufn day/rinh (6.1 a)
C = 5/ 2 (quan day mbt 14p) (6.1 b)
C = 5 (quén day hai lop) {6.1¢)
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Phén treo Phan treo

S Mat dugi
Y
e

Mat trén

Budc cudn

day Budc cudn day P

{a) Cuén day mét 16p (B} Cubn day hai 1ép
Hinh 6.1 Qudn day mét lép va hai lop

trong dé C = 38 cudpn day phén ing
8 = 58 rdanh phin ¢ing

Sy khdc biét chi y&u gita quin day mot 16p va hai 1¢p la sy sdp x6p phén
treo phia trén. Trong quin day mét Ldp, cic cudn day duge sdp xép theo nhém
va phén treo cla mot nhém cupn diy cit qua nhém kia bing cach didu chinh
kich ci {tugng wng chiéu dai truc phdn ¥ng) va hinh dang ciia cdc nhém cudn
day riéng ré. Didu nay c6 nghia 1a nhidu loai cuén day khac nhau vé kich ¢d va
hinh dang do 46 lam tang chi phi sdn xuit. Do d6, quan day mot 16p it duoe sd
dung trong cdc mdy dién hién dai.

Trong quin day hai lép, tat cd cic cudn day déu ddng nhat vé kich ed va
hinh dang (thutng cé dang hinh thoi, Hinh 5.21) véi hai phia cudn day trong
hai mat phing khdc nhau. Mbi ranh e6 mét phia cuén day ¢ dusi va phia cudn
day thi hai & trén. U mdi dAu cudn day hinh thoi co sy sip x&p gin nhu ddi xdng.

Ciée cudn diy may DC déu duge quan day 2 - idp.

Cac chi danh ky thuat

8 = 88 ranh (phdi chia cho 3 trong may ac 3 - pha)

C = 38 cudn day

2C = s8 edc phia cudn day

N, = 26 vong/ cudn

S/ P = s8 rdnh/cuc, budc cue tinh theo ranh

¥ = 180PP/ 5 goc ranh (dién) hodc bude - ranh (d6 léch goe gida

cde diém gilta eta cdc rinh k& nhau)
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q = 58 pha

A = 2/ q, 9 léch pha thoi gian gita emf ctia edc pha lién tiép
m = s8 ranh/ cuc/pha (SPP)

A = 58 cde dudng ddn song song

Trong cac may ac ¢6 thé chi ¢6 mot hoae nhiéu duéng dan trong pha song
song (mdi pha 13 mét mach hé); nhung cac cuén mdy de luon ludn 14 kiéu mach
kin v&i cde duong dan song song 12 s6 chin.

Trong cdc cudn day mdy de #6n ¢6 the c6 hon méi phia cudn day & nita trén
va nifa dudi eda ranh. Chi danh déc bidt d8i véi cudn day may de la:

U = 2(/ S, 6 phia cuén day/ranh (sd chén).
Z = UN, s8 day din/ ranh.
Z = 2CN,, tdng cdc day din phén ing.

Ghi cha

Su sdp x€p c4c cudbn ddy xung quanh chu vi phidn ing va ¢4c ndi két cia
ching duge minh hoa theo so dd quin day. Dé vé sa dd quén day, thuong cé
thé hinh dung phin img nim trén mat phéng 6 dang khai trién véi cde ranh
song song. Cdc ranh dudi dnh hudng cia timg cue 6 thé duge ghi diu, moi
phia cudn diy theo mét cuc sé e6 emf edm dng cing chidu véi higu s8 pha thei
gian tudng img géc ranh. Ti€t dién khai tridn thudng dude s& dung d&€ minh
hoa su b tri quén day ac. Dang khai trién quin day ac ¢6 néu rd cde cye trudng.

Quén day ac

Quédn day ac thuimg ta dang 3 - pha, do cdc uu difm cia méy 3 - pha. Cdc
cudn day phén ing phai duge ndi k&t dé bdo ddm cac emf 3 - pha can bling (c6
dd 16n bling nhau va géc pha lién ti&p bing 2/ 3 rad). BE bit ddu vdi cdc ranh
xung quanh chu vi phdn dng cdn phéi chia thanh cdc nhém pha.

Chia nhom pha

Truong hop don gidn c6 thé gid thiét SPP la sé nguyén, su quin day nay
duge goi la quan day ranh nguyén. D& minh hoa, gid s m = 2, nghia 1a 12
ranh/cap cye trong phan ing 3 - pha. Géc ranh la 360%12 = 30°, budc cudn day
gbm 6 ranh nguyén. Hinh 6.2 a minh hga 12 rinh ddnh s& tir trai sang phai,
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{d) Chia nhém pha 120°
Hinh 6.2 Chia nhiém pha

6 ranh bi dnh hudng cia mot cue véi chidu emf theo cdc phia cuén ddy, 6 ranh
¢on lat bi danh hudng eda cuc dai dign va ¢ chidu emf nguoce lai.

Trong Hinh 6.2 a4, 12 rdnh phan dng duge chia thanh 6 nhém pha, nghia
1 hai ranh cé géc pha o = 60", mdi cue duge chia lam ba nhdém ibang s& phat.
Néu cac phia cudn day trong cdc ranh (1.2) thuje dai pha A, cdce phia trong
ranh (5.6) cach d6 120" (bon ranh) thude pha B, v& edc ranh (3,4 céch A Ta 60V,
khi duge néi két ngue, thude pha . (Xem sa dé pha trén Hinh 6.2 b). Do d6
cdc phia cudn day trong cde ranh (3,4) duge coi 1a thude dai pha C'. Do dé tha
tu sdp xép cdc dai pha la A C', BA’, CB’, 1ap lai cho titng cap cue. Su sdp xép
nay duge goi 1a nhém pha 60°. Bén phia cudn day cia méi eap cudn day cua
tiimg pha ¢ thé dude ndi theo tha tu bat ky. Vi du, thi ti ndi phia cudn day
pha A c6 thé 1a {1 - 8 - 2 - 7 duge ding trong quan day mét 1dp véi cie cugn
tap trung, hodc ¢é thé 1a (1 - 7 - 2 - 8) quan day hai 1p. Cdc s¢ &6 pha cua cd
ba pha theo kidu quin day néu trén duge minh hoa trén Hinh 6.2 c.
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24 chia nhém pha 60" néu trén c6 thé duge ding trong quan day mot ldp
hodc hai 16p. Ngoai ra cé thé st dung chia nhém pha 120 khi céc ranh dudi
mdt cap cue duge chia thanh ba dai pha (Hinh 6.2 d), ¢ day ¢o bén ranh cho
timg dai pha. Viéc chia nhém pha 120° it duge sit dung trong thue té.

Quén day mot I6p

Quan day mét lop it duoc sit dung trong thuc & trif cdc mdy c6 cong suat
vai kW do ¢ac nhuoe diém néu trén. Quan day mét 16p ¢d thé theo kiéu déng
tam, séng,.... O day chi minh hoa ki€u quin day ddng tam. Quan day kiéu
song thudng kho néi két cac dau day, khéng duge sit dung trong cde mdy ac.

Quédn day dong tam

Quan day dong tam co thé chia lam hai nhém chinh, theo kidu khéng chia
nhdnh (ndfa cudn), va nguyén cupn (chia nhdnh). Theo kiéu nita cudn, ede cudn
day ¢é mdt nhém pha trong cac bude cuc k& nhau la déng t4m (Hinh 6.3 a).
Cac cugn diy riéng ré c6 thé cd bude 16n hon hodc nhé han buée cuc, nhung

Cac cudn day ddng tam

' ] | i
Hd Budgdy
il
L
~ (] h—
{a) Cuan day khong chia nhanh déi vdi mot pha; S/IP = 6, m= 2
_y f N N N
¥ . L 1 L
L Budicg)
cuc
Ly
) ! JL
- ) -

{6} Quan day chia nhanh d&i véi mat pha; S/P = 6. m = 2.
Hinh 6.3 Qudn ddy mét lop véi cde cupn ddy déng tam
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______ ooy diy déng tdm mdt lop
{o) Quan day chia nhanh, treo ba mit phéng

bude cuén day trung binh phii bAng mat bude cuc. Kiéu quiin day nay dugce sit
dung d& trdnh su giao ¢4t hai cupn day dudi mot nhém pha. Trong quin day
nguyén cudn, moi nhém cudn duge chia thanh hai tap hop cuon day déng tim
va céc phia cudn day tré vé 1 chung vdi nhém ké can (Hinh 6.3 b). Kiéu quin
day nay chi ¢6 thé thuc hién duge khi SPP 1a s6 chén.

Tit Hinh 6.3, d€ biaoc ddam quan d4y cho ci ba pha, phén treo phia trén phdi
duge x&p trong hai hoic ba mat phang. Hinh 6.4 a, tuong ung quén day khong
chia nhdnh (nita cudn) (Hinh 6.3a), hinh treo duge b tri theo chudi lién tuc
vdi thi tas (L diém qui chigu cd dinh) 14 AT BL CT AL B T... trong d6 cdc mii
tén lén va xuéng bidu thi mat phing trén va dudi. Sy sip xép trec 3 mat
phéng khi quiin diy nguyén cuén duge minh hoa trén Hinh 6.4 b.

Cdc cudén day mét 16p cé thé duge sdp x8p trong cdc rénh ban kin.

Quan day mot lép véi SPP khong phai 1a 56 nguyén trong thue t& 12 khong
thé dp dung dugc.
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Quén day hai i6p ‘ ] 2 bucc
Quédn day hai lép duge s ’

dung rong rai trong thue t&, ca ‘BUUC ph|a }

hai kidu quan theo séng va quan Bud ”Udc-"' J

ching mi déu cé thé sit dung duoc, cudn day L L

nhung/do cdc nhuge diém cia / .
o Sngr. hi .

quan day theo s6éng, hién nay chi Ducil Trén j

yéu su dung quén day ac hai lép
theo ki€u chéng mi. Quidn diy  Hink 6.5 Qudn ddy hai ldp kiéu song
hai 16p duge chia thanh hai nhom

tuy theo gid tri SPP - quan day

rdanh nguyén khi SPP 1 s6 nguyén, quan day 1¢ khi SPP la phan sé hosc sd
thip phan. BE ddp ung yéu cdu déi xitng cac pha, s8 lugng céc ranh pha ($/3)
phai 14 88 nguyén.

Hinh 6.5 minh hoa quan day hai 16p kiéu séng vdi cdc cudn day chi c6 mot
vong. Trong kiéu quin day nay, sau khi di qua phén ting, d4u day tiép xtc vdi
phin du c¢iia cuén thit nhat (nghia la sau khi méc néi ti€p P/2 cupn day). Dé
khae phue khé khan nay, su ndi két duge thye hién vdi phia cudn day thit hai
cua nhém pha thit nhit va ti€p tuc cho cde cuén con lai. Tuy nhién, khi quan
day vdi s4 ranh 1é, vdn dé nay tré nén phuc tap, sau khi quin tat ci cdc cudn
day phdn 1ing, mit 86 cuén day van khéng duge noi két.

Quan day rinh nguyén. G day SPP la s6 nguyén. Kidu quan day nay
duge minh hoa trén Hinh 5.22. Sy sdp x&p cudn day o thé duge minh hoa theo
vi dy. Gid sit m = 2 ranh, 8/ P = 6 ranh, budc cuén diy bing 6 ranh (cudén budc
nguyén), géc pha bang 60° dién.

So db quén day cla mdt pha duge minh hoa trén Hinh 6.6. Tap hop thit
nhit cde cugn nhém pha (nhém cuén 1) dudi mot cap cue duge méc ndi tiep
{cudi cuén thyd nhat duge ndi vdi ddu cudn ké tiép bén phai cudn thd nhat).
Nhom cudn pha thir hai dudi cdc cap eyc Nam - Bic do dé phai duge ndi nguoe
lai v4i nhém cugn thir nhat dé tang emf Cé thé nhan thiy, cac cudn luan
phién duge ndi két nguge nhau cidc phia cudn trong cée ranh cho truée sé cong
pha. T4t ¢ cdc nhom cudn cha mdt pha phii duge mée néi tiép hoae nsi tiép
- sung song.

Tuy nhién, trong thuyc t& thudng sit dung cdc cudn bude ngin. Nhu da dé
cap trong Chuong 5, phuong phdp sdp xép nay c6 cdc wu didm, ching han
gidm lugng day déng cln thiét cho cdc néi két ddu day. Hon nita, cde séng hai
trong séng emf bi triét tidu. Tuy nhién, cdc cuén day bude ngén cé xu hudng
lam gidm emf (Pt 5.18 va 5.19). Kiéu gqudn day nay duge minh hoa bing sg dé
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Hinh 6.6 Qudn ddy hai 16p; 4 - cuc, m = 2, bude cuén = 6 rianh

‘khai trién tiét dién. Cdc ky tyf a, b, ¢ 12 cdc phia cudn day cGa pha tudng ing.
Gia s, 8/ P = 9 ranh, m = 3, bude cubn day = 8 ranh, giéc o = 60° dién.

Tiét dién quin diy cta mdt cap eue duge minh hoa trén Hinh 6.7. Su chia
nhém pha phia cudn ddy trén va dudi edch nhau m§t rinh. Hon nita, trong
mdi nhém pha ba ranh, cdc phia cudn day cia hai pha khdc nhau duge 34t
trong mét ranh.

Quin day ranh 1é. Cic phudng phdp quin day véi SPP kh(‘)ng phai s6
nguyén thuéng duge goi 14 quin day rinh 1€, va duge 4p dung cho quan day hai
ldp.

Do m = S/ 3P khong phdi 14 sé nguyén, S 14 s ranh phai chia hét cho 3,
nghia 12 sd ranh / pha phéi 12 s8 nguyén d€ dat duge sy quin day 3 pha déi
xing. Budc cyc, $/ P khong phdi 12 88 nguyén, do d6 buée cudn diy khong thé
14 buéc nguyén. Vi du, néu 8/ P = 10.5, budc cudn c6 thé 12 11 hosc 10 rénh.
Budc cudn day duge chon phai nhé han bude nguyén.

Vé nguyén tdc su quin diy phai bdo dim don vi co bdn dudi mt cap cue
(Béc wi Nam) lép lai theo 8 cép c1fc khi m 12 s8 nguyén Dé c6 don vi co ban

Ir--— Budc cuc —-—;-——— Budc cuc—-;

'a aaccc bbb bra’aa ¢ cc bbb
Hinh 6.7 T"-""!OOOOOOOOO!OOOOOOOOO!
Tith dio DU OO QOOO0O00VO0000 000!
tet aten 12 ac’\e’c’b bb s’la’a‘cccb'b’b’ai
qudn déy
hai lop Cac phia cudn day cla cac pha khac nhau trong clng ranh.
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m=S_8
3P 3P
Céc phia cudn day dudi P’ cuc s& 12 don vi ¢o ban cé céc noi két duge lap

lai P/ P’ 14n trong quin day hoan chinh. C6 th€ d& dang nhan thay P khéng
thé 1a bdi 56 cia 3 trong quan day 3 pha.

(6.2)

Trong quén day hai l6p, sy phan nhém pha ciia cde phia cudn day & lép
trén duge 1ap lai theo 16p dudi v6i cdc phia cudn diy b tri cdch nhau mot bude
cudn day. Do 46, diéu clin thi&t 14 xdc l4p suf chia nhém pha cho 16p trén cia
cdc phia cudn diy. Quan day ranh 18 c6 thé duge giai thich bing vi du.

Giad s, S =108, P = 10

Khi d6 m:—s—z 108 =3§rﬁnh
3 3x10 5

v S _108 54 _§
a 3P 3x10 3x5 3P

Bon vi co bdn trong kifu quin ddy nay cé 5 cuc vi 54 ranh.

Bing nhém cudn day (Bang 6.1) duge thiét 14p cho vi du néu trén.
1. Tinh géc rénh

10x108° 50 2°
‘]{ = oe—— = 16—
108 3 3

2. Bit dau tir 0° tinh géc sp x&p ndi ti€p cde rinh trong Bing. Mbi khi
goc nay vugt qud 180°, hay trir b6t 1809, 1a géc ctia mét budc cue. DE bao
dédm chiéu duong cGa emf dudi cdc cue k& can 12 theo chidu nguge lai.

3. Nhém pha A tuong ng +6i gée:
0 <gbe < 60°
Nhém pha C: 60° < goc < 1207
Nhom pha B: 120° < géc < 180°
Thu ty nhém pha la AC' BA' CB' ...

4. Cdc diém bat diu cda céc pha 1a 0°, 60°, 120°. Khi 0° 12 diém bét dau,
hai géc con lai sé § vi tri 87/ 3 = 18 va 257 3 = 36 ranh

Cac ranh géc 573 cdch nhau = = —— x — = BOP
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2y 8 180F

Cac ranh géc 28/3 cdch nhau= —— -

3

S

x 28 =120P
3

Cac gée nay la 80% 120% hodc boi 5@ e, © trir k. i 14 bél 36 cla 3 (8
-y yuan ddy cin bing.
Tir Bang 6.1 c6 thé thiy ¢é ba c¢hu k¥ phan bé ranh (4,4,3,4,3) bat diu tit

ranh 1 (0", pha A}, ranh (1 + S 3} = 19 (120", pha B) va ranh {1 + 2587/3) = 37
(60* , pha C), diéu nay tao thanh sy quin day céin bing.

pha). Do d6 néu P’ (hoac P) x 3, s& khéng tb7 - 1

Bang 6. 1 Phdn nhom cudn ddy

S§ranh 1 2 3 4
. 2 I
Goe 0 163 33§ 50
Pha {al a a a
S6 rinh 12 13 14 i5
} i |
G = - -
C 3 3 20 363 53 3
Pha  a a’ a
I
S6ranh 23 24 25 26
2 ] 2
Goc 3 23-3- 40 563
Pha e a a a
|
S&ranh 34 35 6 37
¥
. 2 1
Goc 10 26 3 43§ &0
Pha a d a el
fua-
Soranh 45 46 47 48
Goc 1 2 1
13 3 30 46 3 63 3
Pha ’

5 4]
2 |
¢ <
Bude cyc 1
16 17
70 86%
[ T
Budc cyc 2
27 28
]
73§ 90
¢ ¢
Budc cyc 3
IR 39
2
65 9%
c c
Budc cuc 4
49 50
80 96%
f! Ct
Budc cyc 5

7 g 9 10 11
2 .01 2
100 1163 1333 150 l663
Il ¢ ] b b
2
18 19 20 21 22
[ 2 1
l033 120 1363 I533 170
c {¥] b b b
-t
20 30 k1] 32 33
2 ) 2,..2
106 3 l23-3- 140 156 3 1733
& b b b b
—
40 4] 42 43 44
_2_ ] 2
110 I263 143—3— t6D ]?6§
c b b b ;4
51 52 53 54
] 2 |
l[33 130 1463 Iﬁ33
& ) b b
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Hinh 6.8 So dd dun vi co bdn gém 5 cuc khi qudn ddy rénh ié.

Hinh 6.8 minh hoa so d6 quan day ctia don vi ca ban gdm 5 cue néu ro s6
cudn diy va cdc nhém pha cia chiing. Cde nhém pha véi dugng nét ddt duge
néi ddo nguge. Phan khdi diu ciia ca 3 pha la phan d4u ciia ting nhém pha vdi
duting nét lien. Kiéu quan day nay lap lai theo timg bd 5 cuc. béy la so dd
quan day vdi phdn ing 10, 20, ..., eye.

Tuy su quin day ranh lé cé thé hai phitc tap, nhung c6 nhiéu yu the vé ky
thuat va ché tao dé dang. S8 lugng céc ranh phin Ung duge chon khéng nhat
thi€t phdi 1a bdi s8 nguyén cda s cue. Do d6 c6 thé chon s8 rirnh tuy theo bé
rang khd dung. Diéu nay la rdt quan trong d6i véi cdc mdy cong cu.

Hon nita, cdc séng hai tdn si cao do c4c ranh gy ra bi gidm ddng ké khi
st dung su quin day ranh 1é. Khi cde cye di qua phén dng cé ranh, tir théng /
e dao déng khi csc mit rdnh - rang hudng vé phia cue 14n lugt 1ap lai. Piéu
nay gay ra su cdm dng cac séng hai emf tin s cao. Néu S/P 14 s6 nguyén, suf
dich chuyén céc ranh phdn tng theo cic o & 1ap lai tic thei {ddng pha thi
gian} tai méi cue do d6 c4c séng hai trong cdc nhém pha ciia pha che trude sé
ddng pha. N&u S/P khong phai 14 s& nguyén, s& lam cho song hai trong nhém
pha bi l¢ch pha do d6 1am gidm cudng d4 cia ching d8i veéi dién 4p pha.

Su nhap nhd cac rang

De tir tré d6i véi dudng dan tif tinh & céc rang thap hon so vdi cae rinh,
song mat d§ tif thong trong khe khong khi sé cé dang nh&p nhé (Hinh 6.9).
Khéc véi séng hai khong gian cia séng B, dich chuyén véi cing téc dp nhu
séng cu ban, tif thong ¢ cdc ring dich chuyén tdi lui khi cac rang di qua guée
cye. Do khong c6 sy dich chuyén chung cia séng B, & day sé khing ¢6 séng hai
khong gian. Tuy nhién, do sy bi&n thién chu ky v& tir tré cia dudng dan ti
théng d6i v4i cdc cye trudng tir ede ring phin dng, téng tir thong / cuc s& én
dinh trong khong gian nhung thay déi theo thoi gian. Hiéu dng nay la rat ro
khi véng cue 1a s8 nguyén cong véi mot nia bude ranh (Hinh 6.10). Vi tri
tudng déi cla phdn dng va cac cye (Hinh 6.10 a} tuong ung tit tré thap va tor
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Nhom tU théng

Cuc

|
I Phan dng

{

I Séng nhip nhé

Hinh 6.9 Sy |
nhdp nhd rdng

ciia song-B r—
' thong cue dai/ eye. Hinh 6.10b minh hoa tif trd va tir thong cuc tiu. Cé thé
thay tif théng c6 thanh phdn én dinh bién thién theo thoi gian. Chu k¥ bién
thién tif thong xiy ra khi eue di qua mét bude ranh, trong khi mét chu k¥ séng

ed bin dude tao ra véi edc cue dich chuyén qua hai budc eye. Do 46 tdn s6 nhip
nho sé la

fo = fxs8 ranh / cap cye = [2_1)8}]“

trong do { = tin s séng co ban;
f. = tAn s& bi&n thién tir thong do cde ranh
Hinh 6.10 Quan

’/—‘ 3!% bude ranb
hé gida cde rdng
vé cuc triong | I , ‘

(a) Cuyc trudng déi nghich & ring thu tu (10 trd thap, tir thdng cyc dai)

|

C i

i

{0, Cyc trudng déi nghich & rang thit ba {0 trd cao, ¢ thang cuc tidu)
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Né&» két tir thong ciia cudn phin tng c6 thé bidu thi theo céng thie
f=1®d + o _sin 2rf t) cos 2nft
va emf do tir théng sé& la

e= ~N§% = 2nfND sin 2n ft

—éN¢$[2n(fﬁ - freos 2n(f, — [+ 2n(f, + f)cos 2n(f, + £1](6.3)

Do dé, ngeai séng cg bin, con cé hai tin sé§ trong séng emf ddi v§i cac
ranh phdn ing

(fo2 ) =f(—2§i 1] 6.4)

Néu 8/ P = 9, khi d6
(f, * f}=50(18 + 1} = 950.850 Hz

Cdc tan s nay 13 di cao d€ gay ra nhidu giao thoa trong hé théng vién
théng & gin cdc duding truyén tai dién.

N&u S/P khong phai la s3 nguyén, quan hé khong gian gida phén ting ¢§
ranh va cyc tru¥ng cho trude khéng hoan toan nhu trong cde cuc lién tiép, do
emf cla cdc tan s {f, + f) trong céc cudn phin tng khéc nhau bi léch pha va
6 xu hudng ty triét tidu trong tap hep cdc cudn pha lién néi keét.

Quén day de

May dc 1a cdu tric cue khéng
ddng nhadt véi cace cye tinh tai va
phan iding quay (Hinh 5.8). Emf
xoay chiéu vdi ciing dang séng nhu
séng B cam dng trong ting cubn
ddy. Khi phdn iing quay, cdc emf
cdm iing theo vanh dai cac phia
cugn diy dudi cyc cho trude la
khong cing chiéu va ldn lugt thay
d61 tir eye nay dén cue kia (Hinh
6.11). D2 nhan duoe dién 4p khong
déi tif cdc cujn phan ung, cén cé
su chinh . Piéu nay c6 thd dat
duge bang bd chinh luu co hoc - Hinh 6.11 Mdy de 4-cyc
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vanh gép va chdi than, Vanh gép 14 b hinh tru gém céc doan hinh ném béng
déng (Hinh 6.12 a) duge cach dién vdi nhau va vdi truc bing cdc tam mica
méng. Trong ¢dc mdy toc d§ eao, cac doan hinh ném ¢ thé duge kep vdi hai
vanh hinh V bing gang dic (Hinh 6.12b). M&i doan vanh gdp tao thanh sy
tiép gidp giia hai cuén phin ing (cudl mdt cudén va dau cudn kia). Trong céc
may 16n, cic thanh ddng phing duge ding d€ tao thanh ndi két vdi cdc thanh
dén dién phin ing (Hinh 6.12b},

Thanh ning

{a) Boan vanh gop
Thanh nang

Poan vanh gaép

Vanh Vv

Vanh khda

Hinh 6.12 Vanh gop
mdy dién mét chidu by BH vanh gép
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Sy quan day hai lop duge chdp nhan ring rii trong cdc mdy de. Cée cudn
day dugc ndi lién tue cudi day nay voi diu day kia tao thanh 16p quan day kin.
Tay theo kifu ndi két, s& cd cdc cap dutng dan song song. Cdc diém dién 4p
cue dai (ing véi dudng dén) duge ndi két biing cde chéi than tinh phia trén
vanh gép. Khi phan ing quay, sé cdc cudn day méc néi tiép duge nsi sé khéng
ddi va vi tri tueng d6i ctia ching véi céc cue cing khéng d6i. Do do, dién 4p dc
khong ddi xuat hién giga cap chéi than.

Sd dd danh sd phia cufn day

Cdc phia cugn day duge ddnh sé lién tuc - trén, dudi, trén, ... Phia cudbn
ddy trén thif nhat duge danh s§ 1, do d6 moi phia cuén day trén déu c6 s6 16 vi
moi phia cudn day dudi déu ¢6 sd chdn (Hinh 6.13)

1 2 3 4 5
13 9 t1 13 15 17 19

5 7
11 11 il il il
1l L LI i1

2 4 6 8 10 12 14 16 18 20

| —4 15 |
[~ Y., =4 ranh -

Hinh 6.13 8o d6 ddnh s6 phia cuén déy vdi U = 4 phia cudn day/ ranh

Budc cudn day/budc ngude

Trén Hinh 6.13, buéc cudn day Y, 12 bén ranh (tueng duong bén rang). Do
dd, phia cudn déy 1 tao thanh cuén day vdi phia cudn 18, 3 véi 20,... (Hinh
6.14), Budc cubn day cia céc phia cugn diy lay, = 18 - 1 = 17, Pay la khodng
cach do theo cdc phia cudn diy gita hai phia cudn day duge médce § cudi phan
ing (phia cudi nhin tir vanh gép) d€ tao thanh cuén day. Bude nguge duge ky
hiéu 13 y,, c6 thé thay:

Y, =y, =17 1as5 1. Tu d6
Vo=(4x4)+1=17
Mot céch tong quat y, = UY,, + 1 (12 5 1é do U la s8 chén)
trong da Y., = budc cupn day tinh theo ranh
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Cudi ngugc

I
|
20

i7 \'19
igl

Hinh 6.14 Not déu -
ddy phdn ung A Cudi

Budc vanh gop

—~— Bau ngugc
{eudi vanh gop)

Su tiép giap hai cudn day (cudi - ddu} duege ndi vdi mot doan vanh gép. Do dé
S& doan vanh gép = C (s& cudn day phan ing) (8.6)

5S¢ doan vanh gép giita hai ddu eta mat cudn day dugc goi la bude vanh
gép, ¥.. Trén Hinh 6,15,y =2 -1 =+1

Budc cudn day

Buge cuén day tinh thee céc ranh hau nhu la bude nguyén. Didu nay bdo
ddm dién 4p phia ddu ddy xung quanh cuén diay hidu nhu edng vd nhau (trir
khi cac phia cudn day ¢ gan vung trung héa tir tinh). Do d6

-

ha . . .
Y. = 0 (86 nguyén thap ké can) (6.7)

¢ nghia 1a vai S/ P khong nguyén, cdc cubn day la bude ngin
Quan day ndi dau

Trong quan day ndi ddu {tuong tu trutimg hop mdy ac) cudi cGa mdt cuén
day (tir phia cudn day dudi} duge ndi véi dau cudn day ké& cdn nhu duge minh
hoa theo cdc cujn day mot vong trén Hinh 6.15. Su dich chuyén phia cuén day
¢ két néi mit trude dude goi 1a buge mdt truoe, v,. Trong quin diay ndi dau,
bitde tong ta '

Y=y~ ¥ =2 (6.8)

Chiéu quin diy phu thudc vio y, hodc y; tity theo gia tri nae 1én hon. Do dé
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—————~ Quan day tién

1+Y,
// Tl . /Cudinguge
i I N i
1 | Yo ]
i
t
[
Bau ngugc
{1+ y}
[c|1[2[3[ Vanh gép
{a) Quan day tién
Quén day Ui —e—— .
~ (1 + ¥y
\l/ |
-t ! I
| {
¥r - |
J |
{1-y A
Hinh q.15 Quc‘{n dédy I | C [ 1 ] 2 [
kiéu noi ddu —
(b} Quén day Wi
¥, > ¥, {quin day tién, Hinh 6.15a) (6.9a)
¥y < ¥, (quidn day lui, Hinh 6.15b) (6.9b)

Khéng e6 nhiéu lua chon giifta quan day tign hofe I, c4 hai déu duge chap
nhén trong thuc t&

Tur Hinh 6.15 c6 thé thay, hai dau cuén day duge ndi qua cac doan vanh
goép ké nhau, do d6 bude vanh gép sé ia

y. =+ 1 (+1, quin day tién, -1, quin lai) (6.10)

Céc cudn day khi guin néi dau lién tuc duge ndi theo nguyén téc néu trén,
trong quéa trinh nay moi cudn déu duge néi.

Vidy 6.1. Hay vé sd d6 qudn ddy néi dau ¢ dang khai trién cho phan ing
12 rinh, 4 cue, véi hai phia cudn day/ranh, gid sif cudn diy chi ¢6 mot vong).
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Hay néu ro s6 lugng va vi tri cae chéi than trén vanh gép. S& lugng cac
dudng dan song song 1a bao nhiéu?

C = 5 = sf cde doan vanh gép = 12

Y =E=3rénh
4

[«

v.=2Y, +1=7
¥, =T -2 =5 (quén theo kiéu ti€n)

Théng tin nay 1a dd dé vé sg d6 quin day khai trién trén Hinh 6.16. Cdc
ddu cudn day cua cic phia cudn day (1 - 8) duge ndi véi cdc doan vanh gop 1,
2. Bdn cuc duge vé trén sa dé khai trién. Tat cd cac phia cutn day dudi mot cuc
co emf cam ing cing chiéu va luan phién.

Cac duding din song song / chdi than

Ba cudn diy (C/ P = 12/ 4 ) dugc néu theo nét d&dm ¢ phia dudi mét cap cue
(N,3,) duge mic noi tiép d8 cdc emf cbng vdi nhau. Didu nay tao thanh mét
dudng din song song. Sy quin ddy hoan tat c6 thé chia thanh 4 dudng dén
song song dudi 4 cip cue khdc nhau (NS, N,8,, N,S,, S,N,). Do 46, s6 cdc
dirang dn song song (A) trong may quin day ndi ddu néi chung bing s cac
cuc (P), nghia la

A=P (6.11)

Bén duting dan song song trong s dé quén ddy trén Hinh 6.16 tao thanh
vang kin vé dién (Hinh 6.17) trong dé cdc emf cta dugng din song song luan
phién bao quanh vang nay.

Cdc ddu cua dubng dan song song dén cac doan vanh gép 1,4,7,10 vao thai
diém néu trén. Pay la cdc vi tri cia chdi than (bing s& cuc) thay d8i luan
phién duong v& 4m. Ngodi ra, cde chéi than thuémg & ede vi tri 461 didn edc
tim cue va gée dign giita chang ia 180°. Khoang cach giifa cac chéi than ké
nhau tinh theo doan vanh gép la

c_1z_, (6.12)
P 4

Co thé thay C/P khong nhat thidt la s6 nguyén. Déng th#i de cudn day ¢6
hinh thoi, cac chéi than d6i dién cde tdm cuc s& ndi vdi cac phia cudn day ¢
gan ving lién euc, day 1a gée dieén 90" tir cdc truc cia cdce cuc chinh.

Hai chdi than dugng va hai chéi than am duge mée song song d& cap dién
cho mach bén ngoai.
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Hinh 6.17 Su d6 tuong duong clia phean wng qudn nét dau 4 cue
Tir 0 dd trén Hinh 617, co thé thay dang dién trong day dén phan dng la

I--= 16.13)

Su gop dién

Xet duing din =ome <ong chdng han hemg duge ve theo nét ddm trén
Hinh 6.16. duge uai vt cae doan vanl sy L via 4. Khi phan tng guay. mot
cucn dav di ra i duinge Jan nay o mot che tthan va cudn day kia di vae duiimg
dan sony =ang 5 choi thun i hai, Capoohai than lae nay néi cae doan vanh
gop 2 vi o, Quit trinh nay iy ra dine thii o moi chéi than, cé the dé dang
Rink dung ur = dd tren Hinh 8,17, trong Tooeide cugn day duge col 1a quay theo
dugng tron. Trong di. cap chot than Juon Tuim ndt cde cudn OF P ondi tiepa. i
do. dien ap khi dung 6 mdi eap chii than Inon luon khang d6i idel Day ta tac
dung gop dien. Pien i noi kit eo thay 1401 chadt trong thai gian ngdn khi
chuyén 461 cie cudn iday teong duding din - ing song. Tuy nhién, sy hién thién
dién ap nay 10 khang dang ke trong thuy e

Tir <o do tron Hink 6,16 v 6.1 7. ¢o thé 1hdy khi cugn day ra xa mot dutng
dan song =ong va di vao duime ddn thie hao ding dién phai ddo chiéu. Trén
Hinh 6.16. khi phin dang dich chuyon mot dean vach gop, cac dong dién trong
hon cudn day b T 1 e a0, 01920 phai ddo chidu. Cde cugn nay thue
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hién sy gap dong dién. C6 thé thdy, trong khodng thoi gian ngén khi cudn day
gop dién, cdc phia cuén day di qua ving lién cue do d6 emf khéng ddng ké duge
cam dng trong cudbn gép. Dong thoi, trong khodng thi gian nay, cuén day van
ngdn mach vdi chéi than, néi cdc doan vanh gép ké nhau, trén dé cac ddu cudn
diy duge ndi. N&u dang dién trong cudén diy khong ddo nguoc hoan toan d cudi
ky gép dién, sé xudt hién tia lita ¢ tiep diém chéi than.

Yéu cdu ddi xing

P tranh dong dién tudn hoan khong tdi va cac van d8 vé gop dién, moi
dudng din song song phii déng nhat, ¢6 cung s6 lugng cdc phia cudn day. Su
ddi ximg doi héi

20

- US _ 56 nguyen (6.14)
P P

Ghi chu

D€ quin day phin ding de, cdc nguyén téc ndu trén la khéng thyc sy can
thigt, trir khi ¢dc cudn day quin day hai 16p phéi duge néi két lién tye theo
kiéu cuéi cudn nay néi véi dau cudn kia. Su tigp gidp kidu ndi diu nay duge noi
v&i doan phan dng d6i dién d diém gida cudn day: cac ddu cia méi cuén day
duge ndi véi doan vanh gép k& can (Hinh 6.18).

Hinh 6,18 Qudn
ddy hai Idp theo
kiéu néi ddu

Cac vanh can bing

Cée cyc trong mdy dec khong thé déng nhal dé cé cung gis tri ti théng/eue.
Sy mat ddi ximg giia cdc cyc sé dua dén su khéng can bing cdc emf trén dudng
dén song song. Do 46, dién thé cda céc bd chdi than duong va am sé khong cin
bang nhau, dong dién chay trong phdn iing qua cdc chdi than d& can bang dién
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ap phédn ung ngay cd khi phan dng khéng cdp dién cho mach bén ngoai.
Khang ké sy mat can bang tai xung quanh chu vi phin tng khi phén ing cap
dién, cac dong dién tuan hoan ¢d thé dnh hudng dén su gbp dién, gay ra céc tia
léta digén & chdi than.

Céc dong dién tuin hoan bi mat 461 xing s& lam tang cudng 46 cde cuc yéu
va lam gidm cdc cuc manh. Bién phdp gidi quyét 1a dé dong dién tudn hoan di
dén cudi phén Ung qua cac dubng dan dién trd thap, tranh céc dong dién nay
di qua chdi than noi ¢6 dién tré cao hon. Diu nay duge dp dung bing céch
mdc nhiéu bd can biing thé nang, duge goi 12 cac vanh can bing. Dong dién
qua c&c vanh nay phdi la ac khi chi eé dién dp ac giita cdc diém & cudi cac cudn
day. Cac diém can béng thé ndng cach nhau 360° tdién) va chi hién hitu néu

o] o A
—— =86 nguyén
(P/2) B

nghia 14 su quan day lap lai mot cach chinh x4e cho titng cap cue. Khodng
cach gilfa cac difm can bang thé ning theo 8 lugng vanh gdp la CAP/2).
Trong thyc té, khong cin dung s6 lugng vanh can bing tuong duong s§ cap
di#m can béng thé nang. Tuy cdc vanh cin béng ngin cin dong dién tuin
hoan qua cdc chdi than, nhung khéng cén tré dong dién tudn hoan gay ra tén
ihdt day ddng.

So d6 quan day kicu song khong cdn cic vanh can bang, do dé duge wa
chudng hon, trir ede may doi héi dong dién cao.

Vi du 6.2. Khi bi&t s¢ dé quan day kidu ndi ddu che may dién de véi 4 cuc,
22 ranh, 6 phia cuén / cde, khodng cach giifa cde ¢héi than 1a bao nhiéu?
Giai
. . - 22 .
Budc cudn day, Y. = e 5 ranh

Bude ngude —(6x5)+1=3l
Bude phia trude = 31 - 2 = 29 (quin day tién)
Di lidu nay 1a dd dé vé so d6 quén day
s ; 1 ) .
58 lugng doan ¢d gop= EUb =3x22=-66
P=A=4
36 lugng chéi than =< 4

Khoang cach gita cac chéi than k& nhau = 66/ 4 = 16 ': doan
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Qudn day kiéu song

Trong yuan day kidu song, cudl mot cudn day disgi mot cip cuc duge ndi v
Jitu veom Ay dudl cap oo ké tiép iHinh 6. 191, (qué trinh nay tiép tue cho dén
L P dav phan ung dudc nivt va sg quan day hoan tat. Pé thue
hign divu 1y van phuii deidp imE mit 50 Qiéu kien. ac dau cua timg cudn trai
rinyg voi khau da gom oy, doan ¥ anh gép thude v auh gopi. Khi si lygng cac phia
cudn day & ip don s doun vinh gop, phin cudn day dinh cua cudn thd hai dugc
dinh 50 i+ 2 ¥ Vi¢e ddnh sb cac phia cubn day 6 thé minh hoa trén
Hinh 6.19, v6i cong thie

142y, -y, =140
voe v = 2v=Y 16.15)

Bat g daas o0 wop 1,sau khi di qua Pi 2 cudn day hodey, (P/ 2y doan
co gt gL J v o dumy o doan 2 aé qu'm day tién hode doan () dé quén
loi, Diéu nay o v b Ao Gicp tue quin day. cin phai c6

»
. ] s 1:

a1 phi Bash neuyénd 16.16)

\
A P

Trong phuang frinh B 16, s quin dav tien néu ding d&u cong va guin day
lisi niu dung ddu trd

wWhi hidt v, tf e enon diy va v, duge xac dinh tir T £.16, bude ngude ¥,
duane tinh Pt G615, U due e thé ve =g db quin day.

Hinh 6.19 Quan
1+ 2y, day kifu song
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Trong quan day kiéu séng cac cubn day duge chia thanh hai nhém - 1at ca
cdc cudn day v6i dong dién thuan chibu duge mac ndi tiép va tat ca cde cudn
diy v6i dbng dign nguge chiéu duge mic ndi tiép - hai nhém cudn day nay duge
miéc song song vdi nhau. Do do su quan diy nay ludn luén cé hai dusng dan
song song bt ké s¢ cue, va chi cin hai chéi than, nghia la

A=2 {6.17}

Vi du 6.2. D31 voi phan ung de 6 - cye vdi 16 réanh cd hai phia cudn day/
ranh va cdc cudn day mot vong, hay tinh cde bude quin day kiéu séng va ve s¢
dé quan day khai trién

Y, = 16/ 6 = 2 ranh (gia tri nguyén thip gan nhat)
¥ =2x2)+1=5
C =16
. ¥, = %ﬂ = § doan
¥; =2y, -%=95

Tir edc gid tri néu trén, s¢ dd quan day khai trién dugc vé trén Hinh 6.20.
Quan day phén g cé hai dudng dén song song (mdt dudng duge vé bang nét
dam trén Hinh nay) - dong dién di vae doan vanh gép 6 va di ra doan 14 {phia
cudn day 27 c6 emf khong ding ké va chiéu dong dién trong dé duge xac dinh
bing phia cudn day néi tiép vdi cudn 27, 14 cudn 32). Chi ¢dn hai chéi than, do
d6 mot & cuc Bde va mdt & cuec Nam. Khoang cach giita cac chdi than Ja

g=9 = 8 doan {6.18)
A 2

Trong céc may quén day kidu séng thite t&, s6 choi than bang sd cuc duge
sif dung vdi khodng céch giita cdc chdi than ké nhau la C/ P doan vanh gop, cdc
chéi nay lan lugt 1a duong va am. Moi choi than duong va am dugc mic song
song dé cdp dién cho mach ngoai, didu nay 1am gidm dong dién ¢ timg chéi
than dén gia tri

IR

Lii = 5o 6.19)
chii (PJ{2] [

B6i vai chidu rong doan vanh gép cho trude, ditu nay lam gidm chiéu dai
doan cdn thigt déi vdi mat do dong dién chéi than cue dai duge phép. Tuy
nhién, trong ¢de may nhé, tinh kinh t& doi hoéi chi dong hai chéi than.

Khéng cdn ding cde vanh cdn bdng. Céc cudn phén (ng tao thanh duimg
dan song song chiu 4nh hudng cia tat ca cic cap cue, do d6 hiéu (dng bat doi
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xtmg mach tif hién dién trong ca hai dudng dan song song tao ra cac dién ap
dussng dan song song nhu nhau. Biéu nay cho phép khong sif dung vanh can
biing trong quin day kidu séng.

Trong quan day ndi ddu y, = + 1 bat ké si iuong cuin dav phén img, do dé
cac cudn day c6 thé duge chon dé lap ddy 1at .. .ac ranh (C = US/2)
Trong quén ddy kidu séng, ti Pt 6.16, 5§ lugng cac cubn day phai ddp ing
didu kién
C-= E—yc +1 (6.20)
2
déng thai C phai bao dam

C= lUS {6.21)
2

- Poi véi gid tri P thiét k& xdc dinh va sy lua chon S bi gidi han béi cac diéu
kien ché tao, cac gia tri C tit Pt 6.20 va 6,21 cé thé khac nhay, khi d6 phai su
dung sé cudn day C

c-lussc
2

va y, duge chon sao cho (C' - C) ¢6 gid tri thdp nhét. Vé dién, chi c6 cdc
cuén C 1a can thiét (Pt 6.20), nhung cdc cujn C’ bdo ddm sy cén biing dong cho
phén ¢ng. Hiéu s§ C’ - C dugc goi 1a cde cudn cam, va duge dit trong cdc ranh
thich hop véi eac ddu duge cach dién.

V¢ du 6.4. Cho phan tng de 4 - cuc, 28 ranh, 8 phia cudn ddy/ranh, hay
tinh cdc bude quin day va budc vanh gop khi quén theo kiéu song. Khodng
cdch gita cac chdi than tinh theo s6 doan vanh gép la bao nhiéu?

Giai

S5 cudn diy cé thé bo tri trong cdc ranh

_28x8

C 112

vo2 2@t =212 1 =551 hotc 56
P 4 2 2

Do khong c6 gid tri nguyén cda y,, vdi C = 112, can ding cugn diy cam.
Khi 44 ¢ =112
P
C=—y*1
2 Yo
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Chyn ¥. = 5h
€ = 111 (s8 cudn diy can thiét vé dién
= 38 doan vanh gop)

Do d6 (112 - 111) =1 cudn day duge 1ap vao phan ing
v - 28
Yo =7
v, =18xT)+1=57
¥, =2y, v, =(2x55)-57 = 53

7

Khoing cédch gitta cae chéi than néu si dung 4 chéi than
= 111/ 4 = 27 3/4 doan vanh gop

Ghi chi

Theo Hinh 6.19, d€ quan diy phin dng theo kidu song, cdc cudn day duge
chuan bi theo y, = UY_ + 1. Khi ¢6 céc cudn day nay, chi cén néi ¥. cho cac
cugn day. Trong thyc t& thudng ddnh s& cupn day thay vi danh so phia cuén
day, bat dau cudn day véi phia cuén day trén duge ddnh s4 (1 + 2 y ) trong
Hinh 6.19, cudn day dugc danh sdla 1 +y,.

So sanh quin day ndi ddu va kiéu song
Quin ndj ddu Qudn kiéu séng

3 8
1. Butc cujn day, y, = = s = =
; ¥ ¥ P Yes P
2.  Bute nguge, y, = UY,, +1 ¥, =UY, +1
- + " .
3. Budc vanh gép, v, =% 1 Y. = E(-%l(phau 1a s6 nguyén)
{(+ quén day tién (+ quan day tién
- quan day lab) - quan day lai)
4. Budcmit, y, =y, +2 ¥, =2y, -y,

{(+ quén day tién

- quédn day lii)
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7.
5.

Pusng din song song, A= P
Dong dién day dén, [, =1,/ A
54 lugng chéi than A = P

Khéang can cudn day cam

Cén cac vanh cén bing

A=2
i.=1/2

86 lugng chéi than = 2
{May ldén dung P chéi)

Can cuon diy cam

Khéng ¢dn cdc vanh cin bang

Lya chon giita quan day kidu song va ndi ddu

Uu diém cia quin day kiéu song 1a khong cAn cdc vanh cén bang, nghia Ja
may c6 chi phi thap hon so vii quin day néi ddu. Quin diy nédi dau cé uu thé
s6 lugng duong din song song 1on hon va dong dién day dan thap hon (I, = 1/
A). do d6 thich hop véi cac mdy dign ap thap dong dién cao. Viéc s dung quan
day kiéu séng khong cho phép dbng dién phin dng vugt qua 300 A do cdc kha
khéan vé gép dién.
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Chuong 7

-y

May dién mgt chiéu

Gidi thiéu

May dien mdt chidu (de) €6 k&t cdu vdi nhidu dang khéc nhau va ¢6 nhiéu
cong dung. tu loai dign dp 1.5V vdi vai pA trong déng hd tinh thé thach anh
dén loar khong 16 75.000 KW hodc [dn hon trong céc mdy cdn thép. Day la loa
may da dung va linh hoat, cé thé dap itng yéu cdu moment khéi dong, tang toc
va ham vdi tai trong nang. M4y dién mét chidu ciing d& dang ddp dng vdi cac
truyén dong trong khodng diéu khién toe dé rong va dae chidu nhanh.

Bang co dién mét chidu duge ding & cde nha may ean, d cde ¢in truc. cac
Jug; dung diéu khién nhut cdc b truyén dong, cim bién toc do va dinh vi. Hién
nay, dién xoay chiéu dang duge st dung rong rii va hiu nhu khong con su
dung may dién mét chiéu lam mdy phét cong sust. Cac mdy phat dong o
{A0ng ca xoay chiéu - may phat mdt chiéu) cung cdp truyén déng de cing duoc
thay thé bang cic mdy ndn dong (thiét bi chinh luu). Trong mét 56 ung dung,
déng ed dc tdc déng nhu mdy phat trong khodng thoi gian ngén trong ché da
“ta sinh” hodic ch& d6 “ham déng lyc”, dac bidt trong céc hé thong kéo.

Nguyén 1y van hanh va dac tinh két cdu cia mdy dién de duge trinh bay
trong Chuong 5 (Hinh 5.13), vdi phuong trinh emf la Pt 5.96. May co cudn
kich (kiéu tap trung) duge dat trén cée cuc 16i & stator va cudn dday phan unv
fkiéu phan phdi) duge quin theo rinh trén rotor hinh tru. Cdc dac diém ket
ciu ciia mdy dién de thue t& duge néu trén Hinh 7.1 va 7.2. Tat ci cée loai mas
dign cdéng nghiép thuing c6 két edu rotor hinh tru di cue, tuy nhién cun; o
mét 56 mdy dién ddng cuc cdi tién.

Mach tif cua may de gom 16i lam bang vat liéu tir tinh, khe hd khang ki,
cde cuc trugng va gong tir (Hinh 5.13 va 7.2). Géng ti cia mdy dién dv la voug
hinh xuyén ¢ gitda cé ghép cae cue tit va cac lign ctfc. Cde lién cue hodc cac ¢
vanh pép la nhitng cuc thu hep duge ¢d dinh trén gang 1 gita cac cye tv chinn

Su st dung cudn kich, cung cdp dién nang dé thiét lap tir trutmg tron
mach tif, tao ra cdc dic tinh hoat dong rat da dang Cubn dav phin dng d.ar
néi dén ngudn nang ludng bén ngoai théng gua b7 thong chos than  vank 20
(Hinh 7.1), thiét bi nan dong co khi dé chuyén déi dang dien xoay chicu v .
dién tif cdm dng thanh mat chidu
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Rotor hinh tru (phén dng! cda mady de lap trén true, duge dg bang chc § da.
Maét hodc cad hai dau true 1a dau ru'vao cua may va duge két néi co dén 1di néu
l& dong co hede dén dong co chinh néu la mdy phat. Cdc ranh truc ¢ mép
sang song (edch déus duge ding trén bé mit rotor. Trong cdce rinh nay la cac
cudn ddy phan ing (theo qui tdc quan day). Phin vit liéu tif gilia cac 161 1a ede
rang. Tiét dién ranh cé dnh hudng rat quan trong dén cac dic tinh lam viéc
cda may va cde thing so khace, chiang han 46 ti cam cudn day phéan dng, 46 bao
hoa tir trong cdce rang, ton that dong dién xodv & cdc cue stator, chi phi va 4o
phite tap vé quin diy phin ung.

Thiét ké mdy dién ld mét cong viée thich tha va ddy thach thie, va 1a
cong viee lién tue thay doi theo cac cai tién cua cae logi vat lidu dién, vat lidu
cich dién, vat liéu tir tinh, s dung cde ky thuit truyén nhiét, edng nghé ché
tao, Ung dung may tinh trong thiét ké.

Cac van dé ca ban

Hinh 6.11 trinh bay ti&t dién mady dién dc. Cédc van dé co ban coa may
dién de bao gbm:

1. Cie chdi than thudng duge dat trong ving cue tir trung gian do dé
chang Lao goe 90" dién vdi truc cua cdc cuc trudng ké tidp.

2. Su quidn day kiéu ndi dauv 6 cdc duding din song song A = P, dong cam
ung I, chia ra theo cdc dubng A tao nén dong dién day dan I =1/ A.
Trong trugng hgp diy quin kiéu séng, A = 2; dae lap vdi P,

3. Cdc chdi than ludn phién 1a duong cue va am cuc (gée dién giifa cap ké
nhau la 180" dién). Chi cdn hai chdi than trong quén day kifu séng,
nhung P choi than thuing duge ding khi phén ung ¢6 dong lén.

4. Chu vi phan 1ing duge chia thanh cdc “dai” (theo 86 P), méi dai chiu
tac dung cia mét cuc. Dong va emf trong cde day din cda mot dai la
cdc ddy dédn mot chiéu ra khéi mpt dai do su quay duge thay thé déng
thai bang ding s6 lugng di vao dai. Cudng d¢ emf day din trong dai
bién thién thee mat do tir thong trong khe hé khéng khi, con dong &
tat ci cde day dan nay (1) bing nhau & tat ca cdc dai, ngoai trit dong
& cac dai thay d6i trong khéng gian nhung khéng d8i theo thai gian,
Su tde dong eva vanh gép tao nén cde két qué nay

5. Neéu dong chay trong diy didn cung chiéu vdi emf day dén, may sé
cung cdp nang lugng dién (v hdp thu co nang), may van hanh theo
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ché& db phat dien. Nguge lai, khi dong trén day dan va eml nguve ehidu
nhau, may hap thu cong sudt dién v& sdn sinh cang ed hoc, mdy van
hanh theo ché& db dong co.

& Néu khong tinh t8n that khdng thé héi phuc (cé nguon gace dién va 1,
luon ludn ¢6 su cin bang gita naag lugng dién va cu; nang lugng trung
binh trong tif trudng git khang doi, doc 14p v su quay phan ing.

Luc dién dong va moment

Trong mdy de, cdu trdc tir trudng véi séng mat 4o tif thong trong khe hd
khéng khi, ¢6 dinh phang vdi d&i xitng song géc 1/4, khi phan ung khong cé
dong dién. Séng mat do ti thong s bi méo khi d phén (ng ¢6 ddong dién chay
qua {hiéu img phén dng phin dng lam mat sy d6i xing séng 1/4). Tuy nhién,
_ y&u t& nay khéng anh hudng dén d9 6n dinh emf (gilda 2 chdi dién) va moment
do may tao ra v4i 49 1dn duge xde dinh bdi tif thong/ede doc Hp véi hinh dang
song B.

Phuong trinh fue dién ddng

Theo Pt 5.28, emf trung binh cia cudn day la:

_ ®o,NP

B = S0m et (7.1)
n
véi o, = tdc dd rotor (rad/s}.
Gorn: C, = s0 cudn day/ dutmg dén song song.

S& nay la xac dinh va déc lap vdi sy quay phén ing; khi mot cugn day di
ra khoi dudng din song song, mot cudn khde s& di vae. Do d6, emf dutmg dén
song song bang emf phan ung va duge Linh theo:

_ Gu (C NP do, NP

E, (7.2
iy ks

trong do NP = si vong/ dudng dén song song = Z/ 2A.
7 = tdng cic day dan phén ing.

A = sb dudmg dan song song.

Do do: E, = ‘I’Lmsz—] = K, bo, (7.3)
2n \A
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2P

" 2%A
E, - 202 fﬁ] (7.4)
60 | A

trong dé n: téc dé phan (ng (rotor) (npm)

E, khong doi (de} do 56 cupn day/ dudng dan khong ddi va doc 1ap véi phdn
ung quay (tdc déng chuyén mach). E, phy thuje tir thong/ cue va khéng phu
thuge hinh ddng sing mat 40 tir thong.

Phuang trith moment ngiu luc

Hinh 7.3 minh hoa séng mat dé tif thong trong khe ho khong khi va su
phéan bd dong dién day dan trong phdn ting déi vdi mot cap cue. Co thé thiy
lue trén cdc day dan la mot chiéu. Mbi day ddn khi chuyén dong clng véi phan
ing sé chiu lyc bién thién theo th#i gian tuong tu séng B.

Do dé, lue day dan trung binh:
Few = Byl (7.5)
B,, = Mat dé tif théng trung binh trén mét cue
| = chidu dai téc dung ciia day dan
Téng lye: F = Lo = B I1Z

Lue nay tva moment) khang d8i theo thoi gian vi ed séng mat do tir thong
va su phan bd dong 1a ¢6 dinh trong khéng gian, moment duge tinh nhu saw:

T=8,.1.1Zr (7.6)
trong dé r: ban kinh trung binh ciia khe hd khong khi.

Mat dé tr thang B Lvc tAe dyng 1&6n cdc day din

([) B O @ $© D
- Tp _——I
Dong dién day dan (1)

Hink 7.3 Su phat sinh moment trong may de
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Tit théng/ cue duge bidu thi theo phuong trinh:
¢&=B_ .tp 1l
1 P 12 bude cue (Hinh 7.3) = 2/ P

© = Ba‘_[ﬁijl
P

oP 1
= —=x

av — D H (7.7
thay vao Pt 7.6 ta dugc
T-Lorzr-Lorz (BJ Nm (7.8
Zn 2n VA
T =k, & I (Nm) {7.9)

Sit dung lyc trén timg day dén sé rat thudn tién dé lap biéu thdc tinh
moment phan dng. Tuy nhién, co ché sdn sinh moment trong may dién thuc té
hoi khac do cde day ddn duge dat trong cde rdnh phin dng. Liuc nay phdt sinh
do tuong tdc cua tit thong chinh va tir thong do dong dién chay trong day dan
{trong cdc ranh phén dng). Vi tir trd ldn cda dudng din khéng khi trong cac
ranh, tiz thong chinh di qua cdc ddy dén qud nhd va luc tde déng lén day dan
khong ddng k&. Lyc sinh ra chi y&u la do duding tir thong bi méo khi di qua
cdc rang, va lue nay téc déng 1én ring cia phén ing (Hinh 7.4). N&u toan hb
lyc déu tdc dung 1én dédy din, sé lam hu hai ldp cach dién giita cac day dén va
ranh phin ing, nhung thue t& luc tde dung nay rat nhé.

_*.ng/z_4 . 7

[ 4

Y ® l Y ® 1 ® @
i |

| @ | | @ | ® @
= ca——")

A Thanh phén tiép tuyén ca lyc
{a) Tu théng chinh (nét lién) va tor

théng sinh ra do déng chay trong (b) Thong lugng tong
day dan phin ling (nét dut)

Hinh 7.4 Song mdt dé tir thong
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Can bing céng suat
Cang suat co: To, =K .d o, 1 =E. 1 W (7.10)

Do sy bdoe toan nang lugng, phai ¢6 sy can bang trong may, do dé:;

T- L EI, Nm (7.1

Su tir hda tuyén tinh

Gid sy mach tir cia may 1a tuyén tinh

o=K.I
trong 46 L. : Diong tir hda (déng kich thich}
K, Hang s6 truéing
No do: E, =K KlLa, =KI n (V) (7.12)
T = KXK,(I1, = KII, Nm (7.13)
trong do K. - %E{KHKI) (7.14)
6}
K =K. K, {7.15)

Vi du 7.1: Bdng cd de quin ddy kiéu nét dau, 4 - eue, s6 diy dan la 400.
Gudc cye dai 20 em, mat do tir théng trung binh trong mét bude cuc 1a 0.4T,
duding kinh rotor la 30cm. Tinh moment va co ning toan phan khi déng co
chay véi tée do 1500 vong/phit va dong dién 25A,

Gigi:

: 2
Tit théng/ cuc = &0419-— x20x107%* x 0.4 = 0.0188 Wb

L) I( ! w
Emf cim dng | ez EW: 0.0188x 1500400 (4 .o

60 LA 60 4
Co ndng toan phdn =E_I = 18825 47 ww
1000
4.7 = 1000
M t = " _-299 N
e 271500 "
{ 60
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Mo hinh mach dién

Céc dudng din song song Ay
etia phan dng mday dién dc déi
xting nhau, mdt duong din déu
¢t emf cam (mg E, va dién trd

R,. Thea md hinh mach dién, > Vi -
phan ing _Cé t,he cé dién 4p E, Hinh 7.5 So dd mang mach dién de
v dién trd ndi ti€p (Hinh 7.5)

R,=R/A (7.16)

Dién trd phén (g rit nhé nén tén that day déng & mde chdp nhin duge.
Hinh 7.5 con ¢é mach tir cGa mdy dién va truc cudn diy kich thich ¢é gac 90°
vdi truc chéi than. Theo quan diém mach, khong cén tuln theo mé hinh mach
nay mot cdich chat ché. Do hiu nhu chi xét dic tinh de trang thai én dinh,
dién cdm mach kich thich va mach phdn dng khéng gay ra hé quid nao va
khang e¢dn néu trén mé hinh mach digén, Emf ¢dm (ng trén phén ing vA moment
ciia may dugc xéac dinh theo cdc quan hé cia Pt (7.4) va (7.8)

Sut 4p tai phén ti&p xdic vanh g6p - chi than la xdc dinh (1 - 2 V), ddc lap
véi dong phén dng, do qua trinh din chi yéu xdy ra qua nhiéu cung ngén. Tuy
nhién, dién th& nay nhd va duge md hinh héa theo dién trd tuy#n tinh duge
nhap chung v&i dién trd R,. Do dé, 6 thé gia thiét dién trd R, cé tinh dén higu
img sut 4p trén chéi than. '

Ché do may phat

M4y van hanh theo ché 4% mdy phat dién, khi [, cing hudng véi emf cdm
ing E, (Hinh 7.6a). Trong mach phén dng:

V, (dién thé cuc) =E, -L.R; E,>V {(1.17)

Co nang chuyén thanh cong suit dién:

Py (v20) thusn = Eg. I, = Pyien ) | oan phan (7.18)

Céng svdt dign: P, = V., (7.19)
E,.L-V.1, = L2, R, t6n that day déng phdn ing  (7.20)

P, (v20) | 1oan pin = CONE sudt truc
= P, (vao)| + tén that quay (7.21)

Trong ché 45 nay, moment dién tir ban d4u nguge chidu quay phén ing, tiic
12 ¢é sy hdp thu céng suit co do d6 cdn cé thiét bi co dé chay mAay phat dién.
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{b) Ché a4 ddng co

Ddng dién phat
eg’ﬂ

Daéng dién déng ¢

s
, ]
Hinh 7.6 Cdc ché ’i
dg ciia mdy de {€) Ché do may phatdong co

Emf day dan va dong dién ciing chiéu doi véi ché dp may phat (Hinh 7.6¢).
Ché dd dong co
Trong ch& d¢ nay, dong I, nguoc chidu vdi emf cam tng E, (Hinh 7.6b). &,

dude goi 14 emf nguge do nguoc chidu vdi emf phan dng. PSi v6i mach dién
phén (ng:

Vidién the cue) = E, + I,. R,, V> E, {7.22)
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Cong sudt dién chuyén thanh co ning:

Pgian (v20) |1 = E,. [, = Py )| o gt - (7.23
Cong suit dién vac la: P, = V. [, {7.24)
Ngoai ra, V.I, - E,. I, = L2 R, = Tén th&t day déng phan img (7.25)
va P, (rajl, = cOng sudt trucea

= Py (12)| 1oan phtn - 150 that quay {7.26)

Trong ché d6 nay, moment dién tir T ban ddu cang chiéu quay phén tng,
nghia 13 co nang duge phdt ra cho tai co hoc. Déi véi ché d¢ déng ca (Hinh
7.6¢), emf day din va dong cling nguge chiéu nhau.

Vi du 7.2: M4y phét de dién 4p 220V, cung cdp cong sudt 4kW, dién trd
phén itng 0.4Q. Néu mdy vdn hanh theo ché& 46 dong cd cung dién 4p va cing
dong dién phan (ng, hay tinh ty s6 giita téc 46 may phat va tdc 49 dong co. Gid
_sif tif thong/eye tang 10% khi ché dd van hanh déi tit mdy phat sang dong co.

Gidi
- Pt n ot Ea v
Tit Pt 7.4; > | | (1)
) 4 x 1000
Khi § ché d6 mdy phat I, = —i2~20— -18.18 A

E,, =220+0.4x 1818 =2273V (i)

Khi ¢ ché 45 déngeco: E,, =220-04x18.18=212.7V (ii)
¢ =11®, (iv}

m

_ n, 2273 ®, 2213
_ Dy 2273 By 2273 1 1-1176
Thay vao () : n, 2127 @, 2127

Vi du 7.3: M4y phidt de kich thich song song, duge truyén dong dai ti
dong co ¢6 tée do 750 vong/phit, cung cdp 100kW cong suat dién, 230V. Khi
dai truyén @ong diit, may dién tiép tuc chay theo ch€& dj dong co dién, tiéu thy
cong suit 9kW. Hoi dong co chay v6i tdc dd nao? Biét dién trd phin ing la
0.08 Q va dién trd cudn kich thich 1a 115 Q.

Gidi
Chii y: Trong may dién kich thich song song, cudn kich tir duge ndi qua vdi

phan tng va két ndi true ti€p vao mang dién 230V. Do dé tif truging kich thich
khong d5i khi mdy dién thay ddi ch&€ 46 van hanh.
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g
150 115 0

"l 4
n =750 1pm (a). May phét n?) (b). Bbng co
Hinh 7.7. Minh hoa vidu 7.3

Sy van hanh cia mdy phdt/déng ce duge ninh hoa theo mé hinh mach
trén Hinh 7.7.

Dong kich thich I, = 230/115 = 2A khéng d8i khi thay d&i ché dé van
hanh. Ch& 34 may phat (cung ¢ap dién):

. 100 x 1000
I tuyé = —————=4348A
L (dong tuyén} 230 ;
I, =2a

I, =1.+ If =434.8 + 2 = 436.8 A.
E.(g) =230 + (0.08 x 436.8) = 237.8 V.
n{g) = 750 vong/phut.

Ch# d9 dong co (tiéu thy dién)

I, =(9x 1000¥ 230=39.13 A

I, =24

I, =l -1,=893-2=3713

E{m) =230-0.08x37.13=2203V

Vi dong kich thich (va tir thong/cue) khong d8i & ¢d hai ch& dé van hanh,
emf ¢dm tng (E,) ty & v5i tde d6 phén dng:

nidéngcg) _n(ddngcor 2293
n (mdy phat) 750 237.3

n (Aéng c¢) = 723.2 vong/phit
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Phan img phén dng

Khi phén iing cia mdy dién de c¢6 dong dién, cudn diy phén ing phén phéi
s& sinh ra mmf (phan phdi} riéng, duge goi 1a phan dng phén ung. Khe hé
khéng khi e¢ia mdy bi tdc dong theo phan ph#i mmf tdng do tac dung déng
théi cia ampere-vong kich thich (AT,) v ampere-vong phén ing (AT,). Mat
do tis théng khe hd khéng khi bi méo khi so véi séng dinh phing dang hinh
thang ¢é déi ximg géc 1/ 4 khi phén (ng khong c6 dong dién.

Hinh 7.8 minh hoa tiét dién may dién 2 - cue ¢6 day din tuong duong
trong mdi rinh (dong/day dén = U.N_I,, v6i U = sé phia cuén day/ranh, N, 1a
& day dan/ phia cudn day (véng/ cudn) va [, la dong dién day dan. Hai truc
phadn (ng gdm tryc cdc cie tir chinh duge goi 12 truc ditng (truc - d) va truc
thing gée 90° dugce goi 14 trye gbc phan tuf (true g). Ro rang truc q 12 truc trung
hoa hinh hoc (GNA) cia may dién. Cae chdi than trong méy dién de thudng
duge A5t doc theo truc q.

Do tde d6ng cta vanh gop, sy phéin bd dong phén tng duge minh hea trén
Hinh 7.8 d&i v6i méy dién 2 cuc (mdy 4 cye ¢ Hinh 6.11). Tét ca cdc ddy dén
trén chu vi phdn dng giita hai chdi than k& nhau din dong dién c6 gid tri
khong ddi UN__, cing hudng va su phan phdi dong thay déi doc theo chu vi.
Dong nay 6 dinh trong khéng gian, dgc lap véi chuydn déng quay phén ing.
Vi chc chi than duge dat doc theo truc trung hba (GNA); ddong phin vng
khong ddi sé tuong hop véi cac cye tif chinh. Ngoai ra, syt di chuyén tét ca cdc
chéi than déng th¥i dén v& mot phia s& lam cho dang dién dich chuyén theo.
Pay khdng phii [a kidu vén hanh binh thuimg trong mdy dién de.

Tir Hinh 7.8, ¢6 thé nhan thay truc cia ampere vong phén tng AT, doc
theo truc q théng goc 90° dign véi truc cde cue tif chinh theo truc ding d.
(Ampere vong phén ing AT, tré so vdi ampere vong kich thich AT, theo chiéu
quay phén (ng trong ché do déng co va nguge lai, trong ché d¢ mdy phét). Chi
9, AT, va AT, duge ky hidu theo cdc mii tén thay vi vector vi su phin bd géc
khéng gian cta chiing khdng ph&i 12 ham sine mie dit 13 tuéin hoan. Phén (ng
phén tng vdi truc tai 90° d5i v6i true tir chinh 13 mmf chéo. Ngoaii ra, trén
Hinh 7.8 con minh hoa mat d¢ tit thong (dubmg nét didt) do sy tae déng cha
phin Ung phén (ng giy ra. TY théng phdn ing phin tng manh l&n & mdi cue
tir chinh tai mét ddu va yéu di tai ddu kia (hidu ing tir héa chéo). Gid sif sit
trong mach tit khéng bdo haa (do dé tuyén tinh), tir thong/eue khéng bi dnh
huéng bdi phan iing phén 1ng, mac db sy phan bd mat dp it thong trong khe
hé khéng khi bi méo. N&u sy kich thich ciia cue tir chinh, sdt & trong vang tir
héa bio hda (nhu trong may thuc t&), mat 46 tir théng ting & mét ddu cla cée
ewe do phdn tng phén tng s& nhé hen miic 49 gidm § déu kia, dan dén gidm tit
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N Dong didn = UN,|,

Hinh 7.8 T4 thong
phdn ing phén ing Tryc d
trong mdy de.

o .S

théng/eye, duge goi 1 higu ing khi tir héa. Po suy gidm phu thude vao trang
thai tif héa cila sit tir va lugng ampere vdng phin (ng AT, (ddng phin ing).

Cé thé tém tét réing ban chat cia phan ing phén (ng trong may dién de
12 sy tir h6a chéo véi tryc (c8 dinh} doc theo truc q (90° dién d5i véi truc cuc tif
chinh), khéng lam thay dai tir théng/ cyc néu sit tir khong béo hda nhung sé
gay ra sy giam tif thdng/ cuc (hiéu dng khit tir héa) khi sét tiy bi bio hba.

D thi phan bo mat a9 tir thong

B2 hiéu ré hon v& tuong tac gifia truong kich thich va tir trudng phén dng,
c6 thé xét hinh khai trién mét ciip cuc cé chéi than dat trén truc trung hoa
hinh hoc (GNA) (Hinh 7.9a), ddy cing la truc trung hoa tir (MNA) khi phdn
img khong ¢6 dong dién.
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\ Dich chuyén tryc trung hoa tir (o)

Hinh 7.9 a) So dé phén ing va kich tit cda mdy de 2-cye. b) Mmf phdn
ting va phdn b6 mdt do ti thong (chdi than & vi tri GNA). ¢) Trudng chinh
va d6 dich chuyén phén bé ti thing (o) theo truc trung héu tit (GNA).
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Ap dung cde nguyén ly da dé cap trong chuong 5, sy phin b& mmf phin
ing dude vé trén Hinh 7.9b, Pay la s6ng bac vdi dg dich chuyén truc 90° dién
80 vdi true cue tif chinh (truc - d). Mbi béc clia 84ng cd chiéu cao 13 UN.i,, trong
dé U = phia cuén/ranh, N, = diy dan/phia cupn (sévongleudn) va I, = dong dién
day din, séng bic cha mmf ¢é thé coi la song tam giac (Hinh 7.9b). Tri 86 dinh
cia cdc ampere - vong phin Ung duge tink nhu sau:

21, 21,
Ampere-diy din/ cye =5 ~ap
A ong/ Zl _ AT, (dinh)
mpere-vong/ cuc = oap =A%
AT, (18
AT, dinhy < S8

Cach chinh xdc d€ tim mat do tir thong do tac déng dbng thai cia truémg
kich thich va ampere-vong phin ing 1a tim sif phén bd ampere-vdng tong

ATug (8) = AT, (8) + AT, (8)
V6i 8 1a goc khang gian dién.
Tuy nhién, tit Hinh 7.9 c¢6 thé gi thiét mach tir 12 tuyén tinh d€ c6 thé

x&p chdng cde song mat do tir théng riéng biét d& nhan duge mét 46 téng.

Do khe hé& khéng khi 16n & vung cyc tif trung gian, mat 44 tir théng AT (8)
c6 d6 nghiéng lén doc theo truc - q, dit AT, (dinh) huéng theo tryc d6 (Hinh
7.9b). M4t d§ tir thong cha ti trudng chinh (dang hinh thang) va mét 46 tir
théng téng duoc vé& trén Hinh 7.9 c, Trong Hinh nay c6 thé thdy phan Ung
phin ing mmf 1am cho séng mét dj tir thong bi méo, gidm mdt nia & cue nay
vi manh 1&n mdt lugng tisong tng (do hiéu tng tuy&n tinh) & nda kia (hiéu ing
tit héa chéo) do d6i xing 18 487 v6i truc - d cua séng mat dj tir théng clia mmf
phén img. Do d6, tuy séng mat d¢ tir théng tdng bi méo nhumg tir thong/ae
van khéng d8i gia tri khi khéng c6 ddng dién trong phin dng. Hinh 7.9 ¢ con
cho thdy, déc lap v6i sy méo cia séng mat dd tir théng, true trung hoa tir
truong (MNA) chuyén dich kh3i true trung hoa hinh hoc theo géc o Do d6 céc
chéi than dat trén truc GNA khéng con & trén MNA nita nhu trudng hop
khong c6 dong dién phdn ing. Higu img nay duge gidi quyét bing cdch dat cée .
eye trung gian trong GNA.

Hiéu ung bao hoa sit tif cé thé duge vé lai tai géc O trén hai phia truc d,
ampere - vdng lén dudng din la (AT, + AT,). Trén dudng cong tir héa (Hinh
7.10), mie tang mat 4o tir thong trén mét phia true d gay nén bdi AT, cing sé

it hon mue gidm mat ds tiy théng trén phia khéc do AT, trir. Hé qud 1a khi bi
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]
B(+AT,) o
BAT,=Q) ]
B(-AT})
/: AT,
B
Hinh 7. 10 -
. p . AT,
Dudng cong tit héa (AT,— AT,) ' AT+ AT,) AT

* bao hoa, phdn 1ing phin mg vin ddc lap v6i sy tit héa chéo, lam gidm tir
théng/ cue, hiéu ing khir tit héa. Tuy nhién, khong thé thidt lap guan hé dinh
lugng don gidn giifa sy khit tit hoa v6i AT, va AT,. Sy gidm mat dd tir thong
téng do bao hda sit gy nén duge néu § vang gach chéo trén Hinh 7.9 ¢

C6 thé t6m tdt, phén dng phin ing trong may dién de 13 sy tir héa chéo
lam méo dang séng mAt do ti théng va 1am léch tryc MNA, va gdy ra hién
tugng khir Lir hod, do may dién thuimg duge thigt k& v6i sit tif bao hoa nbe.

Su phin b8 mat do tir thong bi méo lam ting mat df tif thing trén mot
phia cuc va 1am gidm & phia khde, gay t&n thét sit tif & cAc rang tang 1én, do
6 quan hé theo binh phuong mat 43 tit thong (gdn ding). Su phén b8 mat 43
ti thong bi méo eiing gy nén hiéu ing ngude d3i vdi sit chuyén mach nhung
khée phuc duge nh¥ cde cye trung gian. Sy méo nay 12 yéu td quan trong lam
gi6t han kha nang qud tii ngdn han cia may dién de.

C6 thé giam hiéu img tit hoa chée cla phdn ling phan ing bang cach tao
ra ampere - vong tir trudng chinh 16n hon so vdi ampere - vong phin Ung, tu
truong chinh mmf s& manh hon tir théng & khe hé khong khi, didu nay dat
duge do:

(i). Bao hoa & rdng va guic cuc.

(ii). Vat gbc gube cufe tir dé tang khe hd khdng kh, tif trd sé tang theo duding
dén tif thong chinh, nhung dnh hudng dén ti thong chéo lén hon.

(iii).Bl phan img phén ing mmf bang cudn day b dat tai cac gude cue vdi
dong dién thich hop.
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Hinh 7.11 Z
Hiéu ing
dich chuyén
choi than

Vi du 7.4: My phat de 6 cuc, 400V, 250 kW, cé 720 day din quan ki€u nsi
ddu. Chéi than sém 2.5° géc (co) so véi true trung hoa hinh koc. Tinh s8 ampere
- vong tif chéo, ampere - vong khy tir h6a. Bé qua dong dién trudng ré mach.

Giai
' 25 x 10°
0 4n = ———— =624 A
Dang phan wng I, 200
S6 ditrng din song song =6,
625
Df)ng dfiy d:in Ic = —'é"- =1042 A )

2 o 1 0x104.
Ampere - vong phin (ng téng: AT, = —[M

J = 6250 AT / cuc
2 G ’

T« Hinh 7.11, dé dang nhan thay, trong 180° dién, cac day din trong
khodng 2B d¢ dién dang khi i (B 12 g6e léch chdi than tinh theo dd dién).
B = 2.5(6/ 2) = 7.5% dién

2"7'5) = 5729 AT / cue
180 '

Nén, ampere - vdong tif héa chéo 1a: 6250 [1 -

Ampere - véng khii tif 1a: 250 x 2x75

=521 AT/ cite

Cudn day bd

Do phin ing phin ing 1&m séng mat d4 tir théng bi méo (Hinh 7.9¢) khi
cupn day di qua ving cé mat do tir théng dinh, emf cdm vng trong d6 si vugt
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® B @ 23] 53]

M4y phat -—-——ou N Péng cd
Déng dién )
May phat emf dong @ chdi than {@ Bong ca emf ddng
M4y phat emf cam () (® Pong cd emf finh

ang tinh {gidm 1ai) Hinh 7.12 {tang tai)

qué dién thé trung binh ciia cubn day. N&u emf nay cao hon dién thé ddanh
thing, cdc vanh gép ké nhau sé xuat hién tia Ita dién va lan rong trén toan bd
¢6 g6p vi mdi trudng quanh cf g6p ludn bi jon héa va ¢6 dd diéu kign thich hop
cho tia lia dién. Didu niy gay ra ngén mach toan bd phin img. Pién thé cho
phép téi da gitta cdc vanh gép ké nhau khodng 30 - 40 V, dién thé gidi han
gitia chéng con thdp hon nhiéu, khi thiét k& thudng chen dién th& cupn day va
xéc dinh s3 td thidu phign gop trén vanh gép. Dau da thiét ké vanh gép an
toan, nhung con mot y&u t8 khac ciing gay ra hién tugng qua dién 4p nghiém
trong giita cdc vanh gép. D6 1a do sy bién d8i phdn ing phén img theo théi
gian va tit thong k&t hop khi tai thay déi dot ngot. Trén Hinh 7.12, cuén aa’
dat & gitta cdc cye tif chinh nén tit thong phén dng toan phan/ eye, &, (ving
gach chéo) lién két v6i cudn day. N&u tai thay déi dot ngot, 1, va @, cing thay
d6i theo tuong ing, emf cAm dng tinh trong cugn day ty 1& véi d®,/dt. Bién thé
nay vuot qua emf cim img trong cufn ddy. Cdc diéu kign bat loi xay ra khi hai
emf nay cing nhau. Khi d6 tai syt d6t ngdt tif may phat hofic tai tang dot ngdt
3 dong co. C6 thé dung qui téc ban tay phdi va dinh luat Lenz d# kiém tra lai
didu nay d cudn day aa’ (Hinh 7.12). Cach thiic duy nhat khéc phuc tinh trang
nay 14 trung hda ampere - vong phén iing phan ting biing cach dat mot cudn
bi trong céc rianh trén cac mét cuc dé truc chia cudn déy tring vdi truc chdi
than (doc theo truc AT,). D& trung hoa AT, & moi dong dién, ¢6 thé dat cudn
b ndi tidp vdi dong phén ing va nguge chidu véi AT, (Hinh 7.13).

Sy trung hda hoan toan mmf phan dng 12 khong thE véi kiéu bé tri nay
(Hinh 7.13a), vi su phan bf cdc luc mmf phin dng va cudn b la khong déng
nh&t. Co thé dat cudn bu phia duéi gude cuc. S5 lugng ampere - vong ¢an la:

L2 _ tung cye ti (7.28)

AT.. feve = AT, (dinh) -
ewE8 atcin "[ 2AP . budc euc

cung cuc tr
bude cuc
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Trye g
Truc d fa

Cugn b

(0

Hinh 7.13. Cuén déy bu

Cuén bi trung hoa trye tiép mmf phén tng dudi cye tir, nhung ving lién
cyc trung hda khdng hoan toan. Hon nifa, hiéu dng mmf phan dng téng trong
khodng gitta cac cte 14 khang ddng ké do khe hé !¢n. Do d6 cudn bi thue t& da
logi bé su méo tir théng do khe hd khong khi. Mat d tir théng nhd cbn 1ai khéng
bi trung hoa trén GNA sé duge bién d6i thich hgp bdi cac cudn day lién cuc,

Mac diy, gid cd cAc cufn bu ttong d6i cao, nhung cén phéi c6 trong cde m4y
bi qué tai cao, ho#ic cc déng co trén mdy cdn thép cé cdc chu ky téi thay ddi
that thudng,

Vidy 7.5. Tinh s6 ddy dan trén médi cyc cho cudn ba cia may dc quin kidu
ndi diu cé 6 cyc, 286 day din. Cuon bii din dong dién phén ing toan phéin.
Gid sU ty 86 cung cye/ bude eue = 0.7.

Gidi

Theo phuong trinh 7.28:

I.Z {cung eue tiy
AT, fege = —2 -
ew/CHE 2AP( bude cuc J
Z { cung et tir 286
N../cuc= : = 0.7=2.78
o £ VT 2AP[ busée cuce ] 2%6x6 2

S6 day dan b/ cue = (2 x 2,78) chon 6 (1a s§ nguyén gin nhat).
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Su chuyén mach

Trong phédn (ng may dién de quin day kiéu ndi ddu, mdi cudn day cia cap
tir k& nhau duge néi giita cae vanh gép tiép gidp nhau, d6i véi phin dng mdy
dién dc quan kiéu song, su khdc biét la P/2 cudn day dudi 4nh hudng caa P/2
cip cue duge ndi giita cde phién gép tiép gidp nhau. Dong dién cuén day khéng
d6i va cung chidu khi cuén day chiu 4nh huéng cia mét (hode nhiéu) cip cuc
nao dé. Do phén ting quay nén cuén déy chuyén mach/ddo chiéu khi cudn diy
dén vi tri cap cye k& ti€p. Qud trinh ddo dong duge goi 1a sy chuyén mach xdy
ra khi cudn day di qua vang lién cuc (truc - g} va trong qua trinh nay cubn day
bi ngfin mach qua cic phién vanh gép bdi vi chdi than duge dat trong vung lién
euc. Su chuyén mach xdy ra déng thdi cho P cuén day trong mdy dién quin
kidu néi ddu (c6 P chéi than), trong méy dién quin day kiéu séng, mbi bé hai
cudn day cua P/2 cudn sé bi ngdn mach (v& mat dién, ¢6 hai chdi than doc 14p).

_ Hinh 7.14 minh hoa so 4 khai trifn cia cdc phién vanh gop duge néi dén
cde cubn day phén ung, Cha § cugn day C, khi chuyén mach. Cac ky hiéu si
dung trong Hinh la:

I. = dong dién cudn day

21 dang dién chdi than

[

—
-
Il

w, = chidu rong mot phién gop

%
1

n = chiéu réng i6p mica cach dién gida cdc phién gép

chidu rong chéi than

&
1]

= w, + w,,; trong thuc t& w, = 15w,
v, = téc dd trén chu vi vanh gép

Tai thii diém cudn day C, bdt ddu chuyén mach, dau dé cda chdi than tiép
xtic hoan toan vdi phién x va bit ddu ti€ép xic vép phién 4.5 (Hinh 7.14 a.
Ciing tai thoi diém nay t4t cd cae cudn diy bén phai phién x dén dong I, ti
trdi qua phéi cdn cde cudn day bén trdi phién x, ddng 1, chay nguge lai. Trong
qud trinh chuyén mach, vi cdc cuin day di tir bén phai qua bén trai chdi than
nén dong trong cdc cudn day phai déi chidu. Trong qua trinh nay chdi than la
ngin mach cudn diy qua cdc phign x va y (Hinh 7.14b). Trong qud trinh nay
chidu rong tiép xuc, x,, chdi than va phién gép x gidm din, con chiéu rong vy,
giita chi than va phién y tang d4n. Dong dién ilt) cudn day thay d6i. Néu &
cudi chu ki chuy&n mach, khi chéi than gén chim ditt sy tiép xiic phi€n vanh
gop x (Hinh 7.14 ¢), dong dién cudn diy van chua ddo va dat gid tri cac nhat
I.. Nhumg khi dang I, < I, dong ngét [ - I', xdy ra & cudi chéi than gdy ra sy
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Hinh 7.1_4 Qud trinh
chuyén mach. () Két thuc théi ky chuyén mach

danh lta. Hién tugng nay duge goi 1a sy chuy&n mach thifu hay con goi la
chuy&n mach tré. Tir Hinh 7.14 ¢6 thé tinh chu k¥ chuyén mach:

=20 " W (7.29)

ké ca lic w, > (w, + w,,), nhiéu cudn day déng th&i chuy&n mach.
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Danh itra Ia hiéu img bt 1gi va khéng chdp nhan duge diu & mife d6 nao do
cé thé lam rd, mbn, thim chi 46t chdy déng vanh gép va chdi than. Nén phai
giéi han téi da hién tuong nay d€ kéo dai tudi tho ciia hé chéi than - vanh gop.
Triét hdu hét hién tugng nay trong qud trinh chuyén mach 1a diéu khang thé
dugc, do db phai dinh k¥ thay chéi than méi va tu b8 vanh gép € giir sach bé
mét tiép xuic. \

Chuyén mach Iy tudng (chuyén mach tuy&n tinh) la chuyén mach ma dong
cia cdc cudn day chuyén mach thay déi tuyén tinh tit + I_ dén - I_trong chu ky
chuyén mach (Hinh 7.15). Hinh niy cdn néu ré qua trinh chuyén mach tré va
dong (I - I',) khi d4nh kia.

+e Sy chuyén mach tré
1/
0 t
re
/&Dbng dién gay ra tia lfa
Sy chuyén mach Iy tudng. /

._}c

Hinh 7.15. Chuyén mach ly tudng

Trong may dién khong ¢é phuong tign chuyén mach, su chuyén mach bj
tré do cde nguyén nhén saw

1. Dién cdm ré L, cOa cuén day dang chuyén mach, cam wng dién thé
phén khdng L, (di/dt) chéng lai su thay ddi dong do 46 lam tré qu4
trinh chuyén mach. Ngoai ra, do thudmg ¢6 nhiéu cudn day chuyén
mach déng théi, dién th& cdm (ng lam 4 hé cdm cia ching ¢6 xu
hudng ngan sy d3o chidu ddng dién,

2. Hiéu dng phdn img phin ing 12 truc MNA Yéch chuyén tif AB dén A'B’
(Hinh 7.9a). Vi céc chdi than dat & AB (trén truc GNA), dién thé nhé
cim Ung trong cudn day chuyén mach nguge véi déng chuy&n mach
(ca may phat/ 1dn dong co) khi cudn ddy chuydn mach cdt tir théng
cung ddu vdi cue phia sau,
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Cé hai cach d& tao ra sy chuyén mach dat gan vdi chuyén mach ly tudng,
chuyén mach dién tré va chuyén mach dién thé. Chuyén mach dién tré thusng
duoe dung d€ hd trg bién cho chuyén mach dién thé.

Chuyén mach dién trg

Bién trd tiép xic gia cac khuyén vanh gép va chdi gop rat cao, dat duge
biing cach dung chéi than, viéc tang dién trd mach cuén déy chuyén mach lam
gidm hing s8 thoi gian (L/R) cia dong chuyén tiép (i (t)), gitp ddng nay thay
d8i nhanh hon thee huéng yéu cdu. Cdc chéi than én dinh dugc ding trong
may dién dc lam giam sy mon vanh gép va dé thay mdéi.

Chuyén mach dién the

Dé qud trinh chuy&n mach dién ra nhanh, dién th& phin khang dudge
trung hoa bing cach cdp dién thd dong luc (t5e d9) phan cue thich hap vao céc
cudn day chuyén mach. D€ gidi han dién dp nay trong cdc cudn chuyén mach,
cde cudn trung gian hep (con gei la cde cue chuyén mach, cudn phuy, cudn g6p
dién) dugc bé tritrong ving lién cye. Cdc cye nay hiéu chinh tai chd ddi vai
song mét do6 tif théng khe hd khong khi d€ dat duge mét do tit théng thich hap
& cufn gép nham cdm dng dién 4p cung dau vdi dong dién cudn diy sau khi

T thépg chinh

emf

Deéng dign

Tu théng rd
Hinh 7.16 Bo tri va tdc dong cia cde cyc trung gian trong mdy dién 2 cile
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gdp dién. D€ trung hoa dién 4p phan khang tai tdt ca cac tdi, cdc lién cuc
trung gian phdi duge kich thich bang dong dién phan iing biing cdch méc noi
ti€p véi phan dng. Sy sdp x€p cdc cyc trung gian, cue tinh ciia ching so véi cac
cuc chinh, tir thong cia cd hai bd cye va mét cudén gép duge minh hoa trén
Hinh 7.16. D& dang nhéan thay cyc tinh clia mét cuc trung gian tuong dng cue
chinh phia trugc chiéu quay phin iing 487 vdi ché 46 phat dién, va phia sau
chidu quay nay doi vdi ché dé dong co. Khe hé khong khi cuc trung gian lam
tang mat dd tir thong, do cée ewe nay 6 phan d¢€ réng han phan dinh (Hinh 7.16).

P& triét tidu dién 4p phén khang trén co sd trung binh

2 [Bi(av) v, |N, = Lc[ il“w {7.30)
e/
Bi(av) : Mat do tif théng trung binh trong khe hd khaong khi giita cdc
cue trung gian,

L Chiéu dai st tir cde cue trung gian.
v, Téc db trén vanh phén ing,

Vai B, duge xde dinh ti pt 7.30, s ampere-vong ¢dn ¢ d€ triét ampere-vong
phén tng phan (ng va tao ra mat &3 tir thong cdn thist, duge tinh nhy sau:

AT, = AT, {dinh) + & Ly (7.31)
Hy

vai 1y khe hé khing khi clia cdc cue trung gian.

Cac Pt (7.30) va (7.31) dya trén phép tinh gén ddng va sy tinh todn dién
cam rd eudn day L. khong di chinh xdc, sy chuy&n mach chd y&u dua trén
kinh nghiém, sy phan tich khoa hoc chi ¢6 tinh théng tin. Hon nita, khong thé
dat duge sy chuyén mach hoan hio, luén ludn ¢é tia 1da phat sinh & chéi than
khi méy de vén hanh.

Khdng cdn thiét phai c6 s6 cde tit trung gian biing v6i sd cue tif chinh, 48
gidm chi phi, nhat 14 & edc may dién de cong suit thap, cde ede tir trung gian
cé cung ctfe tinh thung duge dat luAn phién & cde ving trung gian.

Vi du 7.6: M4y phat de cong sudt 25kW, 4 cuc, dién the 440V, Co cudn day
phén Ung quin kidu séng véi s6 day dan 1a 840. Mat do tif thong trung binh
trong khe hé khang khi dudi cdc cuc t&r trung gian 13 0.5 Wh/m? vdi tai dinh
mde, vi chiéu dai khe hé hudng tam 14 0.3 em. Tinh 8§ vdong trén méi cuc tit
trung gian.

32)



Gidi:

B, I.Z B,

Theo Pt 7.31: AT, = AT, (dinh) + 21 a_ L.

Giasitl, = I

Ko ¥ 2AP Hp ¢

mang
1
1= 2210 g6 00
440

AT, < 288286 05 631074198

Z2x2x4 4dmx 10

AT _ 4198 o
I, 5682

a

Cac phugng phap kich thich

Kich thich cudn day tit ¢é dnh hudng rat 1én dén dac tuyén fam viée clia
may de. C6 hai cach kich thich eo bdn cho mdy dién dc.

1.

Kich thich song song. Cudbn diy kich tif duoc quin véi nhiéu vdng va
duge kich thich tit mét nguén dién 4ap. Do d6, cudén day kich tir ¢6 dién
trd 16n va dong dién nhd. Cudn duge kich thich song song vdéi mach
phin ung, nén dugc goi 14 cudn day kich tir song song (cufn trudng
song song). Vi dién thé phén img cia may dién dc khéng 48, tir
trurng song song ¢d thé didu chinh duge bing cach méc dién trd noi
tiép vo mach nay.

Kich thich néi tiép. 86 vong diy cla cudn kich thich rét it nhung day
quan kh4 16n via duge kich thich tir dong phén dng bang cdch mic néi
ti€p vdi phin sing, duge goi 14 cudn kich tit ndi ti€ép. Vdi dong dién cho
trude, ¢ thé didu chinh tit truding nay béng dién trd méc ré, song song
vé#i cudn day néi tiép. Cach diéu chinh cudn kich tir ndi tiép thich hap
nhat [ thay d8i s vong cuén day.

Hinh 7.17 minh hea sy bd tri cdc cudn diy kich tir néi tiép va song song
trén mot cuc tif cita mdy dién.

Hién nay céc linh kién dién tif va mach dién tuong ing duge ding dé didu
khién kich thich néi ti€p va song song. Ngoai ra, cdon ¢6 mét cach khac dé
phin loai kich thich may dién, cé ¥ nghia 461 vdi cdc mdy dién de duge ding
lam may phat, 13 phan biét trudng kich thich cia méy dién duge kich thich
béi dién thé/ dong phan iing cha may hay dusc kich thich tif ngudn dac lap.
Theo quan diém nay, hai leai kich thich mdy dién bao gém:
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Cudn déy kich tif song song

Cudn day kich tif ndi tiep

- ™

Hinh 7.17 Cudn ddy kich tit néi tiép va song song

1. Kich thich riéng ré
2. Tu kich thich

Trong cdch kich thich riéng r&, cdn cé ngudn dién de riéng dé kich tif cujn
diy nén rdt bat tién. Trén Hinh 7.182 minh hoa cach bé# tri kich thich riéng
ré bing cuén diy kich tir song song. M4y dién duge kich thich riéng ré rat linh
hoat, cho phép diéu khién ddc 14p cid mach tif vd mach phin mg. Cde mdy
dién dung tir trudmg vinh ciie duge xép vao loai nay.

M4y phdt dc tu kich thich ¢6 thé duge kich thich bing dién thé phdn (mg
caa chinh né (kich thich song song) (Hinh 7.18b) ho#&c¢ duge kich thich bdi
dong cda chinh né {kich thich néi ti€p) (Hinh 7.18 ¢). K&t hgp kich thich song
song va ndi ti€p duge goi 1a kich thich hén hgp. Trong eic mdy dién thue t&
thubng diing kiéu kich thich hén hgp. M4y dién tu kich thich cé thé bi tinh
trang m4t kich thich trong nhimg diéu kién tir trudng nhat dinh,

Khi may dién dc 12 dng co, thuding duge kich thich riéng ré 14y tir nguén de.
Hinh 7.18 b,¢ la so dd kich thich song song va nédi tiép dimg trong cdc dong co de.

Trén Hinh 7.18d, may dién duge kich thich ca song song 1&n n#i tiép, dugc
goi la kich thich hén hop. Néu tir théng kich thich néi tiép két hep véi tir thong
gong song, tif théng qua khe hé khéng khi trén méi cue $& tang, duce goi la
mady dién de kich thich hén hgp vi sai {Hinh 7.18c¢). Trong Hinh 7.18 mach tif
va phan Gng tao thanh gée 90° dién. Nhu di dé cap, su dinh huéng khang gian
thuc su ctia tir trudng duge tao bdi mach tif va phdn iing trong méy dién dc.
Trén Hinh 7.18d, e hudng mii tén phi hgp véi cde o trudmg lién k&t cha hai
cuén diy kich tit. Hinh 7.18d cho thiy tif truéng cuén kich thich cdng nhau. Sy
kich thich hén hegp tich liy cia dong co va may phét thuding duoc dung dé khai
thdc uu thé cda sif kich thich ndi tiép va song song, Ngay nay, khi xudt hién
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rhuong phép didu khién dién ti trén mach tif va mach kich thich, su kich thich
hén hgp tich lay it duge sit dung. Péng cd kich thich kigu hén hgp vi sai ¢6 thé
bi mét 4n dinh & mdc van hanh nao d6, tham chi véi mic qua tai nhe.

A1
Kich tur £ F
1 2 1
I I Phan ung
F, FoA . l A, .

{a) Kich thich rieng r& (b} Kich thich song song

———————a
A, A,
Lm"ﬁ\;
F, F, F, S8
A, A Song song Noi tiep A

{g) Kich thich phai hgp (tich [Oy)

I -— ———— I‘_(ma‘y phat)

(8} Kich thich hén hop {vi sai}

2 A

{) Kich thich phai hgp {r&é mach ngn)
Hinh 7.18 Cdc phuong phdp kick thich mdy dién dc
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Thee quan diém két nai, mdy dién de hdn hgp co thé cé mach néi kich ti
kidu ré mach ngdn (Hinh 7.18¢) hoac ré mgeh dai (Hinh 7.18 f). Pay la hai
cach néi cudn day kich tif song song trong mdy dién kich thich hén hop.
Nhung giita chiing khong c6 su khéc biét rd rét vé dac tinh lam vigc. Chon lya
giita hai kidu néi két nay tiy thudc vao sy xem xét v& mit co hge.

Phuong trinh mach trang thai on dinh

Van hanh mdy dién & trang théi 6n dinh, dién cdm trudng kich thich va
phén (ng khong déng vai trd gi trong cdc phuong trinh mach trang thai dn
dinh cGa may dién. Tit Hinh 7,18 f minh hoa mdy dién kich thich hén hgp
kiu ré mach ngdn, va ti dinh ludt Kirchhoff, cdc phuong trinh mach trang
thédi dn dinh clia may dién duge viét nhu sau:

V,=E, + IR, ' (7.32)
V=E, +(R, +R,) (7.33)
voi I =1+ (7.34)

ddu edng (+) khi may dién la ddng cg, ddu trit (-) khi may dién 14 mdy ph4t

Dac tuyén tir hoa

Phuong trinh moment ngiu lye, lye dign dong (emf), vi can bing cdng
sufit da dugc xét d&n. Phin nay sé gidi thich dic tuyén tit héa, ca s& d& xde
dinh sy van hanh mdy dién.

Buging cong tit héa ciia vit 1iéu st tir, quan hé B - H, duge gidi thich trong
Chuong 2. Trong mdy dién, thay cho quan hé duge xdc dinh theo diém b4t ky
trong tif trudng, cé thé xdc dinh quan hé tit héa theo gid tri cde dai vgng téng,
tit thong khe h& khong khi/ eue, &, va lue tir déng kich thich mmf duge do bing
dong tir héa (dong kich thich), I;, nhung khéng ¢6 cdch nao thuén tién dédo @
trong may dign cd. Do 46, quan hé (7.4) duyc dung dén, trong do:

E,=®n

Tir day, rd rang la lyc dién ddng E, cua may dién la d6 do tir théng khi
phin dng quay vdi téc dé khong ddi.

Déc tuyén tir héa cia may dién de duge xdc dinh bing cach do dién thé
mach hé phdn ing (I, = 0); V,c = E; & toc 49 danh dinh ciia phén dng, khi
ddng I, tang dén tir 0 dén gid tri Vi trén dign th€ danh dinh cia méy {thudng
14 125%). D& x4c dinh dic tuyén nay, mdy dién duge kich thich riéng biét theo

325



Hinh 7.19 Mdy phdt kich thich rieng biet

kiéu méy phat va chay & téc d¢ dinh miic duge truyén dong bing djng co bén
ngoai (Hinh 7.19).

Béc tuy&n tir héa trén Hinh 7.20, duge goi 1a dac tuyén mach hd (OCQC),
bi€u thi cdc dge tuyén quan trong cia dudng cong tif héa cia sét, bi bign ddi do
khe hé khong khi trong mach tir. Khi tién hanh nghién ciu OCC, phéi nang
dong I, 1én tir tit, néu khéng, dudng cong s& thé€ hign vong tit tré, Hon nifa, vi
miy dién phu thudc vao su tir héa, nén sé ¢6 mdc dién the du nhé & viing
khéng duge kich thich, diéu nay rit cdn thidt doi vdi cac mdy phdt dién tu
kich thich.

Kéo dai phén tuyén tinh ciia dudng cong tir héa (dudng nét dit trén Hinh
7.20) duge goi la dutmg khe hé khong khi, thé hién chi y&u hoat déng tir tinh
cda khe hd khong khi trong mdy dién, sét tir khang bj bio hoa trong ving nay
ampere - vong tidu thu khéng ddng ké. Trong mei trudng hap, hidu Ung sit tit
cling tuyén tinh & day.

Voc=E, | Khe h3 kinbng khf
’ 0= Ages

oy < Ay

i

Hinh 7.20 B&C Dién ap du
tuyén mach hd 4 -
(0Co) } "
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Dac tuyén mach hd & t3c do khéc va tdc 4o thuc hién kifm tra, la sy dién
dich ty 18 cia cac dic tinh duge néu trén Hinh 7.20, didu nay la do tinh t¥ 18
thuan pita E, va n.

Pé thuin tién, thi nghiém OCC dugce tign harh v kb kich thich cudn
déy euc t chinh nhy gid thiét néu trén. Tuy nhien, trong mady dién kich thich
hén hap, tri 6 luc dién dong emf cam ing cb thé do duge tit OCC d6i véi dong
kich thich chinh tuong duong

N
I, =1,+~=I (7.35)
fe f .1
q Nf
Vdi ; N;: s6 vong day kich tir chinh

N,,: s vong day kich tif ndi tiép
1/ ; dong kich thich chinh
I,.: dong kich tif ndi tiép
D4u (+) khi kich thich 1a tich lay. Déu () khi kich thich 14 vi sai

Néi chung, tir thang/cye, va lyc dign dong cam ing emf gidm do higu dng
khit tif ciia phin (ng phén ing trong ving bao hoa clia duting cong tif héa. Luc
dién dong cam tng emf duge bidu di&n theo ham sd tong quat E, (I, 1), vé1 dbd
thi I, = 0 (OCC), I, = Iy va I, = Ly > Iy nhu trén Hinh 7.21, Khde véi thit
nghiém vdi tai thue (mdy phats, rét khé do d¢ gidm lyc dién dfng cdm dng do
dong phén ng gay nén. Né6i chung, céc quan hé thue nghiém duge dung dé

E

Hinh 7.21 Pdc
tuyén tic hoa thay
dé&i theo phdn ung L

phdn ung 0 i
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hiéu chinh. Mét phuong phdp thue ngiém d¢ tinh higu ung khi tir eda phén
ng phan ing khi cé su béio hoa 1a 80P gid tri ampere - vong AT, Khir tir tuong
duong d€ tinh tdc dung ampere - vong chung trén méi cuc:
(AT}, = AT, * AT,, - AT, (7.36)
v6i AT, = Ampere vong cuén tir chinh kich tir ndi tiép
AT, = Ampere vong kich tif néi ti&p (Tich lay/vi sai)

ATy va 1, tF 18 vdi nhau theo hing s t§ 1& xdc dinh thich hap.

Vi du 7.7: Dong co de kich thich hin hdp, 240 V ¢6 dae tuyén tir hoa mach
hé tai t6c dd toan tai binh thuting ta 850 v/ph.

Kich thich, AT/ cue: 1200 2400 3600 4800 6000

Luc dién déng emf phat sinh, V: 76 135 180 215 240

But dp do dién trd trén mach phén tng khi toan tai 1a 25V. Khi toan tai

cac cudn kich thich ndi tigp va song song tao nén kich thich ampere vong
biing nhau. Hay tinh lue tir déng mmf & mdi cue khi khong tai. Hay tinh gis tri
toe 46 tang 1én khi loai bé tdi toan phdn, do sut dp trong mach ph#én (ng §
diéu kién d6 1a 3V. Bé qua phan Ung phin dng va hiéu ing tiép xdc chdi than,
Gid sif dong co kich tir hdn hop liy tign kidu ra mach dai,

Gigi
Khi toan tdi, tir Hinh 7.22;
E, (todn tdi) = V- I, (R, + R, =240-25=215V

rudng ré mach

Trudng ngi tiép

P < =

Hinh 7.22 Dong ¢o de kich ti hén hop kidu ré mach dai
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i
|
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0 i Ill 1 11 !

o 1000 2000 13000 4000 {5000 6000

2688 4800
Hinh 7.23: Kich thich AT /cuc

AT__, tuong vng tir dudng cong tir héa trén Hinh 7.23 1a
AT . (toan tdi) = 4800
AT, = AT, (toan tdi) = 2400
I, (khong tai) = 3/25 I, (toan tai),
I, (khong tai) = 1, (ddng kich tir seng song)
AT, (khong tai) = (3/25) x 2400 = 288
AT, = 2400 (khong d6i)
AT,,, (khéng tai) = 2400 + 288 = 2688
E, (1 duing cong tit héa) = 148 V tai 850 v/ph tai AT, (khong tan
E (khéng téi) = 240 - 3 = 237V
E, = n tai AT_, d4 cho
n (khéng tai} = 850 x (237/148) = 1361 v/ph.

net

C6 thé thay trong dong co de kich thich hén hgp liy tign, téc 49 toan tai
nhé hon téc 49 khong tdi.
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Su tr kich thich

Thay vi bé tri nguén de kich thich riéng biét, cdc mdy phat thudng 18y
nguén kich thich tir cic cudbn phin img cda ching. Phucng phép nay duge goi
la tur kich thich. May phat ty kich thich c6 so dé néi duge néu trén Hinh 7.24,
tu‘ofng tr mdy phat kich thich song song (vi cudn kich thich va euén phén ting
ndi seng song vdi nhau).

D,
A X
! Vo
I i
| 1
Hinh 7.24 Méy phdt =
ti kich thich

(kich thich song song) Nt mie (NANQ)
irh

Gid sir tir truing duge dua viio mach sau khi phin dng dat te d§ dinh mqge.
Vao thoi diém nay, dién 4p phan (ing bing dign 4p du nhé, gay ra dong tir
truding nhd. N&u tir trutmg duge néi vao dong nay lam téng mnf va do dé cdm
ung emf, mdy s& tip tuc duge xdc 1ap. Pay thuc ra la két néi héi tiép dudng va
m4dy sé& thiét 1ap gi tri én dinh do dic tuy&n bio hda mach tir cia mAy.

Vi méy phidt dugc gi thiét 1a khéng tdi trong qud trinh khéi dong, c6 thé
ding quan hé mach sau day (Hinh 7.24)

L =1, (7.37)
V=E,-LR, (7.38)

Dong kich thich trong mdy phét kich thich ré mach rat nhs, suf syt ap
IR, c6 thé bd qua, nén

V = E, (I} (d4c tinh ti héa) (7.39)
DGi véi mach tit V=1, R, (7.40)

xufit hién quan hé dudng thing, duge goi 1a dudng Ry, trong 46 thi V - I,
(Hinh 7.25).

Bién dp cyc khéng tdi la nghiém cha hé phucng trinh (7.39) va (7.40).
Diém giao nhau P efia dudng R, v6i dic tuy&n tir héa (Hinh 7.25) xde dinh dién
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v Pudng khe h& khong khi

Budng R,

Vb———————— __F £, = v {dudng cong 1 hoa)

Hinh 7.25. Dién
dp khéng tdi cia
mdy phdt kich
thich mach re.

t
I
|
[
!
|
[
!
[
)
!
|
[
|

0 I

Dong trudng -

4p cuc khéng tai (V) va dong kich thich tuong dng. Hon nifa, ti Hinh 7.25 dé
dang nhan thdy dién 4p khong tdi ¢ thé higu chinh dén gid tri ydu cdu bang
céch thay d6i dién trd kich thich. Tir Hinh 7.26 ¢6 thé th&y dién tré kich thich
ting thi dién 4p khong tdi gidm. Dién 4p khong tdi khéng xdc dinh dai véi
dién trg kich tf (R = Ry, do tring v6i phén tuyén tinh cia dudng cong tit

v
AR
Ry = R, (didn trd tdi han) = Ry
Ry > Rp > Ay
Hinh 7.26 Bién
thién dién dp

khéng tdi theo -

dién trd kich thich © i

331



vi
A -
M
:m _____________ n,
rrTTT T fy=n, = (t5¢ d6 181 han)
<<
0 K

Hinh 7.27 Anh hudng ciia téc d6 véi dién ap khong tdi

héa. Vgi dién trd kich tir hoi 16n hon gia tri nay, mdy dién khong kich thich
dugc véi gia tri bat ky va dién 4p khéng tai gin vdi gia trj dién ap du. May
dién vdi dién tré 16n trong tir trugng sé khong kich thich duge, va dién trg
tong dng duge goi 1a dién tré t4i han (R,).

Xét syt van hanh eda mdy véi R; ¢d dinh va tdc d6 phén ing thay ddi. Trén
Hinh 7.27, khi tdc db gidm, dac tuyén mach hé OCC cimg gidm theo ty 18, lam
gidm dién 4p khong tai. Tai téc do goi 14 téc 46 tdi han. Pac tuy&n mach hé
OCC tigp tuy&n vdi dung cong R, va hic d6 méay phat m4t kich thich.

Tém lai, may phat dc kich thich mach ré ¢6 thé méat sy tu kich thich vi
mét trong cde didu kién sau:

1. Khong c6 hién tuong tir du.

2. Khéng ndi mach tif vao phén émg, emf cam ing do tir du c6 khuynh
hudng ph4 hity tir du (héi tiép am). :

3. Dién trd mach tir cao hon gia tri tdi han,

Biéu kién (2) c6 thé khic phue bing cdch ddo két néi tir kich thich viao
phan ing hojc ddo chidu quay phén ing. G cac mdy dién dc 16n 6 két ndi
thuting xuyén va chiéu quay c& dinh, ¢6 thé khic phue biing cach kich thich
tam thai tir kich tif ngudn dién riéng.
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Vi du 7.8: Bang sau diy néu cac dic tuy&n mach hé cia mdy phat de kich
thich song song, vin hanh vdi téc dd 300 v/ph.

L{A) 0 0.2 0.3 6.4 0.5 0.6 0.7
Voc V) 7.5 93 135 165 186 202 215

Pién tré kich thich clia mdy dign dugce didu chinh & 354.542, téc dd 300 v/ph.

(i). X4c dinh dién 4p khang tdi theo dé thi.
(ii). Xdc dinh dién trd kich tir téi han.
(iii).Xdc dinh tée db tdi han theo dién trd cho trude.

(iv).Phai ghép thém dién trd b§ sung 1 bao nhiéu trong mach kich thich
d€ gidm dién ap khong tdi xuéng 175V?

Giai
Tit dic tuyén tit héa trén Hinh 7.28
():  V (khong tai)|p, _ sps0 = 195V

225 R,=3545 (1

200

V.. (V}

Hinh 7.28. Dge
tuyén tir hoa minh i ] _ ]
hoa vi du 7.8. i (A}
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Gi): R (téi han) = % - 4500

{iai) : n (téi han) = 300 x %[1)» = 236.7 vdng / phut

(iv):  V (khong tai) = 175V

175
0.44
Dién trd ghép thém vao mach kich tir 1a:

=397.7- 3545 =4320Q

Ry = =397.70

Dic tuyén may phat de

Vdi cde by chinh luu dién td, ching han SCR t&m quan trong ciia cdc may
dién de gidm dang ké.

Bac tuyén tai cia may phit de tai mot téc do nao dé 1a quan hé giita dién
ap cye va dong tdi (dong phat trén day) duge goi 12 ddc tuyén ngodi. Pac tuyén
trong la dubng gidta emf ph4t sinh va dong tai.

May phat dc kich thich rigng ré

Hinh 7.29 minh hoa mdy phat dc kich thich riéng ré. Gia sir phén ing
dugc truyén dong biing déng cd c6 tée do khong di va dong kich thich I, duge
diéu chinh dé tao ra dién sp khéng tdi dinh mdc va duge giit khong d8i trong
qua trinh khdo sdt. Mach phén @ng duge tinh theo phuong trinh:

V=E -IR; I=1, (7.41)

[

A (hang)
Hinh 7.29 Mdy phdt dc kich thich riéng ré
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T } - £, 9ac tuyén trong
B syt IR,

v Bac tuyén ngodi

I‘ R&
B¢ sut ,R,

0
b s
Hinh 7.30 Cde dde tuyén cia mét mdy phdt kich thich riéng ré

Mic du kich thich khang d8i, E, sut theo tdi do hidu tng kh tit cla phan
ing phan dng. Pac tuyén trong (E, - 1) 1a duong nét dit trén Hinh 7.30. Dac
tuyén ngoai khac v4i dfic tuyén trong theo 49 sut dp phan tng IR, (Hinh 7.30).

Pidu chinh dién ép méay phat (ddc 1ap véi dang kich thich) duge xéc dinh
rthu sau:

Vo - (Vi =Vg
% didu chinh = — /1 dinh miic

(7.42)
Vdinh e
v6i :V, = Dién dp todn tal = Vynn mic
Vy = Pién ap khong tdi tuong ing dién ap dinh mdc todn tdi,

kich thich khéng 8

May phat kich thich song song

M4y phat dién de kich thich song song la loai tu kich thich. Hinh 7.31
minh hoa may phat kich thich seng song. Pién trd kich tir duge diéu chinh
biing dién trd, d& nhan dién 4p khong tai theo yéu cdu (Hinh 7.25). Pac tuyén
ngoai cla mdy phat nhin duge bang thi nghiém trén tai, véi dign trd kich tit
tdng duge gii khong d8i trong sudt qué trinh thir nay. Dién dp cye trong may
phat dién kich thich song song sut theo tai nhanh hon trong may phat tu kich
thich vi dong kich thich ciing sut nhanh theo dién ap cyc. P4c tuyén ngoai la
duting cong cé gia tri kép tai mot [}, (max) (Hinh 7.32). Bic tuyén trong cé thé
nhan duge bing cach cong dé sut 4p IR, tai cdc diém tai. Trén Hinh 7.32,
phin hitu dung cua dac tuyén ngoai 16n hon trude diém xoay.
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R, =di&n trd kich toan phan

Bé didu ap trudng
kich ré mach

Hinh 7.31. May phdt dc
n = héng mach ré co tdi

Hinh 7.32 Bgc tuyén
ngodl cda may phdat
kich thich song song

Ng#n mach = 1 (max)

Xac dinh trudc diic tuy&n ngoai

Bjc tuyén ngoai cla mdy phat kich thich song song c6 thé duge xdce dinh
trudc tir nhitng hidu biét vé dac tuyén mach hd va cac dién trd kich thich va
phén dng (xdc dinh duge nhé cde thi nghiém dc don gian}, ma khong cin thue
hién cac thit nghiém cé tdi thue sy, do tuong d6i khé d8i véi may phat cong
sudt 16n. Gia sy d) sut 4p phén (ng phin tng 13 khang d4ng ké. Theo Hinh 7.31.

].a =IL+IJ

=1I;  (ddng kich thich song song khéng .
ddng k€ d8i vdi dong tai) (7.43)
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E,=V+LR, (7.44)
V=1.R, (R) (7.45)
E, = R, (I,}, d4c tuyén mach hd (7.46)

Do do khang tuyén tinh (bdo hda trén OCC), nghiém cac phuong trinh
7.44 va 7.46 xac dinh dién dp cuc vdi R, va 1R, cho trutée, duge néu bing 46 thi
trén Hinh 7.33. Véi IR, cho trude, Pt ('? 44} duge bidu dién theo dutng thdng
song song v6i dudng R, va cdch nhau theo doan thdng dung LR,. Pudng thing
ndy cit dudng OCC ta1 hai 4i€m R, S 1a hai emf c&m (ng. T hai diém nay, co
thé tim dugc trén dudng R, hai dién 4p cue V, va V, tuong ing hai diém R’, 8.

(V + 1, R, (héng))

PudngR
v ngH,
, s E,(1). OCC
L R
7 | Didm khong ta]
v
)
vEF——————— == -~ : A
l
/ { LA, [h?mg)
s |
V4
yd |
/l
” | (“c'qa max
/s 8
a I
| |
1 4
t !
v.t-—7-As ;
v, | §
I I
i [
0 D c )

Hinh 7.33 Xdc dink trudc dic tuyén ngodi cia
mdy phdt dc kich thich song song

Déng phén iing 81 da c6 thé dat tuong (ng véi diém Q, tai d¢ dudng song
song vdi R, 1a ti€p tuyén cha duang OCC. Tuang Ung vdi timg diém, cdc gia tri
Vwval cé the tinh duge va I, = I, + [, c6 thé tinh dé dang, tir dé ddc tuyén
ngoai duac v& nhu trén Hinh 7. 3’% Ehem ngdn mach trén dic tuyén ngoai
tuong dng vdi [ = R, = V, (dién 4p du).
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Sut 4v cla gbe phan ung phan img ¢6 thé tinh theo sy bi€én déi OCC theo
kinh nghiém (Hinh 7.21).

May phét kich thich hdn hop

Nguyén nhan gay sut ap cia dién dp cue tir khéng tdi t6i toan tai trong
mdy phat kich thich song song c6 thé duge bt mot phén, toan bd, hoac qud
mitc bing c4ch ding kich tif ndi ti€p b§ sung (hén hop liy tién) theo kiéu ré
mach ngén hofic ré@ mach dai (Hinh 7.34). Ampere - vong bd sung cha cufn
kich tif ni tidp tang tu dong theo tai bl cho sut dp phén ung. Pac tuyén Volt
- ampere (V - I) trang thai §n dinh ciia mdy phat kich thich hon hgp duge
minh hea trén Hinh 7.35. Ki&u kich thich hén hop vi sai khong duge ding
trong thue t& vi dién d4p ddu ra sut nhanh theo tai.

b A

1+
jl
A AT ‘
—22 V
(v g,

J— AT, A, z ]

Hinh 7.34 Mdy phdt &
kich thich hén hap 7<
fré maoch dai)
n (hang)

Kich thich hé&n hgp qua muc

“Kich thich hén hop ngang muc
Kich thich hdn hgp dudi mic

Hinh 7.35
Bdc tuyén
ngodi cda
may phdt
kich thich i
hénm hgp O} 1, (dinh miic) i

Kich thich hdn hop vi sai
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Két néi cugn day kich thich ndi tiép kiéu ré mach ngin hay ré mach dai
chi tao ra suf khac biét ¢ bién dic tuy€n V - | cia m4y phdt hdn hop.

So sanh d3c tuyén Volt - Ampere cla cic may may d¢

Biic tuyén V - I (trang thdi n dinh} cla c4c loai mdy phat de khée nhau
duge minh hea trén Hinh 7.36, duge vé theo dién dp d4u ra dinh mdc va toan
tai. Puing cong dic tuyén cia mdy phdt kich thich néi ti€p cang duge vé trén
Hinh nay, diy la dutng dac tuyén dac 1én va su kich thich tdng theo tai {1, =
1, = I,). O cac mite dong tai 16n, dién 4p ra lac ddu gidm do sdt tiz bdo hoa va
tang de sut ap cia phén dng phan dng va dién trd phan ung.

v
——— Kich thich néi tiép
V (dinh mig)fF - - - - - - - - I D Kich thich han hap (liy ti€n)
R ' = Kich thich riéng ré
' Kich thich song song
3
]
)
'
0 ! (dinh murc) I

Hinh 7.36 Ddc tuyén V - [ cia cde may phdt de.

Vi du 7.9: May phat liy tién kiéu ré mach dai, kich thich hén hgp, 100
kW, 200 V, dién trd phAn ting tuong duong 0.03 2, dién trd kich tif ndi tidp
0.004 Q. C6 1200 vong day kich tif song song trén mdi eue va 5 vong kich tir
noi Ltigp trén mdi cue. Céc thong sé cua dung cong tit hoéa tai toc dd phan ing
1040 v/ph nhu sau:

I, (A) o 1 2.2 3.3 4.2 5.3 7.1
E vy 11 33 100 167 200 215 222

Ghi chi : 1;: dong kich tif song song

Tinh dién dp ngd ra vdi dong dinh mdc khi dong kich tir song song la 5A
va toc do 950 v/ph. Bé qua phén ung phén (ng.
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225

200

175

150

125

E4V)

100

S50

25

Hinhk 7.37. Minh hoa 1] o L 1 . L . . 4
vi dy 7.9 1 2 3 4 s & 7

Gidi:
_100x10°
200
Tu Hinh 7.18(f);
L=T, xI,=505A=1I_
Phuong trinh (7.35) (kich tif kidu hén hgp liy tién)
N
Lo =1, +--21
feq f Nf 3

I, = 500 A

«x506=T71A

=5+

200
Tit d4c tinh tir héa (Hinh 7.37}
E, = 222.5V
E, (95Y v/ph) = (950/1000) x 222.5 = 211.38 V
Tit Hinh 7.18 (f):
V=E -L(R,+R,) = 211.38 - 505 (0.03 + 0.004) = 184.2] V
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Vi dy 7.10: M4y phét de kich thich song song v6i d&c tuyén tit héa va dién
trd kich thich nhy trong Vi du 7.8, hay x4c dinh:

a) Dién thé cuc tai dong phén itng 25A.
b) Daéng phén ing t8i da va dién 4p ra tuong dng 1a bao nhiédu?
¢) Déng phin (ng ngin mach.

Cho: R, = 0.5 Q, bd qua d4nh hudng cda phan ing phén ing.

225
R =354510
200

1751
150 [~
125

L f'..=12‘5\f

100

75

Vo (V)

P (P ey = 28.75 V

i 1 1 ] i £
¢ 01 02 03 04 05 06
WA}

Hinh 7.38. Minh hoa Vidy 7.10

Gigi;
Dzc tuyén tir héa va dubng R, = 354.5 Q dugc vé trén Hinh 7.39
a) LR, =05 x25=125V.

b} V& dwing RQ song song véi dudng R, va 12,5 V phia trén, tim gi4 tri
dién dp tuong dng theo @ va R’
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V, = 62V; 1625 V

¢) Vé dudng song song vdi dudng R, va ti€p xic véi OCC:

(I,R,)y = PP’ = 28.75 V
Hotc I,(max) = 2875/ 0.5 = 57.5 A
d IR, = OS (dién dp du) = 7.5 V

I,=75/05=15A

Vi du 7.11: Mdy phiat dc kich thich song song 100 kW, 200V, 1000 v/ph,
R, = 0.03 ©. M4y ph4t duge truyén dong theo tée d9 dinh mic va duge kich
thich dé tao ra 200V dinh muec khi khéng tdi. Théng s6 dic tuyén tir héa cha
mdy phat duge cho nhut sau:

L (A) 0 1 2.2 3.3 4.5 7.1
EMF (V) 10 32.5 100 167.5 200 22215
Hay xdc dinh dién 4p ra cia mdy ph4t khi I, = 500 A.

BugngA,-
/

) 175V
200~ e P 1

|

|

175 | Q IS

| \
|
150 F o

EV)

1251

100 |

50 |

5

|
|
I
I
I
b
!
75T !
1
{
|
|
|
|
|
|

Hink 7.39. Minhhoa %9 1 2 3 4 5 6 7
Vidy 7.11 1(A)
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Cudn kich thich néi tiép co 5 vong day/eye co dién tré téng la 0.005Q, két
hop cudn kich thich hén hgp kiu ré mach dai, Cé 1200 vbng day/eye trong
cudn kich tit song seng. May phat duge kich tir hén hop neang mde va dién ap
todn tai la 200V khi dién tr& trong mach kick thich -un g song duyge chinh de
tao ra dién 4p khong tai 200V. Tim gid tri ditn t=¢e ki thich ndi tiép dé
mdy vén hanh theo yéu cdu.

(14 st phan ung phan ung AT duge bix.
Giai
Bic tuyén tir hoa (Hinh 7.39), vé dutng R, tuong ung tai 200V,

R, - 2% _ 4440
a5

LR, =500x 003 =16V
V& dudng song song voi dudng R, tai 15V (= QQ)
V (ra) = 165 V (tuong ing Q)

V6i cudn day kich thich néi tiép b8 sung cho cudn kich thich hén hep tich
liiy kiéu r& mach dai:

Pién trd mach phin dng :0.03 + 0.005 = 0.035Q
Sut 4p mach phén ing: 500 x 0.036 = 17.5V

Pé biz cho sut 4p nay, diém lam viée trén OOC phai & R, tdc 14 (200 + 17.5)
= 217.5V. Dién 4p toan tdi va khéng t&i s& phai la 200V. Tir Hinh 7.39, mach
kich tir ndi tiép do duge theo dong kich tir song song la:

I, =17A

AT, = I, x 1200 = 1.7 x 1200 = 2040
I, =2040/5 =408 A

Ljongre = 500 - 408 = 92 A

R, .= 0.005 x 408/ 92 = 0.022 Q

Vi du 7.12: Pac tuyén mach hd cia mdy phat kich thich song song tai tée
dé dinh muge la:

I, (A) 1 2.5 b 7 9 12 15 18
Ve (V) 22 231 400 479 539 605 642 671
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700 —

VoV oce

432 A
556 ¥

acc

42V
500 500 v
R=461
400
200 -
200
Hinh 7.40. Minh
hoa Vidu 7. 12,
1007
4h=108 A L= 12 A
1 PN I./ 1 1
4 8 12 16 20

(A

Bién trg kich thich va phén dng 14 46 O v 0.12 Q. Tinh dién 4p khéng tai
khi ddng phén ing 12 300 A trong hai trudng hop sau:

1) Bé qua phdn ing phén ing

2) Dbong kich thich 12 1A d€ khi tdc dung hiu iing phan img phén img.
Gigi

Buimg OOC va duimg R, duge vé trén Hinh 7.40.

1) I,=300A

Sut 4p phéin dng = 360 x .12 = 43.2 V.

Ve dudng song song voi duing R, 43.2 V phia trén va doc theo truc V, dién
4p khong tai va ddng kich thich tuong (ng duge do tai diém B trén dudng R,
Céc gia tri do duge a:

V, = 566V; I, = 12A
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2) Dong kich thich tuong ¢mg phdn dng phan dng gay ra sy khir tif = 1A
Dé tinh diéu nay, dic tuyén OCC chuyén qua phai v6i gid tri 1A. Dac
tuyén dich chuyén OCC cit dudng R, tai C. Piém D tuong tng trén
dudng R, 13 dién ap khong tai va dong kich thich V= 500V, 1= 10.8A.

Dic tuyén dong co dc

Uu diém cia dong cu de 1a tinh da ning vdi nhidu ddc tuy€n quan hé
moment - téc 46, pham vi didu chinh téc d6 rong, khong doi hdi cde su @8 diéu
khién phdc tap, hiéu qua van hanh cao. Théng qua ddng ca truyén dong, may
dién dc c6 tde do khong d8i & phin van hanh cla dic tuyén, cdc diéu kién kich
tir duge didu chinh theo dién ap ra mong mudn vdéi tai che trute.

Mat khdc, d61 v6i dong cu cén tuong hgp giita dic tuyén toc 4 - moment
clia tai va chay téi vdi tdc dy chuyén biét biing cach diéu chinh truong kich va
didu chinh dién #p phin dng d&€ diéu khién téc dd trén khodng ring.

T cdc Pt 7.4 va 7.8 quan hé emf vid moment co ban duge viét nhu sau:

dnZ( P

E, = ——(-X] =k, PPt (130 V (7.47a}
1 P

T-= ﬁ‘m&Z(X] = k@1, (Pt (7.9)) Nm (7.47b}

V4i n : tde db tinh theo v/ph

® = 270 téc 46 tinh theo rad/s

60

Trong vin hanh kiéu déng co, d€ thuén tign, cdc quan hé nay duge biéu thi
dudi dang toc 46 v moment phdn Jing:

E,

n=Ky ® {7.48)
T =K. @I, (7.49)
E, dugc xdc dinh theo phudng trinh mach phén ung (Hinh 7.18f).
E,=V-1,(R +R, (7.50)
tir thong / cue @ duge xdc dinh biang dong kich thich tuong duong
Lreg =1 % [}1%1 1, (7.51)
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Dac tuyén tir héa cia mdy dién trong didu kién ¢ phan itng phan ting sé
gidm tif théng / eve. Cédc déng ca de duge chia thanh ba loai thee phugng phdp
kich thich. Trong dong ce, su kich thich song song khdng phu thude vao lye
diér dong cam ing phan \ng va duge xdc dinh mgt cdch déc lap theo dién 4p
ngudn. Theo 46, sy kich tir song song cta dgng ed tuong tur kich thich Tiéng ré
va khdc vdi su kich thich nhu trong may phat dién kich thich song song.

Bong co kich thich song song

Hinh 7.41 minh hoa so 8 két ndi cia dong cd kich thich song song, van
hanh vdi dién 4p cé dinh, va dién trd kich tir c§ dinh, nghia la, déng kich ti
song song khéng déi,

A,
Cudn kich
song song Hinh 7.41 Bong co
kich thich song song
Trén mach phan dng, E, =V - LR, (1.52)
Thay vao pt 7.48:
n=K, [V—‘Iij (7.53)
o
vi T = K@l (7.54)

Tix cde pt (7.53) va (7,54), c6 thé thay téc dd moment va dong co thay ddi
theo dong phén ng (Hinh 7.42)

Tir pt (7.53), tdc 40 gidm do syt ap dién trd phin tng LR,, nhumg do phan
dng phan dng nén khi d6 tir thang @ gidm theo. Vi hiéu dng IR, tréi hon nén
tdc d¢ giam theo tai khong nhidu (Hinh 7.42a), Ti pt {7.54), do higu img khir tir
cta dong phén ting, dac tuyén T-1, 1a dutmg thing dée xubng. Bae tuyén moment
thie t& cao hon va udn vao phia trong do giam tir théng/ cuc {Hinh 7.42a).

Loai b dong I, giifa hai pt (7.53) va (7.54), déac tuyén tdc dd - moment la:

n=BEaV [KiR, g (7.55)
» | K,
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n Ti ni

T~ Téc do, b qua
s phdn Ung phén
ing
£ Moment
Moment, bd qua
phan (rng phan ng

—-— 0
'll
(@ n-1 vaT-I Hyn-T

Hinh 7.42 Dde tuyén dong co kich i song song (V.1 khéng doi)

-1

La dutmg thing nhung @ gidm de phdn Ung phén dng, nén dic tuyén thuc

* 58 c6 dang nhy trén Hinh 7.42b. Tir khéng tai dén toan tai, toc do gidm khodng

vai phén tram, nén thue sy tée A4 dugce coi 14 khang d4i, duge goi 1a dic tuyén
“ré mach”. Loai ddng co ac cdm g cing cé dic tuyén (n-T} tuong tu.

Vi dy 7.13: Dong co de kich tir song song, 8kW, 230V, 1200 v/ph, R, = 0.7Q.
Che dang co chay khong t4i v6i dién 4p vao 250V, diéu chinh dong kich thich
cho déng co dat téc d 1250 v/ph vdi dong phan dng 13 1.6A. Moment tdi §
truc dgng co, dong I, ting lén 40A va t8c 4§ truc ddng co gidm xudng cbn 1150
v/ph. X4c dinh d§ gidm tir théng/cue, do phdn (ng phin dng.

Giai

Phuong trinh {7.48):

-k ) Y

L]
Q:va—ng
n
. 250-1.6x0.7
& (khing tai) =Ky | —————— = 0.2K
{(khéng tai) N ( 1150 ] N
250 - 40x 0.7
Dlcotdi) =Ky | ————[=0.193K
{céd tdi) N[ 1150 J N

Mife gidm tif théng & do phén ing phén ung la

0.2
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Vidu 7.14: Bong co de kich thich song song, 20kW c6 dang phan dng toan
tai la 85A, tée d6 1100 v/ph, dién trd phdn (ng 0.18 Q. Xac dinh:

a) Moment trong.
b} Moment dong kich thich gidm dét ngot con 80% so vdi gid tri han ddu

¢} Trong cau b tinh téc 4 6n dinh cia ddng co, gid sit moment tai khéng
doi

Gidi
a) E,=250-(0.8x85) =234.7V
El, =Tw
234.7x 85 =T x (2r X1100) / 60
T =173.2 Nm

k) Gid s mach tir tuyén tinh, @ o I, tir truding ddt nght gidm 80% so véi
lac ddu va I lic d6 khong d8i nén:

T,=0.8x 1732 = 103.9 Nm

¢) Trang thai moment ddng cd khong d8i & cu b, tdc do dong phin dng
mdi duge xdc dinh nhi sau;

T=K,I,x8 =K;x08Ix]I,
I, =10625A
E,, =250-0.18x106.25 =2309 V
234.7 = K, I, x 1100
2309 =K x081I,n,
2309 0.8n,

2347 1100
n, = 1353 v/ph

Téc d9 déng co va dong phén dng thay d43i do dong kich thich guim khi
momen tdi khéng ddi.

Vi du 7.15: Dong co kich thich song song, chay véi téc do 1200 v/ph
khong tdi, dong 5A, dién dp vao 220V. Pién trd phén dng va kich thich la
0.250 va 110 Q. Khi ¢6 tdi, djng co c6 cubng 46 62A tai mach chinh.
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Tinh toc d8, gid s¢ phan dng phin ing kha tir kich thich 1a 5%.

Tinh moment (ndi} khi khéng tdi va khi ¢6 tdi. Moment trén truc ddng cg
khi mang tai {(moment truyén déng tdi co khi).

Giadi

Trong déng co kich thich song song: I =1, +1,

Dong kich thich song song : I, = 220/ 110 = 2A.

Khi khéng tdi: I,=5-2=3A
E,=220-025x3=21825V
n, = 1200 v/ph.
E,=K, ®n,
219.25 = K',. ¢ x 1200 (i}
Ty, =E,,.L,

[ 2n x 1200

)Ta -219.25x 3
60

T, = 5.23 Nm
Moment nay bi hip thu trong tdn thdt sdt ti, va do ma s4t
Khicé tdi: 1,, =62 -2 = 60A

E,, = 220 - 0.25 x 60 = 205V ()
Tit théng/ cue ®, =095
E,,=K,® n,
205 = K_x 095 x n, (ii)
chia (ii) cho (ik n, = 1181

Tae 46 dong co gidm 16% khi ¢é tai, do tir thong/cue gidm vi phdn dng
phén tng nguge v6i sy sut téc d6 do dién trd phan 1ing gidm:
Tw =E,1

al “al

[21:>< 1181

]T‘l = 205X60
60

T, = 91.45 Nm
T (truc) = 91.45 - 5.23 = 86.23 Nm
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Dong co kich thich ndi tiep

Hinh 7.43 minh hoa so dd két néi dong co kich thich néi ti€p. Toc dé dong
co duge tinh theo pt (7.48):

n :KN[V_Ia(Ra +Rse]] (7.56}
Lo
Phuong trinh moment la: T = K,®I, {(7.5T)
Trong ving tir héa tuyén tinh:
P=K1,
.. K|V _
var:in = f;‘{'f —(R, + Rse)}; hyperbola chir nhat bj chuyén dich (7.58)
va: T = K. K,.1.* ; parabola (7.59)
b=t
+
v

Cudn kich
ndi tiép
Hinh 7.43 Pong co
kich thich néi tiép

Cée quan hé trén duge vé & Hinh 7.44a va 7.44b. Su bio hoa va sur khit tir
do phdn Ung phan dng déu lam tang tir théng/eve (theo L} theo ty suit thap
hon trong quan hé tuyén tinh gia djnh. Bac tuyén thue dugc v& bang nét dit
trén Hinh 7.44a va 7.44b.

Khi khong tdi, dong dong co, va tir thong/cue tién dén 0, pt (7.58), toc do
déng co s& tiang dén vé han. Pay la tinh trang nguy hiém, vi lyc ly tam sé pha
héng phan dng. Do vay, déng co de kich thich ndi tiép khdng duge phép chay
khong tdi, dir chi vé v,

Khit I, trong pt (7.53) va (7.59), dac tuyén téc do - moment la:

E&F___M_(R . )j

n= (7.60)

K, JT
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T hoa

T hoa tuyén tinh

P ~Thye

4
/
/

tuyén tinh

"a=}:

(@)

(b

Hinh 7.44 Pdc tuyén déng co kich thich néi tiép

vé trén Hinh 7.45. Khi moment tai tdng, toc 4o dong co gidm manh, do 46
cing lam gidm cong sudt kW tdi (n x T trén dong co. Loai dac tuyén téc do
moment déng cd nay duge goi 1a dac tuyén “néi tiép”, thuong ding cho thiét bi
kéo, can céu, ... trong qua trinh khdi dong, tdi yéu cdu moment pgia 1 Lldn, tai
luén ludn tde doéng 4ol véi dong co, do d6 khang ¢ nguy co vé tai thap hoac

khéng tai.

ctia dong co kich thich ndi tiép

Hinh 7.45 Ddc tuyén toc do - moment
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Vi du 7.16: Dac tuyén tir héa cia déng cg de kich thich néi tiép 4 eue ¢d
thé 14y theo ty 18 vdi dong trén mot phén cia khodng lam viéc. Trén cd s&
nay, tif thong/eye 1a 4.5 mWh/A, Tai yéu cAu moment ldn t¥ 1& binh phuong véi
téc A9 va bing 30 Nm tai 1000 v/ph. Phan ing c6 492 day va duge quin theo
kiéu séng. Xdc dinh tde dd va dong dong co khi duge ndi véi ngudn 220V. Téng
dién trd cda ddng co 1a 2Q.

Gidi

Theo pt (7.4), ta c6:

~ (I)nZ[P]_ (4.5x107° x I ) n x 492
* 60 i

A 60

(i] -0.0738nl, (i)
A 2

Tinh moment theo pt {7.8):

T=-i_¢gz[£J=-l445x104g)gx492[i)=onom§ (i)
2n A 21 2
Ngoaira: E =V-I(R +R_}=200-21, (1i1)

Thay (i) vao (iiik
0.0738 nl, = 220 - 2],

220
L=
2 +0.0738n

thé& vao (ii):

{iv)

2
T = 0.705( 220 J

2+ 00738 n
T, = K n?
Vdi cde dit 1iéu da cho ¢6 thé tinh K|
30
(1000)2
Trong didu kién vén hanh én dinh, T, = T
220 T
2+00738n

Ky, = 3x10° Nm/v/ph
3x107%n?% = 0.705 [

n = 662.6 v/ph
thay n vao (iv):
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220

: - 432 A
2+ (LDV3HE - 6632

“

Bdng co kich thich hén hgp

Trong dang co kich thich han hp tich lay, edn médce thém cudn kich thich
néi tiép vao cudn song song, do di L thang/cue <@ tang lén theo ddng phéan
dng, vivav in - I guan hg ono- B eta kich thich song song (@ = khong
doi) va quan hét in - 11 eta kich thich néi tiep {d = [ 1 tHinh 748 Khéac vdi
dong ca kich thich néi tiép, dong va kich thich hén hgp tich iy ¢d tae do
khéng tai hon hanooo rvic dae tuveén giam tal cua dong ed kich thich song song
tromg cde dicu kien 1di ning.

”+ ' Kich thich hdn hgp vi sa
|
|
Mo — — — T
Kich thich song song
) Kich thich hon
Hinh 7.46 Ddc tuyon hgp tich lay
dong - téc dé cla Kich thich néi ti
dong cude o ich thich ndi tiép

!

Trong déng co kich thich hén hyp vi sai, tir thong/eye gidm, khi déng
phén tng tang, lam cho téc do dong ¢o tang theo 1dl tHinh 7.46% Dong co nay
dude thiét k& dé co tée 40 toan tai bang khong tai. Tuy nhién, trong dicu kién
qua tai bat thuing, tu thong/eve gidm dén gan O va dong eo khi dé cé thé 1ang
toc do diin mude nguy hidm, tuong ty dong cd kich thich noi tiégp bi khong tai.
Vi tinb 6n dinh téc 4 kém nén déng cd kich thich hén hyp ¥ sai ngdy nay
khéng con su dung nifa. Cac tinh huong véu ciu the do duge diéu khién trong
pham vi hep duge sap x€p vii hé thang khong tai lién hop vdi dong cd kich
thich song song.

(ac dac tuyén dong - moment cua cie loai dong co de khdc nhau duge néu
trén Hinh 7.47

L
"h
(o]



Ti " I
HGn hop tich 1oy
Song song
Hdn hgp vi sai
N&i tigp

Hinh 7.47 Cde didc

tinh dong - moment

ctia cdc foai dong co de 0 -

—

n

H&n hgp vi sai

Kich thich riéng ré

Hén hap tich iy

Hinh 7.48 Ddc tuvén
moment - t6c dé cia
cde logi déng co de

khdae nhau

Nai tiép

0 -T

Khi dong giita cdc dae tuyén dong - toe d {Hinh 7.46) va cic dac tuyén
dong - moment 1Hinh 7.47), sé nhén duge dac tuyén moment - téc do cua cdc
loai déng co de (Hinh 7.48)

Vi du 7.17: Bong co de kich thich néi tiép 250V, v6i cudn bil, dién trg
mach phian ung tong (R, + R_) = 0.08 €. chay ¢ toc dd 1200 v/ph bing thiét bi
dong lue véi dong co ¢é mach phan ing va mach kich riéng biét. Cdc thiy
nghiém cho cdc dir liéu tir hoa nhy sau:

LGAX 40 80 120 160 200 240 280 320 360 400
Ve (Vi 62130 180 222 250 270 280 9288 990 992
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V& dac tuyén moment - tée 46 cia ddng cd kich thich néi tiép duge ndi vdi
mang 250V bang cdch tinh cdc gia tri tée db va moment tai cic mach phdn
ing 75, 100, 200, 300, 400 A.

Giai
Thay vi vé dudng cong tir héa, ¢6 thé dung phép ndi suy 1if cdc dirlidu da cho
G trén
Tinh todn ding:
I =1, =75A
E, =250 - {0.08 x 75) = 246 V
Dang phép ndi suy véi 1 = T5A

Eq(1200 vphy = 130 - 22260,
40

5=1215V

1200
n-=
121.5

Tw=E,],

x 246 = 2430 v/ph

60

T= 7}x 246 x 75 =725 Nm
L2« 2430

Cac tinh toan duge xép theo bing dudi day:

I, = 1(A) 75 100 200 300 400
E, (V) 246 242 234 226 218
E, (V) lai 1200 vjph 1215 155 250 283 292
n (v/iph) 2430 1874 1123 958 902
T(Nm) 725 123 398 876 923

P#c tuyén moment - tée dd duoe vé trén Hinh 7.49.

Vi dy 7.18: Bong cu kich thich néi tiép 7.5 kW, 220V kéo quat gié. Khi
chay d téc o 400 v/ph, ddng co c6 dong 30A. Moment quat yéu cau ty 1& vai
binh phitong toc d6. R, = 0.6 2, R, = 0.4 €. Bo qua phan ung phan iing va 16n
that do quay, gia st dac tuyén tif hda cia dong co la tuyén tinh.

a) Xde dinh cong sudt cdp cho guat va moment do déng cd sinh ra

b) Tinh dién tré ngoai duge mac ndi ti€p mach phan ing dé gidm toc do
guat xudng con 2000 v/ph. Tinh céng suat cap cho quat tai téc d§ nay.
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2500
2000f
n {¥/ph)
f 1500(
|
l
1000}
so0b
A i . 1 . | 1 1 N |
0 200 400 600 800 1000
— = T[Nm)
Hink 7.49. Minh hoa vi du 7.17.
Giai
P = P, = P; khong cé tén that do quay
P=E.I, (1}
T:';lp = K,;ll-«“]n = K’;ll.’!z; I.w = I.‘I
(I‘I[ll-ll = Kl‘" NZ
Vi T = Tpu=T
vi I on {ii)

al Khi van hanh tai 400 v/ph (R_, = 0
E, =220-(0.6 + 04)+ 30 =190V
[, =30 A.
P=190x 30 =57 kW
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Tw=E]I,

T=-29__ i3 Nm
hay: 2 % 400

80 _
b} Khi van hanh tai 200 v/ph (R, = ?)

\2

=136 297 54 Nm

L 400 )
1, —30x[200J =15 A

400
To=E_I,

34 x [%} =[220-(06+04 + R, )= 15]x15

R, =105Q
P =To =34 x [E‘_;_EZ@.] = 0.721 kW

Khi dong @ong co DC

Tai thoi diém khéi dong (n = 0), emf cidm iing cia dong co 13 zero nén dong
tir ngudn dién dp dinh mdc cung edp cho dong ca kich thich song song la:

I; :R_a - . (761)

Bién tré kich tir néi ti€p gép trong mau sb ciia phuong trinh dong co kich
thich néi tiép. Dai vdi cac dong co 16n dién trd phén ing ¢6 thé 14 0.01 pu heae
thap hon; thim chi dé1 v4i dong co cong suit thap cé thé trong khoedng 0.0625
- 0.125. Nhu vay, khi khéi dong toan tdi, dong phéan \ing c6 thé ¢6 gia tri gip
nhiéu lan dinh mifc (khoang 100 lin d&i v6i dong co lén). Dang 1dn nhy thé
khéng duge phép chay trong ddng co, dac biét khi khdi déng do:

(i) Gay ra tia lita manh tai chdi than.
(ii) Tao moment 16n ddt ngdt piy sy va dap trén truc co.

(iii} Dong 1én nhu vay thuting khong thé 1ay duge tir ngudn dién.
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Vi cde nguyén nhan néi trén, tat ca cdc dong co, trif cde dong cv cdng sust
khéng qua 1kW, khi khdi dong phdi 6 dign trd ngoai ghép vao mach phén
ing dé gidi han dong khai déng. Khi es ngudn de v6i dién 4p bién thién, ching
han trong so dé diéu khién tdc 46 Ward-Leonard c6 thé cho phép khdi déng
ma khdng can dién tr& khdi dong.

Vi moment dong co khéi dong truc ti€p cao hon nén déng co khdi dong
nhanh, tiéu thy eéng suat it hon nhidu so véi khdi ddng bing dién trd - yéu té
nay rat hitu dung trong ché dé dong co khdi dong 1ap lai do tiét kidém nang
lugng va it gy ra hién tuong néng djng co.

Dong khdi déng cho phép téi da khéng vuot qua 1.5 - 2 lan tri s& dinh
rmufe. Bay la cde gid tri an toan, déng théi tao nén moment khai déng cao du
dé tang tée 46 dong ¢g nhanh chéng.

Khi khdi déng dong co kich thich song song, tif trudng kich thich song
song phai duge chuyén mach trude dé dong kich tir duge thist l&p én dinh,
trude khi phén ing v6i dién tré khdi dong trong mach durge két néi vao ngudn.
Ly do 1a tir truang kich thich song song ¢o trd khéng cao va dong di qua (ciing
la tir thong trong dong cg) duge tao ra cham, ddn dén két qud $é ed moment
khdi déng thap.

I .
f

1 t
| |
! I
I |
1 —

| F
.f Khéi dong Y :
| P NVC 1
H =] ]
: =h |
. : I
| {
¢ |
| T
! I
| |
! |

20,
F‘
£
m_"l:.
O .
orr e L |
Nguén de
Hinh 7.50 B6 khoi dong déng ca de kich thich song song (hédng tay)
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bién tré¢ khdt dong duge bd tri theo bac va duge ngit ra tit tir khi dong ce
tang dan toéc do, dé gitf moment & midc trung binh cao trong qud trinh khoi dong.

S¢ d6 néi mach cua bd khai dong bang tav cua déng co de kich thich song
song duge néu trén Hinh 7.50. Tay quay khat donyg Auge nén trén Hinh g vt tri
ON - dién trd khdi déng bi ngat, duge gop trong moeb kuh L Bo khdi dong
nay co hai phan bao vé.

1. NVC (khéng ¢6 dign ap): Khi 6 sy ¢d dong kich tit {do hd mach hoac

mét), cudn nay sé ngit tay quay khdi déng (duge duy tri bang luc dién
ti), chuyén sang vi tri OFF do tdc dong cua 1o xo.

2. Ngit OL tqua tdi) Tiep diém eda ro le nay, khi deng phan dng vugt qud
gid tri xac dinh (qua tdi/ngdn mach) NVC két thic, dua tay quay vé vi
tri OFF.

Trong céng nghiép hién dai, thudng ding cac bé khdi dong ty dong kidu
nut nhéan, tuemg 1y cac relay dién tur (Hinh 7.51}

OO
c, C, Cy
i
Cu

r ! AN 2 -.-.'.-ra %‘.‘.‘.—4. 9. —
| fy L] Y |
| L
i > A,
Lk "
| A -
I
$ v b

Hinh 7.51 Khai ding dong co de kich thich song song

Tinh toan cac budc khéi ddng cho 8dng ¢o dc kich thich song song
Tir Hinh 7.51, cé thé thay, vao thyi diem bd khdi dong g vi iri 1, hoac

contactor C,, déng, dang dién trong mach dat dén gid tri [, (dong gi¢i han
tréni:

v .
[, =— (7.62)
R,
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Hinh 7.52 Sy thay dé6i cia dong phdn ung vé toe dd theo thi gian trong
qud trinh khoi déng dong ca kich thich song song

Sau 46, dong giam dén khi téc db ddng cu tang dan va emf tang (Hinh
7.52). Ddng gidm dén 1, la dong gigi han dudi:

_V-E n))

1.
2 R,

{(7.63}

Véi E.(n,) 12 emf tai téc 36 n, cia dong co. Lic nay, bd khdi ding chuyén
dén vi tri 2 (C, dong). Dong tang tic thai dén I, (Hinh 7.47), va thoa quan hé:

I, = V_M {7.64}
R,
Tit cde pt (7.63) va (7.64), suy ra:
L = R (7.65)
I, R,
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Dung phép qui nap cho bi khdi diong ¢6 k nat (e6 1k - 11 bae dién trox

I, R R, Ry

- S {7.66)
I, R, R, R,
Lokl
RoR, B, 0L oo
R, R, Ry |\ L, ‘
e - I _ H‘eﬂg_g_il(jf_ilhz_m t.réln_ (7.67)
[, Donyg gisi han dudi
Suy ra: L T (7.68}
H'J
Tit Hinh 7.51, rd rang la:
R, = r, = R, idién trd phin ing}
LI (7.69)

Hinh 7.52 la db thi dong phan itng va téc do theo thoi gian khi dién trd
trong bé khdi déng bi ngit timg bic. Trong thai gian chd tai mbi bdc dong bi
sut va tdc 4§ tang theo ham s mi, chi tiy thude va hing s6 thoi gian. Day la
1y do thai gian chd tai méi bac gidm tif tir nhd trén Hinh 7.52

Sau khi chon gidi han trén va dudi cia dong phdn ung cho qué trinh khdi
dong, viéc tinh todn cac bac khdi dong c6 thé tién hanh nhu sau:

ti) Tir pt {7.62), tinh R,
(iiy Tif pt (7.69), tinh sd biac k v chon gia tri nguyén gin nhat.
{i11) Tinh cdc dién ¢rd R, R,... tit pt (7.66}.

Vi du 7.19: Bo khdi dong dung cho ding co kich thich song song, 220V.
Déang toi da cho phép la 55A va dong toi thigu 1a 35A. Tim s6 bic, dién tr
khdi déng va dién tré cho mbi bac. Dién trd phan ung cua dong co 12 0.4 Q.

Gidi
1, =55A; I,=35A

y=ll-=lA57
L,
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V, 200

Tupti7.62) R =1L =44
I, 55
R 4
T t (7.649) " ! =—1;——710
P ' R, 04
n= 6
Suy ra v = 1.585

Tir pt {7.66), cae tri 8 dién trg la:

R =40,

R, =4/ 1585 =252 (1, = R, - R, = 1.48 0

R, =252/1.585=1580; r,=R,-R, =093 Q
Tuong tu, cé the tinh r, = 0.578 Q, r, = 0.370 {2, ry = 0.235

- vy ’

Diéu khién toc dp dong co DC

Bong co de néi chung c6 tinh dép ing truyén dong toe do tot hon dong co
ac, do truting quay cé toc do én dinh va khoang téc do rong.

Tir pt (7.48):

n = KN(—'—_“V ~ LR, } (7.70)
i}
Vi syt dp phan ung nho, c6 thé bo qua

\%
n=Ky = (7.71)

Tir phutang trinh nay c6 thé diing hai phuang phép didu chinh téc do, thay
dai tir trierng kich thich I, va thay d6i dién dp. Phuong phdp thit nhat lam
thay dai tir théng/cye, ®, duge goi la didu khién truong; va phuong phap tha
hai la diéu khién phan ing.

Diéu chinh tir trudng kich thich

Vdi dién ap khéng d4i, tir pt {7.71);

n, _©

= (7.72)
n, o,
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Chi xét ving tir héa tuy&n tinh:

P.ézﬁzli {773)
n, @, I,

C4c gidi han cia phuong phap diéu khién nay la:

1. Khéng nhan dudge cac 18c dd thap hon téc do dinh mue vi tir trudng
kich thich khéng thé manh hon, chi ¢6 thé yiu di.

2. Vi tée do ty 1& nghich vdi ti thang/cue, moment ty 1& thuin vdi tor
thong/euwe, voi dong phdn dng cho trude, do dé chi ap dung cho cae
truyén dong cong sudt khdéng déi khi moment tai giam theo toe do.

3. Péi vdi cdae dong eo yéu cAu pham vi didu khién téc 46 rong, ampere
vong kich thich nhd hon nhiéu so vdi ampere vong phan ding d cdce téc
db cao, gay nén sy méo qud mie mat do i théng trong khe hd khéng
khi. Bifu nay dan d&én cde trang thidi vin hanh khang én dinh hoac
chuyén mach khéng tét. Cudn day bu cd thé duge dung dé tang khoang
téc da 1én hai Lin d8i véi cdc dong co 1dn, gap bén lan cho cde dong co
trung binh va tdm ldn cho cdc ding co cdhng sudt nho.

4. Phuong phdp diéu khién nay khang phil hgp vdi cdc dng dung cén su
ddo chiéu tac 43, do cdch duy nhat d& ddo chiéu tic d6 1a ngdt dong co
ra khéi ngudn va ddo eye tinh phin ing truong. Mach kich thich ¢
tinh ¢dm itng manh nén thuémg chi ddo phan tng.

Pdng co kich thich song song

Hinh 7.53a trinh bay cach didu khién kich tir dong co de kich thich song
song, bang cach ding bién trd trong mach kich tir. Tu pt (7.55%

ML AN (7.74)
o | K0

Pac tuyén moment - téc dd hoi dée xudng do s6 hang thi hai (hiéu dng R}
va ddc tén khi tir truémg bi véu do phan tng phan ung (Hinh 7.53b). Hiéu (ng
khi tif cua phin ing phan ing lam dac tuyén hoi cong 1én khi moment ting
{dbng tdi tang). Pham vi lam viée cua dac tuyén moment - tdc dd giam khi tdc
dé tang vi dong phan tng khang thé vugt qua gia tri toan tdi.

Vidu 7.20: Ding co kich thich song song, 400V, dong khong tdi 5.56A va
dong toan tai 68.3A. Phan dng phan tng lam giam tif truérng kich thich 3%.
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fe A

A,
3 +

{a) So dé nobi ket

Gidi han do dbng tai toan phan
P 9 P

\ o
y - .
N Hiéu ung AR
N I duge xét
, \\; g <idp < by
1,

¢

=
Hinh 7.53 Diéu khién truong doi véi dong co kich tix song song

Tinh t¥ s& téc d¢ toan tdi vdi tée do khang tai. Cho R, = 0.18 €2, sut 4p trén
chéi than 1a 2V, R, = 200 Q.

Giai
400
1 =2A
/" 200
Khi khéng tdr: [,=56-2=36A

E,, =400 -(08x3.6)-2=2397.4V
Khi toan tdi: Lifli=683-2=663A
E.(fI) = 400 - (0.18 x 66.3) - 2 = 386.1 V

nifl) 3861 1 _
ninl) 3874 097

Nhan xét, tir trutng kich thich yéu di do phdn ing phén ing, tée 4o toan
tdi bing tdc d6 khong tai.
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Vidy 7.21: Bong cu kich thich song song 750kW, 250V, 16¢ dd 1200 viph,
cé dién trd phan img va kich tir b .03 € va 11,67 €2 Pong o ¢6 ghép cudn bu
d€ khu phan ing phdn tng. Bé gqua tén that sit tir va do quay. Bang cd ¢6 tai
moment khong doi véi dong 126A va chay vdi toc do 1105 v/ph.
a) Gid sit W trung tuvén tinh, néu ding kich tir bi giam chi cdn HA,
dong tuyén cung cip va toe dd dong co I bao nhieu? Tinh moment tai.

b1 Déng cg ¢t cae dir liéu tit héa nhu dudi day, tinh e do dang co va
ddng tuvén cung cap nlur & cdu a. So sanh va nhan xét theo cde két
qua cua cdu a va b,

Toe do 1200 viph,

[t 4 5 6 7
V. (V) 917 250 " 267 980
Gidi

a) Bic tuyén tir hdéa tuyén tinh

) 421‘.]2? =64
I,, =126 -6 =120 A

E, =250 - 0.03 x 120 = 246.4 V
n, = 1105 v/ph; o, = 115.7 rad/ s

I3

hiét: E,=Kboo=Kuo=K]lo ()
T=K®l, =K, =K]I (i)
T ti): E, =246.4 =K' x6x 115.7
K" = 0.355

T = 0.355 x 6 x 120 = 255.6 Nm (khong déi)
Dong kich tit giam:
[,=5A
Tikhong daiy = K" 1,1, > K"al 1,

Lo =120xg=144A

l,=144 + 2= 146 A
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E, =250 - 0.03 x 144 = 24568 V
245.68 = 0.355 x 5 x w,
w, = 138.4 rad/ s, tuong duong 1322 v/ph
b) Thay vi vé duding cong tif héa, ¢6 thé dung phuong phap noi suy
I,, =6A => V. =267V ¢ 1200 v/ph; 125.7 rad/ s
267 = K, x 125.7
K0, = 2.124
1,, = 5A => V. = 250 V & 1200 v/ph; 125.7 rad/ s

K, b, - 220 _ 1989
125.7

T(khong @6i) = K,.,. I,= K,.0,.I,

K, b
Ia2 = Ial[ K (DI

Al

] =120 x 2'123 =128.1 A

I, =128.1 + 2 = 130.1 A.
E,, = 250 - (0.03 x 128.1) = 246.16 V
246.16 = K, 0,u,

246.16
My =
1.989

= 123.76 rad/s, tuong duong 1182 v/ph

So sdnh cde két qud:

Tac dé duge tinh theo gid thiét tuyén tinh cao hon (1322 - 1182}/ 1182 =
11.8% so vdi tdc d6 tinh theo dic tuyén tir hda thue su.

Vi du 7.22: Bong co de kich thich song song, 250V, R, = 150G va R, = 0.602.
Béng eo van hanh khong tai vdi thong lugng tir toan phén tai tée do 1000 v/ph
ta I, = 5A. Néu may truyén dong (ai e6 moment 100 Nm, hay tinh dang phin
ung va téc d6 ddng co. Néu dong co duge yéu cau cung cdp 10 kW tai tac dé
1200 v/ph, cdn ghép néi tiép dién trd ngoai vao mach tir la bao nhiéu? Bé qua
suf hio hoa va phdn \ng phdn ung.

Giadi

Tu pt {7.3) va (7.9}

Ea = K\q)wm = Kmm (l}
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T =K@, = KL, {ii)
Khong tai:
. 2 < 1000
60

280 -thx 061 = K
K =236
Truyén dong tai 160 Nm,

T _100 _osa

“ T K 236

Vi o = Eﬂ_ R 2560 - (42.4 x 0.6)

=951 /
m = 596 5 rad/s

n= @‘Um = 909 v/ph
2n

Cong sudt ra 10 kW va 1200 v/ph.

(Gid sug tu héa tuyén tinh, pt (i) va (i) duge viét lai:
E, = K.lo, (iii)
T=K Iao, (iv)

Tir edc & liéu van hanh khdong tdi:

=

=29 1674
150

K, :E;Eﬁ:],ﬂ&]
I, 107

(250 - 0.6 ') I', = 10 x 1000
[', = 44.8 A (loai bé gid tri can)

Thay vao pt (ii1)

250 - (0.6 % 44.8) = 1413« [, x 2nx 1200
60

U, = 1.257A

R,(téng) = 250 <1990

R, {ngoai) = 199 - 150 = 49 (}
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Péng co kich tir ndi tiép
Biéu khién tie d9 duge thue hién bang cach diéu chinh ampere - vong
cudn kich tir véi mat trong ba phuong phap:

1. Chinh dong kich thiclh mach ré; N&i mot dién trd song song vdi cudm
kich thich tHinh 7.54), bing cich thay déi R, dang kich thich va do
dd ampere - vong kich thich sé gidm. TU mach, rd rang:

14 Rl W
[, =1i—" | -K,I, (7.75)
' I\R.-ae + Rcl / ¢
Kd - Rt‘f _ 1
R:if: + Rd B’ﬁ +1
Rd

Tit hoéa tuyén tinh:
®=K,K]I, (7.76)
Pt (7.60) dutge vigt lai nhy sau;

K. | VyKIK, 1,
ne—8 | CNZTO LR L (RIIR,) (797
Kf \JK[! T Kd . ‘

i/ o
e A, N *
: v

Hinh 7.54 Mach diéu khién vai dién trd mde ré.

Tir pt (7.77}, cde dae tuyén moment - tic do khi gidm gia tri K, (gidm R}
duge vé trén Hinh 7.55. Cde dac tuyén nay ¢o the duge hiéu chinh do su bac
hoa va hiéu ing phan dng phin uing.
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|

Gidm K,

Hinh 7.55 Hidu ing cia
thong sé mde ré trén ddc
fuyen moment - tée do 0

-
Cha ¥, dé tranh sy dao ddng cia tdc 49 ban ddu do tai thay di, can ding
di¢n trd mic ré quan cam ing.
2. Ridu khidn kich tir kidu bde. Ampere - vong duge diéu chinh theo bac
bing cdch thay ddi s vong trong mach (Hinh 7.56%

1. (hiéu dung) = N I, -K,I

7 a
&HC

N'.. = vang kich tir kidu bac vgi R, = K. R,,.

@ =KK,I - (tuyén tinh)
Thay vao pt 7.60:

.
| VJKLK ’
n- Xy #-[R“ +Rseﬂ (7.78)
Kf 'ﬁ K,;,. ﬁ R.-:u }J
Moo
!
‘ 9.
o —
/ 6
. ) w8 !
Hinh 7.56 Bicu ;
hhién kich tu I
kicu bae. l—




Cac die tuyén moment - te 6 duge diéu khién tuong tu Hinh 7.55, ngoai
trir tac dung bién cua dién trg.

3. Dicu khién song song - ndi tiép. Cac cudn kich tir duoce chia thanh hai
nifa bang nhau va méc ndi tiép hoie song song vdi nhau dé diéu khién
ampere - véng (Hinh 7.571. V4i dong phén ung bat ki, mic song seng
cua hai nua cudn day nay sé cé:

AT senyEnRE 2 (Nw = I_d | = ‘l NﬁeIa = l AT Moi L
o AE L2 2,) 2 2 P
i A
v R, o[ D Re J- g,
L2 2 4

Poi vai truting hop tuyén tinh: & = 1/2 K.L
Tit pt (7.78)
K, = 1 hoge 1/2 .

chi ¢é hai t6c d¢ kha di, ndi song song cho tée dd cao han.

{a) Nai tigp (b} Song song
Hinh 7.57 Dieu hhién song song - néi tiep
Vi dy 7.23: Dic tuyén mach ho sau day 1a két qua tir kich thich riéng biét
déng co kich tif n6i ti€p truyén dong phan dag ¢ toe do 900 v/ph.
Lue dién dong sinh ra emf (V) : 0 T8 150 192 220
Dong kich thich (A 0 50 100 150 200
Pién irg phan @ng va mach kich thich noi tiep la 0.035 §2 va 0.015 €. Xdc
dinh t6¢ do vt moment dong ed khi dong 14 2004, dién dp ngudn 220V, va van
hanh vdi:

a} Cugn day kich thich toan phin.
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b) 86 vdng day kich thich gidm cdn mot nda.

Giai

bién trd phén ing téng = 0.035 + 0.015 = 0.05 Q
E, = 220 - {200 x 0.05) = 210V

ay Khi cudn day kich thich toan phin; dong 2004; 900 v/ph, emf = 220V
(ti dae tuyén tit hoa)

210

Toe 86 dong co = 900 x = 859.1 v/ph
290
B, 210x200
= 466.85 Nm
60

k)  Khi cudn day kich thich chi con mét nua:

R,. - 0'[‘]215 =0.0075 Q2

B B

Ritong) = 0.035 + 0.0075 = 0.0425 ()
E, = 220 - (200 x 0.0425) = 211 .6V

Dbng trong cuon day kich tif toan phan tuong dugng = 220/ 2 = 100A
E, = 150V (tai 900 v/ph); tir déc tuyén LU hoa

211.5

Tac dé dong co = 900 = = 1269 v/ph
211.5 x 200
= W =318.5 Nm
60

Vi du 7.24: Dong co quat quan néi 1iép 4 cue, dong phén dng 50A, chay
véi tée dd 2000 v/ph, ngudn de 230V vdi 4 cudn diy néi tiép. Bon cudn day kich
tit duge ndi thanh hai nhanh song song v6i mdi nhanh hai cugn noi tiép. Gid
st 1 thong/ede ty 16 véi dong kich thich va tai ty 1é véi binh phuong toe db.
Tim tde do va dong phén ing. B qua cdc tén that, dién trd phan ingla 0.2 @,
dién trd mdi cudpn kich 12 0.05 Q

Gidi
E =K. b (i)
T, = K;n? = Ty, = KL I, (i)
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Khi cédc cudn kich thich mic noi tiép: [ =
R,=4x005=02¢; R =02Q
R,=02+02=04Q

a

I, =50 A

E,, = 230 - (0.4 x 50) = 210 V

210 = K, x 50 x 2000 (i)
K, x (20003 = K x (50¥ fiv)

Céc cudn trudng trong hai nhanh néi tiép song song vdi nhau:
I.. thidu dyng) = I,

_2x0.05

R =0050

B

R,=0.2+005=025Q

E,,=230-0251,=K; %, 4/2)n, (v)
K n? - KMX%X L, (vi)

Tit cde pt (iv) va (vh

2 2
N Ia2

(20007 2 x (50
n, = 2831, (vii)
Tit cde pt (1ii) va (vh
230-0.25L,, __ l,n,
210 2 x50 = 2000
Thay n, tir pt {vii):

12, +841,-7740 = 0
I, = 83.9 A; loai b6 tri s§ 4m.
n, = 28.3 x 83.9 = 2374 v/ph.
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Pigu khién phan img
Y&u cdu chinh ciia sg dé diéu khién nay la ngudn dién bién thién cung cap
cho phidn img va dinh mdc dong phai ldn hon dong dién cua dong co.

ti} Cung cap su truyén dong moment khéng déi. Trong trusng hop dong
ed kich tir song song, khi dong kich thich dat gid tri cuc dai, moment
déng co c6 thé nhan duge tai déng phén dng toan tai ¢ mei tde do.

{11} Vi ampere - vong kich tir chinh duge duy tri § mic idn, nén d¢ méo
mat 49 tir thong do phdn ung phdn dng gay nén 1a ¢é han.

(iii} Khae vdi mach diéu khién tée d theo tif trutng kich thich, diéu khién
phén iing c¢é thé dao chidu déng cd dé dang.

Ba kiéu mach diéu khién phén dng co bén:
Biédu khién bdng bién tro.
Piéu khién digén tré néi tiép trén phdn ing: Sy thay 46i dién dp cép vao

phéan (mg duge thue hién bdng cdch méc bign trd R, ndi ti€p véi phin dng
{Hinh 7.58).

Phueng phdp didu khién nay ¢6 cdc han ch@ nhu sau:

(i) Chi dat duge tée do dudi dinh muc, tit pt (7.71) (dién trd phin dng
khéng dang ké):

v VLR,
“1=KN‘62 nz‘_‘KN‘T
I L
+ nj
14
RO [P rb
Tang R,
R;
- *” ¢

~1

(al {b)
Hinh 7.58 Didu khién dign tré néi tiép trén phdn ung va
ddc tuyén moment - téc do

373



n, -0, IR,

(7.80)
n, Vv

tii} Pham vi thay d6i téc d6 gisi han do hidu suét giam manh khi mue dé
_giam toc lon. Hiéu sudt phan ung:

n= (V - I.'aRs_-)Ia =1- IuRv . n'.i
! Vi Vv n

d

(7.81)

{i11) Sy diéu chinh tdc d6 tudng dsi thap, do gid tri dién trd néi tidp phin
dng 14 ¢d dinh, t8c do bién thién true tiép vdi tai, phu thudce d sut
dién dp ¢ dién trd nay.

Nhin chung, diéu khién bling bién trd chi thuan tién va cé loi doi vdi cdce

déng co nho han 1kW, hoge chi trong thii gian npdn.

Dieu khién phdn ung mde ré. Day 1a bi€n thé cGa diéu khién bign trd.
Nguyén Ly (Hinh 7.59) la phan chia dién 4p..

O A ppp—_

1+ R /R,

Hinh 7.59 Diéu khién tée dé phdn dng mdc ré.
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Trong mach didu khién phan dng déng co kich thich song song tHinh
7.59a, dudng lugng Thevenin duge vé tif phia phan iing ddng ca. Tée d6 khong
tai phdn dng duge didu khién bang Vg, ¢ thé duge didu chinh mot cach dée
lap bing ty s5 R/ R,. Bién trd ndi ti€p (dién trd Thevenind, R. =R, # R, rit
nhé d& mach diéu khien cé su didu tde tat hen s vk mueh trén Hmh 7 583

Diéu khién song song - néi tiép. Hai {lony vo dung nhat adi co hoe vé tai
chung. Trong phuong phap nay, ¢o thé dat duge hai toc d6 trén cong moment
khong d61; bing cach méc ndi tiep cac phdn ing hoac méc song song (Hinh 7.60).

I, Iy 21,
2 v 9, - - : <
* i Il. e | "
| ]
"4 ) v
- J
{a) Cac phan ung méc ndi tigp )} Cac phan iing ndi song song

Hinh 7.60 Piéu khién toc dé doéng co (kich thich song song) theo phuong
phdp song song - ndi Liép

n

3

R

i

vi2
Hinh 7.61 Diéu khién téc déng ca kich thich ndi tiép theo kifu ndi Hép -
song song vdi moment tdi khong doi

{a) Mc ndi tigp (b} MAc song song
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Khi mac néi tiép phan ing véi nhau, dién dp trén mdi dong cu la V7 2, va khi nai
song song dién ap trén mbi dong co la V.

Trén Hinh 7.61 1a céc két ndi dé didu khién toc do song $0ng - ndi tiép cha
hai déng co kich thich néi tiép tuong déng.

Dieu chinh toc dd Ward Leonard

Pay 1a sy két hgp diéu khién kich tir va didu khién phin ang, do d6 ¢6 thé
diéu khién tic d6 mot cdch higu qua trong khodng rong. Phdn ing dong co de
duge cung cap dién ap bién thién va euc tinh 6 thé didu chinh v4i dong dinh
mue cao hon déng dién déng co. Mach trugng (song seng) cua ding co duge
kich thich riéng tif nguén dc doc lap (djnh mite dong thap). Nguén de dién ap
hién thién trong cdc thiét bi cii 1a tir may phat de duge truyén dong tif dong co
long soc 3-pha. Mach trugng clia may phat duge kich riéng ré tirbo chinh luu nho
hoac bg kich thich méc vao true dong co. So dd mach duge néu trén Hinh 7.62a.

Ngudn AC

-
B h !
+ & Kicl ""]F" Pot 1 Pot 2
+1
{8} He théng didu khién 16c dé Ward Leonard
P
T S
\
P
A —e 1
L L ]
) Limed L -y
Biéu khién v, Diéu khién i,
Hinh 7.62 {b} Bac tuyén toc dd - moment va 16c ¢¢ - cong suat
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N&i két chiét ap (Pot 1) cho phép ddo chiéu kich thich déng co do d6 ddo cyc
tinh dién ap dé ddo chiéu quay déng cg. Thiét bi hién dai dung mach SCR cho
ngubn de dién ap bién thién, 18y dién nang tif nguén ac thong qua méy bién
ap. Tuy dét tién, nhung mach nay hoat dong én dinh, chi phi bado tri thap, dé
ldp mach héi tiép dé didu khién toe do tir dong.

Tai téc dd ev ban n,, phdn dng dong ¢d duge cap dién dp dinh mife va dong
kich duge diéu chinh dén gid tri cye dai, wic la tir trudng duge kich thich ¢ dién
ap dinh muc. Viée giam dién dp phdn ung cho phép diéu khién toe db véi
moment khéng déi, tée dg cé thé giam xudng dudi tic 4o co ban trang khi dong
co vin cung cip moment toan phin (vi 1, = max va [ ¢6 thé dat gid tri dinh
miic). PE dat dugce toe dd trén ny, tli truiing kich thich phai giam dan, do dé,
moment déng co giam khi toc do tang, tuong dng vdi truyén dong cong suat
khang 46i {Hinh 7.62b).

Cdc dae diém cia hé thong Ward-Leonard:

{i} Khong eé dién trd ngoai, hiéu suat moi woe d§ duge cdi thién ro rét.
Ngoai ra, khi emf mdy phat thap hon emf cua dong ca, cong suit dién
tr déng co vé may phat duge chuyén thinh co nang va chuyén cho
ngudn thong qua dong co ac truyén dong. Yeu 10 nay rét 6 loi trong cée
trudng hop yéu cau khdi dong, ngitng may va ddo chiéu thudng xuyén.

{ii) Khong cdn b khdi dgng dac biét. dién dp cam ung trong mdy phat tir
zero tang din, déng co khdi dong nhe nhang.
{i11) Bao chiédu toe 46 dién ra on dinh.
Vi dy 7.25: Dang co kich thich song sang, 200V, v6i ti trudng kich thich
chinh khong d6i, mang tai ¢6 moment thay déi theo hinh phuong téc dd, dong

30A khi chay tai toc do 600 v/ph. Tim tdc do va dong, néu mée noi tiép dién
tré 20 Q vao mach phan (ing. Bo qua moi tén that.

Giai ™
Enén trd phin dng gia sit khong dang ké. B6 qua dong kich ti¥ khi so vdi
dong phan ung.
I =1,
Theo didu kifn di ¢chm
200) = K, x 600 {i}
T = K, x 30 = K, X (600} (ii)

Vi dién trg 20 L) mic ndi tiép mach phin dng
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(200 -20 1 y=K! »n (11}
KL, = K,_n2 1iv)
chia {ii1) cho {i) va {iv} cho (ii)

200 - 201, n

— - (v}
200 600
3
Lo, o (vi)
30 (600
n = 260.5 v/ph.
I =566 A.

Vi du 7.26: Dong cu kich thich néi tidp 400V ¢o téng dién tré phdn ing
0.25 Q, dong 25A khi chay & tée do 1200 v/ph. Khi m3c dién tré didu chinh
» 2.75 €2 vao mach phan ting, dong cd c6 dong 15A. Tim téc dd va ty sd cua hai
cong sudt ra. Gid sk tir théng dong 15A bang 70% dong 25A.

Gidi
E, = K,Fn
400 - (0.25 x 25) = K, @, x 1200 (i)
400 - (275 + 0.25)x 15 = K@, x n, (i)

chia (ii} cho (i) = 355/393,75 =

39375 1200 @, 1200
n, = 1545.6 v/ph.

355 _ My Py My g4

Ty 36 chng suat ngd ra la

Py __855x15

= 0.541
P,, 393.75x25

Vi du 7.27: Bong ca kich thich song song kéo bom ly tam cé tai thay déi
theo binh phuong tdc d3. Piéu chinh tde do bom bing cach thay déi dién ap
phan ung cia dong oo véi dong kich thich khong déi. Khi toan tai, dién ap
phan iing 14 500V, dong phan dng la 128A. Tinh dién 4p phén ung dé gidam toc
dd dén 1,5 téc dd ban dau, R, = 0.28 Q. BS qua hiéu dng ph4n dng phdn dng
va tén thit moment.
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Giai
I, =128 A
E, =500 - (0.28 x 128) = 4642 V
Vi dong kich thich khang déi:
T = Kqn; = 128 (i)

Téc do gidm xudng n, =n, /2, nén:

Koln, /v2f 1, (i)
Tu (1) va (i1}
e 1 hodc L, =64A
128 2
Dién dp phan dng mdi la: V.,

o {1ii)
J2

464.2 x n, tivy

(V, —0.281,,)«

tiy (iit) va (iv)
V,-028x128 1

46412 2
V,=3462V

Vi du 7.28: Héa thong didu khién téc do Ward-Leonard trén Hinh 7.62
ding hai may dién tueng ddng 230V, 4.5kW, 1500 v/ph. M4y phdt chay véi t6¢
46 khong d6i 1500 v/ph, R, = 0.5 2 cho mbi may.

Dt lidu tiz héa ghi nhan ¢ 1500 v/ph nhy sau:

L{A) 060 02 03 04 ©05 08 07 08 10 12
V, (V) 45 116 148 1756 195 212 223 230 241 251

Bé qua tdc dung cua phdn dng phén ung

a) Dang kich tir déng co 1a 0.8A. D€ tac d§ ddng cd trong khodng 300 -
1500 v/ph véi cong sudt (co) ngd ra Ia 4.5kW, hay xdc dinh dong kich
tif cua mdy phat.
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by Déng kich tir may phat 1A khong ddi khi dong kich tir dang co giam
dén 0.2A. Hay xdc dinh dbng va 1éc do déng co vdi cong suit ngd ra
4.5kW.

Giai

Cé th€ dung phép nai suy dé tinh todn.

a) [.L.=08=E_ =230V, tai 15600 v/ph
n, = 300 - 1500 v/ph

(1 n, = 300 rpm
- 230 x 300 _ 46V
' 1500
P=4500 =461,
hay LL=978A

Eag =46 +(2x0.6x97.8)=1438V
Tir d&c tuyén tir héa:

1, =03-— 21 1481438 -0.29 A
(148 - 110)
(ii) n, =1500 rpm va E =230V
P,. = 230 x [, = 4500
Hay I, = 4500 1964
230

Eus =230 + (2x05x19.6) = 2496 V
Tir dae tuyén ti héa:

02

I, =12-——— (251 -249.6)=1.18 A

1 (241 -230) ‘
Nén,pham viI, =029-1.18 A
b) 1,=1A = E, =241 A; 1500 v/ph (khéng déi)

[M] «E,, = 4500

2x0.5

Hay El, -241E,, +4500=0
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E,, =2205V,

I,=02A = E,_ =110V ;tai 1500 v/ph

n :1500x[22{]‘5]
110

Dimg ddng co DC

3007 v/ph

Lam chidm hodc ngimg ddng cd cung vdi tai cing quan trong nhu khai
dong dong co. Cac phuong phédp hidm dua trén ma sdt, tdc dong dién co, dong
dién xody v.v.. déu doc lap véi dong co nhung ddi khi phuong phdp ham bang

dién kinh té& hon.

Cé 3 phuong phdp him bang dién

(i} Pdo néi két.
(i1) Pong lyc hoc.

(iii) Tai sinh.

Phuwang phap dao ndi két

Phuong phdp nay su dung su dao
chiéu dot ngdt cac két ndl cudn diy
kich hoic phdn img trang qua trinh
van hanh dong eo. Do van dé ngit déng
kich ¢am Ung cao va thii gian cin thidt
dé e6 dong theo chidu nguge lai, trong
thue t& thudng diung sy dédo chiéu néi
két phdn dng (Hinh 7.63). Bién ap
phén itng hiéu dung (E_ + V), ban ddu
la 2V, do d6 phéi ¢6 dién trd ham gidi
han (co thé la dién trd khai dong) trong
mach. Bong ning coa hé chuyén dong
duge tidu tin trong mach phéan tng va
cic dién trd ham,

Pién trd
ham Ry

l

Hinh 7.63 K&t nai ddo chiéu trong
déng co kich thich song song

Ham bang dién trong nhiéu trudng hop sé kém hiéu qud khi tée dd giam
lam gidm moment ham. Phii ngit ngudn cung cip dé gidm dén tdi 18c 4 zero
(trit khi mudn déo chidu dong co), sit dung relay dong hodic chidu tée dd va
ding ham thuay luc hoge co d& dong cd ngimg hdn. Dang ban déu ldn va dng
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suat cg hoe cao lam cho viéce ap dung phuong phédp nay bi han ché, thusng chi
ding cho cac déng co nho.

Ham ddng lue hoc

Phan ing bi ngit khoi ngudn, k& dé dign tro ham R, duge ghép song song
qua phén dng (Hinh 7.64). Péng cd hogt dong nhu mot may phat nhé nang
lugng dong nang tén trir tiéu tan teén Ry, Phuong phép nay rat don gian, va
dong cg hau nhu ngimg han. Thei gian ham la ham cda quéan tinh hé théng,
mement tdi, va dinh mde déng cd. Mach ti van dude ndi vdi ngudn.

Hinh 7.64 Dong co kich thich song song, ham diong lue

biéu nguy hi€m duy nhét 1a néu mat ngudn cung cip, thi cing lam mat
ham. Néu cudn kich tit van néi vdi phan ing, ban ddu mement ham dat gia tri
cao nhung s& bi syt nhanh theo tdc d6 - va su cd xdy ra khi téc do gidm xuéng
dudi gid tri tdi han tu kich thich. D8] véi déng co kich thich ndi tiép, cdn ham
dao chiéu theo két néi cugn day phin ing hoac kich tir 8¢ tich tu luc dién dong
phan iing, gid tri cua R,, (R, + R, + R_), thap hon dién trd tdi han ung véi toc
déa bat daw ham.

Ham 1ai sinh

Trong phuung phap nay, hav hét nang lugng ham tré vé ngudn cung cap,
duge dung khi chu ky tdi cao doi hoi ham hadce lam cham dong co mét cdch
thuéng xuyén, va rat hilu dung dé duy tri tai giam dédn véi thé nang cao ¢ téc
do khong déi. Biéu kién d¢ tdi sinh la emf quay phai lén han dién dp cung cap

dé dong dién dio nguge va ché do van hanh thay déi tir kiéu diong co sang kiéu
may phat.

Su tdi sinh 1a ¢6 thé vdi cdc dong ca kich thich song song hodc riéng ré, va
v&i cde 4ong co hdn hop c6 mach ndi tiép yéu. Cac ddong cd ndi tiép cdn ddo néi
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k&t phiin dng hodc mach tir. Didu nay dat duoe bing cdch tang déng kich, téc
dd phién ung, hodc giam dién ap ngudn. Phuong phap nay doi hai ngudn ¢é kha
nidng tiép nhin cdng svdt phat sinh ma khong lam ting dién dp.

Higu suat va thir nghiém
Hiéu suit clia may dién dc

N6i chung, hitu suat cia may da duge dé cap & Chuang 5. J day sé ap
dung cdc nguyén 1y co ban cho timg truirng hop may de.

P,=Pn=E,,
Pa _ o Pr m P, Pow = Vi;
—_— Y — >
I TN
Pu P . P Py

(8) Ché do may phat

Z"ﬂ—a == E—OP’ Fo= Vi a
T N/

P. P P, P, P

{b) Ché db dong cd
Hinh 7.65 Luu d6 céng sudt mdy dién de
(P, la tan that sdt tit va P_la ton thdt ddy déng).
Hinh 7.65 minh hoa so 46 nang lugng cua cde ché dd dong ca va mdy phat
cua may dién de véi:
P, = Tén that trong 19t = P, + ton that sdt va tai,

P,, = Tén that kich thich song song xdy ra trong may kich thich song
song va hon hop

P, = Tén that day déng phin ting bao gdém tén that trong cudn day ndi
tiép va tén that diy dong.

Cdc k¥ hiéu khdc duge hidu nhy binh thutng.
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Xét pt (5.76a) va (5.78a), hiéu sudt may dién dong co va may phat duge
tink nhu sau:

VI,
;= ; (may phdt) (7.82a1
R R 3 CIE T
2
o Vi - P —Kyla - Vil {dbng co) {7.82h)
e V‘[L
vdi: P, = P, + P, + P, = ton that khong dai

P =K =R, +R [} + P}
P! = tén that tai (sdt tif va day dong) ty 1¢ vai 12
Tir pt (5.77), higu sudt téi da khi:

P, =K.I2 _ (7.83)

Thir nghigm céc loai may dién dc

Hién ¢6 nhiéu loai thi nghiém khéng tdi trén cdc may dién de. Cae thy
nghiém Swinburn va tha nghiém Hopkinson 14 quan trong nhat va duge tién
hanh trén cie dong cd kich thich song song.

Thit nghiém Swinburn: Piy 1a thi nghiém khéng tai, khong ding duge
cho déng co ndi ti€p, cdc két ndi duge vé trén Hinh 7.68. Dang co dang chay
khong tdi ¢ téc dé dinh mie. Dang kich thich duge didu chinh theo gid tri
dinh mic d€ xdc dinh chinh x4c tén that khong téi (P, + P ). May sé chay ¢
tac dd cao han tdc 49 dinh miic vdi dién dp phdn dng dinh mic . Do dé phai

©—y—

|

1o

- ®

. )

Hinh 7.66 Mach thit nghiém Swinburn.

O g

’—fﬂ'ﬂ'ﬁ\—
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méic dién trd ndi tiép trén mach phén (ng dé gidm dién thé lén mach phdn
img dé dong ¢o chay vdi toe dé dinh mirc.

Tén thdt khong doi (Hinh 7.66),
VI =Py + Py, + IioRa

P, +P,, = VI, - iR, (7.84}
P. = tn thét trén cudn kich song song
2 -
= 'R, =V, (7.85)
P, = tén that khong déi )
= (VL, ~1,R)+ VI, (7.86)

Tén thdt bién thién.

Bién tré phén ing (k& ca sut 4p tiép xdc trén choi than duge gid thiét 1a
tuyén tinh) duge do bang thir nghiém dc bing dong phin dng dinh mute 14y tit
ngudn Ac quy.

P, = 'R,

Tén that tdi ¢o thé bd qua hoze ude ltung khodng 1% cdng sudt ra dinh
mifc khi toan tai.

Tdn thdt t8ng:

P, =P, +P,
= (Vi -I5R)+ R, + LR, (7.87)

Hiéu suit duoe tinh vdi dong tdi bat ky:

May phdl.
L =1 +1,
T
Ng = b (7.88)
Vi, + B,
Béng co.
L=1-1,
VI, -Fy
=— {7.89)
M VI,
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Chu §: Vi dién trd R, va R, duoc do ¢ ch& d9 ngudi, nén phai hidu chinh
nhiét 49 truge khi diing phép tinh nay.

Nhuge diém.
(i) Tén thdt tdi khong xédc dinh duge bing phueng phap nay, nén hiédu

sudt bi ude lugng qua mic. Higdu chinh bAng cdch gid thigt tdn that tai
la mét nita so véi t8n thit khong tai.

(ii) Nhiét d9 tang din trong mdy khéng xdc dinh duge.

(iii} Th& nghiém khéng chi ra duge sy chuyén mach ¢6 duge théa man

khong khi miy cé tdi.

Vi du 7.29: Ding co kich thich song sang 10kW, 250V ¢6 dién trd phén
(ng 0.8 € va dién trd kich tif 275 L, dang dién 3.91 A, khi chay ¢ dién th&
dinh mic va tdc 44 dinh mue.

a) Co thé rut ra két ludn gi tir cde dif lidu v& t&n thédt trong may?

b) Tinh hidu sudt mdy (m4dy ph4t) khi phdt cong suat 10kW vdi dién 4p
dinh mife va tdc d¢ dinh rmic, va khi may 1a déng c¢ kéo cong suat
10kW. Phéi gia dinh diéu gi néu ban phai thye hién tinh todn nay?

Gidi:
a) Tdn that kich thich song song:

(250)2
975

Tén that khang déi:
P,=250x391-(391*x08=965W
b) Mdy phdt: .

=2273 W

10 x 10°
Il, =
250

I, =40 + 0.91 = 40.91 A
P, = 965 + 227.3 + (40.91) x 0.8 = 2.53 kW,

.1’
T 10+ 253

= 40 A; 1,:%:0.911&

NG 79.8%

Déng co:

=1 -1,=40-091 = 39.1 A .
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P, = 965 + 227.3 + (39.1* x 0.8 = 2.415 kW

10 - 2.415
=i = 75.85%
M 10

Gid thiét: Bd gua tdn thal tdi.

Vi du 7.30: Pong ca dc 50kW, 250V, 1200 v/ph, khi thit nghiém khong tai
250V ¢4 dong phéan dng 13.24A vdi tée d§ 1215 v/ph. Dya trén cdc thi nghiém
khiae, x4c dinh duge R, = 0.06 Q va R, = 50 , khi V, (sut 4p trén chdi than) la
2V. Tinh hiéu suat dong ca vai tai truc 50 kW va tde d 1195 v/ph. Gia thiét
t8n thit tai 12 1% cong sudt ra. Tdi dong cd la bao nhiéu dé€ dat higu sudt cuc
dai, va gid tri dé la bao nhiéu?

Giai

Thit nghiém khong tdi.

Cong suit vao phin dng = 250 x 13.2 = 3300 W, .
P, =P, + P, =3300-0.06x(1327-2x 132 = 3263 W

Vi tée do it thay d5i khi tai chuyén ti khong tai dén toan tai, P, hdu nhu
khong 4di.

C5 tdi, P = 50 kW ( & truc)
Goi deng phén ung 1a 1, phuong trinh cin bing cong suét:

2501, - 0.061% - 21, — 3263 - 0.01 x 50 < 10° = 50 x 10"

PB[
0.06 122481, +53763 =0
Gidi phuong trinh:

[,=2206A

2z
P,, = 250 x 229.6 + (253) = 58650 W
n = 20000 400 - 85.25%

58650

Gid st P, khéng ddi trong pham vi tai dang khdo sdt:

_ 2501, -0.06 I —3763(P,, +P,)
n 250 I, + 250 x5
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Hiéu sudt cue dai khi:

dn

— = O
dl,
I, =284 A

Thay gia tri I, nay vaoc biéu thie n, tinh duge: 1, = 86.36 %.

Thi nghiém Hopkinson: Thit nghiém tdi sinh duge tién hanh trén hai
dgng ce dc kich thich song song dong nhat duge ghép cg khi vdi nhaw, va tién
hanh thir déng thei. Mot mdy duge ding tam déng co kéo, may kia la mdy
phat edp dién cho ding co. Cum may chi tiéu thu cong suit tdn that ti nguén
dién, con cdc mdy riéng ré ¢6 thé dat duoc tdi todn phén, (Ban hay so sdnh thi
nghiém nay vdi tha nghiém Sumpaer thye hién trén hai bién 4p déng nhét).

Hinh 7.67 la so dé noi két ciia thif nghiém Hopkinson. Mgt may khdi dong
teo ché do déng co. Hal mdy mic song song qua comg téc S, sau khi kidm tra
cdc cuc tinh clta mdy duge néi qua céng tic 46, DPign 4p qua cong tde S ¢6 thé
giam dén gan zero biing cdch diéu chinh cdc dong kich ciia ca hai mdy. Cong
tic S déng sau khi kiém tra dién dp qua cbng tdc nay la khéng dang ké d8
khéng 6 dong diér tudn hoan 18n véi vadng 13p cuc bé trén cac phan tng khi
déng cong tic.

Toe 49 cda cum va Ldi dién eiia cdc mdy duge diéu chinh qua edic bign trd dat
trén hai mach kich thich. Quan h& nguyén nhan-hé qua khi thay d8i tai nhu sau:

L.T>E,T-E_>E, I T1L.T

* Tam

L,d=20T>E, >E, —-1,TL.T

P Tam

Hinh 7.67 Thi nghiém HopKinson
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Tinh todn tén thdt va hiéu sudt:
L=1,,-I, (7.90)
Téng cong sudt vao mach phan ung:
VI, = t8ng tén that trén truc do ngd ra cha cym la zero  (7.91)
Téng tdn that = VI, - L R, -2 R,, (7.92)

= [(tén that ma sdt va day quin) + (t8n that sit khang tai)
+ (tdn that tail)] coa ca hai mdy.

Vi mdy phat kich thich nhidu hon déng co, tén that sit khong tdi (P} va
tén that tai (P ) cua ching khéng bing nhau. Do khéng thé tach bigt cic ton
that nay va higu cia ching qud nhé nén c thé coi hai tén thit nay biing nhau:

Prr) {mél mdy) = %[Vla - I:mRam - IigRag] (7.93)

Tdn thit day dong kich thich dong co= VI ;
Tén that day dong kich thich mdy phat = VI

Pim = (Py + VI) + LR, (7.94)
P, ={(Py + V) + R, (7.95)
P'n m PLm
Ny =— (7.96)
l:,in.rn
Puut E
Mg = : {7.97)
Pcut.g + P[Jg

Uy diém cida thi nghiém Hopkinson:

(i) Thd nghiém hai mdy dién vdi cde diéu kién ¢6 tdi nén c6 tinh dén tén
that do tai.

(it) Vi 1a thif nghiém t4i sinh nén cong suit 14y tit mach chi d& cung c&p
cho tén that. Do d6 thi nghiém c6 tinh kinh té.

(iii) Khang cin khodng tdi thye (cde dign trd tai), nén gidm tiéu hao nang
lugng

(iv) Chi chinh déng kich ciia hai may, tai c6 thé d& dang thay ddi va thir .
nghiém tai duge tién hanh trén khoang tai toan phin trong thai gian
ngin.
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Khuyét diém:

(i) C4 hai mdy khéng many tdi nhye nhau,

(ii) Vi cén bi&n thién 1dn dong kich thich cho esc mdy nhd, nén tée 3o

cum may toan tai thudng cao hon tée dé dinh mue va tdc d thay déi
theo tai. Khang dat duge toan tai ¢ trong cdc mdy nhé biing cach loai
bo cdc dign trd ngoai cla mach kich méy phat. Dong kich tir dong co
phai gidm dé&n mic cdn thist dé dat cdc didu kign toan tai, do d6 tde dé
cao hon gid tri dinh mdc.

(iii) Khéng c6 phuong phép tach bist tdn that sit tir cia hai méy, vi kich

thich khéc nhau. Thi nghi¢m chi pht hep vdi cée may [dn.

Vi dy 7.31: Tit thit nghiém Hopkinson nhan duge cdc két qud sau day §

hai

4

mdy dién kich thich song song

Nguén = 250 V

Déng kich thich déng co=2 A
Dang kich thich mdy ph&t = 2.5 A
Ddng phdn ¢ng may phit = 60 A

Dbng hai phdn ing 18y tit nguén = 15 A

Dién trd cia mdi mach phén (ng = 0.2 Q

Tinh hiéu sudt cia d9ng co va mdy phat theo cdc diéu kién néu trén.

Gidi:

L= L, +1,=60+15=75A
Ding pt (7.93):

1
P, = E[VI, -B.R,. - LR, ]
- %kzao x 15) - (75 x 0.2) - (60% x 0.2] = 952.5 W

Pim = VI, = 250 X 75 = 18750 W

Tir pt {7.94):
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Hiéu suat dong co:

Pow =P _ 1875025775 oo oxq
Pm 18760

M =

Dung pt (7.95)%
Py, = (P, + V) + E Ry
- (952.5 + (250 x 2.5)) + 60% x 0.2 = 22975 W
P,.q = VI, = 260 x 60 = 15000 W

Purg _ _ 15000 - 86.1%
P,ue*+ Py 15000 +2297.5 '

g =

~Dong luc hoc may dign mit chiéu

C#c mdy dién de rat da dang va c6 khd ning cung cdp nhidu loai d4c tuyén
V_A v moment - toc 4 bling céc phéi hop thich hop cde cubn day kich tir khée
nhau. Véi cac mach diéu khién dién tif, téc 43 va cdng suét ra cia ching duge
diéu khién d& dang trén pham vi rong, van hanh § trang thai 4n dinh hoac
dong. Bing cdch thém mach hdi tidp, cde dac tuy&n m4y 6 thé ducc déu khign
t6t hon va chinh xdc hon. Phén nay nghién ciu cde méy didn theo cdc déc
tuy&n dong luc hoc clia ching.

Khao st dong co de kich thich riéng ré duge néu trén Hinh 7.68. B dé
dang phén tich, c6 thé gia dinh nhu saw

(i) Truc lyc dién dong phén (ng o dinh trong khong gian, doc theo fruc - q.
(ii) B& gua higu dng khit ti cla phén ing phan dng.

v
1 T‘-

Hinh 7.68 Su dé ding co de kich thich riéng ré va phdn tich déng ke hoc.

391



{111) Gid sif mach tir tuy&n tinh (khong ¢ tif tré va bio hda), dién cadm duge
coi la khéng ddi.
Hai thong sé dign cam trén Hinh 7.68 dugc x4c dinh nhu sau:

L, : Bg tw cdm phén dng do tif thong trén phan Ung tao nén c6 thé bd qua
mi khong gy ra sai s& 16n khi phan tich déng luc hoc.

L, : P} tu cAm cla cudn kich tif,

Do hé cdm (giim trutng kich thich va phén tng) = 0 vi chiing thing gée
vdi nhau trong khéng gian. D€ da dang phan tich ding luc hoc, cé thé dung
don vi tdc d6 1a rad/s thay vi v/ph.

V(t) = e, (t) + L, i (t) (7.98)
dt

Vi et) = Ki(t)w,; k = const (¢ (t) < i(t)) (7.99)
Tuong tu, d6i véi mach kich thich:

vt = R,if(t}+Lf§1;-if{t) {7.100)

Déi v6i sy vén hanh theo ché do dong co, phuong trinh déng luc hoc cho
hé co¢ hoc la:

T() = Kod, (0 (1) = ditmm(t) + Tyt + Dogt)  (7.101)

J = moment qudn tinh cia ddng co va tai (Nms?)
D = He s4 tdt dan, tén that moment quay, Nm rad/ s

Bu tich tu nang lugng lién quan vdi tit trudng do i, va i, sinh ra, va vdi
dong nang cia phdn quay. C4c phuong trinh trén 1a phi tuyémn, 14 tich cia cac
phuong trinh trang théi i{t)o, va i ALN(E) vOi cdce bidn trang thdi i iy v @,
c6 thé tinh nghiém theo phuong phap =6,

Céc ham truyén va so dd khoi

Trén khodng tuyén tinh, déng co dap tng theo cdc thay d8i dién 4p phan
dng, gia thiét dién 4p trudng khéng d6i va trang thai én dinh trén mach ti,
i 1a I, = constant, edc phuong trinh (7.98), (7.100) va (7.101) trd thanh tuyén
tinh nhy sau:

.,

V(t}=K;mm(t)+Rai,(t}+La%ia(t) (7.102)

392



Vs)

Tity = K, (t) = J-;—tmm(t) + T (t) + Do (L)
Céc phép bign déi Laplace (7.102) va (7.103)
Vis} = K o (s) + (R, +sL,L(s)
= K, I, () = {sJ + Dl (8) + T {8)
Cac phuong trinh nay duge viét lai nhu saw:
1

R,
= em K,
(R, + sLHj { (5~ Ko {S)l (1+s1,)

Véi 1, = L/R,. Hiing 55 thisi gian mach phén ing

1
o, (8) = [T(s) - T (9)]x (‘112?

Vai 1, =4/ D la hiing 54 thi gian cd hoe
Tis) = K,1,(s)

{7.103)

(7.104}

(7.105)

(7.108)

(7.107)

(7.108)

Tif cde pt (7.106), (7.108), s¢ 46 khdi ciia déng cd eb thé v& nhd trén Hinh
('7.69). N6i chung, day ia hé thong héi tiép bace hai vdi ddp dng dao dong, cé thé
rat gon thanh hé bac mét, néu L, va 1, la khdng déng ké,

Tyis)

1R, | 4is) T(s)

1D

Wl S)

1+ 31,

1+ 512,

K,

Hinh 7.69 S0 dé khéi ciia dong co de kich thich riégng ré, ngo vao Vishva T fs)

Sy tich ty dign ap may phat kich thich song song

to4n hoe cta van dé d€ giai phuong trinh vi phén phi tuyén.

Phan tich dinh tinh vé qué trinh tich 1 dién dp trong mdy phat kich
thich song song da dugc néi dén & phan giita chuong nay. G day sé xét vé mat

393



c
Hinh 7.70 Duing cong tit héa va duing R,

Tit Hinh (7.70), ¢6 thé thiy vdi dong kich thich bat ky, doan ab giita OCC
va dudng R, 14 sut dp do sy thay d8i cda ®, va doan be tao cing mot d4 sut trén
dién trd kich tit. Hai sut dp nay lam cén bing emf e, (bé qua i,R,, sut 4p phin
ingh

do, )
Nf—&t_ =e, —Rfl,, {7.109)

Trong dé: P, tir théng/ cyfe;

N, : 56 vong day ciia cudn kich tir,

Tir thang @, 1én hon B, céa khe h khéng khi trén trye ding do rd 1, do do:

D, =0, (7.110)
o: hé s§ tiéu tan
T pt (7.3):
e
b, =2
d Koo (7.111)

Thay cde pt (7.110} va (7.111) vao pt (7.109):

N;U _dea
Ko, dt

=e, - iR, (7.112)
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Nhan tif va mau sé cho N P,,, v6i P, 12 40 dan tir khe khong khifoe

2
N,o N fc?ag

Kamm - Kamm?ang

D3 dang nhan thdy tir s§ 12 gid tri cdm khang tif trudng chua bdo hba, L,
va mAu s6 1a dé ddc clia dutng khe hé khong khi. C4 hai déu khong déi:

Ly de,
K, dt

L
do-—r| e
K e,—Rflf

-4

=e, - R,

L 2]‘ de,
t=——
K, ; e, - R,i;
cée gidi han cia tich phén la:
e, = dign dp du.

(7.113)

(7.114}

e, = didn ap phat sinh tifc thoi.

Tich phan nay c6 thé duge ude
lugng trén db thi bing cach cjng cée
ving dién tich trén duang 1/ (e, - R,i,)
theo e,. Cach nay duge diing 48 vé e,
theo thfi gian. Thai gian 1§ thuyé&t dé
emf phat sinh dat toi gia tri khong
tai, e,, 12 v han, nén trong thye t&
cdn thyi gian d€ dat dén 0.95 e, dugde
18y lam thai gian cin d€ dat dén e,
Sy thay ddi cha e, theo thit gian duge
v& theo dé thi trén Hinh 7.71. Péap
tng cham vi chi cdc hidu s8 dién 4p
rit nhd (= e, - R;i,) gop phén tich tu
tir thang}ﬁb,i.

LA

a

0 t
Hinh 7.71 Tich tu dién dp trong
mdy phdt kich thich song song

# .
Dong co DC kich tir béing nam cham vinh citv (PMOC)

Nhéu vat lidu tif tinh vinh ciiu mdi, st gdm va vat ligu thude ho Lantanides,
da duce nghién ciu trong nhitng nam gAn day. Cdc vat liéu nay c6 tif théng du
va db tit gido cao. Cac dong cd de cong sudt thap (dudi 1 ma lyc) hién nay dugc
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ch& tac véi cdc cue nam cham vinh citu. Khéng cdn cée cudn trutng, do dé
khéng cé sy tdn that trusng lién tuc va khong cd dong dién kich. C4c déng ca
PMDC c6 kich thude gon hon ddng cu diy quin véi cung edng sufit dinh mue,
diéu nay cé thé bi cho chi phi vé& nam cham vinh ciu, Céc dong co nay cé dic
tinh ki&u dong co kich thich song song va chi cé thé diéu khidn tir phan dng.
Nguy co tir tinh bj hay hoai do phan ing phén dng (khi khéi déngydio chiéu
hode qua tadi) gidm rd rét khi sir dung cdc vat ligu tif tinh vinh cdiu méi.

Cac img dung may dién DC

M34i khi xét d&n viée sit dung may dién bat k¥, ¢an tinh dén ede dic tinh
van hanh, tinh kinh t& va bdo dudng kg thuat,... M4dy de ¢6 uu diém vé& tinh
linh hoat, da n&ng, va dé didu khién. Ngay nay, trong cong nghiép si dung
khodng 25% déng co dc.

Vdi sy phdt trién eda cac linh kién dién tif ¢ong sudt, tdm quan trong cda
may phét de ngay cang gidm. Cdc bd chinh luu SCR va nhiéu loai linh kién
dién tit cdng suit khée, 6 nhidu wu diém so véi may phét de vé chi phi, gon nhe,
van hanh hau nhu khong 6 tiéng 8n,... Tuy nhién, mat s& Ung dung quan trong
cia mdy phat de bao gém van tie k&, may han de, he théng didu khién vong
kin, ... Cdc mdy phat dc kich thich riéng ré vin duge dung d& didu khidn dién
ap vdi khodng rgng, ching han trong hé théng didu khién tac d9¢ Ward-leonard.

Trong dong cv dc ndi ti€p, moment khdi dong rat eao, gdp nam lin mo-
ment tdi toan phan. Moment cia d4ng cd de bi gid¢i han do gép dién thay vi do
nhiét nhu c4c dong co khde. Sy didu chinh tée dd cia ding ca de néi tiép ca thé
bi&n thién trong khodng réng. Dsi véi cdc truyén djng ddi héi moment khéi
déng cao, chéing han c4c tdi kéo, ¢dn true, tdi néng, ... thudng st dung dong co
de ndi tiép, vdi sy didu khién téc d duge thue hién biing cdch didu chinh dién
tré phén ung.

Dac tinh cla dong ¢o hén hgp phy thuée mite 43 hén hop. Trudmg song
song gidi han toc do khong téi theo gia tri an toan. Loai dong ca nay cé
moment {di cao hon dong co kich thich song song. Ddng co de kich tich song
song duge dimg véi c4c tii xung, chdng han bom piston, bing tai, may dét dap,
tdi nang, dan cdn kim loai, may phay v.v...

Bong co kich thich mach ré c6 moment khdi déng trung binh. Sy didy
khién tdc 46 kheang 5-15%, thuyng dugc dung cho cdce img dung ddi hdi meo-
ment khéi dong trung binh, chdng han bom ly tam, quat, mdy cong cu, miy
in,... Bac tinh ndi bat cha déng cu de kich thich mach ré la diéu khi&n toe do
linh hoat trén khodng réng, cao hon va thap hon tc 49 co sd bing edch ding
cde bd chinh luu diégn tiF
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Chuong 8
May dién dong hd

Gidi thidu

May dién déng bd 14 loai may dién quan trong; héu nhy moi may phat dién
& cac nha mdy dién déu 1a mdy phdt dién déng b6 (may phat dién xoay chiéu).

Trong Chuong 5 da trinh bay c4u tréc va cde tinh ning vén hanh cia méy
dién déng b, Chueng 6 trinh bay chi tiét cdc cudn day quin dién xoay chiéu
3 pha. Trong Chuang nay, md hinh co bin duge ding dé& phin tich hidu suit va
cée tinh nang van hanh cfia mdy dién déng bd, dbng thoi trinh bay cic phudng
phap xdc dinh cac théng sd md hinh, cdc dic tinh hoat dong va cdc déc tinh
truyén dan cong suft cta loai mdy nay.

Méy dién déng bd duge chia thanh hai nhém cau trie:

e Mady dién rotor dn (cue én): Rotor hinh tru vdi cde cudn day trudng de
duge quan chim trong cdc ranh rotor, 49 bén co hoc lén hon va cin
bing dong chinh xac hun, ding trong may phat dign tude - bin ¢6
rotor dai va duding kinh nhé (gidi han lue ly tdm). Cau tric loai mdy
nay thudng gdm hai hosie bén cuc.

s Mdy dién rotor l3i {euc 18i); Cée ede roter 161 ra khaéi 16i rotor, duge
ding lam may phdt thiy dign o toc do thap, voi sd cue tir 16n. Rotor
loai nay c¢é dudng kinh lén, chitu dai nhd. Cau tric ndy thudng ding
trong dong co déng bo.

Do cdc cdu tric néu trén, may dién rotor 4n c6 khe hé khang khi déng
nhit, vén lue tit ddng tac dong 1én mach tir dic 1ap vdi goe giita truc lue s
dong va cée ede rotor; may dign rotor 131 6 lye tir déng bién thién phy thude
vao goc gitta true lue tir ddng va cac cue rotor, do d6 viée 1ap md hinh va phén
tich may dién rotor 4n d& hon so vdi mdy dién rotor 18i.

Mdy dién ddng bd co lién két dong bo tif trudng quay gila stator va roter,
day 12 dic diém chinh dé phan biét v6i cdc loal may dién khac.

Van tic quay rotor n, tdn s0 luc dién dgng f va dong dién trén stator cé
quan hé én dinh theo cong thue:
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f:%s; 8.1)

voi P = 88 cue tit
ns = téc dg rotor (tdc dd déng bod) v/ph

M4y phat dién dong bé khi cung cdp cho 4i doc lap, sé van hanh nhu
ngudn dién dp c6 tdn s§ xdc dinh theo vin téc quay ban ddu nhu pt (8.1). Cac
mdy phat dién dong bd thudng ghép song song trén dudng truyén rat das,
ching duge thi€t ké d€ duy tri sy déng b khi bi nhidu dign hoae roi loan co
khi, bdo ddm cung cdp dién lién tuc va c6 gia tri kinh t&.

Bong co dién dong bé ding trong céng nghiép khi cdn sJ van hanh véi
van tSe khong ddi. Uu diém cila dong co ddng b la hé s cong sust duge didu
khién mot cich don gidn bing cach thay déi dong dién trusng. bay 1a 1y do
trong cdc ¢d & cong nghiép lén, mét phén tai thuing duge didu khién bing
cdc dong co dong bd, van hanh v6i hé si cong suat som pha dé cd hé s§ cong

"sudt cao trong toan bd co sd cong nghisp dé.

M0 hinh may dién dong bd co ban

* Tdng quat:
Hinh 8.1 minh hea tiét dién m4y dién ddng bd rotor 4n 2-cye. Khi rotor quay
véi van tée o, cde cudn diy trong rotor tao ra séng luc tir dong F; quay trong

Chiéu duaong lyc dién dong emt
{ddy dan a dudi dnh hudng cuc 10 N}

Truc i truding (&
7 thi diém dang xét)

o=yl .
1 Tryc cudn diy aa’
—™ (pha‘a)

Chiéu duong lyc dién
ddng emf (day dan a'
dudi Anh budng cuyc tir )

Rator

Hinh 8.1 Mdy dién rotor dn
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Truc t trudng

Sang Iye tir dong, £, L lTruc cudn day aa’ (pha 'a")
i o= ayl
Song mat dd [ :
tif thong B,

Hink 8.2 So dé phdt trién luc ti dong, m@t do ti thong trong khe hd khéng
khi vé cudn déy aa’ trong stator

khong gian, c6 dang séng gén nhu hinh sine, v6i van toc ddng bd wrad/ s (ng
vang/phit). Trén Hinh 8.1, F; & vi tri gée o = wt s0 vdi tryc cudn day aga’ (aa’
la pha a trén stator). Do khe h& khéng khi déng déu, nén F; tao ra séng mat
do tit théng B, dang sine déng pha vdi F;. Hinh 8.2 & quan hé khong gian pha
caa F; va B, § van tdc ddng bd «,. Gid tri dinh cia F; 1a F,. Song B, tao ra
tir thong ¢ (trén mdi cye tin), lién két vdi cufn day aa’. ¢ cing bién thién hinh
sine ¢6 gia tri cuc dai 12 ®,, biéu hi¢n bing pha thdi gian F‘f {1a pha tif thong)
va c6 bifu thic:
¢ = @y coswt ; vdi o, = 2nf (8.2)

Xét 13‘,, vad , di xuyén qua cudn day aa’ trén stator. Khi Fj a v) tri tring véi
truc cubn day aa' (trén stator}, f“, cb gid tri duong cuc dai F, va © 4 ciing c6 gid
tri duong cye dai @, Khi F; quay, pha thdi gian @, ddng pha vdi F; (Hinh
8.3). Quan hé gita @, va F, bi chi phdi boi duiing cong tit hda. Quan hé nay
tuyén tinh néu 16i s&t gi thist ¢6 4o dén tif vo tan. Trong trubng hop nay:

@, = 7F,
viéi ? = 40 dan tir trén cuc (xem pt (5.59))

Theo dinh luat Faraday, luc dién dong cdm (ng treng cufn day aa’ ¢c6 N
vong la:

e, = —NE =-N %((DJ, coswt) = NoP, sin ot {8.3)
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1
True tr trudng

_1 90° .
- —— Hinh 8.3. 8¢ dé pha

& Tryc pha a

Chiéu duong cda Iye dién dong dugc v& trén cudén day aa’ (Hinh 8.1 va 8.2).

. Luc dién ding e, 6 pha thoi gian E, cham pha hon i‘; va 51 mot gée 90°
{suy tir pt (8.2) va (8.3)).

Hinh 8.3 (lay truc cudn day aa’ lam chudn) duge v& tai théi diém lye dien
déng emf trén cudn day aa’ dat gid tri euc dai va pha E; & trén truc pha, Lic
dé truc tif trudng rotor sém pha 90° va 1a truc thdng ditmg.

Tt pt (8.3) gia tri hidu dung lyc dién ding cdm ing trong cudn day aa’ la:
E, = V2nfNo, (8.4)
Vai ©, = & (Fp) hay o, (1)) tir thong/ cue (8.5)
I, dong dién dc trong trudng rotor

Phuong trinh (8.5) gilia tir théng/eye va dong dién trudng I, thye chét 1a
déc tinh tir héa.

Phuong trinh (8.4) ¢6 thé viét dusdi dang:

E, = V21K, fN 0, (8.6)

bdy la lge dién déng cdm dng trén pha a ¢ stator, con hie dign dong cam
ung trén cde pha khde ¢ stator c6 d9 lach thoi gian pha la 1200,

* Phin tich chi tiét;

Trong mdy dién ddng b rotor An, tir phia stator ¢d thé xem vector lye tir
ddng quay la pha lyc tif dong cung pha vdi pha tir théng va sdm pha 90° so vdi
pha lue dién déng cdm dng (Hinh 8.3)
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Khi cie vong diy 3 pha sGitor cung cAp tai can biang, s¢ tg cam vector lue
i dong }':‘;”_ tdang hin sine phan bo trong khong gian g, duge goi 1a phan dng
phin dng, quay vidi van toe dong bip va co chidu nhu rotor. Mach tir hav i
Eom hai vector Lue tr dong quay 1'.', Vi }i””r: ca hai quay theo van tée dong bo
va leeh nhou mot goc xde dinh. ’

iy Lue dien dong va dang dién eo ciing chiéu duong: dong dién 1, trong
cuon diav aa’ cang pha v hee dien dong cuon diy B, nghia la ching
e grid tri cue dai vio eung thad diém. Lue dién dong trung cudn day aa’
dat vue dad khi vector trung e i dong I;‘Jr sgm pha 909 so véi true
cunn dav ttheon chiéu yuavi tHinh 8.4 tan. Ding thii F, c¢d chidu 1i
true cuin day aa’ vis dong dién duong cue dat cang o thiri diém nay. F,
som phichon P-"_”_ 9" trong khi K, via 1, cung pha. Veetor tong hyp lue tir
dong Ta:

Fo-F -F, (BT

Fr chimi pha hon ¥, theo gae 8, Hinh &1 b la =i dd pha tugng dng. Phuong
trinh pha taong dng vl phuoeng trinh vector 7570 L

Fr _ F.’ + _[:;“ril_:,. tre pha hon l_ theo goe ab (R

Uit =or b phac 1, vit Ky, cing phatvi 1, tuo ra F ), vi ty 1& vdi nhau. F
ivector lue t dong téng hop) tao ra pha tir thong @, trong khi E, tré pha 90"
S0 VUi I?r CTMha FL {edm imy trong nuiy dieny ged L Jue dien dong khe ha kh(}r‘ig
khi, tré pho han E, theo gie dhing gie tré phacaa F)osovdr B hay cla F,
50 Vil [';.» 1 nhu 30 dé pha tren Hinh #.4h, E_, I lue dien dong kich thich.

Truc tu

fn), -k T T

s : ;
E b/
- da

2,

s (duong cuc du 2 {dugng cuc dai}

Troc cudn aa’ 2
[pha a} - — Tryc pha &
@ 1, E
E.
1a) So 46 vector tuc s dang tby So d6 pha

Hinh 8.4 May ddicn dong b en tar 1

4 vting pha eot Ef
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tii Trong truémg hap ‘I‘:t tré pha han Ef theo goe y, F‘F sGm pha han P‘I“,
theo goc (90" + y). Goc pha O gidta E, va 1, 14 hé s6 cong sudr. Gia su
phdn dng b dién tra va dién khdng rd bang zero, dien dp dau ra mav
dién la:

Tu Hinh 8.5, vi tri cde cue 1ir sm hon séng lue tir dong 1ong hap [_",. thuy
tu thing tong hyp (rh theo goc 8, do do, hinh thanh moment dién Lo

tiii) Mament dign w0 troag miy dicn ding bo: Moment dién if xuit hiin
trong mdyv dién nham dua cde cue wr va truong tong hop thang hing
viti nhau tHinh 8.5 Moment nay nguve van chidu quay rutor. Ciie cite
L trugng tren rotor bt thong 1ong hep kéo chay eham lai. ket guit
la cd ning chuvén thinh dién nang.

Néu gid s mach tir tuyén tinh, moment duge tinh theo cang thie:

52
T —-E IEI O F, sing A9
2l

:

Vi @, = tit thing tong huopicuc
F, = gia tri dinh cua truimg ampere vimg

& =goegida F, va ¥t F, sdm pha hon F, thes goc 1

Truc tg | Truc tu
Lol ._ T (o, = [T T
w N\ F £,
"._:.f F.F

f; {duong cuc dan

Tryc cudn aa’
ipha a)

Truc ty

mi

(&) So dé vector {bl Sa db pha

Hinh 8.5 Mdy dimg b6 coi tdr iphdt dicur [ teé pha _F::, theo goe w
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Khi F, va @, khong d8i, ¢6 thé didu chinh goc 8 dé ¢6 moment 14i (ebng
suét tai) phi hop. Géc o 12 gde moment (hay goc cong suéit) (Moment va cdng
sudt ty 1& vai nhau khi may dién ddng bd van hanh dn dinh).

Biéu thuc (8.9) cé thé viet theo cde dai lugng dién ap:
T = KE,E, sind {8.10}
Vi K = hiing sé.

E, = luc dién dong cam dng trong may dién cé tai, la lue dién
dong khe hd khong khi.

E, = lyc dién déng cam iing dugc tao tif luc tir dong F, khi may dién
khong td), 1a lue dién déng kich thich.

Trong dong co dién déng bi, dong dién duang chay nguge chidu vdi lue
dién déng cam tng (trong may phat dién, dong dién cung chiéu véi lye dién
ddng cam ing), nén pha phan ing phan img F,, c6 chiéu nguge lai. Hinh 8.6
1a so d6 pha clia dong co vai F.‘f vd E; ¢ham pha han F. va E, theo goc &
Moment dién tif tdc dong lén cdc cue tir lam quay rotor (theo chigu moment!
tao céng sual co diu ra

Néu dién d4p V, = E, va tdn s& khong déi tf nguén 3 pha bén ngoai, duge
goi 1a thanh cdi vo han, thi mady dién hoat déng theo kiéu phat dién hay dong
e phu thude vae diéu kién co khi trén true rotor. Khi may dién khong tai,
dong stator bing zero, duge goi 14 thanh cdi khang gdnh tdi (tha ndi thanh
eai), lae dé rotor chay 6 van téc ddng b do téc dong bén ngoai {tde nhan ban
ddu). Néu cang suat co {tac nhan ban diu) gia tang, cdc cue tif rotor chuyén
dong di trude, gay ra dong dién dan trong thanh cai. (J didu kién én dinh, cde cue
tir trutmg chuyén dong di trude song tif thong hdn hyp theo gac 8 (Hinh 8.4, 8 .51,

’ Tryc tr
T ==
[b‘, e |

F_lf

mi

-~

) ——— —t—
Hinh 8.6 Ding ca dién i E, Tryc pha a
déng bo co tdi 1,{dong co)
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tao ra moment dién tit nguge chiéu vdi chiéu guay rotor. Gid tri 8 phu thuac su
can bang moment (hodc céng suat, I’ = To, ). Cong suat dién ngd ra la:

3V, (= ELL, cos B (ddi voi 3 pha)

Cong suit dién ra cdn bang véi cang co hoe ¢ ddu vao (do tic nhan ban
ddui vi khong co ton that trong statar igia dinh dién tré 1a 0). O day dong dién
phat 1, la duong cing chiéu vdi lyc dién dong cdm tng E, cia mdy dién.

Néu la dong co véi true co khi trotor) khang 6 tdi (Hinh 8.3), cde cue tir
cham pha hon tir thong tong hap (Hinh 8.6), mement dién tif tao ra cung chiéu
quay vdi cong co & dau ra. Cang suat dién diu vao la 3V, (= E,LI, cos 8, va I,
la dong dién dong cg co chicu duung nguye chidu voi chiéu duong E .

(quan hé goc - moment (cong suath & pt (8.10) (vai E,, E =V} ¢& dinh)
fHinh 8.7), § dugng doi véi van hanh mdy phat va § am d6i véi van hdnh déng
cd. Cde digm g (van hanh may phat) va m (van hanh ding co) tuang ng vl
_didu kién tai. Trén dac tuydn nay, may phat va dang co déu ¢6 moment cue dai
3 8 = 90°. § diém nay lién két déng bo gila ciie eue tir va tit théng téng hop bi
lech va mdy dién mat déng bd, moment trung binh bing zero va cOng suit
digén trung binh dan dén thanh cdi (d6i vdi miyv phat) va tir thanh cdi dén
ding co gidm xudng zero. May phdt bi tang toe va vugt qua toc do, con dong co
giim toe va ding lai.

TP
Totiout b — — Phat gign
——%g
i
!
t
-180° -90° &, !
i ) T -
I 8, 90° 180° 5
|
|
i
g — —
Béang cg - Tpu[.qm

Hinh 8.7 Bac tuyén T - Seda mdy dién déng bo
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Méy dién thuc t&

May dién thuc 1€ e¢ dién trd r, va dién kKhiang ro x, trén mdi pha phan dng,
¢6 thé gia thidt mic ndi tiép giva dién ap V, va hue dién dong khe hd khong
khi E, trén mbi pha mdy dién. So dé mach dién trén mbi pha co bdn duge néu
trén Hinh 8.8(a) (may phat dién ), ¢6 dong dién phin Ung cing chidu vdi E.

g o

JT 1 |

{a) May phat dién (b} Dang co
Hinh 8.8. Ché dé hoat déng cia mdy dién déng bo.

000,
@;
mr
=

Tir Hinh 8.8a vdi ché 4% may phat dién:
V. =FE, - LR, +jX) (8.11)
Tu Hinh 8.8b, véi ché 46 dong co:
V, = E, + L(R, +jX) (8.12)
Pién tré cia phén img may dién dong bd thudng rat nhd, ¢6 thé bé qua khi
phén tich.
On dinh dign ap

On dinh dién 4p xéc dinh tuong ty nhy may bién dp. Xét may dién cap
dong du tai § hé s8 cong suat xédc dinh va dién dp dinh mite V,. Khong gin tai
dé gita dong dién truang khéng déi, dién 4p dinh mue la:

V,{khéng tai) = E;, lue dién dong kich thich

L, hang sa
hé =4 cHng sudt
war dinh khi dd tdn
On dinh dién ap (%) x4c dinh theo cong thie:
E, - Vi idinh muc)
V (dinh muic)

* 100%‘ hé sd cong sudt xac dinh (8.13)
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Mo hinh mach may dién déng bo

Gia st mach tif tuyén tinh, mdy dién déng bo c6 thé dude bidu thi bang mé
hinh mach don gidn, di¢u nay do khe hd khong khi !a thanh phin chinh cua
mach tir.

Tis pt (8.7), pha luc tir dong téng hap F:

F,=F +F, (8.14)
Tt thong tong hup @, va lue dién dong khe ho khang khi E, néi chung la

do F_ tao ra. Gia st mach tif tuyén tinh ( @ = #F, véi # = tir din khang ddis,

tit théng tong hap la:

D, =B+, (8.15)

vii 6, = tif théng duge tao ra do tac déng doc lap ciia

03]

®,, =t thong duge tao ra do tdc dong doc lap cta -

Luc dién déng cdm dng ty 1€ v6i tir thong/eye (pt 8.6) va tré pha thee gée 90°
Tit pt 8.15 suy ra phuong trinh pha lue dién dong:

E -E, +E, (8.16)
Vai E, = luc dién dong cam ung (luc dién dong kich thich) do tdc dong
cua D,
E,. = luc dién déng cim dng hinh thanh do téc déng cia @,

Phuong trinh 18.5, 18.6 dude biéu dién biing so d4 pha trén Hinh 8.9, Tam
giac pha tir thong va tam gide pha luc dién déng tueng tu nhau. Cdc dai tugng
® nhanh pha hao cdc dai lugng E tuong éng 1a 90%

E, =-j[ X, (8.17)
Vdi X,, = hang s6 ty 1¢ (dién khang cdm ung}
Phuong trinh 8.16 cé thé viét :

E =E, -jLX,, (8.18)
Trong cdc pt (8.15), (8.16), va (8.18), dién khang X,, thay the tugng dugng

hiéu ung cia ta thong phin khang cia phan ung. Véi dién ap va dong dién c6
thé khing can bifu didn tir thong trén so dé pha.
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Hinh 8.9 So do pha ti
thong va lue dien dong f

Hiéu ing cua R, tdién tré phan Ung) va X 1dién khang ro} trong phuang

. trinh phai8.1D
(B.19

v\ = E|' - Tnf[{u + JX]’
Phuong trinh (319 va Hinh 8.10 minh hoa mé hinh mach hoan chinh.
Hinh 8.10{¢) ¢6 dang den gian hon vdi dién khang ndi tiép duge cong lai:

N, =X, + X, ttrén mot pha) (8.20)

Hinh 8.10 Mo
hinh mach may
di¢n dong bo

™| -————0
+

(b)
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X0 divn khing dang bé cun may dién, tri khang dang b cua mayv dien fa:

7. =R LXE 18211

X. cha phép tinh todn tir thang ri duse sinh ra do dang dicen 3-pha can
biang & stater. Lae dién dong kich thich E, duye diang dé tinh t thonge do tio
g rotor tiuo ra fdo dong de kich thich 1, tao neni Néu ngat tai khoi may
dicn, ol dien ap b mach cua may dien, Vi Hinh 8 0es B, con duroe e la
dien dp phia sau trd khang thay dién khaing dong ba 1vi R, ¢6 the bo quan.

Chu ¥ mai tro khing dong bo g day dua vao gidg thiét tuyén tinh va hoat
dong nudy dien khong trong viung bilo hia vt chi phis hetp v miy dién rotor an.

Khoang trd khang ddng bo

Bien khing déng bo duge bifu thi theo hé théng den vi pu, thuong 6
khoany gid tri hep, DI licu G thye nghiém cho bigt R (dign trg phéan ung 1a
.03 pu, nghia L vi3i déng dién phan dng dinh mice sut dp trén R, khoang 1%
dién dp dinh mue. Dai gia i ted khdng 0.1 - 0.2 pu va dién khang déng bd iX,
= X + X)) khoding 1.0 - 2 pu. 6 thé bo qua dién trd phdn ung, chi su dung khi
tinh toan tén that, hi¢u suat va nhiét dé phat sinh. R, phai nho dé giim tén
that IR, han ché nhi¢t phat sinh va X, 1lon dé han ché dong dién trong cic
di¢u kién sy cd ingin mach).

Tuy nhiin, mdy dién dény bo hién dai duge thiét ké véi khodng gid tri
dién khang ddng bo trung binh, do c6 bé ngit mach tac dong nhanh ding dé
ngat mach may dién khdi duiing day ¢6 su 6.

Xac dinh dién khang dong bd
Vi gid thiét mach ti tuyén tinh, tit Hinh 8.10¢, néu bé qua R,;:
E, =V, +jLX, (8.22)
Tur pt 18.22) va dong dién trudng cho trude trong di¢u kién ngén mach (I,
=1l V, =
E,
Xy=7- (8.23)
L

Nhung E; = Vi, (dién 4p hd mach; 1, = 0 vi cing dong dién trusng)

Vi
X, = I" I, hing b i8.24)
=
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V6i Vi, (dién ap hd mach) va I tdong ngan mach) trén mai pha cd ban
co cung dong dién trudng.

Vi dac tuyén ti hoa khong tuyén tinh, nén ean xdc dinh dac tuyén ho
mach hoan chinh cua mdy dién tquan hé Ve - L Tuy nhién, trong thuc té
chi ¢an xie dinh mét diém trén dac tuyén ngan mach (quan hé L - I,) Lrong
diii wuvén tinh (lge dén 150% dang dinh mie). '

Dic tuyén hd mach (OCC)

Mav dién chay ¢ van tée déng bo n, phat ra dién dp c6 tan s6 dinh mic,
trong khi hai ddu phin dng hd mach (Hinh 8.11 vdi cau dao 8 dé hér. 56 do
dién dp day ho mach (phén dng1 V.. -3 E, khi I, thay déi (1, = dong dién
tao tif trusng rotor). Cac dir ii¢u nay duge hiu thi bing dudng nét dit Lrén
Hinh 8.12, la déc tuyén tit hda, gdm thanh phin c¢ ban cda tir thing trang khe
hd khang khi va lue tir dong/ cuc tac dong lén mach tir (gid s bo qua séng hal
trong khong khil,

-, f
e %% .
3G 5

] O

L B O A O
|

L S

“1

L o

L

Hinh 8.11 So dé thi nghiém hd mach vi ngdn mach

Pic tuyén hé mach bi&u thi hién tugng béo hoa cua sit trong mdy dién. d
gia tri T, thip véi sdt trong trang thdi bao hoa, dac tuvén hd mach hiu nhu
tuyvén tinh va hinh thanh luc tit dong dé thiét lap tir thong trong khe he
khang khi b qua tir trd cua sit (qua nhé). Phin duémg thang ca dic tuyén hd
mach, duge kéo dai bang dugng nét dit (Hinh 8.12), la duong khe ha khong
khi: do 1a dudng dac tuyén hd mach that su néu sat khang bao hoa.

Thi nghiém hd mach véi dién ap dinh mifc cho két qua tén thit may dién
khong d8i, gdm tan that 161 khéng tai va ton that co khi tquat gié, ma sat).
Cong suit tn that nay duoc vé voi tde nhéan ban dau lam may dién chay va
duge do bang dong luc ké hay moment ké&. Hai thanh phéan nay dé thye hién
khi chay may dign ¢ van tdc ddng bd dudi trang thdi khéng kich thich. Tén
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oCC

{duong khe hd khang khi)
,

Vi(dinhmjey. — _ . _ _ ¢

X, (khdng bdo hpay-—-— -~ — . Y iR f,(dinh muc)
X {digu chinh — — — - — — —

T =~
:\H"‘-/F\\ Voo 43
1 T Ise
|
|
f
|
i
|
i
0 1 o

Hinh 8.12 Dgce tuyén hé mach va ngdn mach

Tén that 15i
hd mach

Hinh 8.13. Tan thdt
l6i va dién dp ho
mach,

- Dién ap hd mach

that 16i (gdm t&n that tir trd va dong didn xody) thay déi theo binh phuong va
bang 1.6% cong suit dién ap hé mach. Hinh 8.13 Ia dung ton that l6i theo
dién ap hd mach.

Bic tuyén ngén mach (SCC)
Thi nghiém ngéin mach theo s dé trén Hinh &.11 fciu dac S déng} sé cho

két qua dédc tuyén ngdn mach. Khi rotor chay dén van téc déng bo, n,, tir
trugng rotor mdi bat dau duoe kich thich, tang din cho dén khi dong dién
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phdn tng dat 150% gid tri dong dinh mife. Dong dién ngén mach [y trén moi
pha phai 1dy gid tri trung binh ba so do trén ampere ké g ba pha.

Chu y, may dién khong thé ngin mach trong cac diéu kién kich thich véi
dién ap gdn gid tri dinh mde, vi dong dién dich chuyén qua lén lam hong may
digén

Hinh 8.14a trinh bay mé hinh mach miy dién ¢ didu kién ngdn mach va
sg db pha tuong ung trén Hinh 8. 14b vdi R, = 0. Giid sit mach phan dng thuin
dién khang, dong ngdn mach cham pha 90" s0 vai dién dp khe hg khong khi
Er ,vapha F,, tlye te dong phan khing phan tmg), nghich pha véi Fy (lye tir
dsng kich thich), nghia 1a phan ing phan tng la hi¢u dng khu . '

bién ap khe hd khong khi B, lién he vai [, theo cong thic:
E, =1, (8C1 X, (8.24)
Pién khing ré X, khoang 0.1 - 0.2 pu ttrong khi di¢n khang ndi tiép X,
&6n 1.0 pu) nén E,_ rit nho ké ca khi E; gan sat gia tri dinh mic cua may dién.

Trong diéu kién ngdn mach véi dong phan Ung bang 150% gid trl dinh
muc, tif théng téng hyp trong khe hd khéng khi nhd va may dién hoat dong
trong diéu kién tif héa khong bao haa cd dac tuyén ngian mach (Ig theo 1)
tuyén tinh, chi cAn mat s& do SCC la vé duoe dac tuyén ngidn mach (Hinh 8.12).

Trong didu kién ngin mach, may dién kich thich khong cao, chi co cac tén
that co khi va tén that dong trong dién tro phan ting, con tén that sit khong
dang ké.

@,

D, —= 1,{SC) X

Pl

:r'_—'—‘“—""gr

E,
b=—1 (SC) X,

FN
Hinh 8.14 i;
i,{8C
Thi nghiém 2 (8¢
ngdn mech {a) Mo hinh mach {b) So d6 pha
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Bién khing dong b khang bac hoa duge tinh tir dac tuyén hé mach va dic
tuyén ngin mach tHinh 8.12)

X (khong bao hoa) = M'x ~hing 55 (8.25)
i

Vdi 1, tudng dng vang khéng bas hoa tir,
Voo tuong ing v6i duimg khe hé khang khi.

Khi mdy dién ddng bd van hanh trong vang dédc tuyén tir hea bao hoa, ché
dd lam viée cua may dién dude tinh tir X.. sé khic v6i hig¢u ing gig tri that khi
vian hanh binh thugng. DE tinh toan may dién hoat dong thuc trong vimg bao
hau, phai chu ¥ phan tich phan phi tuyén ho#c phii didu chinh X, theo gid tri
phi hop.

Néu X, duge xde dinh theo phudng trinh 8.25 13 dutng cong nét dit (cdc
gid tri bitn doi theo dong di¢n truing) trén Hinh 8,12, trong ving khong bio
haa, gid tri dién khing déng bé 6 gia tri khong déi X, ki tiép s8 giam xudng
tvi suf bao hoa cua dac tuyén hé mach) phu thuée dong di¢n truing tuong ing
dién dp dinh mirc mach hd, va duge tinh nhu sau

V,(dinh miic)/ 3

X, (diéu chinh) = I

¢ bty g vl (8.26)

RN Vy cdinkh mus tren (00

Gid tri X, (diéu chinh) thap hon X, (khong bio hba) (Hinh 8.12), X, (diéu
chinh) duge tinh todn cho két qud gan sat véi hoat déng thue khi may dién
van hanh binh thuimg.

T¢ sd ngén mach

Ty s& ngén mach (SCR) Ia ty s§ giita dong dién tao ra dién ap dinh mde
trén mach hd va dong dién trusng cén thiét dé tao ra dong dién phén itng
ngdn mach v6i may dién chay & vin tée dong bo khi ngdn mach va hd mach

Tir Hinh 8.15; theo dinh nghia;

a

SCR = — (8.27)
of
Tirpt 8.26: X, (diéu chinh) = M (8.28)
o'c
Cédc do dge: k, = Bién dp hé mach  V,idinh mde) (8.29)

- Dong dién truomg of
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Voc(tuyéd § tsc
. ’
Do ddc k, ,/ occ
’
B0 ddc k, \7
/
V, (ginh —= ——— = — = sce
muc) // [ .
/ | A== lw—— /; (dinh
p .
/ | N . muc)
7 |
I L {
/ t i
e ' !
/ b
’ | |
/ f f
/ | I
/ | |
o R o

Hinh 8.15 Ty 56 ngdn mach (SCR)

_ Dong dién ngin mach _ [,tdinh muc) _ E (8.30)

? Dong dién trudng of” af

Thay cdc pt (8.29) va (8.30) vao pt (8.27)

SCR = i _ V, (dinh mudc) ) ‘kz
of” k, Litdinh mue)
B oc Vi {dinh mie)
V,{dinh mie) I,tdinh mudc)
_ o'c Vyidinh mie)/ V3 _ 1 X
V. (dinh miic}/ JS I, (dinh mtie) X, (diéu chinhXpu) Base
iy 1
SCR = (8.31)

X (diéu chinh{pu}

Phuang trinh (8.311 che thay ty 36 ngan mach (SCRy ti 1& nghich véi X,
(diéu chinh) va ngude lai.

Ton that ngén mach

Trong thi nghiém ngan mach, néu do cdng sudt co cidp vao may dién sé
tinh duge tén that ngén mach. Ton that bao gom:
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1. Ton thdt RI? trong day qudn phin (g do dong dién ngan mach (aci.
2. Tén that 16i cuc b do tir théng ro phin img gay ra.

3. Tén that 16i do i thong téng hgp trong khe hd khong khi, rit nho (c6
thé bo qgua) tHinh 8.14b).

4. Ton 1hat quat gié va ma sat.

Ton that quat gi6 va ma sdt duge tich ra bang cdch do cOng suat co can dé
chay may ditn (¢ téc do ddng by vai hé mach ph'in ung, va khong kich thich
trung. Tan that com lai (1 va 21 13 ton that tai ngin mach iHinh 8.161. Bang
cach do dién (r.5 phan ding de va chinh theo nhiét dp phan ung trong thi nghiém
ngin mach, 1on that do I2R ¢6 thé bo qua, chi ¢con ton that tii gdiy nhiéu = tén
that tai trén 10i + ton that dién trd cua day dan (d8i vdi ac) tHinh 8 16,

Tén that 4 _
Ton that tai ngan mach

Tdn that t3i gay nhidu
Hinh 8.16
Téan thdf va
dong dién
phan ung

Déng dién phan ing

bién tré phan dng duge tinh tir dong dién phdn dng va tdn that tai ngin
mach 1a dién tro phan ung hidu dung, e6 thé tinh tir dong dinh muc va gia su
dude gior khang dii:

= c.v . ;g h £
R, (hiéudung) = Ton that tdi ngdn mach imbi pha) (8.39)

{Dong dién phan ing ngdn mach)?

Vidu 81: V& cdc dac tuyén hd mach va ngin mach, s dung ddt licu duge
cho ¢ dudi d61 vdi mdy phat dién ddng bo 150MW, 13 kV, hé 80 cong suat 0.85,
tdn s& 50 Hz

Bgc tuvén hé mach:

I (A 200 450 600 650 1200
Ve (day) (kW) 4 8.7 10.8 13.3 154
Bde tuvén ngdn mach:

I, = 750 A; Ige = 8000 A.
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Xde dinh dién khang ddng bd khong bao hoa cua may dién.

Xidc dinh dién khang dang bd bao hoa cia may dién,

Béi gia tri dién khang hai phan trén thanh gia tri pu.

Tinh ty so ngian mach.

May dién eip di tai ¢ hé 86 cong suat 0.8 cham pha va dién dp phin
ung 13 kV.

Truong hop I Tim hie dién dong kich thich va én dinh dién dp, su
dung dien khing ddng bd tmach tuyén tinh),

Triimp frop {1 Tim lue dién déng kich thich, su dung dién khang
ddmg bo bio héa. Tim ding dién trudmg cin edp cho tai xde dinh. Vi
dong dién truong khang 46i, tim dién d4p hd mach va 1 46 tinh an
dinh dién dap may dién.

S0 =anh két qud cau (o) gita truimg hop § va 1l

b1 vél tai trong cau te), hiay vé so do pha biéu thi dién ap va dong
dién. Tinh goc gite dién ap phan dng va luc dién dong kich thich.

Giai

Bac tuvén ngin mach va hd mach theo cac dir lidée duge vi trén Hinh 8.17

ai

I

cl

Vi Vi = 13kV tduiing khe ha khang khit, Iy = 70004 icd cung dong
dién trudngh:

X, (khéng hio hoa) = A2 100D

S35 7000

V&l Ve = 13 kV tdac tuvén hd mach), [8C = 8600 A

- 1720

13 « 10010

22 Y 8T O
J3 > 8600

X_idiéu chinh) =

50 < 10°
Iidinh muc} - 150 10 _ - 7837 A
V3 x0.85x13x10
Ohm co ban = 22199 6 gs50)
4 < THIT
X tkhong bao hoaipu = 1072 _ 1.12
' 0.958
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Pusng khe hd khéng -
khi higu chinh /
16 - // oce
Busng khe hd —.,”
14 - A i 1
- _kht)jg khi _1/ ale)
______ A=A
i2 |- K4 ! i
. !
/ I '
4 |
10} / L 4 1000
i~ p |
< I v o ___
8 ef ll e 8000
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o 3
4l " 4 4000
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2| b { 2000
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0 L 1 Fi lr“ | lf r" 1 L
200 400 £00 800 1000 1200 1400
14 AY

Hinh 8.17 Dong dién hi mach ve ngdan mach

X (K87
X_diéu chinhipu) = 000
- 0,958

d) 1, tuong vng véi Voo = V, (dinh mue) 1a: of” = 810 A

=0.911 pu

[, tuong wng voi Iq = L, tdinh maer L of™ = 750 A

Ti s0 ngan mach S('R - @ = 1.08 - !
750 X, (hiéu chinhxpu
x "
el v, = 121000 o056 v igid tei pha
v3

cosp =0.8; ¢ =369"
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L,(tif thong) = 7837 A
1, = 7837 < - 36.9" - 7837(0.8 - j0.6)
Bo1 vdi hoat ding theo ché dd may phat:
E, =V, + jLX,
Truong hop {2 X, (khong baoe hoal = 1.072 @
E, = 7505 + j7837(0.8 - j0.6) x 1.072 = 12546 4 6721

E, = 14233V hoac 24.65 kV tduiing day) = V,(OC) ttuyén tinh)

Ty a2 7E0R
_VUOC) -V o 1423327505 L0 oo e

Diéu ap
Vv, 7505

Truong hop IT: X_ tdiéu chinh} = 0.873

E, = 7505 + j 7837 (0.8 - j 0.6) x 0.873
=11610+ j 5473 = 12835 »25.2" V
E, =12835V  hoac 22.23 kV (duwng day)

Dong dién can thiét dé co K, nay dugc tim tif dudng khe hg khang khi da
hiéu chinh. Trén co sd tuyén tinh:

I = 81;} x22.3=1390 A

€

D1 vai gia tri dong dién truding nay khi mdy dién hé mach:
V, (hé mach) = 16.3 kV

P6 én dinh dién dp = 19-_%‘1% % 100 = 25.4%

Chi thich: On dinh dién dp duge tinh tit X, (diéu chinh) va duimg khe he
khéng khi hiéu chinh gin véi gia tri thue hon la tinh tic X, (khéng bao hoa).
f) Hinh 8.18 la su dé pha, E; s6m pha hon V, theo gée 6 1a 25,20

Quan sdt: Phuong phap gAn dung duge sit dung dé tinh sut 4p trong
mdy bién dp khéng thé sit dung trong may dién déng bé, vi ¢6 X ldn
hon nhiéu so vdi bién ap (vdi X, = 0.05 - 0.08 pu). Do dé, cin dp dung
s dé pha dé tinh toan.
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E, = 12835

f X, = 7837 x 0.873
= 6842 W

Hinh 8.18. S0 dé pha. 1,=7837 A

Xac dinh Ampere - vong phan khang phan img
va dién khang ro - Phuong phap Potier

M6 hinh mach don gidn néu trén duge gia dinh la mach tir (mdy dién)
tuvén tinh. Tuy nhién trong diéu kién van hanh binh thutng, mdy di¢n hoat
déng trong viing bao hoa nhe. Dé tinh toin bao héa tif, phai diéu chinh thém
dién khang déng bd sao cho mé hinh mach don gidn van dung duge cdc thang
s& X_ {(didu chinh). Tuy c6 két qué tot hon so véi sit dung X, (khéng bio hoa),
nhung van khéng thé tinh todn diy dd su bao hoa i,

Khi tinh todn biio hda, khéng thé ap dung nguyén I x€p chdng, can phai
sit dung phuong trinh pha lue tir dong:
Fr - E + Fﬂl’

Lite dién ddong cam ung E; va E, {(tuong ing voi F, va F.} duge tim tir ddc
tuyén hd mach. Tuy nhién, phai xdc dinh F_. 46i véi dong dién phan dng I, da
cho, nghia la dién khang phan ung khang d6i:

-
= PHT

Kur ’
1,

(8.33)

Hiing s6 ty 1é K, nay duge tim biing thuc nghiém d6i vdi tiing may dién.

Riét dac tuyén tit hoa va hang s8 1y 1& K., sé vé duge so dd pha (Hinh
8.5b} trong doé khong edn tinh xdp xi gan ding vé do khéng tuyén tinh. Bude
cudi 14 tim dién dp phdn dng theo phusng trinh pha:

V,=F, -1, (R, +jX;} i(ch& do may phat} (8.34)
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Dién tré phan ing R, dé do dac trong diéu kién dc, hig¢u chinh theo gia tri
ac va nhiét dp van hanh, khi phan tich, c6 thé b gua tén that R, vi gid tri rdt
nhé & trang thdi én dinh (chung 0.01 pu) nhung dign khang rd X| phdi xac
dinh. Cé thé tinh tif cic thong sd thiét k& cha mdy dién (biét trude), nhumg didu
nay it xdy ra, nén phai tim bang phuong phép thuc nghiém dé c6 gid tri thue.

Phan tich ché dd lam viéc cua méy dién ding bo trong cdc didu kién van
hanh véi K,, va X, cho trudc. C6 nhiéu phueng phap thyc nghiém d€ xdc dinh
cde dai luong nay (vi tinh phi tuyén cta sit). Mot trong nhimg phuong phap
do, la phuong phap Potlier.

Phuong phap Potier

Phuong phép Potier 12 thi nghiém xac dinh hai ddc tuyén khi may dién
chay d van tée dbng bd:

1. Pdc tuyén hd moch: minh hoa trén Hinh 812, duge vé lai trén Hinh
8.19.

2. Bdc tuyén he s6 cong sudt zero (tré pha), vdi mdy phat <6 tai thuin
¢dm (ng (3-pha cin bing) dugc diéu chinh d& cé dong dinh mde (I,
dinh mde) trong khi diéu chinh dong dién kich thich (dong dién trudng)
dé c6 cac gia tri dién ap tdi V, khdc nhau. Quan hé nay (I, - V) 1a déc
tuyén hé s& cong suit zero (Hinh 8.19). Khong can xéc dinh day dit

v, |
L (dinh X
E |y —o/mie) - — = /S ? OCC bDac tuyén hd mach
V, (dinh H-‘b—l ZPFC dac tuyén hé sé cong sudt zero

muc)

Hinh 8.19 Cdc dac tinh
ctia phuong phdp Potier
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dac tuyén, chi cin xdc dinh hai diém trén dgc tuyén nay diém P va
diém P'. Piém P tuong ing véi dong dién trudong cung cap V, dinh mie
trong khi tdi h§ s¢ céng suit zero (thudn cam) duge diéu chinh &€ cé
I, dinh muc. Biém P’ tuong dng diéu kién ngdn mach may dién (V, =
0) vdi dong dién trudong duge dic¢u chinh dé co dong dién phan dng I,
dinh mufe. Vi bd qua dién trd phén (ing, nén dong dién ngin mach tré
pha sau lyc dién dong cdm dng téng hop E, gin dén 90° (véi V, = 0},
P ]a diém trén d&c tuyén hé sé cong suit zero.
Hinh 8.20 la s¢ d5 pha trong didu kién tai hé s eéng suat zero (tré pha va
ko qua dién tré phan ang). Tir Hinh nay, cd thé thiét 1ap phuong trink pha luc
tif dgng va dién dp:

V, = E, - jLX, (8.35)
F,=F +F, (8.36)
Vv, =E, - 1.X, (8.37)
F,=F, +F, (8.38)

Phuong trinh (8.37) va {8.38) ¢6 thé chuyén lén cdc dac tuyén hd mach va
hé s6 cang sudt zero (Hinh 8.19). Trong dir li&u thi nghiém, truc ngang (Hinh
8.19) 1a truc dong dién trudng 1, pt (8.38) phai bién ddi theo dong dién trudng
tugng dugng bang céch phan chia cho N, (s§ vbng phén itng) trén mdi cue tr
trudng rotor:

F,/N,=F,/N,-Fy /N, (8.392)
I =1 - (8.39h)
Fei
F‘f
t
F{
. ] X o
Hinh 8.20 So dé o v £
pha déi voi tdi hé ' '
56 cong sudt zero Far
(tré pha) i
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Piém P trén dac tuyén hé s0 cong suit zero tugng ing vdi dién ap V, (dinh
muc) va dong dién truong OB = F/N,. Tuong ing v6i diém P la diém S (trén
dac tuyén ho mach) lién quan véi E, va sy kich thich tong hgp QA =F /N, (=
Fo /N, -F,/N.

T Hinh 8.19 va cde pt (8.37), (8.39), c6 thé nhan thay:

(i’ 8Q, khoang cach doc gitta P va S, 1a sut 4p rod trén dién khing [, (dinh
miie) X,

{ii} QP, khodng cach ngang gita Pva S, 1a F, /N,

Piém P dugc tim tir thi nghiém hé s0 cong sudt zero, tuong ung diém S
chua biét trén dac tuy&n hi mach vi gid tri bing 6 cba 1, (dinh mife) X; va F,,
/ Ny chua biét.

Duyng cdc tam gidc song song vai SQP, cde diém cé thé tim duge tuong ing
cac diém trén dac tuyén hd mach, QP (Hinh 8.19):

S$'Q = I, (dinh mdc) X, va QP = F, /N,

Phan ddu cda dic tuyén hd mach la (gdn nhw) tuyén tinh, O3’ 1a duting
théng, RS song song 0%, diém S da duge dinh vi trén dac tuyén hé mach
(tuong ¢ng diém P da bi&t trén dac tuyén hé s6 cong suit zero).

Piém S duge dinh vi va duge do theo ti lé&:
I,(dinh mic)X, va F, /N = I:’

X, va F_, ¢6 thé tinh duge. Do F,, tuong tng I, (dinh mdc), nén hang so ti
1& lyc tit dong phén dng la:

K, =TI /1, (dinh mic)
Vi hiéu biét vé X, va K, trong cudn day stator, s¢ d5 pha hoan chinh

ctia may dién ¢6 thé duge tao dung tudng ing véi didu kién hoat ddng bat kJ,
theo ché dé mdy phdt hoac déng co.

Chu y, phuong phap Patier tuy c6 uu diém nhung khong chinh x4c do si
dung cac gia dinh sau:

1. Dién tré phan dng bi bd qua khi thigt 14p cdc phuong trinh dai s6
(8.37), {8.38) va (8.39). Gi& dinh nay khéng lam ting cac sai s6 mdt
céch ro rét.

2. Né&u cde cudn cam (tdi cam) dung trong thi nghiém hé s& cdng suat
zero, hé 50 cong suit hoi khde zero.
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3. Trén Hinh 8.19, 8Q = 8Q = I, (dinh muic) X, nghia la tueng img diém
P (trong thi nghiém hé sd cong suat zeroj va diém P’ (trong thi nghiém
ngdn mach), dién khdng rd gid st khong thay 46i. Gid dinh nay
khong chinh xdc, vi kich thich msy dién trong diéu kién ngdn mach
la OF" trong khi thye t& 12 OA d6i véi diém P’ (diém nay trén dac
tuyén hé s cong suit zere tuong ing véi dién dp phén irng dinh mdc
va dong dién phan dng dinh muc). Vi OA >> OQ, diém P tuong iing
diéu kign bdo hoa trong mdy dién véi tir thong rd 16n hon, nén gia tri
dién khdng rd 16n hon, mau thuin véi gid dinh néu trén.

Vi dy 8.2: Cac dir liéu sau tir thi nghi#m ng#n mach cia mdy phat dién
ddng bH ndi sac 3 pha, 10 MVA, 13 kV, 50Hz.

Iy (A) 80 75 100 125 1501625 200 250 300
Voo (day) (kV) 62 87 105 11.8 12.8 132 142 152 159

Dong kich thich 100A, tao ra dong dién dd tdi (dong dién dinh mie) chay
suGt qui trinh thi nghiém ngén mach. Dong kich thich la 290A d4 tao ra dong
dign dinh mitc & hé sé cong sudt zero va dién 4p dinh matc.

a) Hay tinh dién khdng déng bé didy chinh ciia may dién.
b) Hdy tinh dién khdng ro cta mdy dién, gid st bé qua dién tré.
¢) Hay xdc dinh su kich thich cdn thiét khi may dién cdp di tai § hé so
cdng sudt 0.8 tré pha bing cach sit dung trd khdng rd va vé so 46 pha
lue tir dong. Tinh dn dinh dién 4p may dién.
Tinh dn dinh dién dp cta tai nay theo dién khéng déng bs didu chinh.
Hay so sdanh va dién gidi hai két qud.
Gidi
6
I (dinh mie) = —— 210 1444
V3 x13x10°
a) Dac tuyén hd mach va dic tuyén ngin mach duge v& trén Hinh 8 21.
Dong dién phan ing ngén mach tuong tng vdi V, (dink mde) = 13 kV
(day) trén dac tuyén hé mach la:
ISC = 688 A

V (dinh muc) 13 %1000

V3 x Ige (uong tng véi V,(dinh mdc) 3 x 668
-10.90

X {didu chinh) =
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dusng khe hé knong Khi higu chinh
£

dudng khe hd PR
- N f : . .
el khdng I-(hiJi dac tuyén
! hd mach
T U2 T
7 1
121 i } dac tuyén
f" : ngén mach
0 / | SCG
f !
I/ | —_
—~ B V I 4 100 L
g L i )
L] I -
8 sfF } 4 750
_________ 688
4 - 500
N - 250
1 | 1 1 1

o 50 100 150 200 250 3C0
Déng diégn trudng (A)

Hinh 8.21: OCC (dge tuyén hd moch)

b) D& tim dién khéang rd, phéi dyng tam gidc Potier. Hinh 8.22 12 db thi
dac tuyén hd mach, vi tri Aiém P tuong dng vdi hé sb cong sudt zero d
dong dién va dién dp dinh mic, diém P’ tueng dng v ngin mach &
dong dién dinh mwic.
Tit P vé song song vdi tryuc ngang PR = OP" Ti R vé RS song song vdi
dudng déc ban ddu cda dac tuyén hd mach, véi diém S & trén dic tuyén hd
mach. V& SQ vubng géc vii RP. Tu dé:

SQ = 3l (dinh mic) X, = 1200 V
1200

X =—=
' T3 « 444

¢) Ti Hinh 8.22, phan tng phin dng trong dong trung tudng dugng la:

=1560

" =QP-90A
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Vo (KV}

424

18

18

14

12

1 J

1 1 1
50 100 150 200 250 300
Dong dién trudng (A)

Hinh 8.22. Pdc tuyén hé mach.
I#=90 A
H=1785 A

,=2435 A

E =1375kV

40
g V=13 KV, \

//\ J3x,
s
S

1 =90 A
= 1200V

Hinh 8.23. So dé pha.



Tit s¢ 46 pha trén Hinh 8.23.
E, = 13.75 kV (dién &p day)

Tir dac tuyén hd mach tuong dng véi gid trl E:
I -1785A

Tif s¢ 46 pha e tif ddng, dong kich thich cin thiét duge xéc dinh la:
I, ~243.5A

Gia tri E, trén dac tuyén hé mach tuong ing la:

E, = 15.2 kV (day)

E -V _
i Lx100=l—5'-2i3—13x100=16.9‘70

6n dinh dién dp =

L
On dinh dién 4p sif dung X{diéu chinh):
E, = V, + j¥3 J,(dinh muc) X, (diéu chinh)
— 13000 + j 3 x 444 (0.8 - j 0.6) x 10.9 = 18029 + j 6705
E, =19.24 kV (day)
1,(tif duimg khe hé khong khi hiéu chinh) = % x19.24 = 222 A

Vt(OC) I;=222 A= 14.3 k.V

Gn dinh dien 4p = Ei:;—w x 100 = 10.4%

Dién gidi

On dinh dién 4p dugc tinh bang phuong phédp Potier hoan toan chinh xdc.
Thuc sy gid tri nay thdp hon mot it vi Khang tinh phan tang dién khang rd
trong diéu kién tai. Phudng phép st dung X; (diéu chinh) ia phudng phap thye
nghiém, sai s8 phu thudc va mic 4 bao hda ciia mdy dign & dién 4Ap dinh muc.

Vi du 8.3: Dac tuyén hd mach cia may dién dong bd 3 pha, 50 Hz duge
cho theo cac di lidu sau:

I; (A) 15 30 50 5 90 120 160
Voo (day) (V) 600 1200 2000 2900 3300 3700 4000
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Trong diéu kién ngén mach, dong dién trudng 40A s& cung cap dong dién
stator du tdi. Dién trd v& trd khang ro trén méi pha phan dng 12 0.01 va .12
pu. Khi may dién vin hanh nhu déng ca, ¢6 dong da tai ¢ dién dp dinh mue 3.3
kV v hé s6 cong suit (sdm pha) 0.8, hay tinh dong dién truimg cin thist.

Giai

Bac tuy&n hd mach duge vé trén Hinh 8.24. Doang dién trudng cdn dé tudn
hoan dong ngdn mach du tdi (dong dinh mufe tai) la OP = 40A.

O dong dién dinh mite : Y3 L X, = 0.12 « 3300 = 396 V

Tudng ng v6i 390V trén dic tuyén hd mach la didm §', v& dudng doc S'Q).
Q'F tuong dng vdi:

P iy 304
f
R, = 0.01 pu, nén sut ap trén dién tré R, qua nhé, cé thé bo qua

4000 | £, (day)
OCC
déc tuyén hd mach

3000

2000

Voc (kv)

1000

4001

1
t
|
|
1
!
t
I
|
}
i
I
|
{
I
|
|
[
|
|
!
I
|

{
|
|
|
{
t
|
|
'
[
|
[
i
[
[
I
t
[
[
i
[

| | 1 1 / | ]

0@ 25 P50 75 100 125 150  162.25

Hinh 8.24. Bgc }-— e —-’

tuyén hg mach. I {A)
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3.3

V, = 22 x 1000 = 1905 (dién ap pha)
E]
X, = %%9 =929V (dong dién dinh muc)

Tir s¢ db pha trén Hinh 8.25 tuong dng vdi pbugng trinh {8.12)
E, = 2070 hodc 35385 V tdién ap day)

Vdi gia tri E, nay (tit dac tuyén hé mach) F./ N, = I/ = 110A duge vé sdm
pha han E, 14 90°% I/, = 40 A dugc vé song song ngugce chiéu vai I, (theo ché
do dong ce). Tit se 46 pha lue tir dong:

I, =133 A

Luc dién dong kich thich E,, néu cén thiét duge do tir dac tuyén hd mach
tueng dng voi I, = 135A la:

E; = 3840 V (day).

J = 40 A
f= 133 A
I; =110 A
n
e e
iy 7 \\
Y

36.9° V,=1805 V X =229V

Hinh 8.25. Sv do pha. E,=2070V

BAn chat ctia phan (mg phan img
Trong mdy phat dién, lyc tit dong va tif thang phén ing (hay phan khang,

phin dién) phén ung cing pha v¢i dong dién phan ing, trong déng cd chiing
ngude pha véi dong dién phén ng, bin chat cua ti thong phdn tng phan ing
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Dy P,
®, By
o 44 @,
-~
-
&, &,
P,
1, '
T Y —
V= E, Vi= E, T V.= E,
1
{8} Heé s& cong suat {b} He s6 cong suat {c} Hé s6 cong
zero tré pha zerc sdm pha sudt don vi

Hinhk 8.26. Bdn chdt phdn ung phdn ing trong mady phdt dién

phu thute va hé sd cong sult ¢ trang thai van hanh may dién. D€ don gidn
hoa vigc gidi thich, c6 thé gia thiét dién tré va dién khang ro phén tng khéng
dang ké, do dé:

V.-E

r

Hinh 8.26 1a so dé pha vi cac thanh phén tir thong (gia si mach tif tuyén
tinh) trong may phat dién theo ba truéing hop: a) hé s8 cong suit zero trd pha,
b) hé s6 cong sudt zero sdm pha, va ¢} hé s§ cong suit don vi. Quan sat cdc sg
dé nay, €6 cdc nhan xét sau:

1. Phén dng phan dng la khu t héa (®,, d6i nghich @) khi may phat
¢8p dong dién hé s§ edng suit zero tré pha.

2. Phan ing phan ung la tir hoae (P,, thuan véi ;) khi may phat cung
cdp hé 86 cong suat zero sém pha.

3. Phan ing phan ‘ing hau hét 1a ta hda chép (nhu 90° ddi vai D) da cé
thanh phan tir héa nhé (Hinh 8.26 ¢), cdp dong dién hé sb cong suat
don vi.

Tif cde mb ta trén, ¢6 cde két luan chung nhu sau:

(1} Khi méy dién cap dong (dién) hé s6 cong sudt tré pha, phan ting phin
ing gém hai thanh phan la khir tir héa va tir héa chéo.
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(ii) Khi may dién cip dong hé s& cong sudt sém pha, phén 1ing phan ing

gdm hai thanh phan 14 tir héa va tir héa chéo.

Pai vai dong co dién, luc tir dng va tif théng phdn dng phin dng nguge
pha v&i dong dién phan dng, phdn ng phin dng ddo nguge trang thai so véi
may phat dién:

(i) Khi may dién c6 dong dién hé sd cong suit tré pha, phédn dng phén

(ng c6 hai thanh phan: tir héa va tif hda ngang.

(ii} Khi may dién c6 dong dién hé s6 cong suit sdm pha, phédn ing phén

tmg ¢é hai thanh phén: khit tit héa va tir héa ngang.

Cdg van dé néu trén sé dudge trinh bay chi tiét ¢ phan ké tiép.

Pang hd hoa thanh gop vd han (thanh cai)

Thanh gép vé han duge hidu 1a ngudn 3 - pha cung cdp dién ap va tdn s6
khéng dei, ddc 1ap vdi tai trao d6i (dan vao thanh gop hodc 1dy tif thanh gép).
Hinh 8.27 minh hoa may dién déng b c6 cdc ddu a, b, ¢ cn duge ndi véi cde
diu A, B, C cia thanh gép qua cdu dao S,

Mdy phdt dién ¢6 cdac ddu ra duge sdp xép theo thd tv pha nhu cde thanh
gép (thanh cai). Tée o may dign va dong dién truéng duge didu chinh dé théa
cac didu kign sau:

(i) Dién 4p d4u ra mdy dién phai gin bang dién 4p thanh gop.

(ii} TAn s& may dién gidn bing tdn sd thanh gép, nghia 1a van tdc mdy

dién gin sdt vdi vin toc déng bo.

a 3«“/.,_'4_
May ddng bo 1 Cac thanh gop
v han {3-pha}
ay Vthanh gop

\
w

\

b
|

oC

ns
Hinh 8.27. N6l mdy dién déng b voi thenh gop vé han
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Sau khi thoa cic diéu kién A

trén, edn phii xdc dinh thai ""“‘?a
diém déng cau dac (déng bg hoa) AL
dié hai dién dp hiu nhu déng ;S T 2rAf radis

pha {d9 léch pha cho phép
khoéng qua 5%, Thai dim dong
cau dao duge xae dinh theo
phuong phap dusi day: c

Hinh 8.28 la so d6 pha cuia
cac dién dp pha may dién va
thanh gop. Khi hai tin so khang
hoan toan bang nhau, pha may

dién quay cham hon pha thanh Tt
gép theo gic 2 n A, rad/ s (vé6i Hinh 8.28. Xdc dinh thoi diém
A, 1a hiéu hai tdn s6). O thai dong bé hoa
’ d1em hat bé pha trang nhau
{déng phal:
Vo =
Vic = Veg (8.40)

Biéu kign nay cé thé duge xdc dinh bing cdch mic ba den 1dn lugt qua aA,
bC, ¢B (can ding mdy bién dp giam d& bdo vé den). Cac gid tri dién 4p trung
binh V ,, Vi, V 5 dao déng theo hidu tin s& Ay, do d6 cdc dén lan lugt my va
sdng. Vao thoi diém ddng bo héa, theo didu klen pt (8.40) néu trén, dén mdc
qua aA toi va hai den con lai sang nhu nhau. Day 14 théi diém déng cdu dao S.
Thay vi ding dén, cic nha mdy dién thuimg dung thiét déng b6 hoa.

Khi cdu dae S déng, may dién s& chay vdi tdc do déng bd. Su thay déi cong
suit thuc (cong suat tdc dung) bi chi phéi theo didu kién tai, con cong sudt
phan khang thay d6i theo sy kich thich trsing,

Khi mdy phat duge ndi vdi cong ca hoe, viée néi véi thanh gop theo phuong
phap néu trén tudng déi dé thue hién. Béi vdi dong co ddng bo, ¢6 thé ap dung
phuong phép tuong ty, nhung phai duge chay khdi dong ban dau bing thiét bi
hd tr¢ (¢ thé 1a dong co cdm dng hodc de nhé) sau d6 méi déng bo héa. Vi
déng co dong bé khéng thé wy khéi dong, néu dong cdu dao S (Hinh 8.27) ma
rotor ding yén, trugng stator va rotor khong chuyén dong theo van toc déng
by, tao ra moment xoay chiéu biing zero, két qua la déng co khong khoi déng.
béng co déng bé duge ché tao dé tu khdi dong bling ciach dung thanh gép ngin
mach trén rotor, tao ra moment cam dng d¢ khéi dong.
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Pc tinh van hanh

Pic tinh van hanh mdy dién déng bd ¢ day duge khao sét trong didu kign
tai bién thién va sy kich thich thay d8i. Mot trong hai dai lugng nay duge gia
thiét la hang trong khi dai lugng kia thay 46i theo khoang rong. O day ciing
gia dinh bd qua dién trd phan ing. Didu nay khong lam thay ddi dac tinh vén
hanh may dién, chi & dé& hiéu sy van hanh may dién. Trung hgp may di¢n
vii dién tré phan ing s& duge khao sat § phan sau. Néu bo qua dién trd, cong
sudt dién & ddu day may dién va cong sufit ca g true rotor ¢6 quan hé don gidn
nhut sau:

May phat dién

P, (ra) = P, {v&o) (tong)
Véi: P(ra) = cong suat dién ngd ra.
P, {vao) = ¢ong sudt co ngd vao sau khi tra cde tén that sat,
guat gié, va ma sat.

Ddng ca dién

P, (vao) = P (ra)
Vai P, (vae) = cdng sult dién cung cdp cho dong co.

P, tra) = céng sudt cd ngd ra (trf ton that sdt, quat gio, va ma sit).
D3¢ tuyén gac cdng suat

Hinh 8.29 (a} va (¢} 14 sa d5 mach va s¢ dd pha cia mdy phat dién déng ba,
Hinh 8.29 th) va (d) 14 cua déng co. Gid st mdy dién duge ndi vdi thanh goép vé
han c6 dién dp V,. Trong may phat, lue tir dong kich thich E, sém pha hon V,
theo goc 8, trong ddng co =& tré pha so vdi V..

T tam gide OMP iHinh 8.29 c va d):

E, CLX,
sin (90 £ ¢)  sind

E
I, cosd = XI sin & {8.41)

El

& la goc hé 56 cong sudt

431



+
m
+

1

v,
(b)Ch& do dong coE, = ¥, ~ ji, X

5

o v
E _M
L 1y Xs
' \\{2/
M
{d) ~

Hinh 8.29. Sy vén hank cda mdy dién déng bé (mdy phat va dong co)

Nhén hai v& cia phuong trinh (8.41) véi V;:

Vi ViE 5
J,cos4 = X sin
b V,E
*T X

f

sind (8.42}
voi P, =V, I, cosd = céng sudt dién (mbdi pha) trao d6i qua thanh gép.
8 = goc gitia B, va V,, 1a géc cdng sudt cia may dién, § di ddu déi vai
cdc ché dg may phat / ddng co.

Quan hé tir pt (8.42) la dge fuyén goc cdng sudi coa mdy dién va duge ve
trén Hinh 8,30 vgi V, va B d& cho. Cong sudt cuc dai khi & = 909, & gia tri nay
mdy dién mat déng bs. Mdy dién chi dat dén P, . khi tang tdi mat cach to
tir, duge goi la gidi han dé 6n dinh trang thdi tinh cia may dién. Binh thudng
mdy dién hoat dong vdi § < 90°. So A5 pha cua mdy phidt véi didu kién P,
duge néu trén Hinh 8.31. Trong diéu kién nay, I, 1dn hon dong dién dinh mie
cia may dién.
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P £,
May phat {'
pa. man [ -
~180°  -90° .
g0°  180° 5 5= 90"

N
Hinh 8.31. So dé pha mdy
Bong co phdt dién & giot han dd an

Hinh 8.30. Pdc tuyén goc cong sudl dink trang thdi tinh

Van hanh véi tai khong ddi va sy kich thich bign thién
) Tir phuong trinh (8.42), vdi tdi khong doi:

E, sint‘):%&: hing so 18.44)
3

V.1, cos ¢ = P, = hang 56

[,cosd = L = hang s8 18.40)
Vl

Vi tai khong déi, khi lue dign dong kich thich E, bién thién tbing cdch
thay déi dong dién trsimg ), goc cong suat 8 thay déi nhung E, sin § = hing
s6. Hoat déng cia may dién duge miéu té trén s¢ 46 pha (Hinh 8.32a va bi.
Khi E, bién thién, dinh pha E, di chuyén trén dudng song song vl V theo
khoang ciach E,sin 8 =P X,/ V. Do I cos ¢ = hang s6, hinh chiéu cta pha
dong I, 1én V, 1a khang dai, nghla la dmh pha dong dién chay trén duimg vuong
goc véi V| theo khoang cdch I, cos¢ = P/ V.. Pha déng dién I, ludn lugn dinh vi
90" 5o voi pha I, X, (pha ndi cac dinh E,; va V, , cing chiéu E ). 8u kich thich
(E,) tuong (ing vdi hé &6 cong suat dom ug' duge cor 12 sy kich th uh binh thuiong.
Néu kich thich 1dn han, 1a kich thich di, néu nho hon 1a kich thich thidu.

Céc noi dung sau duge vé trén sd dd pha Hinh 8.32 (a) va th)

May phat dién
1. Mdy dién cap dong dién hé s& cdng sudt tré pha khi kich thich du.

2. Mady dién cdp dong dién hé 86 cong sudt sdm pha khi kich thich thigu.
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Kich thich binh thudng

. ., . =— Kich thich thiéu i Kich thich dy —= ——=
Vung khong on dinh - 1
——— — —] E,,j E | £
N\ A e 1 /E”
L~ 1[
— ':aa PE XS
E,(Min} — v,
3, P X, ‘
O = =
"3 1oz Vr//
Vs
-
e
s
r
s
- Vs
b
P Ly w7
f—— ?’;‘—-—-—-——
{a) May phat dign P (ra} = P,,(vao) = hing
et —;’——-—. 4
#
3
/M\
Y
Y
— Y
"aa \\
\.\ N
.,' —_ )”.. xs
0 a2 - ‘.r; ~ /
E{ i) 4 g Y T
min) ——=J -
' I B Xs
v
h {
/o 1 | N
- aea = E | E
Vang khong En 'z I 2
&n dinh ——— Kich thich thigu —’T Kich thich du —s —e

Kich thich binh thudng
(b) Bong co dign P(vao} = Pp(ra) = hiing

Hinh 8.32 Mdy dién ddng bo vdn hanh vdi tdi khéng déi va
kich thich bién thién
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Ding co fdién

1. Miy dign nhan dong dién hé s§ cong sudt sdm pha khi kich thich du.
2. May dién nhan domg dién hé s6 cong sudt tré khi kich thich thiéu.

Trén sa dé pha, dong dign phan Ung cd gid tri euc tidu khi kich thich tang
lién tye tif trang thai kich thich thigu. I, thay d8i theo I, img vdi mébi gia tri
tai (edng suit thyc) duge vé& d8 thi trén Hinh 8.33. Pac tuyén nay la dudng
cong chir V cha may ddng bd. Tuy chi vé mdt hinh d6i vdi vn banh mdy phav/
dong co, nhung dang thue sy ciia dutmg cong chir V khong hoan toan dong nhét,
cdc db thi hé s6 cong suft - [, 14 cac dudng cong -V nghich déo.

S kich thich cye tidu
Tit Hinh 8.32 a ¢é thé thdy khi su kich thich gidm, géc 8 téing lién tue. Sy
kich thich t5i thifu duge phép, E, (min) tuong (ng vdi gisi han &n dinh & = 90%

Dong phén
ung, I,

E_ Sy kich thich du e N

Hé sb céng sudt tré pha (may phat dién)
Hé sd cong sudt sém pha {dong cd dién)
Hé& s& cong sudl tré pha (may phat dién)
Hé s5 cong sudt sdm pha (ddng co dién)

Sy kich thich thidu

Hinh 8.33. Puong cong chi V cua mdy dién déng bo
(tdi khang déi feong sudt thue), kich thich bién thién)
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E (min} = X, (8.46)
f Vt
Dang dién trudng cue tiéu tugng dng véi déng dién phin dng trén tdi cho
trude d gidi han én dinh duge trinh bay bing dudng nét dit trén Hinh 8.33.

Quan sat

Trong may dién déng bd cong suit dién thue trac ddi véi thanh gép duge
diéu khién bdi cong suat true cd, khéng phu thuge vao su kich thich. Su kich
thich chi chi ph6i hé s& cong suat (pf) ciia mdy dién. Vi du, trong may phat
dién, néu cdn nhiéu cong suit thye vao thanh gép, phai tang cong suit co hoe
cung ¢dp cho truc may phat dién d& cap céng sudt cg trén truc quay rotor ldn
hon. Két qud 1a gdc cong suat & tang lam tang cong suit phat dién. Tuy nhién,
néu can diéu chinh hé sd cong suat mdy dién, dong kich phat thay d8i, nhung
khong qud gidi han én dinh (pt (8.46))

Pac tuyén hén hop

Cdc duéng cong véi nét dit trén Hinh 8.33 duy tri dién 4p phan (ng
khéong doi. he s& cong sudt khong ddi. Poi véi van hanh may phat dién, dae
tuyén nay la dic tuyén hén hop. Hinh 8.34 la dac tuyén dong dién trudng can
thiét dai véi dong dién phan dng hofic tai kVA cha trude, & mbi hé s cong suat
xdc dinh déi vdi dién ap tdi {phan img) khong déi.

0.8 pt tré pha
1.0 pf
0.2 pf sgm pha

Tai dinh miic
/

Dong dién phan ing (1,) hoac kVA

Hinh 8.34. Dde tuyén hdn hop ciia mdy phdt dién dong b
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Ty dién ddng bd

Déng cd dién déng bd trong diéu kién kich thich du, van hanh vdi hé s
cdng suft sdm pha. Pong cg dién déng bé dude ding trong cic nha may doi
cong sudt ldn dé cii thién hé sé cong sudt toan phan.

Khi khdng tai vdi ton thdt khong dang ké, déng ed dién van hanh vdi;

=0 (pti(8.42)

nghia la E; va V, cung pha. Tiz s¢ d3 pha {Hinh 8.35) dong cu dién c6:

Dong dién hé 5§ cdng suit zero sém pha:

E -V,
I, = IX— (E, > V,, kich thich du)

8
Dong dién hé s& cdong suit zero tré pha:

t

= —— 1 (E; < V,, kich thich thi&u)
X

4

Vi the dong co déng bé khéng tai duge xem nhu 12 tugng tu tu dién hoic
cuén cdm bi&n thién do sy kich thich thay déi. Mdy dién hoat dong trong didu
kién d6 (déng co khang tdi hodic tai nhe) 1a tu diédn ddng bd, dude ing dung
trong céc hé théng céng sudt tich hgp 16n d€ cai thién hé sé cong sudt trong
diéu kién tdi nang, va d€ gidm hé s& cang sudt khi tdi nhe, cho phép didu
khién dién dp cia hé théng céng sudt trong cdc gidi han hop 1.

Vi du 8.4: Pong ca néi A, 3300V 6 dién khang ddng bd trén méi pha (A)
12 18 Q, van hanh vdi hé 58 céng suit sém pha 1a 0.707, tiéu thu dién 800 kW
tif ngudn chinh. Hay tinh lue dién déng kich thich.

!l
X HaXs
v, E, E, v
I‘
{a} Ty dién (bién thién) {b) Cudn cdm {bign thign)
{kich thich du) (kich thich thi€u}

Hinh 8.35. Ty dién déng bé
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Gidi. Dua trén c¢ ¢ ndi Y tuong duong:
3300

v, =330 1005 v
1 J§
X, =12 _sq
3
800 x 1000

198 A

* " J3x3300%0.707
LX,=198x6=1188V
cos ¢ = 0.707 hodc ¢ = 459 (sdm pha)

8¢ d6 pha dugc néu trén Hinh 8.36, néu biét thay ty 1é trén so 44, ¢6 thé
do hode tinh E,.

2 PMQ = 907 - 457 = 45°

MQzPQ=%=84O

E, = OP = (1905 + 840)% + (840)* = 2871

hoic 4972 V (day)
E, > V. déng co vin hanh véi kich thich du.

Hinh 8.36. So dé
pha ciae vi dy 8.4

Vi du 8.5: Dong co dien déng bd, 50Hz, 24 ey, 3.3 kV, 3 pha ndi sao ¢t

cong sudt dinh mdc 1000 kW, va dién khang dang bd trén méi pha 1a 3.24 ¢
bé qua dién tré.
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a) Dong co duge ¢Ap dién tir thanh gép vd han 3.3kV. Diéu chinh kich
thich truting dé ¢6 hé s& cong suat don vi ¢ tai dinh mic. Hay tinh
moment va cong suidt cuc dal dong e véi sir kich thich khong ddi 6 gid
tri nay.

b) Déng ¢ duce cap dién tir may phat dién déng bd 1200 kVA, 3 pha néi
sao: 3.3 kV; 2 cue; 50 Hz véi dién khang déng bd 12 4.55 Q trén mbi
pha, bd qua dién trd. Hay tinh sy kich thich trudng cua dong co va
mdy phat dién khi ching van hanh ¢ dién dp dinh mic va ¢ hé s8
cong suat don vi, déng co cong suat du tai. Su kich thich cla c& hai
may dién déu khong d48i, tai déng co duge nang lén ti ti. Hay tinh
cong sudt va moment cue dai cia dgng cd, tinh dién 4p dau phén tng
khi déng co cung c4p cong sudt cyc dai d4.

Giai

a. Hinh 8.37 14 sg d6 van hanh dong g ¢ thanh gép v0 han:

V, = 330043 = 1905 V auQ
T jgioe.;;?ﬁol -1 A
Vai cosg=1 ¢=0
cé thé tinh: 1
V, = 1905 £0° V Hinh 8.37. Minh hoa

vidy 8.5
I =17520°A

Lue dién dong kich thich duge tinh la:
E,, = 1905 £0° - j175 70" x 3.24 =1905 - j 567
E,, = 1987V

Vi kich thich khong d8i, déng co cd cdng sudt cuc dai la:

Pe,max = Pm,max( tﬁng)
VtE] _9x 1905x 1987

=3x = 3506kW (3 - pha)
Xom 3.24x 1000
Oy = 120x50x2 7 _ oo 10 radss
24 x 60
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oy = 35051000 _ 444, 10" Nm
26.18
b. 455Q ; 3240

Hinh 8.38 la su dé mdy phat
¢ap dién cho ddng cu. O dién ap

+
phén dng dinh mite, hé s& cong suit E. v E
don vi, dd tai (tai dinh mic) ® _@ ' "
v, = 1905 £0° l—
- o Hinh 8.38. Mgch dién mdv
L =175 20 phdt trong vi du 8.5
Nhi da tich ¢ trén: E, = 1987 V
Do do: Efg =1905 £0° + j 175 £0° x 4.55 = 1905 + ; 796
E,, = 2065 V

Téng dién khing néi ti€p:
X = Xop + Xy = 3.24 + 4.55 = 7.79 Q

Cong sudt cuc dai cda déng co :

Pe.max = Pm,max(téng)
E _xE
—gx B Im 3, 20651987 o0 kW (3 - pha)
X 7.79 x 1000
_ 1580 x 1000

max = —————— = 60.35x 10° Nm
26.18

Sc 46 pha ¢ diéu kién cdng suit ra cue dai duge néu trén Hinh 8.39. D&
thudn tién, c6 thé xét trudng hop kich thich dong eo:

E,, =1987 20° V )
"o Xs _
) 0
E,, =206520° V £ A
o _ g
i - B Efm
a stq - ﬂ:. xm
_ 20654£90° - 198740° v
779 —

m

Hinh 8.39. So dé pha.
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iLX,, = _—28____?7392@ xj3.24 - -826.4+ j858.9
iT.

V,=E pn+iLX,q = 1987 - 826.4 + 858.9 = 1160.6 + j 858.9
V, = 1443.85 hoac 2500 V (day)

Liu $: P, .., trudng hop (b) nhé hap trutmg hgp (a) ¥i V trong tnang
hop (b) 1a 2500V (dién dp day}, va 3300V trong trudng hop {a).

Khao sat dién tr& phén (ng

Hinh 8.40 (a) va (b} mink hoa md hinh mach méy dién dong bd (mdy phat
va dong co) ¢6 tinh dén dién trg phan ng. Phén tich van hanh cd thé duoc
thuc hign bang céch s dung phuong trinh pha cua hai mo hinh mach (Hinh
8.40}. P& thay ro, 46 sut dp IR, duge v& dn han ty 1& thuc té&, dién tré phan
arig cdn duge xét khi tinh toan higu Suit.

v, 2
(@ Chéddmay E =V, + LA+ iLX, o) Ché d6 adng E, = V, ~ 1, Ry — i, X,
phat dién cd dién

() ()]
Hinh 8.40. Pién tro phdn dng trong mdy dién déng bé
{ché d6 mdy phat} déng ca)
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Vi dy 8.6: May phat dién ddng b, 50Hz, 60kVA, 400V duge khio sdt theo
thi nghi¢m ngadn mach va hd mach, ¢6 dir ligu sau:

Dong dign  Dién dp Dong dign  Téon that
iruong  hd mach ngdn mach ngdn mach
tday) {ddy} 3-pha)
Thi nghiém hé mach 285 A 400V
Thi nghiém ngén mach ( 75°C) 1.21 A - 108 A 3.95 kW

Tén thit hd mach duoe biu didn trén Hinh 8.41

Phan dang (n6i Y) ¢6 dién trd de / pha ¢ 25°C 14 0.075 O. M4y dién van
hanh ¢ dién dp d4u ra dinh mife va ¢ dd tai {dinh muic) hé s8 cong suat 0.8 tré
pha, v6i dong dién trudng 0.13A. Dién tré trudng 14 110 £2 ¢ 75%C. Hay tinh:

3.2

2.4

2.0

1.6

L | L 1 "

1
329 406 480 SE7

i

O L 1 L i x 1
o 80 160 240
—t VOC

Hinh 8.4 Tén thdat hd mach
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a) Dién trd phan ung hiéu dung va trd khdng dong b (bie hoa).
b) Tén that dd tai (tai dinh mitc).

¢) Ty s8 gitta dién trd phdn ung hiéu dung va dién trd de.

d) Cap loai tén that du tdi (75°C)

e) Hieu sat du tai g 75°C.

Gidi

a) Tir di ligu thi nghiém ngan mach:

3x (108 x R,(hiéu dung) = 3.95 x 100
R, (hiéu dung} = 0.1 130

Khi dong dién ngdn mach 12 ham tuyén tinh véi dong dien trudng [; =

2.85A:

b)

Q]

d)

Igo (1, =285 A) = 108 x 2.856/1.21 =254 A

400
z -3 oo

254
X, = [(0.917 - (0.1132]' = 0.903 Q

R
R, (de) (75°C) = 0.075 x [1‘3—2@} _0.088Q
25 + 273
1,(dinh muc) = 601000 466
J3 x 400

Tén that ngén mach ¢ dong dién 86.6 A la 3.95x(86.6/108) = 2.54 kW
31Z R, (dc) = 3x (86.6)° x 0.088 = L.98 kW

Tén hao mam tai = 2.54 - 1.8 = 0.56 kW

R,(hiéu dungV/ R,(dc) = 0.113/ 0.088 = 1.284

Tir dudng cong tén that hd mach (Hinh 8.41).

tén thit guat gio va ma sat = 0.9 kV.

Tim lyc dién dong kich thich ¢ tai dinh muc:
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E; = (400/4/3) + 86.6 £ - 36.9° « j 0.903
E,; = 285 V hoygc 494 V (day)

Ti duting cong tdn that hd mach ¢ Ve = E, =494V

Tén that 18] + tdn that quat gi6 va ma sét = 244 kW
Ton thit 16i = 2.44 - 0.9 = 1.54 kW

Ton that truong day déng (75°C) = (3.1 x 110 = 1.06 kW

Ton that 14i dd (tdi dinh muc) 13 téng cde tén that sau:

Tén that quat gié va ma sat = 0.9 kW

Ton that 16 = 1.54 kW
Tén that phdn (dng (trong dién trd de) = 1.98 kW
Ton thit mam tai = 0.56 kW
Tén that trudng day déng = 1.06 kW
Téng tén that = 6.04 kW

Luu y: t8n that trong bs kich thich va bién tré chinh trudng khong
duge tinh déi voi mdy dién.

e} Cong sudtra =60 x 0.8 = 48 kW
Cong suat vac = cong suit ra + tén thit = 48 + 6.04 = 54.04 kW
Hiéu sudt, n = 48 / 54.04 = 88.8%

Cac phuang trinh truyén cong sust

Phin nay nghién ciu su truyén cong sudt tac dong va cong suit phan
khang trong lién két mdy
déng bé. Phuong phap nay sé
phén tich dién tré phan ang

—|"'-Sle=P'e;flo'e —+=— 5,=P, +jQ,
dé 6 két qua téng quat.

IR, i

* Mdy phdt dién: .
Hinh 8.42 1a su d6 may
phdt dien déng bo vdi E, 1
sdm pha so véi V, theo gée ; — -
3. Téng trs déng bd la: Hinh 8.42. So do di¢n mdy phdt déng bs

t
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Z. =R, +jX, =2, 8 (8.47)
Theo tam gidc trd khang trén Hinh 8.38:

6= tan™ o1 (8.48a)
Ra
1] -1 R
o =90"-0=tan = (8.48b)
Dong dién phén dng (Hinh 8.42) ¢4 thé tinh theo:
_ 0
I E,£8-V.20 (8.49)
* 7,28
Cong suit ra dang phic la:
S, =P, +jQ, =V.£0°I, (8.50)
Thay I, tu pt (8.49) vao pt (8.50):
E .20 -V 20 v.E 2
Pe+er=Vt40( ! OV YR g - Yz 85D
Sz Z, 2

Can bang cac phin thuc va phén do ciia pt (8.51), biéu thde cong suat tac
dung (thuc) va phan khdng ddu ra la:

2 V.E

P.ra)=- Xl- cosd + 2t eos(6 - a) (B.52a)
Z. Z,
2 V,E

Q.(ra) =V g+~ inge - 5) (8.52b}
7 Z,

Cong sudt co ddu vao mdy dién la:
R
P,lvao) =P, = R,,_ILSE =E;z8
E? AP !
= ——cosf - cos (6 + 8} (8.53)
Z Z

5 -3

E /8 -V, £0)
2,28 J

D€ thuan tién, cac két qud trén duge xdc dinh theo géc o trong tam gisc
téng tré (Hinh 8.43) (pt 8.48b}, cdc pt (8.52a), (8.52b), (8.53) cd dang:

. V7 ViE,
Puira) = Z—f’éRa + :’Z L sin 5+ ) (8.54a)

5 5
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2 V.E
Qelra) = ::; X, + ; Leost6+a)  (8.54b)

e 8

EZ V.E
Puivao)=—LR, + -t sin(5-a)  (8.55)

Zs Zg
Céng suit dién tac dung {cHng sudt thue) ddu ra
P, (pt 8.54a), dugce bidu dién trén dd thi Hinh 8.44,
¢é gid tri cyc dai ¢ & = 8 xde dinh gidi han én dinh .
trang thai tinh: H:nh 8‘.,43 .
Tam gide tong tro

Z2 Z,
8 = 90" néu bt qua dién trd va § = 90° 14 gidi han &n dinh
Tir pt (8.55)

Po(ra) nax = (8.56)

EZR, V.E
P (v20) s =%+ % L:65=90"+0=0+2¢ (B.57)
5 g5

Tu pt (8.57), gée & > 8, cdng sudt ca ddu vao cyc dai déi véi mdy phat dién
sé trong ving khéng 6n dinh.

Khi bo qua dién tré phan dng, cdc pt (8.54a), (8.54b}, (8.55) va (8.58) ¢6
dang don giin:

P,
v V£
P Zs
afmad - May phat dién {cip dién)
1
1
l |
1 .
Vtz Ha X - 0
zE _____ . N
1
T e s
5-8
£4ng cd dién (tidu thy dién)
fr—

Hinh 8.44. Cong sudt médy dién dong bé
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V.E
Pulral = ;{ Lsin s {8.58a)

2 V.E
Q.ira)= ve 2L cos s (8.58b)
. XS XS
ViE; |
P (vao) = P.(ra) = sin & {8.58¢})
X
V.E
Po(ra) may = Pon (V80 g = }‘( L. g 5=90° (8.58d)
5
* Pong co dign: i |
+ e -
Hinh 8.45 minh hoa sy van P, =P, | R X, 01 Pa. Qe

hankh coa déng cd déng bd. Géc
6, tré pha giita E; va V,, duge
xac dinh 1a dugng. Chiéu bién
ddi cong sudt 1a cung cdp dién E, 44@
nang cho dong ¢ dién, cd ndng >~

ra khél may dién.

Béi vdi vAn hanh doéng cg,
déi ddu goe & tudng img trong .
cdc phudng trinh (8.54a), Hinh 8.45. Vin hanh déng co dong bo
{8.54b) va (8.5b):

| |
| |
| |
{ H
t i
| |
i j
| |
| |
r

v V(E,
P.ivao) = -P(ra) = —L- R, + sin {8 —a) (8.59a)
22 Z,
2 V.E/
Q. (vo) = -P,fra) = —0-X, -~ -—cos (5 - a) {8.59b)
Ze Z
Ej V.E
Pm{ra):—Pm(véolsz—gRa + % L sin (5 + a) (8.60)
A s

Cong sust co diu ra cue dai duge tinh tif phugng trinh (8.60)

E? V.E
Pm(rallmm = ——;R + tZ !
3 3

(8.61)

Su cuc dai nay xdy ra & 8 = 8 duge goi la diém gidi han én dinh tinh, Tir
phuong trinh (8.59a}, cong suit dién diu vao cuc dai xdy ra ¢ § = 0 + 20, nam
ngoai gidi han dn dinh. Ban nén so sdnh cac két qui nay voi may phat dién.
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Trong trugng hgp dién trd khing dang ké:

V,E
P.(vao} = —L sin § (8.62a)
XS
vZ VE;
Qutvaoy=—t - —L cos s {8.62h)
XS A
. V.E, .
Pira) = P,(in} = X Sin & {8.62c)

E:]

Déi v6i van hanh hé s6 cong suat don vi, trong phuong trinh (8.62b) Q, =
0 xay ra khi:

Vi=E cos &

Két-qua nay dé thdm dinh tif Hinh 8.32 b vdi so 46 pha hé s¢ cing suat
dan vi.

Vidu 8.7: DPing co ddng b 400V, 3 pha, néi A, ¢é lyc dién djng kich thich
600V va trd khdng dong bo trén mdi pha la 0.3 + j 6 Q. Hay tinh céng sudt ra,
hiéu suat, dong dién day, va hé sé cong sust khi may dién tao cong suat cd ting
hgp cue dai. Gid sty tén that quat gio, ma sat, va 16i la 2.4 kW.

Gidi
Zgimdc sao can bing) = %{0,3 +j6)=01+3j2=2,87.14°

D431 v4i cong suit co cue dai ddu ra:

5= 6= 87.14%(E, tré hon V,)

v, =39 9309y
J3
E, -5 _ 3464V

J3

Tir s¢ d6 pha trén Hinh (8.46):

LZ, = |V +E? - 2V,E, cost

= (230.9% + (346.4)° — 2 230.9 x 346.4 x cos 87.14°  406.6 V
[,=2033V
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90° - B87.14° = 2.86° = o

Hinh 8.46. So dé pha.

0sB (230.9)° + (406.6)" - (346.4)°
2x 230.9 x 406.6
p=58.31°

Tit s¢ d4 pha, tinh theo quan hé hinh hoc:
o= 90%- 58.31° - 2,86° = -28.8"
hé sd cdng sudt = cos ¢ = 0.876 tré pha.
P,(vao) =230.9 x 203.3 x 0.876 = 41.12 kW
I!R, =(203.3)* x 0.1 = 4.13 kW (v6i gid tri hiéu dung R,)
P, +P_, =22 _pskw
/ 3
P, (ra)| e = 41.12 - 4.13 - 0.8 = 36.19 kW hoac 108.57 kW (3-pha)

36.59
41.12

n= = 89%

Luu y: O day khang tinh tdn that trudng day déng

Vi du 8.8: Déng co dong bd 3300V, ndi Y, van hanh véi dién dp dau day
phén img khéng ddi va su kich thich khong doi. Trd khang dong bd1a 0.8 +j 5Q
Pugc van hanh ¢ hé s cong suat 0.8 sém pha khi dién ngudn chinh cung cap

12 800 kW. Tim hé s& cong suit khi dién vae tang dén 1200 kW, sy kich thich
khong déi.

Giai
Trén Hinh 8.47 1a so 48 mach cGa ddng co
7,=08+j5=506 £81% =9
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[ I
P,z P, -t 59—47_...0.,0,

L)
+

V, £0

|

Hinh 8.47. Mgch di¢n vin hank déng co dang bé

|

|

+ |
E,z-a@ :
- |

|

|

)

[

t
|
1
I
l
[
|
|
|
|

v, - 3390 1905y

V3
P. {vao) = 800/3 = 266.7 kW (trén mdi pha)
Cos ¢ = 0.8 {s6m pha)
Q.(va0) = - P{vae) tan ¢ = - 200 kVAR
Cha ¥, Q. (va0) ¢6 gid tri &m vi hé s& cong suft sém pha.
Tit phuong trinh (8.59a) va (8.59b):

2 V.E
P,(vao) = V_;Ra + L sin(s - a) (i)
[ ZS
E? V,E, -
Q.(vao) = — X, - cos (8 — ) (ii)
Z2 Zg

Thay cdc tri so:

(1905)° x 0.8 (1905)E,
(5.06)° 5.06

266.7 x 1000 = sin (3 - «)
(1905)° x 0.5 (1905)E,

~ 200 x 1000 = .
(5.06) 5.06

cos {3 — o)

Don gidn phuong trinh;
E; sin (8- ot = 407.2
E; cos (3- a) = 2413.6
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Tir do: E = 24477V
Trong diéu kign van hanh mdi:
P.(vao) = 1200/ 3 = 400 kW
Thay tri s& vao (i)
(1905)% x 0.8 (1905) x {2447.7)
(5.06)° 5.06
Hoace sin (6 — @} = 0.31 hay § - o = 180°

400 % 1000 = sin {6 — u)

Phutong trinh (ii) diung d& tim Q, vdi (5 — ) = 18°%,

(1905 x5 1905 x 2447.7
(5.06) 5.06

Hé s6 cong suét = cos (tan! Q, / P,) =cos (tan''167.7/ 400} = 0.92 sém pha

Q. = 0s 18° = -167.7 kVAR

Puiing cong van hanh may phéat dign dong bd
Puting cong vin hanh mdy phét dién déng bo xdc dinh cac bién van hanh an
toan. Pham vi thay ddi cong suit duge qui dinh trén may dién la:
1. Tai MVA khéng duge vugt qua dinh mde may phét dién. Gigi han
nay phai tinh dén sy phdt nhiét cla stator.

2. Tai MW khong duge vugt qud dinh mufc turbine tinh theo
MVA (dinh mic) x hé s& cong sudt (dinh mifk).

3. May phat phai van hanh an toan cach bién 6n dinh tinh (8 = 90%), ¢6
thé dat gi6i han cuc dai cho phép theo gia tri d.

4. Dong dién trudng cye dai khéng thé vugt qua gié tri xdc dinh, duge qui

dinh bdi nhiét 4¢ rotor.

Pé vé dudng cong nay cia may phat dign déng b, thudng s dung so dé
pha (Hinh 8.48}, v6i dién tr& phén ing khéng dang ké. Sau khi nhén gia tri
dién 4p cia mdi pha vdi (3V/ X,), tam gidc cdng suit dang phic (v gid tri 3
pha) OMN véi cac gia tri

OM = S(VA), NM = P(W); ON = Q(VAR}.

Q 1a duong do hé s cong sudt tré pha, ¢ 12 gdc giia OM va true P, cin 481
cdc gid tri d6 theo don vi MVA. MW, MVAR.
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Hinh 8.48. S0 dé pha ca bén.

P

5=3v, M
v, £y
P=3Vlcos¢

&

(o4

of

o N
avf
I"_ I —“'I Q=3V, !, sing
F

Hinh 8.49. So dé pha dang phiie

Van hanh 8 khéng d8i nim trén vong tron tAm O ban kinh OM. Van
hanh P khéng ddi nam trén duding song song véi true P. Van hanh kich thich
khéng déi (F() ndm trén vong tron tam O, ban kinh O'M (3V.E/ X,). Van
hanh hé 56 cong sudt (pf) khéng déi nim trén dubng bsn kinh di qua O.

Vdi cdc gidi han trén cia S, P va E, (dang dién trudng), cdc bién duting
cong cong suit dugc vé trén Hinh 8.50. Gidi han bén trai duoc xdc dinh theo
& (max), gia tri vin hanh an toan tir diém &n dinh.

Do sy van hanh kich thich cye tidu tutong tng vdi § = 90°, sy van hanh
mdy di¢n theo gidi han an toan tir E, (cue tiu) do § (max) x4c dinh.

Buimg cong cbng sudt dong co dién ddng bé c6 thé duge vé tuong ty va & nia
duéi cia mat phing PQ v6i ving tré pha va sdm pha duge hoan ddi cho nhau,
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Hinh 8.50. P
Buing cong
cdng sudt mdy 5{max)
phit dién 0 s (may
dong bo
M £, {max}
IV, E /X, |
|
|
¢ '
|
s L
0! 2 [l N a
E=0 v
Xs <
fspeet——  SEm ——tef— Tre —

Vi dy 8.9. Tif md hinh mach (Hinh 8.42} va dién trd phén ing khong
dang k&, hay rut ra bidu thdc cdng suat tdc dung (thuc) va cong sudt phén
khang diu ra cia mdy phat dién déng bo. Hay vé qui tich kVA cuc dai khong
ddi va dong dién trudng cue dai khong déi. Gid sd mdy dién van hanh & dién
ap dinh mitc khang 48i.

Giai
M6 hinh mach ¢6 dién trd phin ng khéng ddng k# duge vé lai trén Hinh
8.51 a.

- (E¢5-v.20°
P, =L
iX,

_ - E;25-V V,E 2
se=Pe+er=vt40°Ia=v‘[ L t]= B 90° - 5) - YL £g0
’ st Xs &
St =(V,,)* =P+ Q] (i)
_  VE
P, =R (8,) = —Lsin§ (i)
XE
— 2 v
Q=1,8)=- AA/LTI {iii)
XB &
v2Y VE
(Q+ ‘] =2 1Lcosd (iv)
Xs X‘E .
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E,{max)

SVE &
s

Q ; P
—— 3V,
2
_ 3Vr
X 5
kWA {max)
{a) SO 48 mach (b Quy tich E;

Hinh 8.51. So d6 mach va quy tich E, theo vi du 8.9,

Binh phuang (ii) va (iii) rdi chng lai:

52 2
Vz V. E .
Pez +[Qe + th] =[ %sf] (V)
S2=P2+ @? (vi)
2 2
R\ 3V.E
P* 4 [Q = ] = [—x f] (vii)

Phuong trinh (vi) cho thdy qui tich cia § khéng d3i 14 vong tron trén mét
phing PQ v6i ban kinh 3V,], va tam & géc tea da.

Phuong trinh (vii) cho biét qui tich E; khéng d6i la vdng trdn ban kinh
3VE, ) \'A . 2 s 2 i
X V2 tam 13 diém (P =0, Q = X ), v4i gid dinh V, khing d3i. Cdc vong
tron nay dude vé trén Hinh 8.51 (b) véi kVA (cyc dai) va E; (eue dai). Hai vong
tron nay xdc dinh gidi han nhiét phan img (I max) va gidi han nhiét cia
trudng kich thich (E; (max)} tuong 1ing.
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My dién dBng bd cuc 16i - md hinh hai phén khang

Trong may dién ddng bd cue 4n, tif thang ido lue wong tao nén) doc lap
véi vi tri giita trye lyc tif dong vdi truc cia lu _. L rong mdy dign cyc 161
(Hinh 8.52) séng luc tif ddng tao tir din ign nhat khi truc lye tir dgng va truc
ciia euc tif rotor trudng khdp nhau (goi 14 truc doc hay truc d), va nhé nhat khi
chuing vudng goc nhau {goi 1a truc ngang hay iruc g). Cudn day quén trong cue
18i 1a kidu quin tap trung. Song tir thdng B duoe tao ra gédn nhu hinh sine do
cue tir 16i ¢6 hinh méng ngya (khe hd khong khi nhd nhat § tam cdc cuc va
tang dén khi ra xa tdm). Tuong tu, sdng F, ¢6 dang ham sine va téc dong lén
khe h¢ khong khi d6ng nhét, do dé ¢6 thé bidu thi theo vector khong gian F, .
Khi rotor quay, F,ludn ludn hudng theo truc - d.

Dong dién (may phat)
dudng cyc dai

Fr

Tryc cudn day aa’
— = (pha‘a?)

Hinh 8.52. Mdy dién déng bo cyc 16t

3

Hinh 8.52 chi r6 quan h vi tri khong gian ciia F, va F,,_6 thoi diém dong
dién trong pha a c6 gid tri duung cue dai va cham pha han E; thre dign dong
kich thich duge tao bdi F, theo goc V. Khi ¥ thay ddi, d§ din tir cha luc ti
dong phan ing phdn ing F, thay d6i, do sy thay ddi vi tri khong gian so vdi
truc-d. Két qua la Fm tao ra tif théng phan dng phn img/ cuc tif D, thay déi
theo géc ¥ va theo hé sd edng suat tai. Gia st mach 1 tuyén tinh, cd thé khic
phuc trd ngai nay bang cach phan tich F, thanh F, (theo truc d) va f"q {theo
truc g) (Hinh 8.52).

455



o
L2,
al Eq FQ lg Ef
[ J I o o
| |

@, — = | [

el SO Dot Farl {

Falo e ____2 |
Hinh 8.53, iy 1_
Sodé pha. T T m oo —m—— = fa

Sd 46 pha tuong (ng duge néu trén Hinh 8.53, & day F} trén truc d va sau
90°1a E, trén trucq. Céc thanh phédn ciia F,, va I, dugc biéu thi trén Hinh,

I, taora E » I, taora F, v2 I, taora F,.. I, cung pha vai E},.

Hinh 8.54 chi 15 vi tri eda F,, Fg, cdc ey tif truding, va cdc séng tir théng
B. C6 thé thédy cac séng B c6 séng hai khong gian thid ba kha manh. Sy phan
tich thuding dua trén cée s6ng co s& B, va By, b6 qua cdc s6ng hai.

Lufe tit 46ng phan (ing phén Gng trén truc d va g tao ra cdc thanh phan ti
théng/eyc tit tuong Gng 1a Dy va @

&y = PF; = 7K 1, {(cting pha vai L) (8.63)
v ¢, = FF, = 7K, I, {cung pha vdi 1} (8.64)
Fq Fa

L
.
t
v
1
1
1
'

R SRR

e 0% —eefe— 90"
Truc d Trycq Tryc d
Hinh 8.54. Song tir théng B vé cdc cue ti,
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vii: Py, P, = 46 tif ddn cda cung eye o doc theo truc ditruc q (23 > F,).
K., = hiing s day qudn phan tng

Hinh 8.53 con trinh bay cac pha tit théng @, va P, . Pha phan ing phan
ing ®, khong con chng pha vdi F,, hay I, vi %, > 7, (pt 6.63 va 8.64), @,
chéam pha hay sém pha hon L, phy thuje vac dé dan tif trép cde truc d, truc q.

&, va @, cAm Ung ra luc dién dong Eg va E :
E, = -iK.®, (8.65)
E, = -iK.®, (8.66)
Vi K, = hing si lyc déng dong day quin phén dng
Luc diégn dong téng hop cdm dng trong mdy dién la:
E, - E, +E, + E, = E, - K&, - K. @,

Thay @, va @, tif phuong trinh (8.63) va (8.64):

E-r = Ef - jKerKaer - jKeTqKariq (8.67)

Dat: X¥ = K, 7K, = dién khang tuong duong cda
phan ing phin ing trén truc d {8.68)

Xo=K, 7K, =  dién khdng tuong duong cua
phéan ¢ng phin drig trén trac g {8.69)
Vi Py > P, nén: X§ > X7 (8.70)

Tu pt (8.67) suy ra: _
E, = E, + X5, + X0, (8.71)
Chi $: néu so s4nh vdi may dién rotor 4n:
X, =X, =X, (7, = ®, dbc lap vi chiéu khong gian E, )
Ef =E, + anr(l_'d + fq) -E, +quj
Poi voi mdy dién thuye:
B, =V, +R,IL + X1 (8.72)
Phéi hop hai phuong trinh (8.71) va (8.72):

E, =V, +R,I +j( X)L X+ X T (8.73)
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Vi X§° + X, = X4 = dién khang déng b(").trén truc d.
Xy + X, =X, = dién khang déng b trén truc q.
Va: X, > X, (8.74)
Pt (8.73) ¢6 thé viét:
E,f =V, + R, +j Xy +j Xq:-[.q (8.75)

Sc dé pha v6i dong dién va dién 4p tir pt (8.75) duge néu trén Hinh 8.55
vi & 1a gée gitta E, (lye dién dgng kich thich) va di¢n 4p phédn ding V,.

E;

HoXq

]
Hinh 8.55. | T

So dé pha.

Phan tich so dd pha

Trén s¢ d6 pha (Hinh 8.55), vi V,, I, va ® da cho, chisa biét géc W=® + &
d6i v6i V,, I, va ® cho trude do d6 chua hist vitri E, cdc gid tri 1, I, cdn thiét
d€ v& so 46 pha nay. Hinh 8.56 1 s¢ d8 pha miy phdt dién va dong co dién.

_Trén Hinh 8.56 a, AC vudng géc vdi pha dang dién 1, va CB vudng goc vdi
E
Iz

Ij=1, sin ¥ (8.76)

I, = 1, cos ¥ (8.77)
L,=1,/cos ¥ (8.78)
Trong A ABC:
— BC — Iqxq
CSVTAC T A
X
ACI—"'—q =1.X, (8.79)
cos y
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L V,c0s 8 =l g b ! } |- [t Xg= X}
t ; IfQR‘l ‘n'xzrxo e
o Jo | gty e
vl | [ 2 E
" | I | -
] I 3 -~ ¥ | -
I e § HqXq
|- F I | - - - I
L asa o1 fafa 2" X [
i ! dgMa - |
"ﬂ“L""""""'—a— - '// : F

Hinh 8.56.
Quan hé hinkh

: ’
hoc so do pha 'R /‘\z

cua mdy dién e
cyc lod (b} Bdng ca dién, hé s cong sudt sdm pha
Do dé: AB = IX,
CD = BF = I, (X, - X} (8.80)

Tim pha E, bling cach kéo dai OC doan CD d6i vdi mdy phét dién va bat
doan CD d&i vai dong co dién, CD duge tinh theo phuong trinh (8.80). Goi pha
OCla E':
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Ef=F+1;(X;-X): - duong d6i v6i msy phét,
- dm d8i véi dong co (8.81)

Vi du sau s& minh hoa cédc didu trén

Vi du 8.10: May phit déng bo c6 dién khang déng bj trén trye doc X, =
0.8 pu va trén truc ngang X, = 0.5 pu. M4y dién nay c4p da tii vét dién 4p
dinh mic ¢6 hé s6 cong suit 0.8 tré pha. Hay vé so db pha va tinh luc dién
déng kich thich.

Hay tinh Iyc dién dong kich thich khi bé qua X, va gid si dién khdng
dong bo X, = X,. Hay giai thich két qua nay va sy gan dung tif so 44 pha.
Hay tinh géc cong suat & khi c6 v khong c6 Xy
Gidi
8¢ db pha vdi cdc ky hiéu duge vé trén Hinh 8.57
Vi=1£0°pu;], =1pu 08trépha, T, =1 /- 36.9° pu
E- vt +j .I_EXq
=1+j1£-369°x05=1+0.553.1" = 1.30 + j 0.40 = 1.36 £17.1° pu
Tir s¢ dd pha
6=17.1
¥=0+5=369+ 171" = 54¢
Iy =1, sin ¥ = 1 x sin 54° = (.81
CD =1, (X, —Xq) = 0.81 {(0.8-0.5} = 0.243
E,=E +CD =136+ 0.243 = 1.60 pu
Bo qua X, va gid dinh X, = X;, so dd pha 1a dudng nét dit trén Hinh 8.57.
E =V, +jLX,=1+j1/-369°x0.8=148+]0.64 < 1.61 £23.4°
E; = 161 pu; & =23.4°

Lue dign dong kich thich duge tinh gén ding c6 sai s6 14 1/160 hay 0.625%.
Tir s¢ dé pha c6 thé thay E, <E,

Goc § cimg sai dang ké: 23.4° thay vi 17.1°.

Trong tam gidec ODC trén Hinh 8.56b:
_ V.sing+ X

tan y =
V,cos$+ LR,

(mdy phat) (8.82a)
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5
o g Xy - XQJ
e
- s
- P (2] E’
iy Xy - X))

Hinh 8.57. So dé pha
o ~ minh hoa vi du 8.10.

Dé thay cho sy gdn dung trén, tif so dé pha c6 thé tinh goc cong suat va hue
dién dong kich thich nhu sau:

tany = Vesing - LX, (déng co) (8.82b)
V,cos0 - LR,
tir dé tinh duge gée ¥, va:
& = - ¢ (mdy phit) (8.83a)
8 = ¢ - ¥ (ddng ca) {8.83b)
Luyc dién déng kich thich tit sa 46 pha la
E; =V, cos 8 + [ R, + I; X; (mdy phat) (8.84a)
E;=V,cos 8- [ R, - I,X; (ddng ca} (8.84b)

Chi ¥, sin ¢ dugng khi hé s6 céng suat tré pha va am khi hé sd edng suat
s6m pha.

D3c tuyén géc cdng suat
Hinh 8.58 minh hoa so dé mét duong cia may dién déng b eye 181 duge

nét vdi thanh cdi v han ¢6 dién dp V, qua dudng day co trd khang néi tiép
X (trén mbi pha). Téng dién khing trén true d va truc q ia:
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Thanh c4i vo han

% |
[}
Ey (~ 4 OO0
'O |
Yy
Hinh 8.58. S dé ndi mdy dign véi thanh cdi vé han.

Xag Xog

xd = ng + Xext
Xq = qu +Xext
bién trd phén Ung may dién va dudmng day gid sk bd qua.

Hinh 8.59 14 sd d pha m4y phat dién. Cong suit thue {tdc dung) cap lén
thanh cdi la:

P, = IV, sin & + IV, cos (8.85)
E, -V, cos
I, = L e (8.86)
X4
v, sin
va I, = —h;m (8.87)

q
Thay vao pt (8.85)

EV X;-X
f¥e . 2 g q .
P, = sind + V), ———sin 25
e X, b 2deq {8.88)
cOng sudt tif trd
"Q Ef
5 : ]
|
I _ B i, x
i 3 7 g Xag
LY ____2 LVTA -
1 T
_ Ha Xgq
)‘"q X ext
v =
b ild Xext

Hinh 8.59, So d6 pha.
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Phatang trinh {8.88) 1a bidu thde ¢éng suat dién dau ra cda may phét dién
cue 18i. Phuong trinh nay ciing biéu thi cong suit cung cip cha dong co dién
v6i E; tré pha hon V,, theo goc 3.

Phén th( hai trong pt (8.88) tugng tng pt (8.42) trong phén mdy dién cue
dn, va 13 céng sudt (i tré (moment tif trd). Cong suét tif trd thay ddi theo sine
28 va c6 gid tri cuc dai & § = 45° Cdng sudt tir trd doc 1ap v6i sy kich thich
truerng (kich thich tao tif truémg); khi khéng c6 kich thich truéng, vn ¢é phin
cbng suit nay. Bong co déng b cé cue 16i nhung khéng ¢6 day quin kich thich
tir trutmg 1a dong co ti tré, duge dung trong cde ing dung van tic khang d4i,
eong suat thap, khi khéng cé d0 khéng gian dé bé tri cudn kich dc.

Dé thi gée cdng suit cia phudng trinh (8.88) diing cho dong co cue 16 1a
dic tuyén goc cong sudt (Hinh 8.60). Trong dé P, pay = Pyt . o khi 8 < 90°
{thuiing khodng 70°%) v& c6 gi4 tri 16n hon se vdi mdy dién cuc 4n cb cung V,,
E, va X, = X, khi xét cong suat tir trd.

™ |

~180° -90°

Hinh 8.60. Dic tuyén
goc edng sudt clia mdy
dién ding bé cue 161

Vi du 8.11; Bong cou dign déng bd 1500 kW, 3.3 kV, 3 pha néi sao, ¢6 dién
khang doc X4 = 4.01 va ngang X, = 2.88 Q/pha. Cac t6n that khong dang ké.

Hay tinh luc dign dong kich thich khi déng co cap tdi dinh mde vdi hé 55
cing sudt don vi. Tinh ¢dng sudt co eue dai do dong ed cip ra vdi kich thich
khong ddi & gid tri nay.
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Gigi
V.= 330043 = 1905 V
cos¢=1; sing=0: ¢=0°
(. 1500x1000 o0,
V3% 3300x1

Tit pt (8.82b)

tan y = 1905 x 01923:4 x 2.88 - _0.397

¥ =-21.6° )

d=0-%=0-(216%=216"

I; = I, sin ¥ = 2624 sin (-21.6%) = - 96.6 A

I, =1, cos ¥ = 262.4 cos (-21.6%) = 244 A
Tir pt (8.84b)

E; =V, cos & -I,X, = 1905 cos 21.6% + 96.6 x 4.01
= 2158.6 V hoac 3738.6 V (day)

Tif pt (8.88), cdng sudt cd ra clia dong cd 1a
E.V X -X
P, =—ZL Lsin 5+ V2 299 5in 25 (ndi pha)
X, " 2XX, P

_ 2158.6x 1905 sin 3 + (1905) x 4.01-2.88 sin 28
4.01= 1000 2x4,01x 2.88 x 1000

=1026sin 8 + 177.5sin 26 kW
b3&i vdi cong sudt co ra cuc dai
dpP,
dd
Do dé §=173°

=1025c058 +2x177.5¢c05 25 =0

P (max}= 1025 sin73°% + 177.5 sin 2 x 78
= 1079.5 kW (mdi pha) = 3238.5 kW (3 - pha).
Néu bé qua cue 15
P (max} = 1025 kW hodc 3075 kW (3 - pha).
Sai & khodng 5%.
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Chai ¥, tif hai vi du 8.10 va 8.11, hiéu ung cyc 1di ¢6 thé ba gua khéng gay
T4 sai s6 1dn. Tuy nhién, trong didu kién kich thich thédp, cuc 161 phai duge xét
trong tinh todn (Hinh 8.57 va pt (8.88)).

Xac dinh X, va )'(tl - Thi nghigm trugt

Dién khdng trén truc ngang va truc doc trong mdy dién déng bd cye 18i c6
1thé dugc xdc dinh bang thi nghiém trgt. Phan dng duge ndi v6i ngudn dién 3
pha, ¢6 dién dp thap hon nhitu so véi dién 4p dinh mde clia mdy dign, trong
khi rotor chay & van téc gan déng bd, cudn day truong (tao cyc tir) dé hd mach
{khéng kich thich) (Hinh 8.61a). Do luc dién dong kich thich bing zero, dong
dién manh (vuot qua dong dinh mic) duge tao trén phén ing néu ndi véi
nguén dién dp dinh miic.

Déng dién chay trong phdn itng tao nén séng lyc tit dong quay vdi van tdc
ddéng bd (Hinh 8.61b). Rotor dang chay tir gdn déng bo sang dong bd, luc tir
_déng stator chuyén dong chém qua cac cuc tif § toe 49 trugt (ng ~ n). Khi lue tir
déng thdng hang vdi truc dec d (eye ti), tit théng, Pg/cue duge tao thanh va cb
dién khang hidu dung 1a X,. Tuong ty, khi lue tir dong stator thdng hang voi
tryc tir héa q, tit théng 14 @ /eue duge tao thanh va dién khéng may dién la X,.
Dang dién phén wng bi&n thién theo chu ky gip 46i tén 84 trugt, duge hiéu thl
theo dang séng ddng dién (Hinh 8.61¢). Dong dién hiéu dung ¢6 gid tri cuc tiéu
khi dong dién euc dai va gia tri cue dai khi dong dién eye tidu, nhu dang séng
dién 4p (Hinh 8.61c). Pién khdng may dién la:

V. (d [, (min)Xday)

X, = (8.89)
d J3 I (min)
V(& L (max)Kday)
. X, = o s (8.90)
Vi a J3 I, (max)

Hién tugng dong dién phan img di qua gi4 tri eye dai va cue tidu trong
sudt thi nghiém trugt d& nhan thdy ti cde pt (8.86) va (8.87) vii E; = 0:

I, =—YLcos & I =Lsin8
d xq

Khi & = 0° (truc trudng khe hd khong khi dinh hudng theo truc d):
Vi

la[miﬂJ=Id :X—d, Iq=0
Khi & = 909 {truc trudng khe hd khong khi dinh huéng theo true q):
\Y

I,(max) =1 =X—b; I, =0
q
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(@) So 48 ndiday {b) Ma&t c&t ngang may dién
Dién ap khi cudn kich hd

pien ap ddu day

Dién khang X,

Bign khang X,

(¢} Dang song dong dién va dién ap
Hinh 8.61. Thi nghiém frugt
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Trong sudt thi nghiém trugi:
V, = V,(day/y/3)

Quan st dién &p cdm (ng trong rotor sudt qué trinh thi nghiém trugt, e6
thé xac dinh vi tri eye dai/cye tidu trén dang song dong dién va dién dp. Khi
dong dién phdn (ng tao nén ti thong chuyen déng qua trudng rotor s& xudt
hién luc dién dong cam ting g&p déi tdn s& trugt. Khi trudng rotor théng hang
vdi hee tit ddng phdn (ng, tir héa lién két trong rotor cuc dai va muic do thay
d8i tir héa lién két bing zero, nghia 1a dién 4p trén trudng kich thich hé bang
zero, & thai didém nay 1a dai lugng X, co2 mdy dign. Tueng ty, X duge nhin
dién tucng tng vdi dién 4p cue dai trong truding hé. Séng dién 4p trén trudng
hd (nghia la trén cupn day rotor hd mach khong kich thich) duge d& chiéu véi
séng dién 4p va dong dién phin ing (Hinh 8.61c).

Ampere k& va Volt k& mic theo so dd trén Hinh 8.61(a) s& dao dong gip
déi tdn sd trugt. DY trugt phéi duge gii rat nhé, dé mic dong cta déng hd
khong gay ra sai so khi doc gi4 tri cye dai va cyc ti€u. Co thé 6 do chinh xdc
cao hon khi sif dung dae dong ky.

Van hanh song song c4c may dign dong bd

Phén truée da khéo sat may dién déng bd ndi vdi thanh cai vé han. J day
sé& xét sy van hanh song song hai mdy phat dién ddng bd cong suit gidi han.
Trong hé théng dién, cdc may phat dién duoc ndi lén cde mat Wdi cia mang
luéi may bign dp va dudng truyén tdi. Lugi dién qudc gia gdm nhiéu may phat
dién va duong truyén tai rat dai. Ludi dién phai c6 46 tin cdy cao, cung cap
lién tug, ddu tif va van hanh phdi kinh té.

Hinh 8.62 minh heoa hai miy phat dién déng b duge ndi véi dong co
truydn dong (quay rotor mdy phat dién}) dé vén hanh song song. Sau khi hai
may phat dién dat dén tdc 49 déng bd tuong tng, va cdc dong dign trudng
(déng dién kich thich tif trugng) duge didu chinh dé c6 cdc dién 4p ra gén bang
nhau, s& déng cdu dao S theo céc thu ty dong bo héa. Cong suit tac dong va
phan khang dugc cung ¢dp lén tai chung, duge diéu khién tuong ing tir ddng ca
truyén dong va dong dién trudng.

Cong suit téc dong dimg chung gida hai mdy phat dién song song phu
thude vao d@ syt trén dac tuydn cdng sudt - tan sd (van tdc) cia cde dong co
truyén ddng va mdy didu téc. Cac dic tuyén nay gan tuyén tinh ddi vdi cdc
thay d6i nhé vé cong sudt va tan s (dinh mic) (Hinh 8.63). Cdc dic tuyén nay
¢6 thé tang hodic gidm bing cdch didu chinh diém dit cia may diéu toc. D§ lén
xuéng cia déc tuyén tin sd - cong sufit phai phii hop vdi ti giita mdy phat va
su diéu chinh.
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PM, G,

Hinh 8.62. Vén hanh song song hai mdy dién dong bo.

G, AR G,

Hinh 8.63. Pdc tuyén tdn s6 - tdi cda dong co truyén dong va t6i chung.

Péi vai dac tuyén duge néu trén Hinh 8.63, tdi Py = AB & tan 6 f (dinh mic)
duge chia thanh P, va P, vdi P, + P, = P;. D& tang tai trén G, va gidm t4i tuong
img trén G,, d4c tuyén tan s6 - cong suit cia G, phdi nang 1én bing cich didu
chinh bd didu téc, va A€ giif tAn s6 khéng déi dic tuyén cia G, phai tde thai ha
thap. Vdi su diéu chinh nay, Py = Py + Py véi Py - P' = ', - P, = AP, lugng téi
chuyén tir may phat G, sang G, bing cach diéu chinh bg diéu téc. N&u chi diéu
téc mdt dong e truyén dong, tin s§ hé thing sé thay adi. Trong sudt qué
trinh diéu chinh cde b didu tdc, trong nhat thoi tin s8 téi s tit ddn va diéu
kién 8n dinh tén s& tdi duge thist lap cho tai phin bd méi.

Cac thay 46i kich thich c4c mdy phdt dién van hanh song song tdc ding
dén dién 4p phdn g va cong suét tai phdn khang, cong sudt tdc dong chung
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khong d6i (c4c x4e 14p b didu tdc dong co truyén dong khing d6i). Pl voi hé
thong hai médy phat dién (Hinh 8.62), gi si hai mdy phdt la déng nhat, bo
didu téc duge didu chinh sao cho tdi phan bd bang nhau va sy kich thich bing
nhau; van hanh v6i hé s6 cong suit va dong dién nhu nhau (nghia 1a ca hai
cong suit tdc dong va phan khéng duge chia bing nhau). 8o dé pha theo edc
didu kién van hanh nay, ddng déu trén mdi may (Hinh 8.64). Dai véi tdng tai
da cho va tai thyc sy phan bd bing nhau, tao sy kich thich G, tang déng thoi
véi G, giim, dé gilf dién 4p dau ra khong ddi. M&i may phat sé hoat dng nhu
thé& néu dugc ndl 1én thanh ci vb han, nghia 12 E, sin 3 = hang s8. Vdi cong
sufit tac dung trén mdi may phét én dinh (mdi may mdt nda, dong dign may
phat trén V, (dong tic dung) ciing sé khong ddi, két qua Ia hé 84 cdng sudt cud
may G, gidm va cla mdy G, tang (hé so cong sudt don vi). G, cung cdp kVAR
dén tai 16n hon G,. Day la cach phéan bb tdi phdn khang gida cac mdy phat cd
didu khién. N&u sy kich thich chi & mét mdy phat duge néng lén (hay ha
thap), dign ap ddu ra sé tang (hofic gidm) trong khi mdy phdt nay duge phin
. chia phan t4i kVAR 16n hon (nhé hon). P5i v6i sy nang dién 4p (hodc ha thap)
V,, ma khéng cén th&m dinh sy phén chia kVAR, su kich thich cd hai may
dién phai duge nang lén (hay gidm xudng). Sy kich duge diéu khién tu dong
bing bo én dinh dién 4p tdc dyng lén dong dién trudng coa mdy phdt dién.

Bb didu téc dong co truyén déng va bo In 4p méy phdt dién dugc gid dinh
doc lap véi ndi dung néu trén. Tuy nhién, chiing duge ghép y8u vi ¢6 tdn that
trong may phat. Sy doc lap cla vdng diéu khién duge gid dinh lam viéc t8t.

Hinh 8.64. Diéu khién EVAR
(diéu khién kich thich) cia

Iyt I mdy phdt déng b song song.
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Dao ddng dudi pha (ic pha) trong may dién dong bd
Su van hanh mdy dién déng bd treng cac diéu. kién 4n dinh & van tée
khong d8i duge khao sit. Trong c4c didu kién dé:
P, =P, (8.91)
Vdi P, edng sudt dién (ra) cta may dién,
P.,: Cong sudt cg (vao) cla méy dién.

Gid sif t6n that may dien khong déng ké, cdc cong suat nay duge bidu thi
trén Hinh 8.65. Né&u sy can béing cong sust nay bi nhiéu (chdng han cong suat
co ting nhe), mdy dién trai qua trang thai co - dién déng:

Py - P, = P, = cong sufit tang

Py
Hinh 8.65. Dong
af

eéng sufit trong mdy
dién déng bo {rad/s)

—— ———=p

= a

Vi khéng ¢6 tén that m4y dién, nén ¢dng sudt ting nay dugc qudn tinh
rotor hip thu rotor theo bidu thic:

P, -P, =%Ia' (8.92)

vdi I = moment qudn tinh rotor (kgm?)
o' = gia toc rotor (rad/ s

Néu ¢dng suét tinh bing MW, pt (8.92) dugc viét thanh:

d%
P, -P, =Ma-= MF (8.93)

4’0 .
v o = Frol gia toc rotor, % s (d¢/ gidy)

M = hiing quan tinh, MJs/ da; P_, P tinh theo MW.
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Dé thudn tién khi do goc rotor theo hé toa di quay dong b, dat:
5=0-wt (8.94)
v6i o, = van tdc ddng by (49/ s)

& = chuyén vi géc rotor tir hé toa do déay bo 1a goc gita E; va V, (sdm

pha)
L&y dao ham cdp hai pt (8.94):
4% d%
predair) (8.95)
Phuong trinh (8.92) c6 dang:
4%
Pp-P.=M_7 (8.96)

C6 thé thdy P, bi chi phéi bd dac tuyén goc - cong suit cha may dién,
nghia la:

V.E

P, = —)‘(—f—sin 8 = Py ay SIN S (8.97)
. a%s

P, -P. usind= M—_dtz (B.98)

D6 1a phuong trinh vi phén cip hai khéng tuy&n tinh, 1a phuong trinh dao
déng dan hoi.

Khi van hanh miy dién trong diéu kién dn dinh:
{8.9%)

Poo= Peo = Pe, maxsin 50

V6i cong suét co vio khéng d8i & P, goc 3 phén b tir 5, dén §; + Ad:

P, = P, . sin(d; + A8) = P,  sin &g + ((f’g} AS
1]

[

P, +AP. =P, . 510y + [8}3“] Ad
) B Jy

.\
AP = ("P ] AS (8.100)
o

4o ddc cta déc tuydn goe - cong suit § diém vaAn hanh, 1a

I

a (i]
Vw1 &5 o

heé s6 déng bo hda hay do cing ving cla may dién.
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Thay vao pt (8.98)

- AP :_(5}:6] a6 = M 2208y + 83)
X :

¢ & J, dt*
2 =
M4 ﬁﬁ»f[‘PeJ A5 =0
dt 8 )y
{Mp2 + [ﬁs] JAB =0 {8.101)
o J,

56 gia gc AS = § - &, bi chi phéi bai phitung trinh vi phan cdp hai tuyén
tinh (8.101), ¢6 céic nghiém dac tinh: :

172
p= i[;@’e_’_ff’_%} (8.102)
M
[(.;%) =P, 0y COS 8, (8.103)
[

Tit pt (8.101) (3P/ a8); > 0 khi 3 < 909, m4y dig¢n van hanh trong vimg &n
dinh, nghiém ciia pt (8.101) la cap lién hgp phiie, bidu thi tng xit dao ding
theo ham sine, & di€m van hanh (P, 85

Ung x¢t dao déng ciia méy dién déng bo & diém van hanh bt ngudn tir do
cimg cda may dién (lién két dong bé gita trudng stator va rotor ¢6 tdc dung
ki€u dan hdi). Tdc dung dao ddng nay duge goi ta 14c pha hay dudi pha, 13 t4c
déng khéng mong musn - Cong sudt dién cip cho thanh c&j (d&n ngudn dién
chinh) v& moment trén truc rotor dao dong gay ra tdce dong méi trén truc may
dién. D€ gidm sy 14c pha d&n mise cho phép, cde dao dong nay phai tét ddn (ty
1& v4i d&/dt) trong pt (8.98), Lugng nhé t4t ddn duge déng gop tir che tén that
hé thong (¢4 dién v co) ludn ludn c6 trong mdy dién nhung khéng da dé trigt
su lc pha. Cédn phai cé cusn day triét hién tugng nay trong mdy dién.

Céc thanh trigt dao dang Iic pha

Trong may dién déng bo cue 184, d& triet dao dong ldc pha, & hai dau oue tir
chinh ¢6 c4c thanh ngdn mach duge néi qua cdc vanh trdn & cz hai ddu (Hinh
8.66). Khi rotor dao déng, céc thanh chuyén dong theo tir théng trong khe hg
khéng khi, tir théng cdm imng hee dign dong va c6 dong dién cam ing chay
trong cdc thanh ngin mach nay. Dong dién trong céde thanh tao ra moment,
v theo dinh luit Lenz, moment nay nguge véi chiu chuyén ddng rotor, Két
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qué 1a dao dong cla rotor ¢ difm vén hanh bi suy gidm va rotor nhanh chéng
trd vé vi tri quay 6n dinh. Cdce thanh ngdn mach nay tueng tu 1dng séc trong
ddng eo cam g, nén ciing cung ¢Ap moment khéi déng ddi véi trang thdi van
hanh déng co, chi kh4c 13 khéng ty khdi dong déng bo. Pong co khdi ding
bing cim Ung trén céc thanh ngin mach nay duge goi 1a déng co &ng dén
déng bo. Khi kh&i dong, rotor dat duge vin tdc gin dong bé, trudng rotor va
stator ghim gif 14n nhau, ngay khi kich thich truéing hoat dong.

Ng&n mach nhat thdi trong may dign dng bd

Sif ngdn mach nhit thoi trong méy dién ddng bd vé ban chat do dong dién
chay nhanh hon nhiéu so vdi tdc dong dién - co. Sau khi hién tugng ngdn
mach chdm dift, van tdc rotor dat gia tri déng bé khéng déi.

Sy ngén mach nht thdi trong may dién ddng bo 12 hién tugng phic tap
gom nhidu mach ghép hé cdm va tu cdm 1a cdc ham theo gée v thei gian. O
day sé nghién ciu dinh tinh dua vao cdc lap luan vat ly.

Pé hiu vé cde lap luan vat 1y, sé khdo sat Hinh 8.67a vdi dién khing
chuyén 1én dién 4p ngudn ham sine. Gid st dién trd (lién két vdi dién khang)
khéng dang ké (nhi trong m4y dién déng bé) va & thoi diém ddu tién ciing rat
nhdé. Hinh 8.67b biéu thi dién 4p, dong dién va lién két tif thong trong mach
trong didu kién trang thdi 8n dinh (dong dién va tir thong lién két tré pha 90°
so v6i dién 4p). G thii diém cong tdc déng mach, dong dién xoay chidu tao tir
théng lién két tic thai, va dong dién (nap ning lugng cho cuén day) cé gid tri

_x4c dinh i, (t = 0). Mach tich chita nang lugng khéng thay ddi tde thai, trong
khi & thé#i diém chuyén mach nay, dong dién va tir théng lién két phai khdng
déi, cho nén trong mach xuit hién dong dién bis I, d€ can bing:
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\(n

+
v= IV sin of @ L. A (khdng dang ké)

(a)

{b)

It = 0} "/ \/ f

(c)

Yo

Hinh 8.67 Chuyén mach
() nhét thot trong dién khing
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if{t=0+1,=0
I, = -i(t = 0) ' (8.104)

Tir thong lién két trong mach cdm (ng khéng thé thay déi tde thoi, theo
dinh 1y tif thong lién két khong d8i, va dong I, chay tie thoi khi dong mach.
Trong mach thuin dién cdm, I, €6 gid tri cwe dai khi i, dat cue dai:

Iy (max) = - iy (max) (8.105)

N&u bé qua dién trd trong mach, [, = hlng s6. Dong dién trong mach la:
i = dong dién dc + dong dién trang thai én dinh

= I + i
Dang séng duge minh hoa trén Hinh 8.67 ¢. Vi ¢6 dong dién bil nén:

i(max} = I, + i, (max) (8.106)
Khi cong tée S déng & thoi diém dién 4p biing zero:

i (max) = 2 i, (max) (8.107)
Pidu nay duge goi 1 higu iing dong dién kép.
Néu c6 dién trd nhd, dong dién bir duge tinh theo biéu thie:

e = Tge €% (8.108)
Véi 1= R/ L = hing - th¥i gian mach

Dang séng dong dién nay duge néu trén Hinh 8.67d. Qua giai doan chuyén
tiép, iy, & triét tiéu, dong dién dat dén trang thai én dinh i,. Thanh phan
ddng dién trang thai 8n dinh i, 12 dong déi xing, con dong dién ban ddu
khdng d3i xing vi cé dong bu dc.

Tiép theo s& xét vAn dé ngén mach trong may dién déng bj (Hinh 8.68)
vl cde gid thist:

(i} bién tré phian dng khéng ddng ké.
(ii) C4 ba pha déu ngén mach d6ng thi (ngdn mach ba pha déi xting).

(iii) Trudc khi nggn mach, may dién van hanh véi didu kién khéng téi (hd
mach).

Tif thong lién ket trén mdi pha stator (duge tao ra bdi tir thong trén truc
doc) khéng thé thay ddi tae thifi, dong dién bi de xuat hién trong cd ba pha.
Céc dong dién nay ty 18 véi tit thong lién két clia timg pha ¢ thai diém ngén
mach, nghia la chong ty 1& vdi cosin géc gida truc pha va true d.Vi du, néu truc
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# Trycd

Vanh truong

—_———— = Tryc cudn aa'

Hinh 8.68.
Tiét dién
mdy dign

Thanh ngén mach Truc g diong bé,

d c6 hudng theo truc pha a ¢ thisi diém ngén mach, dong dién bu dc trong pha a

6 géc dudng, déng dién bi de am trong pha b va ¢ bing nifa gis tri nay.

B6i vdi ngdn mach ¢ th#i diém nay, dang séng cic dong dién ngdn mach
trong ba pha va dong dién bu dc duge bidu thi trén Hinh 8.69. N&u dong dién
b de duge loai bé khéi dong ngdn mach, cdc dong dién trong ba pha tuong tu
nhau chi khdc pha 120%

Trong médi pha, ddng dién ngén mach d6i ximg 12 dong tré pha 90°, dong
dién truc d, dong didn truc q 1a zere (Hinh 8.70), thiét lap sy khi tir 481 véi
phén khing phin ung theo truc d. Theo dinh 1y tif théng lién két khang d8i,
tif thong @, lién két véi day quan tir trudng va cde thanh trist Mdc pha (Hinh
8.68, cdc thanh trigt lic pha la cudn 11, 22', va 33 ¢6 trye theo truc d) phai
dugc duy tri bang su xudt hién cde dong dién cdm iing trén day quéin trutmg va
céc thanh triét lic pha. K&t qua la lue tif ddng khe hé khong khi E, ban ddu
bing EJr = Vo (dién 4p khéng tai). Dong dién ngdn mach la (E, - EfJ/ X, ¢6 gia
tri rat 16n. So dd pha trong céc didu kién nay duge néu trén Hlnh 8.70.

Dong dién cdm ing trong diy qudn truding va cdc thanh triét dao dong
pha suy giam tuong ng theo thdi hiing. Thei hang trong cde thanh triét dao
ddng pha thap hon nhiéu so vdi thoi hiing day quin trudng, va ddng dién cam
Ung trén 46 sé tiéu tén trude, Khi dong dién ¢dm dng trén cde thanh triét dao
dong pha suy gidm va trigt tiéu, tif théng tryc d va lue dién dong khe hd khong
khi E, gidm nhiéu. Dong dién ngin mach déi xdng suy gidm theo (Hinh 8.71).
Thai ky suy gidm dong dién ngdn mach nay la thoi ky chuyén tiép, dong dién
suy giam chd yéu 12 do thai hing cla cdc thanh trigt dao déng pha.

Dong dign trudng cdm ing tiép tuc suy giam theo théi hiing riéng tuong
ing. K&t qua 1a tir thong trén truc q ti€p tuc suy gidm va lam cho dong dién
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Déng pha b
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Thanh phan dc

k B.69: Dang song dong dién ngdn mach trong ba pha mdy phdt ding bé

&
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| 1050 = 1,

Hinh 8.70. So dé pha khi ¢6 sy ¢6 3-pha.
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sC

€N Thdiky chuyén tiép
Chuyén tiép nhat thai

iflivinieeiey
th Miu__u_u__\/__

b (™

j:#“\

Budng bao thyc

4 7 K Ngoal suy & dudng bae §n dinh
¥ Ngoal suy tif dudng bao chuyén tiép

Hinh 8.71 Dong dién ngdn mach d6i xing trong mdy phdt dién déng bo

ngén mach ddi xing tién dén trang thai én dinh sau khi dong dién cdm dng
trong ddy quin trudng triét tiéu. Théi ky ngdn mach nhat thai nay la thei ky
chuyén tiép (Hinh 8.71).

Hinh 8.71 minh hea dang séng hoan chinh ciia dong dién ngdn mach dai
xing tmng méy dién dong bd (d8i vdi 1 pha). Ba thai ky chuyén tigp, nhat
th&i, va on dinh biéu thj hinh bao déng dién (dudng gach nhé). bussng bao suy
gidm tuong iing vdi dién khang trén tryc d tang lién tuc theo thoi gian va
dinh vi ¢ gid tri 6n dinh X, khi hiéu dng tir héa tao phan khéng phén ing dat
hiéu dng da lon. Phép ngoai suy hinh bao la cdc dong dién chuyén ti&p, nhat
thdi, va trang thdi én dinh duge ky higu 1a Oa, Ob, Oc theo tung do cia toa d6
dong dién. Mdy dién cé6 ba phdn khdng, trong khi ngén mach bao gom:

_ . E
X, =2 _ =y (8.109)
Oc/v2 1
. E
X, =t B (8.110)
Ob/y2 I
Xy = E,__E (8.111)
Oa /2 I
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Vi Eg lye dién dong kich thich (dién ap hd mach) (gid tri hiéu dung pha)
I”: dong dién ngén mach chuyén tiép (higu dung). .
I’; dbng dién chuyén tiép nhat thai (hidu dung).
I: dbﬁg dién ngin mach én dinh (higu dung).
So sdnh ba phuong trinh trén: -
X, < Xg< Xg (8.112)
X;” hdu nhu biing phan khéng rd clia may dién.

Déng dign ngan mach hiéu dyung bién thién theo thdi gian duge tinh theo
bifu thde:

Ioc=(I"-Trel 14, +(I-Th el + 1 (8.113}
v6i 1,, = thii hiing cae thanh triét dao dong pha.
7, = thoi hing diy quin trudng.

Hiéu ing ciia dong dién bu de ddi v6i dong dién ngén mach déi ximg ¢6 thé
dudge tinh theo thifa s& thich hgp, tiry theo s& chu k¥ trai qua sau khi ngéin mach.

Chi tiét chinh xac

Dong dién b de trén stator thiét lap tif thong truc én dinh trong khe hd
khéong khi, bi suy gidm tit tif. Tl théng nay cdm iing cde dong dién cé tin s6
¢d ban trong day quin trudng rotor va cae thanh triét dao dong pha, gép vao
trudng dao déng trén truc d. Truong das dng nay c6 thé phén chia thanh hai
trudng chuyén dong quay ¢ van tée ddng bd nguge chiéu véi chidu quay rotor.
Mgt thanh phdn ¢6 dinh so vdi stator va phan (ng ngudc vdi céc dong dién bi

Hinh 8.72 D6 thi
dong dién truimg
sau khi ngdn
mach

‘I..‘D
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dc. Thanh phéan thif hai chay theo stator v6i toc d6 déng bo gap dbi va cam
Ung dong hea tdn thit hai trong stator.

Dé thi dong dién truéng sau khi ngdn mach stator biéu hién dong dién
nhét thdi tdn sé co bdn va de trén hinh 8.72.

Ngén mach trong cac digu kién 13i

Phuong phép tinh dong ngdn mach trong sudt théi ky chuyén tiép nhat
thoi va chuyén ti€p dugc s dung ma khong chuing minh (Hinh 8.73).

L =Vo+iXy (8.114)
E =V, +jX; I, (8.115)
véi V, = dién dp phdn (mg may dién.
I; = dong dién cia mdy dién trude khi xdy ra su ¢§ nhat thai.

Déng dign chuyén ti€p va chuyén tiép nhit thei trong subt qué trinh ngf—in
mach la:

I"'= -E—f (8.116)
Xy
_E (8.117)
&
Dang dién ngin mach dn dinh Ia:
E
=L (8.118)
X4
Véi: E, lyc dién dong kich thich.
X, dién khdng 8n dinh trén truc d.
x; X,
o o
DO o 4 BO0— @4
+ b T
E" Yo E; Yo
(a) Déng chuyén tigp {b) Dang chuyén tiép nhat thdi

Hinh 8.73. Mach dung d¢ tinh dong di¢n chuyén tiép.
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Vi du 8.12: Mdy phat dién d6ng bd 100 MVA, 50 Hz vén hanh hd mach
va kich thich dé ¢6 dign dp dinh mite. Ngdn mach ba pha (d6i x(ng) xust hién
& ddu diy. Bo qua thanh phan dong dién dc va tin s5 kép.

ta} Tim dong dién khd: dong
(b} Tim dong dién & cudi hai chu k¥ va & cudi 10s
Cho trude: 100 MVA c¢o sd.
Xi=10py; Xy =03pu X" =02pu 1y, =003s 1,=1s5,

Giai
- P . Ef 1
{a) Dong dién khoi dong: I'= £ =— =5pu
X, 02
100 = 1000
Ljpin =—————— =2624 A
b Ja k22
I"=5x 2624 = 13120 A
E 1

I"'= —---"r-— =——=1

) X, 1o ™

Ige(t} =(5-333eV0% 4 (333-1)e¥ +1.
= 1.07e¥ %% 4 2.33et + 1.

t {2 chu ky) = 1.67e 04002 4 2 330004 | 1 = 3.68 pu hodc 9.656A
Ioc (10 8) = 1.67e 10003 4 239010 + 1 = 1.0001 pu hoac 2624 A,

May phat dién ddng bd 1- pha

Mot s8 ung dung, thuting gidi han dudi 10kVA, duge cap dién t6t han bing
may phat dién déng bé 1-pha. Vi dy, ngudn dién cho cap cuu, gia dinh, van
phong, cdc nguén dién di dong cap cho cdc cong cu xay dung... Do ddy dan
phan bs dan gidn, cde tai nay duge phuc vu t6t bing ngudn dién 1-pha. Day
quin mdy phat dién 1-pha c6 thé duge sdp xép theo hai cach:

¢ Day quén 3-pha, 12 ddu diy dugc dau ndi dé van hanh 1-pha,
® Stator quin day cho riéng 1-pha.
Trong phuong phép thit nhat, e6 nhiéu kiéu ddu néi diy, nhung tat ca déu

bi gidm dinh mic se vgi ddu ddy ba pha binh thudng. Hinh 8.74 minh hoa hai
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4 17 12
7 6 9/"'/| !
10| 24 150 Ngudn 3 4 Ngudn
1 1 1-pha 11\ 7 1-pha
128 5 9/ \2 | R
611 8 10
% 9 <2 3/ \B _L ET'"“';- Q
3 231V
40023 v 200 v
1pU 0.5 pu 0.5 pu
fa) ¥ 3-pha néi tiép {b) Y song song fcr A néi tiép

Hinh 8.74 Mdy phat dign déng bé 3 pha ding che tdi 1 pha

cdch ddu day so vdi mac Y 3 pha néi tiép va Y 3 pha song song theo gia tri
dién dp va dinh mue kVA pu.

Trong may phat 1-pha, rotor tuong tu may 3 pha, stator duge quén 1-pha
" vdi céc cudn day budc ngdn. Do d6 mdt phan ba sd ranh stator khong quan
day, cufn day chi c6 mbt lop. Binh mite cia mdy 12 2/3 dinh mikc mdy phat
quin day 3-pha.

Rotor ¢6 ede cye 161 va cdm dng tif trudng phan b8 hinh sine trong khong
gian (do hinh dang cta mat cuc tir), stator ¢ 1 pha cam ing tir truong dao
dong doe theo truc ¢§ dinh. Biéu thic thanh phén cd ban cia tif trudng stator
dugce tinh theo pt {5.36%:

# = F,, cos wt cos 9, o = tan sd (rad/s) (8.119)
8 = géc dién (rad)

4J_

Fo = { P ] I cos wt cos 6; I = dong dién stator

Phuong trinh (8.119) duge phén tich theo lugng gide:
Fi=(1/2) F cos (mt - 8) + (V2 F,) cos (0t + 8) = #;; + 7, (8.120}
o téc do déng bo rad/s

)y 14 tir trung quay phan bd hinh sine cé chidu duong 8 (chidu quay
thuan) va 7, la tir truong quay nguge chiéu. Ca hai tir trudng nay quay theo
vin tdc dong bod iHinh 8.75) vdi ede tir trudng la cde vector quay F]J,r va Flb .
trong khi tif trudng tdng hgp la vector tif Lrutmg F dao dong trong khong gian.

Tif trugng stator quay thugn khéa chat tif trudng rotor va ¢a hai chuyén
déng vdi nhau, tao ra moment dién tir lam bién d0i nang lugng tir c¢ sang
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i \\\ _
/ o N R
f ¥ .
h 1 ~. Truc a
1 + ;—'t —_————
\ ‘} f‘ P F,imax)
1Y -~

hY w . =
S . Fu
I -

Hinh 8.75 Lyc tit déng stator irong mdy phdt déng bs 1-pha

dién. Hinh 8.76a biéu thi tif trudng rotor va stator & thii diém I, (max). So 48
pha tugng ing trén Hinh 8.76b. Gia sit X, nhd, dién ap d4u ra quan hé véi hec

dién dong kich thich E, qua X; (duge xdc dinh tri s6 theo thi nghiém hd mach
va ngin mach).

Tit trudng quay nguge Fy, cdm (ng dong dién hoa tin th hai (dang dién
séng hai thy hai) trong day quén kich tir gay ra tif truing dao déng doc theo
truc d véi cung tdn so.

Day quén stator cdm dng dién 4p €6 tdn 88 cd bin va hoa tén thi ba. Pién
dp ¢6 tan 8 co ban duge cdm Ung trén stator cho ra F,, va F,,, c& hai déu

If'Truc d
|
1

a {b)
Hinh 8.76. Ti truang va so do pha.
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duge tinh todn vdi X;. Dién 4p hoa tdn thd ba cdm ¥ng trén stator gay ra dong
dién hoa tdn thd ba trong dudng day. Khing nhif séng hai (hoa tin) trong khe
rotor, cde séng hai nay khéng bi khi (hay bién d8i) vi la day dan (khong co
tinh cam khang). Nhung bién d% cita chiing bi suy gidm do su tu cam ctia day
quin kich tit, dong dién xody trong rotor va dong dién hoa tén th hai theo cdc
co s6 b triét dao déng pha.

Vi du 8.13: May phat dién dong b 1-pha cé gid tri dinh lyc tir dong rotor
va stator 12 Fy, F;, va Fy,. Tan s6 co ban 1a o rad/s. Hay dung cdc ky hiéu
thich hgp khédc dé trinh bay biéu thic cde lue dién dong ¢am tng trong day
gudn stator do tif théng truc d. Lay t = 0 khi F, thing hang véi true stator
(Hinh 8.76a}).

Gidi
 thoi diém bat ky, rotor quay theo goc 8 = wt. Géc giita F, va Fy, giit ¢d
dinh § B, doc lap vdi thai gian t. Can tim gée gida Fy va Fy,
3 thei gian t, F,; quay theo gdc:
Y=ot -
Cing thoi gian nay, F, quay nguge vdi gée v. Géc gitta F, va F,, 1a:
By + 2y=2 ot B,
Lute tir déng doc theo truc d (truc cda F,} 1a:
Fa=F; + Fy;cos B, + Fyy, cos (2 ot - B
Tir thong/cue hudng truc:
¢ = Py [Fy + Fy;cos B, + Fpy, cos (2 wt - B)))
Goc gita ¢ va true ddy qudn stator = wt
Tir théng lién két trong cudn day stator:
A= o N K, cos wt
= P4N\K,, [F; + Fyj cos B, + Fy, cos (2 ot - B/)] cos ot
Vai N;K,, = 86 vdng diy stator hidu dung.
S4p xép lai:
1= PN(K,, I(Fy + F i cos B) cos wt + (1/2) Fyy, cos (3 ot - B)
+ (1/2) Fy, cos (ot - Byl

Luce dién dong cdm (ng
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e, = dA/ dt = 7,N;K, [(F, + Fy; cos B;) sin ot + 3/2) Fyusin (3 ot - By)
+(1/2) Fyy, sin (0t - B
Tach lye dién dong cidm (ng hoa tdn thd ba:

e, = J2E, sinot + JEEU cosfi, sinwt + JZ_’EH, sin ot

E, (rms)= E. + Ej cosB; + By

.'_'_ R —_—
emi kich thich  ynh oho X, gié st X, =0

Vi du 8.14: May phat dién déng bé néi sao, 1000 kVA, 66 kV, 50Hz cb
dién 4p khong tdi 1a 11.4 kV & dbng dién (kich tir) truing xde dinh. May phat
che dién dp dinh mifc ¢ A1 tai hé sd cong sudt 0.75 tré pha vdi ciing mot dong
dién truémg. Hay tinh:

(a) Pién khédng déng bd (bd qua dién trd phin ung).
(b) Pé én dinh dién ap.
(¢) Géc moment xoén.
(d}) Cong suit dién hinh thanh.
{e) Dién 4p va kVA dinh mdc, néu may phat dién duge ndi A.
Gidi
1000

L= =—r——
V3 x 6.6 x 1000
$=-cos'0.75 = -41.4"

= 0.0875 kA

V, = 6.6/4320° = 3.81 £0°

E, = Voo =11.4/J3 =658 kV

E, =6.5825kV
Tir so 4 mach (Hinh 8.77), c6 thé viét

s 00875 £-414°

+

658 25 kv I L0°kV
Hinh 8.77. Mach dign = i ¥

cila vi du 8.14
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6.58 £5 =3.81 £0° + §X,0.0875 / — 41.4° ()
Cén biing phdn thyc va phén 4o treng phuong trinh nay:

6.58 cos 6 = 3.81 + 0.058 X_ (i1}

6.58 sin & = 0.0656 X, {iii}
Khir X, giita pt (ii) va {ii):

6.58 cos & - 5.82 sin & = 3.81 _ - Gw}

cos (& +41.4}= 0434 = §=228°

(a) Tu pt (iii), thay gi4 tr 5
x . 6.58sin 22.8°

: 0.0656

(b) P én dinh dién 4p L:;s_ﬁ'ﬁ % 100 = 72.7%

=3890

(e} Goc moment (cHng sudt) § = 22.4°
(d) Cong suft dién phét ra = 3 E/I, cos (5 - ¢)
=3 x 6.58 x 0.0875c0s(22.4%+ 41.4°%) = 763 kW
Tinh true tidp:
Céng suét dién phit ra =3V, I, cosp
=3 x 3.81 x 0.0875 x 0.75 = 750 ¥W
Hai két qué trén cho thiy khéng c6 tdn thit dién trd phén ing (R~ 0).
{e) Mdy dién duoe néi A:
Pién 4p dinh mde = 6.6/43 =381kV

Déng dién dinh mic 0.0875+/3 kA

I

V3 x 3.81 x 0.08754/3 x 1000 = 1000 kVA

Vi dy 8.15: Mdy phat dién turbine 3 pha néi sao, 22 kV, vdi trg khdng
ddéng b j1.2 Upha, dang phan phsi 230 MW véi hg s0 edng suit don vi dén
lui dién 22 kV. Véi cong suat turbine khong d8i, kich thich méy dién ting
30%. Hay xdc dinh dong dién méy dién va hé s§ cong suat dua trén gid dinh
tuyén tinh.

kVA dinh mifc
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Véi su kich thich mdi, cong sudt turbine ting cho dén khi may dién cdp
275 MW. Hiy tinh dong mdi va hé so cdng sudt mdi.

N2

6.04 20° kA
- 4 [m—- —NT?—--——-——-—-—O +
+ . +
£ 26 127 £0° g, 4 12,7 £0° KV
> kv >
(@ o (b) -

Hinh 8.78. Mach dién minh hoa

Gidi
. 230 MW & hé sf cong suat don vi

L= _604kA; | =6.04 20° KA
J3x22x1

V. =(22/43) £0° =12.7 £0° kA

Tir Hinh 8.78 (a)
E, =127 £0% + j1.2x6.04 20 =127+j7.25

E, = 14.62 kV.
Kich tir tang 30%, cong suit vao turbine khéng ddi & 230 MW, tir Hinh
8.78 (b}.
E, =1462x13=19kV

230 19x12.7
_ = ——— 5l

né
3 1.2
' =22.4°
. n _ 4}
- 19 £22.4 12.720° - one 5390 kA
jlL.2
la="7275%A

p, = cos 33.9° = 0.83 tré pha
Kich tir khong déi d gid tri mdi, cong sudt turbine ting dén 275 MW
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275 19x127 . |
—— =————sind -
3 1.2

& =27.1°
7 _19.427.1-12.7 £0°
jL2

. =8.032-259"kaA
I, = 8.03 kA, pf = cos 25.9° = 0.9 trd pha.

Vi du 8.16: Péng co déng bd ndi sao, 3.3 kV c6 dong du tdi 160 A & hé =5
cbng sudt pf = 0.8 tré pha. Dién tré va dién khang ddng b cia dong co 12 0.8
£ va 5.5 Q trén mdi pha tuong img. Hay tinh lye dién déng kich thich, géc
moment, hi¢u suit, v cong suat ra trén truc déng co. Gid sd ton tha tai co
khi 1& 50 kW.

080 550 160A

E, 3373 = 1.905 kV

Hinh 8.79. Mach
dign minh hoa

g —

Gigi
Tir Hinh 8.79

X, =0.8+j5=556,81.7"Q

E; =1.905-5.56 /81.7° x 0.16 £ - 36.9° = 1.42 £ - 26.2°
E; = 1.42 kV (pha) hoac 2.46 kV (day)
Cong sudt co téng = 3 x 1.42 x 160 cos (-36.9° + 26.2%) = 670 kW
Céng sudt ra trén truc = 670 - 30 = 640 kW.
Géc moment = - 26.2°
Cong sufit vao = V3 x3.3x160x 0.8 = 731.5 kW
T = 640 / 731.5 = 87.5%

Vi dy 8.17: May phét dién déng bé 500 MVA, 22 kV, 50 Hz, 4 - cue ti, co
dién khéng dong bd 1.57 pu duge ddn vao hé thong dién véi thanh cii 22 kV
ndi ti€p vdi dién khdng 0.4 0. Sy kich thich m4y phéat dién duge didu chinh
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lién tue (bing bd &n 4p W dong) d& duy tri dién 4p ra 22 kV doc l4p vdi tai trén
may phat dién.
(a) V& sc d6 pha, khi mdy phét cdp 250 MVA cho hé théng dign. Tinh
ddng dién méy phat, hé s8 cong sudt va cong sudt thue (téc dung). Luc
dién dong kich thich mdy phit 1a bae nhiéu?

by Lap lai cau (a) khi tdi may phét 1a 500 MVA

Hinh 8.80. Mach dién minh hoa

Giai
S¢ dé mach ctia hé thong duge vé trén Hinh 8.80 (a)
1,(dinh mie) = 500 _i312%A
V3 x 22

V,(dinh mc) = 22 = 12.7 kV

NE)
Z, = 12.7/13.12 = 0.968 Q
X = 1.57 pu (gié thiét)
X, =0.4/0968 = 0.413 pu
(a) Tai = 260 MVA hodc 0.5 pu
V.,=1lpy; I,=05py; Vb=1pu
X, = 0.413 x 0.5 = 0.207 pu
S¢ dé pha duge vé trén Hinh 8.80 (b}

n¢=(_c.’iol7_”2; khil §90° d&n T, x b
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b=59°
pf = cos ¢ = 0.995 tré pha
P,=1x05x0995x05 = 05x 250 = 125 MW
E, =120°+j157x0.5 £ -5.9° =~1.333 £35.9°
E8 =1.333 x 22 = 29.32 kV (day)
(b) Tdi MVA = 1pu; £, = 1pu.
Xpl, = 0.413 x 1 = 0.413 pu

(0.413/ 2)

= ¢=11.9"
1 ¢

sin ¢ =

cas ¢ = (.98 tré pha

P,=1x1x0.98 =098 pu hotic 490 MW

E, =120"+j1.57x12-11.9° = 1.324 + j 1.536
E; = 2.208 pu hosc 44.62 kV (day).

Vi du 8.18: May dién déng bd 25 MVA, 13 kV, 50 Hz cé hé 58 ngdn mach
0.52, B6i véi dién 4p cam dng dinh mdc & khéng tai, cdn dong dién (kich)

trugng la 250 A,

(a} Tinh dién khdng ddng bd duge didu chinh (bio haa) cda may dién va

gia tri pu

(b) Mdy dién ndi v6i nguén chinh 13 kV va chay nhu dong co khong tai.
(i) Dbng dién truttng duge diéu chinh d&n 200A. Tinh gée hé s& edng
sudt va géc moment. B¢ qua tSn that may dian, Hay vé so dé pha

biéu thi dién 4p phén tng, lyc dién déng kich thich va déng dién

phin (ng.

(11) Mdy dién tdc dong nhu ty dign hay nhu cuén cadm déi véi hé
théng 13 kV? Hay tinh gid trj tuong duong tu dién/ cudn cim.

(iii) Lam lai cau (i) véi dong dién truong 300A.

Giai.
(a} Xem Hinh 8.15
SCR = of / of”
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of =250 A = of =250/0.52 =481 A

Pay la dong dién trudng, cin dé tao ra dong dién ngin mach biing gid tri

dinh mile.

I, (dinh muc) = 25/4/3 x 13) = 1110 A

Ioc(G I, = 250 A) =1110x 250/ 481 = 577 A
f

X, (didu chinh) = 13x1000/V3 100
577
X(ed 58) = @M =6.76 0
1110
13

X (didu chinh) = -~ = 1.92 pu = I/ SCR
6.76

{b) Mb hinh mach mdy digén duge vé trén Hinh 8.81a
() I;=200A
Tir trudng khe khong khi

E, = 13 x (200 / 250) = 10.45 kV (day) hodc 6.0 kV (pha)

_V,-E, 151-6.0
: X

5

1 =1000 =116 A

& = 0: khang tai; khong tdn thét.
pf = cos 90° = 0; tré pha (khi V, > E))
Thee so d6 pha trén Hinh 8.81 (b)

May dién vin hanh nhu cugén cdm

Vi X

E@ Vf = 131"‘{-3- — Fh_ h f!
' = 7.51 kv l_l t
I

ta} (b}
Hinh 8.81. Minh hoa vi du 18.

t=)]
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L, - 13x1000

= 2. 50L
J3x116
L = 0.206 H
(i) L =300A
E, =129 _ 15 6kv (day) hose 9.0KV (pha)
250
i, =28 o314
13

8 = 0; khéng tai; khong tén that.
pf = cos 90° = 0; s6m pha (khi V, < E;}

Mady dién vén hanh nhu tu dién

1 _13x1000 _ 1
oC 231 2nx50C
C =566 MF

Vi dy 8.19: Déng ca déng bd 3 pha, 6.6 kV, nsi sao, van hanh véi dién ap
va kich thich khong d6i. Tré khdng déng bd 1a (2 + j20) Q/ pha. Déng co van
hanh & hé s cong sudt 0.8 tré pha vdi ngudn dién 800 kW. Tim hé s& cong
suit dong co néu 6 tai tidu thu cong suiit ngudn 1200 kW.

Gidi.
V, =6.6/4/320° = 3.81 £0° kV
L =1, £369°

! - 800
" J3x66x0.8

Z,=2+j20=201 2,843 Q, cos 84.3° = 0.1
E, = 3.81-20.1 £84.3x 0.0875 236.9" = 4.724 -  1.504
E; = 4.96 kV (pha).

Cong suat vao tang dén 1200 kW; khéng thay d8i kich thich

=875A

V0’ -E £-8 vy, E,
:—-——»-:——4—9— é‘(a"'g
? 2,26 Z, Z )

|
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_ = 2 V.E
Piin}=3R,[V,£0"L]1=3 ;‘ cos 0 — Lz L eos (8 + e)}

5 S

Thay céc gia tn:

2
1200 _ (381701 3.81x496 .. o0 0

1000x3  20.1 20.1

5= 26,10

I- 3.81-4962-26.1 _ .0 o540
20.1 /843

pf = cos 22.1° = 0.9265 sdm pha.

Vi du 8.20: M4y phdt dién déng bd ndi A, 440V, 50 Hz ¢é dién khéng trén
true doe (.12 €2, va dién khdng truc ngang 0.075 Q/ pha, bé qua dién trd phdn
ing. May phat ¢dp 1000 A § hé s6 cong sudt pf = 0.8 tré pha.

ta) Tim lyc dién ddng kich thich bé qua cue 181, va gid thiét X, = X,
{b) Tim luec dién ddng kich thich e6 tinh cue 16i.
Hay so sanh va dién gidi két qud (a) va (b)

Giai

Trén cd s& tuong duogng méc sao.
X4 =012/3 =0.04 Xq =0.075/3=0.025Q

{a) B6 qua cue 18i; X_ = X
E, =(400/{3) 20" + j 0.04 x 1000 £ - 36.9° = 279.8 £6.6°
E; = 2798 V hoiic 484.6 V (day)

(b) 1, = 1000 A, ¢ = + 36.90° (tré pha)

Vising+1, X, 254 x0.6 +1000x10.025
Viocosp+I R, 254x0.8

{V, = 440/{/3 = 254 V)

tan y = = 0.873
¥ = 41,19
S=W-¢=411-369" =420

E; =V, cos & + [,X, = 254 cos 4.2° + 73.2 x 0.04
= 256.3 V hodc 444 V (day); I, = 1, sin ¥ = 1000 sin 4.20 = 73.2A.
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Vi du 8.21: Dong co dong bo cye 161 1500 kVA, 6.6V, ndi sao c6 X, = 23.2
Qva X, = 14,5 Q/pha tugng Gng. Bé qua dién tr& phén ing.

Hiy tinh lue dign dong kich thich khi ding co c4p tdi dinh mic & hé s&
céng suit 0.8 sém pha.

Tinh tai cuc dai cha déng co ¢6 thé cung caAp ma khong bi mat tinh déng
bd, néu kich thich bi edt. Tim gi4 tri goc moment trong diéu kién deé.

Gidi
¢ =-¢c0s10.8 = - 36.9° (s6m pha),
L=—rio—— 1500 =131 A; V—S—Q-SBIRV
V3x6.6 V3
V,sme-1.X . -
tan y = ysmg~L X _ 3.B1x0.6-0.131x14.5 —_1.373
Vycosop + LR, 3.81x08+0
Hose ¥ = - 53.9°

=¢-W=-36.9%-(-539%=17°
E; =V, cos & - I,X; = 3.81 cos 17% + 0.108 x 23.2
= 6.1kV hosc 20.57 kV {day)
(Ig = I, sin ¥ = 0.131 x sin - 53.9° = - 0,106)
Khi cét kich thich, cong suit ra I3 cong sudt tir trd.

23.2-14.5

———— =563 kW
2x23.2x14.5

X -X
P, = V#2279 l5in 25 = (6.6)° x
2X.X,

Dong co diéu khién dc khdng chdi than

Pang co de diéu khién khéng chdi than 12 cde cdu hinh déng co déng bo ac
v6i vi mach ban dan diéu khién dong dién stator dé dat duge moment eve dai
a van tdc cho trude, Trong cdc dong ca thong thudng, cac bo tiép xie cd khi,
cae vanh déi chidu, duy tri d¢ dich chuyén khéng gian 90° giifa tir trudng rotor
va stator d€ cung cdp moment can thiét.

Vé 1y thuyé&t, chie nang rotor va stator cé thé chuyén 46i 14n nhau, dat hé
théng trudng trén rotor. N&u s dung sy chuyén mach théng thutmg sé khéng
¢6 1¢i, do cdc vanh d&i chiéu 1a ¢6 dinh va bd chdi quét phai quay theo tac dg
trung stator. Tuy nhién, sy chuyén mach bdn din, chuyén d3i bing cde bd
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cam bién vi tri thay thé cho bd chéi quét, la thiét bi diéu khién thich hop 81 véi
may dién nhd. Trong phudng phdp nay, mdi pha cla day quéin stater dude cdp
nang lugng theo thit ty bang transistor (hodc thyristor) cong suit, transistor/
thyristor duge kich bang tin hiéu hdi ti€p tir cdm bién vi tri dat trén rotor.
Truéng rotor va stator ludén giir ddng bé bing tdn s kich ty déng diéu chinh
van toc déng cog. Thai diém, thi gian va tin s8 transistor din, quyét dinh d6 16n
moment ciia déng c¢. Do dé, bang mach dién ti, cde dpng cu khdng chdi than
¢6 thé duge didu khién khi van hianh vdi moment bi&én thién hoic khéng d4i.

Péng co de khdng chéi quét tuy ddt tién hon dong co dung vanh déi chiéu
vi chdi quét (¢6 cung dinh mde kW) nhung ¢é cde wu diém sau;

(a) Poi hai baoe tri it hoae khong edn bio tri.

{b} Tubi tho dai.

{c) Khéng c6 rii ro gay nd hofic bitc xa RF (cao tin) gay ra phdng dién.
. td) Khéng gy ra bui do khong dung chdi quét va vanh gép.

(e} C6 thé nhung chim trong chdt éng, troang khi dé chdy.

(f) Hiéu sudt cao hon dong co tro déng de chéi quét va ddong cd de thong
thutsng.

(g) Dap ing nhanh va quan hé dong dién - moment cé dé tuyén tinh cao.

So dd va van hanh

So d& déng co de khéng chdi than duge néu trén Hinh 8.82, gbm 3 pha &
stator (phén tng) va rotor vdi true d va g. Stator dudc ndi véi ngudn dién 4p
- dong dién bién thién qua cuén cdm va mdt bo ddo luu gém 6 SCR (hosc
transistor cong sudt, FET) tu S, dén S, Céac diode néi song song nguge chidu
vdi SCR dé€ bdo vé SCR (tranh dién dp cdm g Lfdi/df) trong cudn diay phdn
imng khi ehuyén mach d8i chidu). C4c cdm bién vi tri duge dit trén rotor, cip tin
hiéu dén b gidi ma cdm bién vi bé truyén dong edng, lam cho cac SCR van hanh
theo chudi thi? tu ddng bd vai vi tri cd clia rotor. Trudng stator va rotor khéa chat
v#i nhau va gitr déng bé & van e rotor bat ky.

Cdc pha dong dién 19 tudng la cde xung #+ T léch nhau 120° (Hinh 8.83).
Cac dang song dong dién thue, khdc vdi séng dong dién 1y tuéng chi nhat do
tang, giam tir tir. BH ddo luu vdi dong dién ac ¢6 dang xung khéng 46 1a bs dao
luu dong dién thy dong CSI.

Hinh 8.83 minh hoa thi tu hoat déng cda bd ddo h tudn theo cdc dang
song dong dién. Ddi voi thd ty SCR ddn 120 hoiic 60° ¢cic ma cdm bién duge
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Nguén DC I |
(dign dp v, i L4 :
bién thién) : }
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Bén cac cdng SCR

Trec a '

!

|
en [ TLH
Hinh 8.82 Dong Cam bién '

ca de khong ¢o Gidi ma L1,

ruyén déng cdng

chéi than, so dé
va vdn hanh

tao ra tif cAm bién nhay sang hodc cdm bi€n higu ting Hall. Hinh 8.84 minh
hoa trudng hap 120° vdi bé cdm bign nhay sang dit ¢§ dinh cdch déu 120°
nhén dnh sdng tir nguén sang cd dinh. Rotor mang dia chuyén mach quay theo
rotor va chén tia sang 180° dén cdm bién va 180° cdn laj cho tia sang dén cim
bién. Cam bién sé cho ra muc logic 1 khi nhan tia sang va mic logic 0 khi bi
td1 (dia chdn dnh sdng), ba cdm bién (cd dinh) va dia chuyén mach (quay theo
rotor), tae ra thit tv ma cdm bi€n (Hinh 8.83) va mach dién t phat cde xung
diéu khién dén cdng SCR, va diéu khién thi tu din va ngit cde SCR.

Vi tri tuong déi cua dia chuyén mach cé thé duge didu chinh theo cic cue
rotor (truc d va truc q). P6i vdi vi tri rotor tic thei (dia cd dinh), cé thé thay
mé cam bién sé thay d8i tir 101 d&n 100. Pha “a” & giita xung dong dién khi
ddng dién chuyén tir pha “b” sang “c”. Tai th&i dim nay truong stator két qua
F dinh huéng doc truc a (Hinh 8.83) (chiéu duong dong dién déng co nEUFe
vGi chiéu dmmg lyc dién dgng cam dng); ¢6 thé kiém tra pha “a” bang cach
ding quy tdc ban tay phdi Fleming. Cuc bdc trén stator dinh huéng theo truc
a. Cye béc nay ddy cuc bic rotor dé tao ra moment ddng co (géc giira hai cuc
béc rotor va stator 1a B). Vach chi bdo ddnh dau trén dia chuyén mach ladn
Iudn chi vé cue béc stator, khi tir trudng quay stator déng bd véi rotor. Vach
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. 0 0 0 1 1 1 | H
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SCH dan 1.5 1.6 26 2.4 34 as
1

Hinh 8.83 Dang song dong dién. Thi t¢ SCR ddn va cdc ma cdm bién,

chi bdo tac géc ¥ so vdi truc q cla rotor. True g tré pha han true d 90" nén (B
+ v} = 90°, Biéu chinh géc y bing cdch xoay dia chuyén mach trén truc theo céc
e rotor.

Pong c¢ de khéng chéi than ¢o rotor la nam chdm vinh ciiu sit dung cam
bién hiéu dng Hall cdich nhau 60° {Hinh 8.85). Cam bién phat ra miic logic 1
khi dsi dién vai cuc Bée, va muc logic 0 khi khing tiép xuc vdi cue Bic. Thi ty
méi cdm bién thec sy sip x&p nay dugc néu trén Hinh 8.83. Tir Hinh 8.85, ¢é
thé thiy H, nim trén truc a, ma cam bién ¢ vi tri rotor nay chuyén tir 000 dén
(301, vdi déng dién pha a dang cuc dai va chuyén mach tir pha b dén c. Fy
hudng theo truc a, eue bée stator doe theo true g, nghia 1a y = 0 (Hinh 8.84).
Pong cg nam cham vinh ciu thuiig dudge didu chinh theo gi4 tri y nay (tuong
ing vdi B = 90° d& tao ra gid tri moment cdm dng t8t nhat).
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Cyc béc_
dsi véi £

S Tryc q
Hy. My, Hy cdm biBn nhay sang

Hinh 8.84 Sy b6 tri cde cdm bién; cdch déu 120°
va md cdm bién ti 101 dén 100

Md hinh mach dién

Hinh 8.86 minh hoa mo hinh mach dién Novotny - Abbas ciia déng co
khong c6 chdi quét de st dung b ddo luu dong dién ngudn (CSD. Dong dién
can bing trong mdy dién ddng by ¢6 mach CSI (Hinh 8.82) 1a cac xung lugn
tron canh. Phan tich dya trén dong dién ac ¢o 88 va bé gua dong dién hoa tén

(sémng hai). Bat:
I; =dong dién ngudn de edp cho mach dao hu.

I, {(dong dién pha hiéu dung) = dong dién cq s4.

6 ,
= £ x 1} duge biéu thi bing chudi khai
i

trién Fourier,
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Hinh 8.85 Péng co nam cham vinh citu duge diéu khién dc khéng dang
chSi, 4 cute, cdch nhau 80°, y= 0, md cdm bién chuyén tu 000 sang 001

Trén Hinh 8.86 (a), mo hinh may dién déng bd thudng duge vé dic tuyén
bang dién khang déng b X, va lyc dién dong kich thich E,, cd hai ddu bién
thién theo van tbe chi phdi tdn s§ van hanh. D3 1dn cda E lién quan dén dong
dién trudng rotor theo diic tuyén tir héa. Hinh 8.86 (b} 1a so d& pha tuong ing,
véi 1, dude vé sém pha theo goe ¢ so véi V (V 13 dién ap ac phan (ng trong
méy dién déng bd). Sy van hanh dong dign sém pha dwge thue hién & phin
hiét véi dong dién khi chuyén mach béng SCR.
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ft—— 0851wl e

(a} Mau mach AC

{c) S6 &6 pha (&) Mach tuong duong
may dién d¢
Hinh 8.86 Mdu mach mdy dién khong chéi quét de

Mo hinh mach CSI ac duge tao ra theo cac didu kién sau-
W T, =1
(ii) Thong s& mach la dién trd R__

tiii) E,, va I,. cung pha

Cdc ditu kién n2y bdo ddm phin mach d6 biéu thi may dién de tuong
duong.

T Hinh 8.84, 6 the thdy goc pha gita I,_ =1, va E, 1a géc v. Cong sudt
hién doi trén méi pha cua may dién déng bo cin bing v6i mdy de tuong Ung:
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I.Ejcos y=1,.E,; I =1,

E.=E/cosy {8.121)

Chuyén két qua nay 1én so db pha (Hinh 8.86b), sé thiy ré V va E. lién
quan vdi nhau theo dién khang X, 40 (Hinh 8.36 (a)).

Bé qua ton that trén bo ddo luy, ¢6 thé xdc dinh quan hé giga Vo, va R,.:
Vil =3 Vi I, = 3 Vo, (W6/m) T,

Vi = Vy(n/ 346) (8.122)

Gid s ngdn mach d E,,, nghia la E,, = 0, ¢6 thé thdy:

]'ae(SC)ZVTe
I{nf‘
R,. = VT“; - Vu(n/546) - (2 /18)—&
Le(SC) (/6 /mI,(SC) 1,(5C)
VR

1,(5C} =Rp, dién trd trong cba mach chinh luw.
R,. = (n*/ 18) Ry (8.123)

Dc tinh clia ddng ca dc khdng chdi quét
Tir Hinh 8.86 (c):

E,. = Vr, - LR (8.124)
Theo pt (8.121):
Eg = E;cos v (8.125)
E; co thé viét:
E; = Kb, cos y (8.126)
vii @, = tir thong/eyc tir, do téc dong cia rigng I,

Thay cdc gia tri vao pt (8.124):
K, cos y= Vg - [ R

af” tae
— VTe — IaeRae

K,®,cosy

i

5

(8.127)
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Ngoai trif tde dung cita cosy, phudng trinh nay tuong tyu phugng trinh vé
may dién dc didu khién théng thudng,

Moment hinh thanh dugc tinh tif phuong trinh:

TxPow _ 3VIneosd Sl o0y E, (8128
ms mS m!

S& dung pt (8.126) dé& bién déi:

T=3K® L, cosy (8.129
Gia s dac tinh tir héa la tuyén tinh; |

E; = K/ I; o cos ¥ (8.130)
Cic phuong trinh tdc do v& moment tré thanh

0, = —“VI?}I; f:osR«, | (8.131)

T=3K1I;I,cos¥y (8.132)

Trong dong co déng bé, khi dong dién truiing (rotor) gidm, hé s& céng suft
$é trd nén chim pha hon. Nhung trong déng co khong chdi quét dc (dong co
dong b véi héi tiép vi tri rotor), dong dién trudng I, gidm, l2m van tdc ting
(pt 8.131) tuong ty ding co de théng thuéng. Pidu nay ¢6 thé gidi thich dinh
lugng nhu sau; tir Hinh 8.86, ¢6 thé thdy khi I; giam, E; va E,. gidm, va khi
R,. rdt nho, gdy ra I, = I, tdc dong lén E; cdm tng va I, téng, lam sut 4p
I.X4 tang (theo su gia ting tan s6 van hanh). K&t qua 13 ¢é trang théi §o dinh
theo van tdc mdi cao hon & hé sd cong sudt sém pha nhé tham chi tré pha.

May dc nam cham vinh ciiu khéng chdi than

Cédc mdy de khdng chdi than cd nhé thudng ding nam cham vinh ctu.
Trong 46 lye tir dgng rotor cia déng ca F; ¢6 dinh va géc y trong cdc mdy nay
duge xac lap la zero, nghia la F, va F, (lye tit dong phdn dng) léch nhau theo
gdc 80° (t6i vu 46i vdi moment guay). Hon noa, dién tré day pha R, khang the
bd qua, cdn edng vaa R,, trong md hinh de. 8¢ db pha véi ¥ = 0 dugc minh hea
trén Hinh 8.87, tir dé c6 thé thiy:

1. X, = dung khang = X, (vé d5 ldn).
2. Gée PF tré pha.

Quan hé cua cde pt.(8.127) va (8.129) vé van téc va moment gquay déu duoe
ap dung, riéng pt (8.124) cdn chinh sitfa nhi saw:

E, = V- L. (R, + R)) (8.133)

A
joae]
]



HasXc

Vie “~Trucq

Hinh 8.87, So dé pha cia dong co nam chdm vinh cidu khéng chéi than.
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Chuong 9
May dién cam iing

Gidi thigu

Miy dién cam dng [a loai rdy dién quan trong duge ing dung rong rai
lam dong co trong cong nghiép, dong cd mét pha trong nhiéu thiét bi dan
dung. Hién nay, hon 85% ding co trong céng nghiép la loai cdm dng, c6 van
toc khéng dai véi dac tinh mie song song (shunt), chi gidm van téc mot vai
phin tram tir khong tai d&n du td; (ta dinh muc}. Pong e cam ing chi can
¢4p dién tif phia stator, khéc vdi déng co didng bé edp dién ac trén stator va
kich thich de trén rotor. Moment trong déng co cdm Ung xuat phdt tir dbng
dién cdm trong rotor nhung vdi van téc khong déng bg, nén con goi 1a dong cg
khéng dong bs. Moment trong miy dién dbng b duge hinh thanh tir van toc
ddng bg khi “khéa chat” hai ti truong rotor va stator. Do d6, déng co cam ing
khong bi hu héng do van dé& én dinh nhu dong co déng b. Trong may dién
cdm iing, nguén dién chinh gay ra déng dién kich thich, hinh thanh do tir
truang quay trong khe hg khang khi. Ha s cbng sudt trong mdy dién cdm tng
nhé hon 1 va thumg duge diéu chinh bang tu dién ghép song song (ghép
shunt) ¢ cdc ddu day dong co. Hién chua 6 phuong phéap don gidn va ré tién
dé diéu khién téc dé dong cu cam tng nhu trong déng ca de méc song song.
Khodng rng diéu khién t5c 44 c6 thé duge thue hién bing cdc mach SCR dat
tién, do d6 déng co cam Ung doi khi c6 pham vi si¥ dung thap hon so véi déng
¢¢ de méc song song..

Cau triic

Stator trong dong cd cam ing don gidn han may dién déng b, duge quan
diy d€ ddn dién 3 pha, thudng sit dung hai I6p day quén. Hinh 9.1 minh hoa
stator déng c¢ dién cdm ing. Rotor ¢6 hai loai la ddy qudn va léng sée. Lai
rotor gém nhiéu la sit méng ghép lai véi cde ranh dé chia cac cupn day quan
ho#e c4c thanh rotor. Trong may dién nhé, céc 14 sét (tin) duge xép chéng va
1&p truc tiep 1én truc, trong may dién 16n, cdc 14 st c6 tist dién thich hap duge
xép chéng va ldp trén tryc.

Cuén day eha rotor day quin 1a 3 pha, duge dat trong cdce ranh 13i rotor.
Stator ciing tuong tu, nhung sé ranh it hon, s vong nhiéu hon trén mai pha,
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Hink 9.1 Stator mdy dién cdm ing véi ddy qudn 2 lop

day dan 16n hon, Rotor duge quan day va mic sao, ¢6 ba d4u day ra néi vdi ba
vong trugt gdn trén truc rotor. Cde vong trugt nay bing déng, tigp xic vdi ba
choi than, Cdu trac rotor day quan thuong duge ding trong may dién cd ldn
v6i cde yéu ciu moment khdi déng nghiém ngat. Hinh 9.2 a minh hoa rotor c6
vong trugt. Pién tré bén ngoai cé thé ndi vao mach rotor qua vong trugt dé
giam dong dién khdi déng déng thai cdi thién moment khdi dong.

Rotor léng sée ¢ cdc thanh dén dién dat trong cdc ranh rotor va duge [am
ngin mach & hai ddu (méi ddu c6 mot vong din ndi lidn c4c thanh). Rotor ldng
s6c cdn goi 14 rotor ngdn mach (Hinh 9.2b), duge diing trong c4c dong ce nha.
Trong mdy dign lon, cdc thanh va vong ngdn mach duge lam bang déng. Rotor
¢6 dudng kinh dén 50 cm, ede thanh va vanh ngin mach duge 1am bing nhém.

Déng co rotor 1dng séc c6 moment khdi déng thap, nhung khi déng co dat
du téc d6 thudng hoat dong rdt tot. Vi vay khi cdn moment khdi dong ldn,
khéng nén sit dung dgng co lang soe. PE c6 moment khdi dyng trung binh,
ding co 1dng sée phai la loai rotor 1éng s6c kép hodc rotor ranh sdu.
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Hinh 9.2 (a) Rotor ddy qudn cia déng co cdm ung;
tb) Rotor lang séc vdi cdc thanh va vong ngdn mech bdng nhom dic.

Rotar cé sd rach it hon stator dé tranh khéa chit tif trutsng rotor vdi
stator khi khéi dong. Cdc ranh trong mdy dién cdm dng cé dang nifa kin d&
tang tée dd din tif trén cue L, dé dong dién tit héa duy tri trong giéi han nho
hon hé 58 cong suat don vi.

Hinh 9.3 minh heoa so 46 néi diy déng co cam dng vong trugt ba pha, vdi
stator ndi tam gidc va ndi sac. Cac cudn day rotor duge ndi vdi ba vong trugt;
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Bién ngudn E,
3-pha

Cudn stator

} N&i ngén mach qua
dign trd khi khdi déng

Hinh 9.3 Dong co cém ing vong trugt ba pha - sa dé néi day

¢é ba chéi dign <& dinh quét trén ba véng trugt va duge ndi tit qua dién trd
ngoai khi khéi dong. Dién trd duge ngt ra khi dong co dat di toc dé.

Rotor 16ng s6c c6 cdc thanh ngén mach thuing xuyén, c6 thé duge thay
th&, theo quan diém mach dién, bAng rotor day quan tuong dng.

Sdéng tir thdng va lyc tir 4dng - nguyén Iy van hanh

Nguyén 1y vén hanh chi y&u cia dong co cdm ing da duge dé cip trong
Chuong 5, & day sé tém tdt cdc ¥ chinh va phén tich md hinh mach dign & 6
thé dé dang tinh todn.

Hinh 9.4 minh hoa mat cit ngang cia dong co cim (ng. Stator duge cdp
dién ti ngudn ba pha c6 dién ap V/pha va tin 5§ f Hz. Rotor quin day ba pha
¢6 86 cue nhu stator v duge ngin mach. Gia st dién trg stator va dién khang
ro déu khéng ddng ké:

V = E, = 2 kN, (ndi 1iép) fO, (9.1)
vdi E| = lye dign déng cdm iing trén stator/pha
K, , = hé s0 day quan stator
N (ndi tiép}) = 56 vbng diy ndi tiép trén stater/pha.
®_= tir thang tong trong khe ho khéng khi/eye tir

Tt phueng trinh 9.1 tu thdy: bat chap cde diéu kién tai trén rotor. @, tir
thong/eue tir duge thiét lap trong khe hd khéng khi la hiing s6 chi lién quan
d¢n dién ap eung cip ttheo gid dinh trén). Vector lyc tit dong F, cung vdi
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® Dong dién

EMF P
(® Dong dien
EMF (P

Tryuc cudn AN’

{m—-ny+n=
Ns (stator)
n

-t

Rotor

Hinh 9.4 Séng lyc dién déng ve i théng trong dong co cdm ing

vector mat dd tir thong B va tif théng @, tuong ung, tat cd déu c6 van toc
quay dong b khi duge lién ket vdi cdc dong dlen 3-pha can bing. Téc 44 tuong
doi gidta B va rotor tac ra sif cam ng dong dién trong roter ngdn mach.
Moment phat sinh do tuong tdc giima B va dong dién rotor, thee dinh luat
Lenz lam quay rotor theo chidu quay ciia B lam gidm van idc quay. D6 la
déng co tu khdi déng, rotor dat vén toc én dmh n < n, phu thuge vao tai trén
truc rotor (truc déng co). Chu ¥, moment khong duge tao rad n =n, vi vin tée
giira B va rotor biing zero, sé khéng c6 dbng cdm ting trong rotor

Do trugt va tan sd cia dong dién rotor

Tu Hinh 9.4, ¢6 thé thay B chuyén dong theo van tée (n, - n) so vdi cac

day dan rotor (cung chidu vdi B ). Bé 1a van téce trugt. Pa truqt duge dinh
nghia nhu sau:

Toe 4o trugt _Ps-n 1A (9.2)

~ Tée dédéng bs n, n

5 5

Khi s = 1 thi n = 0; rotor dimg yén (khong quay)

s = 0 thi n = n; rotor quay véi van tdc déng bé.
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Tén =8 dong dién ¢dm dng trong rotor la:

fo=

- -n)
(n, n)P_lfns ny (nP} of ©9.3)

120 { n, | (120

B$ trugt cda dong co véi téi dinh mae & khodng 2 - 8%, nén tin sd cia
dong dién rotor f, thdp khodng 1 - 4 Hz.

Luc dién déng rotor trén mbi pha ¢ s = 1 (rotor dung vén) la:

E, = nv2k,,,N,;,(ndi tiép}f, (9.4)

4 da trugt bat ky, tan s6 rotor la sf, lue dién déng cdm Ung trén rotor 13
sk,.

Tré khang mach rotor la:

Zy, =R, + j X, (khi rotor dimg yén)

Véi X, = dién khdng ro cia rotor khi ding yén (tdn s& rotor = tin s6
stator, f).

Khi rotor quay véi 49 truot s, tin s6 mach rotor 1a sf, ird khédng sa la:
Z,=R, +js X, (9.5)

Theo 46, tdn s4 dong dién rotor, luc A, $X;

dién dong cAm dng va dién khang ty lé

thuan vdi dg trugt s. Hinh 9.5 minh hoa

mach rotor vdi dd trugt s. Goc pha cha
mach la: sE,

l2

0, = tan™ X, {tré pha) (9.6)
R,

Hinh 9.5 Mach rofor (tdn 50 sf)
E1 kwll\IphI _ N

el
= = =a (9.7}
E‘Z kwlehl! Ne2

vii N, N, = a0 vong/pha hiéu dung ciia stator va rotor.

Luc tv ddng va moment
Tit Hinh 9.4, cé thé thay vector mat dé tif thong téng hop B quay vdi tac

dd (n_ - n) so véi rotor, lue dién dong duong cue dai cdm dng trnng cudn day aa’
cha rotor khi B som pha 90% 5o vai truc cugn day aa’. Do dong dién trong cudn
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diy aa’ chim pha theo gée 6,, so vdi lye dién ddng cdm dng, nén dong dién
roter nay sé duong cyuc dai khi B, quay thém mot géc 6, O thoi diém nay,
vector hic wf dong rotor F2 nAm trén truc cudn diy aa’, Br {hoac Fr ) sém pha
hon F, theo gée & = (90° + 8,). F, lJam cho dong dién rotor tan s§ f, = sf quay
so vdi day dén rotor theo tdc d9 (n_ - n) va téc dd n so vdi stator khi rotor
chuyén dong cing chidu vdi téc Ao n so vdi stator. F, va F, quay & van tic n,
ddng bd véi ba pha trén stator, géc léch pha giira ching 12 (90° + 8,). Su tuong
tdc giita tif trubmg rotor va tif trudng téng hop tao nén moment:

n(PY n(PY
T-= E(EJ @, F,sin (90° + 8,) = E[EJ ®,F, cos 6, 9.8)

Moment T ¢6 citng chidu quay véi f",‘

Xét rotor 1dng séc vdi cde thanh din déng dang x&p déu xung quanh rotor.
Luye tif dong phan khang F, dugec danh gid rd trén s¢ d6 trién khai (Hinh 9.6)
véi séng B, chuyén dong tuong d6i vdi rotor & van tde trugt (n_ - n). Bé qua
dién khang rotor, cic dong dién trén thanh din (ngdn mach) cing pha véi lye
dién dong cAm (ng trén thanh din. Dong dién thanh dén phan bé hinh sine
citng pha, ciing vin téc ddng b) vdi séng B Séng lye tir ding rotor 1a hinh
sine theo cap cing s& lugng cuc tif khi séng B, chuyén dong ddng bo. Séng eo
86 F, (Hinh 9.6} cham pha 90° so véi sdng B_. Néu tinh dén di¢n khang rotor,
séng dong dién thanh dén (rotor) va séng luc tit dong rotor sé tré pha theo géc
8,. Do d6, géc giita cdc séng B, va F, s& 12 90° + 0, tuong ty rotor day quén.
Kotor 18ng s6¢ ¢6 cdm ung phan khéng tuong tu rotor diy quin, cé thé thay
biing roter diy quin tudng duong.

S6ng déng dién thanh dan

Hinh 9.6 Luyc tir déng trong rolor long sic vdi gic thiét dién khdang khong
dang ké
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Tir pt (9.8), rotor dién khang thap (8, = tanljsX,/ R,) s& tao ra moment
16n theo céc dai lugng & cho @, F, va . Vé mat nay, dong co 14ng s6¢ ¢c6 vu
diém so vdi ddng cd rotor ddy quidn vi rotor léng séc c6 dién khang thap han.

Dong dién rotor, ¢6 tin s sf gay ra luc tir dong F,, va F, ¢6 van t6c dng
bd voi tir trudng quay stator. N6i cach khae, dién khdng coa dong dién rotor
tuong ing dong dién tdn sé f trén stator, dong dién rotor khi quan sdt tir
stator, cé tdn s6 f nhung cé cung gi4 tri hiéu dung.

Lue tit dong stator 13‘1 duoe tinh theo phuong trinh vector (Hinh 9.4):

F,=F-F (6.9)
F‘i duge chia thanh hai phéin:

F,-F, +F, (9.10)
trong 46, F, bing vé gia tﬁ va nguge chidu véi F,.

F, =F, (9.11)

Dong dién pha stator {ciia ba pha céin béng) tao ra F] {dng vdi pt 9.103, TI
dugce chia thanh hai phin;

L=1,+1, (9.12)

1, la dong dién tir héa tao ra lyc tir dong téng hop F_ v tir thong tdng hep
P/ cue, Ié la thanh phén dong dién stator cin bang vdi phin khang F, cia
dong dién rotor L,.

Hinh 9.4 cbn biéu thi vi tri tusng d& va chiéu dueng cia dong dién cujn
day AA’. Cdc vector nay & thoi diém L, c6 gia tri duong cue dai. D& F,khtF,,
thanh phan déng dién stator can bing lue tir dgng rotor phai cung pha véi
dong dién rotor khi quan sat tif stator, Xét vé& dd lon:

F!z = Fz
42 K“.I[Nphl]llz - 442 K“_Z{ Nphz]lz
n P n P
: N 1
L=gth=—0 (9.13)

el

F’, nguge chiéu véi F,, d€ chiing triét tiéu 1an nhau, cdn ', va 1, phdi tuin
theo ty 1& tir pt {9.13) v cung pha.
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Trén Hinh 9.4, c6 thé thay trong stator chiéu duong cia lue dién dong E,
nguge chiéu duong cua I;, trong rotor chiéu duong cda I, cung chiéu vdi sk,
(tuong tu tridng hop may bién dp)

Vdi chiéu dong dién duong trong cudn day stator AA’ va chiéu truc cudn
day {Hinh 8.4), theo dinh luat cam (ng, sé ¢6 luc dién déng duong cing chiéu
véi dong dién la:

da
e=+—
dt

Tuong tu truong hop may bién ap, pha tir théng @, va dong dién tir héa tré
pha 90' so v6i E,. Trong md hinh mach, 1 duge vé bing dién khang tirhéa X
qua lyc dién déng E,.

Mach tuong dudng

Médy dién cam (ng c6 md hinh mach tuong tu may bién ap. Cé thé tom tit
nhu sau: '

E_, L_1

E2 IZ a
v6i E, la lue dién déng rotor dimg yén.

I’y chay vao dau duong cua E, va [, chay ra khéi dau duong cia E,. Ngoai
ra, I, khi quan sdt tit phia stator, 12 dong dién stator ¢6 tin sd f va cing pha
vii ', thanh phén dong dién tif stator dé cin bang lye tif ddng rotor F,.

2. Tugng tu mdy bién dp, thanh phin dong dién tit hdéa 1, cua dang dién
stator tré pha 90" so véi lue dién dong cdm ing E, trén stater.

3. Ddng ¢o cam iing, khéng nhu may bién dp bién doi muce dién dp va
dong dién, chi bién dé#i tin s6 ty 1& vdi do truot, lue dién dong cam ung
trong rotor la sE, va dién khdng rotor 1a sX,.

Hinh 9.7a minh hoa mé hinh mach wiong dugng dong o cam dng trén co
86 pha, bao gdm cdc phan tir néi tiép dién trd stator va dién khang ro. Theo
lién k&t may bién &p, mach rotor va stator 1a mdy bién dp Iy fudng téng quidl,
trong dé, dién ap rator ding yén E, va dong dién rotor [, dugce lién két véi cac
dai lugng stator qua ty 58 bign 4p a, trong khi thong s& tan s xudt hién trong
mach rotor qua 49 trugt s, 1a thang sé co,

Mach rotor cé thé quy chiéu tif phia stator theo hai bude, xdc dinh lai
mach rotor dé ty 56 vang diy la don vi, sau d6 tinh két qua bién d8i tan s6
trong mach rotor tuong duong & tdn sd stator.
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Bién ap t t
- X, ', ién ap Tng qua

+ T +1

- 7{ a1 /
Ténss f P13 Tan s& f, = sf

b
x
m

N
AN

m n
(a)
sX'; = s X,
h R, X &2 R,=#R, f=bLia
+ % !m“ a— T -
Y Xm g saE{ = $E,

N
Ny
L

Ténsd f

Tdn s8 f

(c)
Hinh 9.7 Xay dung mé hinh moch tuong duong cho dong co cdm tng
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Hinh 9.7 (tt)

Biing cich nhan dign dp rotor v6i a va dong dién rotor v6i 1/a, trd khéng
rotor duge xéc dinh 1a:

Z, = a’R, + jsa’X, = R, + jsX,; R, =a’R,, X, = a%X, 9.14)

Do d6 cdng sudt la bat bién. Mach rotor sau buée nay duge minh hea trén
Hinh 9.7 b, d6 1a rotor tuong duong ¢6 ¥ s& vong don vi véi stator

T mach rotor tuong dugng (Hinh 9.7h;

sE,

L= {9.15a)

R2 + JBX2

Chia tf s6 va miu sd cho s:
L= E, (91.5b)

(R, /s) + jX,

Hinh 9.7¢ minh hea mach rotor, trong dé mach rotor va stator c6 cang tﬁn_
s, bién dp 1y tudng trd thanh bi&n dp ding cé t¥ s& vong dan vi. Chi y, mach
rotor quy chiéu theo tdn s& stator ¢6 dién khdng X', khong d8i trd thanh dign
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trd bién d6i R’/ s. Phuong trinh 9.15b khang phai la cong sust bat bién (dién
ap thay déi trong khi dong dién khong d8i). Cong suat truyén dén thi ¢dp
duge tinh cho t6n that ddy déng rotor va cong sut co (dudi dang dién). Didu
nay tuong phan vdi Hinh 9.7a, v4i cong suat co duge 14y qua true dong co.

Néu R', duge tach ra tir R’y/ 5 dé thé hién tén that day dbng (rotor), mach
tuong dLrUng ¢6 thé vé nhu trén Hinh 9.8 (a) véi dién trd bidn thién R ALl/s-1),
thé hién cdng suit co ra dudi dang dién. M6 hinh mach trén Hinh 9 8 (b) cé
thé sit dung (tuong Ung mach trén Hinh 9.7d) véi dién trd tén that sit R,
khéng vé va dugc tri ra trong cdng sudt cd trén tryc (cong suat hip thy theo
R’,(1/ 5 - 13}, va phai tinh gin diing dd d& théa hoan toan véi midc trugt binh
thu'fmg trong dng co cam img.

Céng sudt tidu tan R’y (1/s- 1) gdm ca tdn that 161, phai tru da tir cdng suat
ed ra. Tén that do quat glo va ma sat cing phai duge trir ra. T8n that 161 vai
tén that quat gié va ma sdt (£6n thdt quay) xay ra khi dong co hoat dang. Tén
that quay trong déng co cam ting khong ddi khi dién 4p ngudn khéng d8i va
toe dd dong co thay d6i it ti khong tai d&n dd tai (tai dinh muc).

Ry(1/s 1)
Bién d&i thanh cd néng

S(1/s ~1)
Hinh 9.8 Céng sudlt co ngé ra. ®)
(Trit phdn tén thdt 16§ sdt)
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Mach tuong 6uong gén ding

Mé hinh mach tuong duong gidn dung cha dfng co cdm tng, cho phép dé
dang tinh ton va phéan tich, c6 thé thiét lip bing cdch chuyén nhdnh song
song (Hinh 2.8a) dén cdc d4u day vao (Hinh 9.9}, Budc nay chita duge xét nhu
trong mdy bi€n 4p cé cung dé dong kich thich cao (va ddng tir héa), do ¢6 khe
hé khong khi, e6 thé dat d&n 30 - 50% dong dién tai toan phan. Hon nifa, trd
khang rd s¢ ¢ip ciing phai cao hon trong déng cd cAm ng so véi bién 4p va bd
qua do sut dign dp do dién khang so cfp chua duge xét dén. Do do, céc két qua
tinh todn tif m& hinh mach tuong duong gin ding ¢6 dé chinh x4c khéng cao.

Trén Hinh 9.9 ¢6 thé thdy, do nhénh song song tir héa 1dy dong dién I,
tré pha gin 90°, hé s6 ¢dng suit khi déng co van hanh véi tai toan phén chimg
0.8. § tai nhe (I’; nhd) hé s cong sust con thdp hon, do cé khe hd khong khi
trong mach tir va dong dign kich thich tir nguén chinh (phia stator).

A fa X=X +X; R=R+ Ry
BT ——wa——

£ ()

T Céng sudt co tdng

- )
X
D

Hinh 9.9. Mé hinh maoch tuong duong gdn ding cia déng co edm ung.

Cong suat khe hé khong khi, moment va cong sut ra

Cong sudt trén 2 d4u ab trong md hinh mach nay (Hinh 9.10} 1a cong suét
dien vao trén ting pha da trif ton thit stator (t6n thdt déng va sdt trén
stator), 1a céng suit truyén tit stator dé€n rotor qua tir trudng khe hé khéng
khi, ky hiéu gid trj 3-pha 1a P

Tit Hinh 9.10:

B, = 81, (R, = 22 B (9.16)
s
Céong suit qua khe hd khong khi = tdn thit déng rotor/d) truct

. 22
Tén thit ddng rotor, P, =31, Ry =sPg 9.17
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e

oA K a X2 Rsgp

* »—0——"0-0@—%’-
b

v X ;é R;
<

b
Hinh 9.10. M6 hinh mach dong co cam ung.

Mot phén cong suat Pg bi t8n hao trong day ddng rotor, va trit di tén hao
nay P con lai 1a cong sulit co ddu ra (cbng suit ce téng hop):

P =P, - L'R,=3 1;_,"'R'2 (— - 1} =(1-8)Pg "(9.18)
3
Cong suit tdng hgp ca ngd ra (chua tinh cdc t6n thét co) bing cong sudt

dién ba pha tidu thy & dién trd R, 1 ) . Mach trén Hinh 9.10 duge chinh
]
sita véi cong sudt co (Hinh 9.11) trong d6 R'y/ s duge tinh la:
52~=R',+R'2(1-1J
s $
—= 2
Bign trd 141

Tit pt (9.18) c6 thé thay cong suat cd ngd ra 12 phén (1 - 8) cia téng cong
suit phén phéi cho rotor, ¢dn pt (9.17}, phén s 13 cang sufit tiéu tén do ton
thét déng rotor. Van hanh ddng co cdm tmg & d¢ trugt cao 12 khong hidu qud.

y A X, A X3 R,
+
b 3
3 (1—1)
X $R 3 T\
v » R [ Dién ird tai
l {1/3 cong suat cd)

Hinh 9.11. Mach déng co edm tng véi céng sudt co.

517



Béng co cdm dng phdi duge. thidt k& dé van hanh c6 d6 trugt thap (2 - 8%) &
tai dinh mije. :

Tée¢ 46 Totor

w={(1-s)o,  radlecoys.
Moment dién tir:

(1-8)oT=P, =(1-8) P,

Py _ 31, (Ry/s)
L))

T= (9.19)
5 ws

Pay la két qué quan trong, theo d6 moment nhan duge tir céng sudt qua
khe h& khong khi chia cho van t6c ddng bd (rad/s) khi cong sudt nay truyén &
van téc déng b. Vi thé cong suit qua khe hd khong khi P, ¢on 1a moment ¢
don vi watt - ddng bé.

Sau khi trif cic t6n that (quat gié, ma sdt va mam tai), sé nhan duge
moment va ¢dng sudt co higu dung.

Khi tinh todn cong suit déng co cam imng, phuong phdp téng quat 1a st
dung md hinh mach trén Hinh 9.7d dugc v& lai trén Hinh 9.12 véi cdng suat
cd v moment trif cAc ton that, gém: tén that déng, tdn that quat gis, ma sat
va t6n thit mam tai.

—a—

h R

Y PP

X
=

X, B
/ I
Z X,
- b

———

Hinh 9.12. So d6 mach tinh todn.

Cac budc tinh toan
Phuong phap tinh thuan tign d6i vdi 48 trugt cho truse 1a tinh:

Z, =i Xu/MRyfs+jX;) =R, +jX,
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trong mé hinh mach trén Hinh 9.12. Khi d¢
3R
=— 7/ Nm

o,

P =3UR,, T (9.20)

Phuong phdp nay rat thuan tién dé tinh dua trin iudt pha va bién ddi

thanh gid tri ba pha.

Vi du 9.1: Pong ¢o cam tng 3 pha, 50 He, 6 - cue, chay & di tai, tao ra

moment ¢6 ich 14 160 Nm khi luc dién dong rotor gdm 120 chu ky mdi phut.
Hay tinh cong sudt ra trén truc, N&u tdn that moment do ma sat va tdn that
131 10 Nm, hay tinh:

{a) Tén that déng trong diy quin rotor.
(b} Céng suit vao dong co.

(c) Hiéu sudt déng co.

*Tdng tén that stator la 800 W.

Giai
120
=sf=—-=2Hz
2 =8/ =g
5= 2 =004 = 4%
50
n, = 1000 rpm

n = (1 - 0.04) x 1000 = 960 rpm.

960 » 2n
©0=—-—
60

=10053rad /s

Céng suit ra trén true dong co = 160 x 100.53 = 16.085kW.
Cong suat cg hinh thanh, P = (160 + 10) x 100.53 = 17.09 kW.

Tén that moment quay dugc cong vio cdng suit trén tryc

(@) PSR- 1)
|3
Tén that dong trén rotor =3 I,'R, = Pm[i] 17090 22 _7iow
1-s 1-0.04

{b} Cong sudt vac dong co = 17.09 + 0.712 + (.8 = 18.602 kW.

16.084
18.602

= 86.47%

(c) Hiéu sudt dong co N =

519



- Dac tuyén moment - trugt

Biéu thic cia dic tuyén moment trugt T(s) duge xdc dinh tif mach tuong
duong & phén bén trai ab trén Hinh 9.12.

ZTH ={R1 +jX1)}'fJXm '_—RTH+jXTH
' ) X

ey [ SRR o "R

™ [Rl +_]{X1+Xm)}

Mach nay dugc rit gon thanh mach trén Hinh 9.13 cho phép lay V., lam
dién 4p quy chiéu. Tir Hinh 9.13:

. Vi
(Rpy + Ry /8)” + Xy + Xp)?

L 9.21)

BEv e
r-2 w02, Ym(sz /8) 28 (9.22)
@, 0y (Rpy +Ry/8)" + Xy + X))

1, Rm .. R;

s a

b
Hinh 9.13 Mach tuong duong Thevenin cia mdy dién déng bé.

g Phuong trinh (9.22) 12 biéu thidc moment hinh thanh theo ham dién 4p va

“'' 46 truot. V6i gia tri 4 truot cho truée, moment ty 18 véi binh phuong dién 4p.
DPic tuyén moment - d§ trugt ¢ dién 4p (dinh mitc) khéng d6i duge vé trén
Hinh 9.14. C4c dic tinh cia dic tuyén nay bao gém:

1. Chédé dong co:0<s<1:

Véi khodng d¢ trugt nay, dién trd tai trong mach (Hinh 9.13) 1a duong,
nghia 14 céng suit co ddu ra v moment c6 cung chiéu quay véi rotor.

(a) Moment la zero & s = 0.

(b) Moment cé gi4 tri cuc dai, con goi la moment ngdt (Tgp) & dd trugt
Smax,T- DONG €O s& gidm tdc néu tai 16n hon moment nay.
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Piém van hanh

Moment
2 "“Ti dong 6 trugt
L 1 0 I
-n, 4} —_—
—~a— Ché€ A0 -— Ché d6 Ché 86
déng cd déng cd méy phat
(s> 1) 0sss1) (s <0y

Hinh 9.14 Bdc tuyén moment - d¢ trugt

(¢) O s =1, tic 1a khi rotor dimg, day 1a moment khi déng T,, nhd hon

nhiéu so véi Tgp.

(d) Diém vén hanh binh thudmg & dudi Ty, Do trugt dd tai thuong 1a

2.8%.

(e} Dé#c tuy®n momet - trugt tir khdng t3i dén gn tai dinh mifc hdu nhy

tuyén tinh.

2. Ché do mdy phdt dién: s < 0

V6i db trugt &m, rotor chay & van toe siéu ddng bd (n > n,). Dign trd tai &m
(Hinh 9.13), nghia 14 céng suit ce phai dugc cip vao va cong suat dién ra & cdc

diu day may dién.
3. Chédd ham:s > 1

Péng cd chay nguge chidu v6i tir trudng quay (nghia 1a n 4m) hap thu co
néng (tdc ddng ham), tiéu tdn ¢ dang nhiét trong day ddng rotor.
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Moment cyc dai (moment ngit)

Moment cuc dai va 9 trugt tuong ung 6 thé duge x4c dinh bing csch lay
vi phén pt (9.22), diéu kién moment cyc dai d& x4c dinh tir dink ly truyén céng
sudt cyc dai trong 1y thuy&t mach. Tir pt (9.19), moment cife dai khi 1'22{R'2 /)
cue dai, nghia 14 eéng suit eue dai duge hap thu bing R, /s (Hinh 9.13). Bidu
kién nay la:

R, . VB2 + (X + X,
smax,T
Smsx.T = 2 Rz 2 (923)
JRTH +{(Xqg + Xy}
Thay vao pt (9.22) va nit gon:
3 0.5V
Smsx = ™ (9.24)

O Rpy + yRyy + Xy + X, 02
C6 thé thay moment cye dai doc 1ap v6i dién trd rotor (R’y) con db truot
tuong img ty 1¢ thudn voi R’,.

Déc tuyén moment - d¢ trugt trong dong ca cam ting vdng trugt cé thé dé
dang chinh sifa bing cdch méc them dién trd ngoai (Hinh 9.15). Ti pt (9.24)
hay Hinh 9.15 déu cho thay T pax KhOng phy thube gid tri dién trd rotor. Tir pt

T
Tmax
>
\“‘\.

Tai toan phan

1 0 =55 truct
—_—
n=20 s Toc dé
Hinh 9.15 Dgc tuyén moment - d¢ trugt véi gid tri dign trd rofor tdng ddn.
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(9.24) ¢6 thé thdy moment cuc dai khong d46i, va tir pt (9.23), do truat tai
moment cuc dai ting t¥ 1& véi dién trd duge méc thém vao mach rator.

Moment khdi dong

Xét trudng hop, s = 1, pt {9.22) trd thanh:

3 .
Tst.art = i : ' ‘;THRg Y (9.25)
g (R'I'H +R2) +(XTH +X2J .

Tang moment khdi déng biing cdch mic thém dién trd vae mach rotor

Tit pt (9.23), c6 thé thidy moment khédi dong dat cuc dai (Sppax, 7 = 1) khi:

R, (tdng) = yR2y + Kry + X,)? (9.26)
Dbédng thoi, dong dién khéi dong gidm (pt (9.21)). Bay 14 uu thé cla dong co
cdm Ung vbng trugt, trong dé6 moment khéi dong cao va dong khdi dong thap.,
Tinh todn gan ding

D61 khi cdn biét so bd vé die tuy&n van hanh, d& thuin tién, ¢6 thé bé qua
tdng trd stator (Hinh 9.13) d€ c6;

Bry=0; Xpy=0; = Vpy =V
trong mach tuong duong Thevenin (Hinh 9.13), sao cho Vo = V, tit cdc pt
(9.21) dén (9.26) c6 thé thay:

- v
I, = T (9.27)
YRy /9% + X,

3  VXR,/s)

T=— — — {9.28)
9y (R,/sP +X,
Spir = & _ _Ri S Bllr:n tro roto‘r (9.29)
X, X, Dién khdng rotor ding vén
2
T, =— fosv (9.30)
ms ( X').
3 VR,
Toan = — —5—2— (9.31)
ms Rz +X2
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R,(téng) = X, (9.32)

2
T -7 -3 [0'5" ] (9.33)

start{max) max B
® X,

Cac quan hé gén ding khi xét 49 trugt thap
O gan van toc dinh miec, d9 truct ciia déng co cam vng kha nhé:
Ry,/8>»X,

C6 thé bé qua X', dé don gidn héa su phan tich. Céc pt (9.27), (9.28) duge
don gidn:

-8V

I, =3Y (9.34)

2 Rz

T-3 8V (9.35)
@y R2

Tir pt (9.35), c6 thé thay quan hé moment - 83 trugt gda nhy tuyén tinh &
viing d6 trugt thip, d6 1a I¥ do tuyén tinh cua dac tuyén nay duge néu trén
Hinh 9.14.

Cong suat ra cyc dai

Vin tdc dong co cdm Jing bi gidm khi ¢6 tdi, cong suit od ra cuc dai khéng
tuong Ung vdi van tée (dd trugt) § ving moment cuc dai. T Hinh 9.13, diédu
kién d& cong sudt cd ra cue dai 1a:

(1 - -
Rz[; - 1] = JRpy + Ry} + Xy + X)° (9.36)
Tit phuong trinh trén, c6 th€ xdc dinh céng suit ra cue dai tumg 'ng véi

d trugt. Tuy nhién didu kién nay tuong img vdi hidu sufit rat thap va dong
dién rit lén, va & ngoai ving van hanh binh thudmg cda déng co.

Gidi han ctia md hinh mach tvgng dudng
Gid tri cdc théng s§ md hinh mach phdi duge x4e dinh theo cic didu kign

sdt v6i diéu kién vin hanh tuong duong. Cée thing s8 md hinh mach & didu
kién vin hanh binh thudng s& cho két qud sai khi gid tri 49 trugt bat thuimg.
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Khi khéi dong, ddi héi dong dién cao hen dong dinh muic nhiéu lan, giy ra bao
hoa 16i va ting dién khing ro trong rotor vi stator. TAn sd rotor cac (nhu
stator), céc thanh din rotor ¢6 dién trd cao. Vi thé cdc théng 56 hgp v6i didu
kién van hanh binh thuing sé& cho két qud sai 461 v6i dong dién khdi dong
{1én hon gia tri thuyc) vi moment khdi dong.

Vi du 9.2: Déng co cam (mg 3 pha, 50 Hz, 6 - cuc cé dién trd roter 1a 0.25
{/ pha v moment cyc dai 14 10 Nm & 875 vong/phiit. Hay tinh:

(a) Moment khi 4% trugt 1a 5%.

(b) Pién tré méc vio mach rotor d8 c6 60% moment cife dai hic khdi dong.
Hay gidi thich 1¥ do c6 hai gid tri dién tré nay. Gia tri nao duge dung?
Téng tr& stator khong ddng ké.

Gidgi
n, = 222450 _ 1000 viph; o = 222290 _ 104.7 radss
8 60
5ppp = 2000875 _ 4195
' 1000
o B Ry
UK Xa
X, -tz - 025 _
Smamt 0.125
3 {05V?
Tmax:_'[ g ]
@, X2
0o-_3 [o5vi) 3 0.5V?/a’
104.7 X, 104.7 X,
V'=V/a=+1396 V
2 ' 2
(a) T=23. Vi(Ry/8) 3  V"(Ry/s)

Oy (R,/9)?+X,. © (Ry/sf+Xj
s = 0.056-

3 1396 x 0.25/0.05
= . —— =6 Nm
104.7 (0.2570.05)° + 2
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(h) Tif cdc pt {9.30) va {9.31)

Tstar!. — (R2 + R‘extJ . ﬁ
Trex (Ry+ R, P +X: 0.5

06= [ RERJ: 1 ] %
Trong dé R =R,+R_,
R{-667TR,+4=0
R, = 0.667, 6.0Q
R, =R, -r,=0417,575Q
Gid tri R, = 5.75Q tuong dng v6i T, & ving s > 1 (Hinh 9.16).

T
_____ *:::h—_____ﬁ_ N |~ Req=04170
“'\-
OGTM/ |~ Rea = 5750
1 § -

Hinh 9.16. Mink hoa Vi du 9.3

Vidyu 9.3: Bing ¢v cam iing 3 pha cé moment khéi dong 100% va moment
cue dai 200% so vdi moment tdi toan phin. Hay tinh:

{a} D6 trugt ¢ moment cue dai.

(b) B6 trugt tdi tean phén.
(c) Dong dién rotor & khdi dong tinh bang pu d6i v6i dong dién rotor tai
toan phan. Tdng trd stator khéng ddng k&.
Giai
3  VAR,/sy) @
. 0 — 1
(Ry/sp)? +(X,)*

526



3 V2R,

T, = — —— (i)
@ (R, +X,)

T = — - 22V (iif)
o, X,

{a) Chia pt (iii) cho pt (ii)

Toax _ 0-5 Ry +X5) (Gv)
T, XR,

R, = kX, (v)

2 05(1+kHX,

1 kX,

k2-4k+1=0

k = 0.268 = 5, 7
(b} Chia pt (ii1) cho pt (1)
T,

0.5 [(R'zfs,,f +(X'2ﬂ
—max — S)'l
T[I x2R2
05ik/s,f
= fs
st —1.072s, +0.072=0

sy = 0.072, 1

2 P

T 2 {start) = V—z
{c) 2 (RI22 2 4 X'22
v?

I',2 (taitoan phdny= —
(R.z :“Sﬂ)a + XI22

[ I'; (start) ]2 ~ Ry /s fl}z + X% (k/s ;1)2 +1  {0.268/0.072F +1
I Rp2+X'5°2 k?+1 (0.268)% + 1

5 (tdl todn phén)

T'y {start)
= v13.86 = 3.72
I'; (t4i toan phén)
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Cac thi nghigm x&c dinh
théng s md hinh mach twong duong

Khi md hinh mach cta déng co cdm ing tuong tu v6i bién 4p, c4c thong sd
dugc xdc dinh bng thi nghiém khong tai nhy trong bién 4p, gém thi nghiém
khong tdi (trong bign 4p la thi nghiém hd mach) va thi nghiém khoéa rotor
{trong mdy bién 4p 1a thi nghiém ngin mach).

Thi nghiém khdng tai

Trong thi nghiém nay, déng co chay khong tai & dién 4p va tan s§ dinh
muic. Dién dp, dong dién va céng suit vao déng co duge do bing cdc ding hd
v4i so 46 mach trén Hinh 9.17.

bong co khong tai

Nguén dign va
tdn s& dinh mue

Hinh 9.17 So d6 mach thi nghigm khong tdi cda déng co cdm dng

Céc dai lugng cén do trén ddng hé gdm:

Cdng sudit vao = P, (3 - pha).

Dong dién = I, (tinh trung binh tir 3 ddng hé do).

Bién dp = V, (dién 4p tuyén dinh mic).
Cong sudt vio khong tai P, 12 c4c tdn that chi khi edng sufit truc 13 zero.
Cde tn that nay gdm:

Po(tdn that khong tai) = P, (t8n that déng stator) + [Pi{tén th4t 15i/sAt) +
P.s(t6n th&t quat gié va ma sét) = tén th&t quay]
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Tén thét 167 chi xdy ra trong stator khi 46 trugt rat thap (khoang G.001)
va vi thé, tdn s6 cua dong dién rotor thap khodang 0.05 Hz.

Gi4 tri dong dién khong tii trong déng co cam ing khoang 30 - 40% dong
dién do tai vi ¢6 khe hd khang khi. Tdn that ddng stator & khong téi cin duge
tinh todan, bing cich do dién trd dc stator va hiéu chinh theo gia tri ac (50 Hz).

Cong suat oo tuong ong vdi P 6 df trugt rat thip va dién tré ra:
R',(1/ s, - 1) rat 1dn.
Do R’/ 8, >> X', nén X, cé thé bd gua. M4 hinh mach khong téi tuong Gng
dugec minh hoa tren Hinh 9 18a, vai R/ s song song véi R!. Bang cach phdi
hop dién trd shunt ghép song song, mach dién khing tai duge minh hoa trén

Hinh 9.18b. G day R, tinh tdn that quay gom tdn thit 161, quat gi6é va ma sdt,
ndi chung R, ; »>> Xm

YA

-2

(@ (b}
R, X
o——ww— 00—
— 2

{c)
Hinh 9.18 M5 hinh mach khing tdi

Dién trd stator R duge tim tir thi nghiém de trén day quén stator va hiéu
chinh gia tri theo ac (50 Hz). Dién khdng ro stator X, duge tim tit thi nghiém
khoa rotor. X_ va R, duge tinh tit d li¢u thi nghiém khong td1. Tir mach
Hinh 9.18b, c6 thé thiy:
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an/'Rin,

R, =R, + ——- ™ _ {9.37)
T 14X, /R, )P
X
=X+ —— B 9.38
"I R, P 9:38)
Mach tuong duong duge néu trén Hinh 9.18 (¢)
Gia su (X_/R,, () = 0, tif céc phuong trinh trén:
2
R, X 059
R, - R,
X, =X, - X, (9.40)
Tir dif liéu thi nghiém khong téi (Vy, I, P;j va Hinh 9.18 (¢):
g . Vo/d3
1] ]:(:l
R, = P°:3 (9.41)
IO
X, = (22 - B2} . (9.42)

Thay cdce gia tri B va X, trong pt (9.37) va (9.38), s@ tinh dugc X,vaR .

Dign trd ton that 161 stator, R, dugc tim tir thi nghiém tach biét tén that
1ai ra khoi tén that quat gié va ma sat.

Tach biét t6n that I6i tir tdn that ma sat va quat gic

Su téch cde tén that nay Pyl
duoe thye hién bang thi nghiém
khéng tdi vdi nguén ¢ tan sé
dinh mic va dién ip thay déi

duge. Khi dign dp giam dudi gia Ngoai suy
tri dinh mi¥c, t6n that 13i hiu
nhu gidm theo binh phuung ——

dién ap. Vi d6 trugt tang khéng  Pw
dang ké, tdn that ma sat va quat
gi¢ hau nhi khong déi. Paén 4p
tiép tuc giam dén khi do trugt
mAay dién Ltang dot ngot, va djng
co dan dan dimg lai. O khang Hinh 9.19 Tach biét gita P, va P,

g = — = — — = -
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tai, diéu nay xdy ra v6i dién 4p giam ddng ké. Bé thj P,-V trén Hinh 9.19 duee
ngoai suy dén V = 0 v4i P ; khi P, = 0 d dién dp zero,

Thi nghigm ty sd dién ap

Thi nghiém nay chi thuc hign trén déng co vong truot biing cdch kich
thich stator ¢ t&n s4 va dién 4p dinh mif, con rotor duge gitr hd mach. Rotor
sé& khong quay. Ty s6 dién 4p rotor va stator duge do bing voit ké. C6 thé thay
lyc dién dong cdm dng trong rotor xudt hién trén vong trugt c6 tin so dién
ngudn khi rotor ditng yén.

Thi nghiém khoa rotor

Thi nghiém nay duge dung d€ xdc dinh cdc thong s6 néi tiép trong moé
-hinh mach déng co cdm ung. Mach nay tuong tu véi thi nghiém ngén mach
bién 4p. Ngén mach dién trg tai (Hinh 9.8) tugng tng vdi s = 1 va R, (1/s-1)
= 0. Nghia la rotor phai ditng trong suét thi nghiém, cin phii kem giit chat
rotor (khéng quay) trong khi stator duge kich thich bing dién 4p giam thich
hgp (Hinh 9.20}.

Dong dién dong cd trong thi nghiém khéa rotor phai gin bing gi4 tri dinh
muic do cdc dién khang dong co nhay v6i hiéu dng bao hoa trong 153 tir. Gia tri
dong dién dinh mdc duge xéde dinh tir dién dp cap vao stator giam khi rotor
khdng quay va ngin mach (tr&d khang Zy, thap). Tén that 18 c6 thé bd qua
nhung dién khdng tir héa (X} thap hon nhiéu so v6i mdy bién dp va khéng
thé bé qua.

¢ khoang van hanh binh thuong, dé trugt thap (2 - 8%), nghia la tin s&
rotor thap va cé thé bo qua tén that 16i. P& tim dién trd rotor, thi nghiém nay
cin duge thue hién véi tan s8 giam (25% tin s6 dinh muic). Cac gid tri dién

lsa  Rag Xan

# VBRIJE “_}ZBH

(b}
Hinh 9.20 M6 hinh mach thi nghiém rotor khén.
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khang, phdi nang lén tin s6 dinh mdac (50 Hz) . Tuy nhién, d4i vdi cdc dong ca
dinh mife nhé hon 25kW, thi nghiém c6 tan s& gidm thudng khong bdo dam.

So dé néi day va do dac trong thi nghiém nay tuong tif vdi sg dé trén Hinh
9.17. Bong ¢o phai duge ndi vao ngudn dign dp thap (bi€n dbi} thich hgp vai
tdn s8 néu trén. Cac dai lugng ¢in do trong thi nghiém:

Vgr= dién 4p stator (dién ap day).

Igg = dong dién stator (gid tri trung binh tir 3 dong hd do).

Ppr= cong sudt vao stator (d€ thi&t 1ap ton that déng trong stator va
rotor). Khi @ién ap gidm, t8n that 13i (cd trong stator) c6 thé
khong ddng ké.

Tif cac k&t qud thi nghiém, cé thé tinh:

Vg / V3
Zyg = -B;‘— (9.43)
BRE
Pyp /3
= ];%R (9.44)
Xyp = (Z8e - R3e) (9.45)

Céan x4c dinh cdc thong s6 R, X,, X, cGa md hinh mach, con R, duge do
tit thi nghiém de. Tit Hinh 9.20 (a) v§i thi nghiém giif chit rotor:

Zuw = Rpp + iXpn = (R, + X))+ X AR,+jX, ) (9.46)
X, #MR,+jX,) = A+ jB
Thue hién cdc gia thiét 48 don gidn héa sy tinh todn:

A+jB= X Ry +3X5') X Ry +1X, )[R2'+j(X2'+Xm )]
Ry +i(X,+X ) R:zz + (X, + X2

{9.47}
Khi X, >> R'), cé thé b6 qua R’

, iX 2 o
A+JB =W|:R2 +x2(X2+Xm)—Jszm]
- X. (R,Y
R+ XX, + X, ) =R, + XXX )= X, |1+ =m o | 22
X, |X,

Lon2
< X,(X, + X, khi [ﬂ] «<1
X?
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2 .
A+jB=R'2—.X—m—— +3 _xg(_m1
X, +X, X, +X, )

Phuigng trinh (9.46) c6 dang:
x 2
Zpw = Rpp + 3 Xy = (R + X))+ {Rz[—ﬁ—] i H xm)} (9.48)
X, +X,

Vi X, /1 X, = X, khi X, >> X,
Phugng trinh (9.48) dugc viét thanh:
X, + X'y = Xy (9.49)

2
R, = (R - Ry) [M] (9.50)

Néu (X + X',) > 10 R),, {trudng hgp phd bién), sy tinh todn gin dung pt
{9.50) s& ¢ R’, vdi sai 86 dusi 1%.

Giai doan ndy, cdn tich biét gita X, va X’,, khéng thé tinh tir dir ligu cia
thi nghiém nay. Néi chung, c6 thé gia thiét:

X, = X, = Xpg/ 2 (9.51)

Né#u thi nghiém rotor khoa {BR} dugc thye hién v6i tan s dinh mife, c6
hai yéu t6 anh huéng d&n gid tri R';. Thd nhét 1a dién tré rotor (ddy quén)
tang khi t4n s& cia dong dign rotor bing tén s dinh mikc, v6i cac diéu kién
van hanh binh thutng rit thap (vai Hz). Thit hai 1a tAn s& bién thign tir thong
rotor ciing & tén s& dinh mic. Lai rotor thé hién dién trd hidu dung song song
vdi R, do 46 gidm R’, ré rét. Hai yéu t8 nay 6 xu thé ba trirJin nhau. Cho nén
véi dong et cd nhd (duéh 25 kW) khong cén thi nghigm & tan s6 gidm.

MO hinh mach tif thi nghiém khong tai (NL)
va thi nghiém khéa rotor (BR)

Véi cdc théng sd mach da 6 duge d trén, mé hinh mach véi hai dang duge
néu trén Hinh 9.21.

1. Méb hinh mach trén Hinh 9.21 (a):

R, 12 tdn that 16 cing vdi ton that quat va ma sat. Su x4p xi gdn ding
dugc gla thigt 12 t&n thit do quat gié va ma sat thue duge tach khéi true dudi
dang co. Hai tn that nay duge tdch khoi truc dong co theo céc thi nghiém néu
trén, sé cé d9 chinh xdc cao hon.
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R, (1/5-1)

Cong suat co

oA M B % oA

VWY

-
o
%

E.

«

T Az (s -1)
co— }

Céng suét co

Hinh 9.21. M5 hink mqch ti
thi nghiém khéng tdi va
thi nghiém khéa rotor. {b)

Chi ¥, cdng suat do dién trd ddu ra R’5(1/ s - 1) tiéu thy 1 cdng suil co.
2. Mo hinh trén Hinh 9.21 (b) - Mé hinh mach IEE:

G day R, bi loai bé, dién khéng song song chi cdn dién khang tirhéa X_.
Tén that 151 va tén that quat gié vOi ma 54t phéi duge trir khdi cong sudt co ra
{cbng sudt R, (1/s - 1)). Day la loai xdp xi gln diing th(f hai va ¢6 d3 chinh xdc
cao han. Mach nay phan tich don gidn hon va thu¥ng duge chip nhan si dung
chung.

M hinh mach gdn diing

Mb hinh mach x4p xi gén ding duge minh hoa trén Hinh 9.9. Dl chign
v#i mach nay, mé hinh mach trong thi nghiém khéng ti duge néu trén Hinh
9.22(a} vdi rotor duge coi 14 hé mach. Md hinh mach trong thi nghiém rotor
khéa duge néu trén Hinh 9.22(b) b qua nhénh song song.
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(b)
Hinh 9.22. Cdc mé hinh mach gan ding.

Thi nghiém khéng tai (NL)
(v /43 f V' .
—_—— =—, P, =P, -3R
iwf (Pr",3) p.- r Li] 04+
= tdn that 15i stator + t8n that quat gié vh ma s4t (t0n that quay).

Vo /3 . 12
Iiwj’ = ;{. B Im =(Il2)__152w_,f
iwf
X _Vy/43
" 1

m

Thi nghiém khoa rotor (BR):

ZBR =25 i RBR = PB2Rf3 = Rl + R2
IBR IBR

[ 3 2 .
Xpr = {zfm - Rfm)l =X +X,
Vdi gia thiét:
Xy :Xé =Xy /2

R, tim duoc tit thi nghiém de va duge ndi két v6i nhiét 46 van hanh (75°C).
Pai vai cdc dong co dién ¢dm tng ¢6 thé khong ¢dn hiéu chinh theo tdi ac.

M6 hinh mach tuong dugng gin dung tir thi nghiém NL va BR duge néu
trén Hinh 9.23. Trong mach trén Hinh 9.23 (b), cdng suat cd quay (quat gié va
ma sat) phai duge trir khéi cong suit cd ting hgp. Didu nay cho két qua t6t hon
mach trén Hinh 9.23(a) va dugc chdp nhén khi chi yéu cdu sy gin dung
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o X+X pop; ; p %*X g o.nR
T —wr—

I .
: 2 3o
: Pl ;v P FS
2 XY

R'2{1fs 1)

2
Cong suit cd tdng hgp ngé ra

(a) b
Hinh 9.23. M5 hinh mach gén ding theo thi nghiém NL va BR.

(chuyén nhédnh song song d&n dau vao dong co). Mach tuong duong gén ding
trén Hinh 9.28 (2) cht y&u duge dung trong phueng phdp so d6 mach hinh
tron d€ xde dinh hiéu sudt cia ddng co cdm ung.

Vi du 9.4: Bong co cdm ing ndi sao, 50Hz, 3 pha, 400V, 6 - cye chay nhe
6 dién 4p dinh mite, nhan dong dién 7.5A véi cong sudt vao 1a 700 W. Véi rotor
bi khéa va dién dp 150V c4p cho stator, dong dign vao la 35 A va cong suit vao
4000W. Trong cac didu kidn 46, dién tré stator trén md; pha 13 0.55 Q. Pién
khdng ding yén ena stator va rotor dugc nhin tir phia stator duge ude tinh
theo ty 55 1 : 0.5. Péng co van hanh & dg trugt 4%. Hay tinh dang dién stator,
h& s8 cong sudt, cong suit cd ra va moment. Hiéu suit ding co trong cde didu
kién vdn hanh nay la bao nhiéu?

Hay tinh higu suit dyng co nhu trén bing cach st dung cc thdng s6 clia md
hinh mach tuong duong gdn ding, va so sénh két qu# gia hai phuong phap.
Gidi

Thi nghiém BR (khéa rotor)

=247Q

150/ 43
Zon = e

3

_ 4000x 3
(351

Xpp = ,/(2.47)2 -{(1.09F =2.220
X, + X, =222

X, +05X, =222

X, =1480Q; X, =074 Q

Ry =1.090
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ConE
X, +X
R, = {Rue — R, | =2~ 22
s = {Rpr 1{ X, }
X, =29.03 Q (nhan tu thi nghiém NL (khéng tai) & dudi)
2
R, - {1.09- 0,55(3%} =0.568 0
29.03
Thi nghiém NL (khong tai}
7, = 2008 5000
7.5
a6/
R, - 203 4150
(1.5)

xﬂ = J(30.79Y - (4.15F =3051Q
X, =X, -X, =3051-148 =29.03 Q

M5 hinh mach chinh x4c duge néu trén Hinh 9.24. Thye t& khong can
dung phuong phap tuong duemg Thevenin déi vdi stator, hé sé cong sudt, cong
sufit vao, ma truc ti€p tim Z, ti md hinh mach trén Hinh 9.24.

Ef =X, I (R s + 31X}
= hén hgp song song tré khang rotor va dién khang tir héa
=j29.03] (142 +j0.74)
=1098 +3 596 =R, +j X,

R, =1098Q
i, 055 148 5, 074 o568
-+
v 3 0.568 x 24
l z : = 13630

Cong sudt co 18ng hgp
Hinh 9.24. M6 hinh mach chinh xdec.
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{0.55 +j 1.48) + (10.98 + j 5.98)
1153 +37.44 = 1372 £ 32.8° O

L=-231 16844
13.72

pf = c0s32.8° = 0.84 tré pha
Cong suit vao
P, = /3 x400x 16.84 x 0.84 = 9.80 kW

Khi dién khdng tit héa khéng tiéu tan, edng suat trén R, sé thist 14p cong
sut trén khe hd khéng khi. Vi thé:

Pi =31 R,(=31," Ryfs) = 3x (16.84) x 10.98 = 9.34 kW

Cong suat co ra (tdng hapy = (1 - s) Po={1-0.04)x9.34 = 897 kW.
Tén that quay ={700 - 3) x (7.5 x 0.55 = 60T W
Cong sufit co ra P . =8.97-0.607 = 836 kW.
o, = 000X 2% _ 10479 radss
60
Moment = 8360 o0 i6Nm
104.72(1 - 0.04)
Hidu suit, n =836 100~ 85.81%
9.80
Cidc tén that:
Tén that quay =607TW
{161 + quat + ma s4t}
Tén thit déng stator =3 x (16.8)2 x 0.55 = 468 W,

Tén thit dong rotor

1

sPg = 0.04 x 9340 = 374 W.
607 + 468 + 374 = 1449 W.
Kiém tra: P, - P, =9800- 8360 = 1440 W

Téng tén that

Chi y: Phuong phap trén c6 thé duge dung dé tim dé trugt & moment cue
dai, nhung vige ldy dao ham rat phiic tap. D& don gian e thé dp dung phuong
phdp Thevenin, nhung cin tinh todn nhidu d& xde dinh dong dién stator va hé
sd cong suat.
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M6 hink mach tuong duong gén diing.
Thi nghigém NL (khong tdi):
Tén thit quay P, = 607W (d4 tinh)

oy = 3x(@31F o0
670
Ty = 231 9875
264
1, = (7.5F - (0.875F =7.45 A
- 231 _ 310
7.45
Thi aghiém BR (rotor khéa):
Zap =0 5470
35
4000/ 3
=S =1.090
BT (357

X, + X'y = (758 - (1.09) =2.220
X,=148Q; X,=074Q

Mé hinh mach twong dueng gin ding duge néu trén Hinh 9.25. T Hinh
niy:

Z (t8ng) = (0.55 + 0,54 + 12.96)+ j2.22 =12.22 /- 9*

Iy=-23L 1694 /-9° =16.94-j2.54
14.22
222
1, f, 055 ———n—— 054
Hinh 9.25. +§
Mo hinh
mach gdn s
diing 3 054 x 24
<Y Xy —= 7 (total) 3 =12096
Cong
B suét ca
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Cong suit co ra (tong hap) 3 x1(16.24) x 12.96 = 10.25 kW

Cong suit co ra = 10.25 - 0.607 = 9.64 kW.

Moment = & =96 Nm

104.72(1 - 0.04)

Dong dién stator:

L=1,+1, =-j7.45+(16.04 -~ j2.54)=16.04 - 10 = 18.90 £ - 31.9° A

1, = 18.90 A ; pf = cos 31.9° = 0.85 tré pha.

Céng suat vao = J3x400x18.9x0.85 =11.13 kW

9.64

%x 100 = B6.61%
11.13

]']:

So sdnh: Cdc két qua tir mo hinh mach gin ding cao hen khodng 10 - 12%
so vidi md hinh [EEE {haj hiéu suat gidn nhu biing nhau). Mach tuong duong
gan dung cho phép tinh todn hinh dung hiéu suit ddng cv tuong doi dé dang hon.

Vi du 9.5. Cac két qua sau diay nhan duge tir ddng cg cdm g ldng soc, 3
pha, 75 kW, 3.3 kV, 6 - cue, 50 Hz:

Thi nghiém NL (khéng tdi»: Tédn s& dinh mde 50 Hz

V, = 3.3 kV (day), 1, = 54, P, = 2500 W
Thi nghiém BR (khéa rotor): Tén s0 15 Hz

Ve = 400 V(day), Ly, = 27A, Py, = 15000W
Thi nghiém dec trén dién trd stator/pha = 3.75
{(a) X4c dinh cdc thong 36 mé hinh mach (chinh xdc).

(b} Tim cée thong sd cla mach Thevenin tuong duong khi nhin tit mach
rotar

(¢) Tinh moment cuc dai va dé trugt tugng ng.

{d) Doivsi dd trugt 4%, hay tinh dong stator, hé s8 cong suit va hidu suit
ding co

Tinh moment ndi cha déng co.
Giai

Thi nghiém khéng tai (NL)
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3300/V3

Ty = ———— =381Q
5
R, - 250013 45550
(5
X, = y(3.81F - (33.33F =379.6Q
X, = X, -X, = ?
Thi nghiém rotor khoa (BR)
Zen = 2W00/¥8 g oeg
27
15000/ 3
R = —————— = 686 Q
BR T (277

Xgq = y(8.55F - (6.86F =5.100
X, = X, = Xy /2 = 2.55 Q (6 15 Hz); 8.50 Q (5 50 Ha)
X =3796-850=3710Q

¥ 2
R, = {Rgg - Ry {&’fﬁ] = (6.86 - 3.75) P%TTM—O] =3.250Q

m

{a) Md hinh mach dugc minh hea trén Hinh 9.26 (a)

- i 371
{b) Vo = (3300/43 )20 L = 1862 £0.6° V
w - (33003 )0~ 3.75+ (371 + 8.5)

Ty = j371x (;.75 +j8.5) 9.08 £66.8°
3.75 + j(371 + 8.5)

-3.58+i8.35 =Ry +jXqu
Mach tuong (ing duge minh hoa trén Hinh 9.26 (b)

(e¢) Moment cuc dai

3.25 _ J(3.58F + (8.35 + 8.50)
E;mmt.T
ST = 325 _ 9.189

T 17.22
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- P

f, 3ys 850 /850 305
+
i
LA, 371 3.25 (1 - 1)
n 2 ) s
( =78
i khi s = 0.04
. I
~ i
(a)
f, 358 835 85 ...
+
1
Ve — 2 325 (S~ 1
Hinh 9.26. Cdc iné
hinh mach minh hoa - %
Vidu 9.5. {t)
RZ r‘fsm.ax T= _L%_ =17.2Q
) 0.189

n_ = 100{ v/ph; o, = 104.72

Zpyne = (3.58+17.22) + j16.85 = 20.80 + 116.85=26.77 239° 0

1862
T 26.77

=69.56 A

2

T - 3 x (69.56) x17.22 - 2.387 Nm
104.72

(d) D€ tinh dong dién stator va he sa céng sudt, cdn sif dyng mach dién
trén Hinh 9.26 (h)

zZ, =1 378125+ J8.50) 011 11810 - 7424+j2426=R, +jX,
B81.25 + j 379.50

Ziy =(3.75+ jB.5)+ (74.26 +  24.26) = 84.60 »22.8°
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330043
"7 84.60

pf = cos 22.8° = 0.922 tré pha.

= 2252 A

Cong sudt cd ra {tong) =(1-s) P,
={1-0.04)x 3 x (22.52)% x 74.24 = 108.43 kW
Tén that quay = 2.500 - 5% x 3.75 = 2.22 kW

Cong sudt vao déng cd = 3 x3.3x22.52x0.922 = 118.22 kW

Cong suit co 108.42 - 2.22 = 106.21 kW

_106.21
118.42

Moment ndi = (108.43 x 1000¥% [104.72 (1 - 0.04))
= 1078.6 Nm

. = 89.69%

Vi du 9.6. Dong ca cdm ung rotor day quin 400V, 1450 v/ph, 50 Hz, ¢d cdc
théng 86 mach nhu sau:

R, =038 R, =0.25Q0
X, =X,=060Q X, =35Q
Tdn that quay = 1500W
fa} Tinh moment va dong dién khéi dong khi déng co khdi dong truc tiép
voi dién dp dd.
(b) Hay tinh dong dién dd tai, hé sd cong suit va moment ra, Tim hidu

sudt bén trong va hidu suit toan phan. Hidu suit bén trong duge xdc
dinhk theo:

P, téngV P,_; P

> P (t0ng) = (1 - 8) Py

(e} Tim d¢ trugt d6i vdi moment cue dai va gid tri moment cye dai

Giai

M6 hinh mach déng cu duge néu trén Hinhk 9.27 {a) vd mach Thevenin
tueng duong trén Hinh 9.27(b). Cdc dai luong tueng duung Thevenin duge tinh
nhu sau:

=  j35(0.3+j0.6)

029430590
T = S 35,60 )

543



L 03 06 26 025 029 059, D& 025

+ +

Zin

- 2 -

231V 2 g3 227 v

L { l R

- * 0.25(1s - 1) =% =
3
o
S

{a) (b}
Hinh 9.27. Cac mach dién minh hoa Vi du 9.6.

= 231 20" + j35)

Vg = Tha . Car on
0.3 +j35.60

n, = 1500 rpm w, =157 rad /s

=227 205"V

(a} Khdi dong 6 dién dp du (s = 1)

Tif mach trén Hinh 9.27 (a)

7 _435(0.25+j0.6)
7 0.25+j35.60

R, =024Q

=0.24 +j0.59 Q)

Z,={0.3+]0.6)+{0.24 +;0.59)=1.31 265.6° Q

1,(khéi déng) = 2oL _176.3 A
131

3R ;
T (khéi dong) = > 2 _ 3x(176.3F x 0.24

=142.4 Nm
[ON 157.1

1500 - 1450
= _1/30
(b) ok 1500

Ry/s, =0.25x30=7.60
Tu mach trén Hinh 9.27 (a)

7 135(7.5+j0.6)
f 7.5+135.6
R, = 6.94

=6.94+j2.050
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Z.=(03+j0.6)+ (694 +j2.05)=7.714201°CQ

-2 _30a
771

pf = cos 20.17 = 0.94 tré pha

Po=3x (30 x 6.94 = 18.74 kW
Céng suat ra (téng) =(1-5}P,=01-1/300x18.74 = 18.12 kW
Téan that quay = 1.5 kW
18.12 - 1.5 = 16.62 kW

Moment = _}M = 1094 Nm

157.111 - 1/30)

Cong suat ra

Céng suat vao V3 % 400 x 30 x 0.94 = 19.54 kW

n= w » 100 = 85.06%
19.54
Hiéu suit bén trong P U-s) 18TU-180) o010
P, 19.54
icy Sit dung mach Thevenin tuong duong (Hinh 9.27b}, déi vé¢i moment
cue dai
925 _ flo29% + (059 + 0.6}

S s, T

Spaer = 0.177

By 025 )0

Sowr 0177

7 (ting) = (0.29 + j0.59) + {1.416 + j 0.6) = 2.96 £23.7° O
227

y = =76.7A
2.96
T, 3 (76.7F x 1.416 - 156 Nm
157.1
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Sa do hinh tron {gan Ging)

Vi cdc thong s6 mé hinh mach gdn ding nhan duge tir cdc thi nghiém
khéng tai va khoéa rotor, ¢hé d6 lam viée hoan chinh cita mdy dién cé thé duge
tinh bing cich thay déi do trugt. D& hinh dung bin chét ch& d6 lam viée cia
may dién ¢Am (ing trén khodang d6 truot hoan chinh, phuong phdp qu¥ tich,
duge goi la sa 48 mach hinb tron, 1a rat hdu ich. Trong mach duge néu trén
Hinh 9.23, déng I', chay trong mach cdm dng ndi tiép véi dién trd thay déi.
Qui tich cua pha dong dién n&y la hinh tron. Nhdnh song song (tit héava P, ;)
ct dong dién khéng déi lam dich chuyén tam hinh trén so v6i gbe toa db cua
so d6 pha (Hinh 9.28). Chu y, trong thi nghiém khéa rotor (thi nghiém BR)
cde dai lugng do ¢6 ky hiéu BR, biéu thi cdc diéu kién ngidn mach mé hinh
mach hinh trén (s = 1), ¢ ddy sé thay bing ky hiéu SC (ngdn mach}.

Vi
Ché dd dang ¢d
f P
h . Budng
i id xudt
¢ B
Psc .. DUGNG moment
C (Y omEnG
P, D
0 L M x
E H N

/!

U]

Hinh 9.28 So do hinh tron gdn dung

(i) Vi tri truc doc OV 1a dién 4p thé hién pha dién 4p V. Hinh chiéu pha
dong dién trén truc V 1a thanh phén dong dién tdc déng, cén thanh
phan pha dong dién phan khang la hinh c¢higu dong dién trén truec OX
{tré 90Y so vdi truc V). Cdc thanh phdn dong dién nay thé hién cong
sudt thue (cong sudt tdc dung} va edng suit phan khdng khi nhin véi
V (dién 4p mdi phal.
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(ii) Vi tri OP, & péc ¢, (péc hé s§ cong sudt khong tdi} so vdi truc V (pha
dién ap) thé hién dong dién khéng tai [,
Tén thit khong tdi Py = OP, cos ¢ = PyA (theo t¥ 18 véi dién 4p V).
(i1i) V& doan PoQ vudng gdc vdi truc V:

Vv

PQ=——
WQ X, +X,

P,Q la dong dién T’y néu tat cd dién trd trong phdn mach nay dude rit
gon 1a zero.

{iv) Diém ngin mach Pg. duge dinh vi trén hinh trén tuong dng véi s = 1

v
I'y (SC) = PyPsc = e _
\’[Rl + Rz)z + (Xl + ijz
A

Hinh tron ciing ¢6 thé v& bing cdch dinh vi Py khéng cdn xdc dinh
P,Q.
O @iém van hanh bat k¥ P trén hinh tron:
OP = I, {dong dién vao)
OP, = I, (dong dién khong tii)
P,P = I'; {ddong dién rotor duoc nhin tir phia stator)
Hai tam giac P)DB va PGPy ding dang:

oD - D ©.52)
PG PG '

Tam giac P,DP v6i P,QP va P GPg. véi P,QP,. dong dang ting cip nén:

@ = E hoac PUD - M (9.53)
PP PQ P

PG PPy g pgo PPk (9.54)
POPSC PIJQ ’ POQ

Thay cde pt (9.53) va (9.54) vao pt (9.52}.
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BD (BP¥ I}

- - (9.55)
PseG  (PoPse)r  Tise
Nhan tif s& v mau s6 v& phdi pt (9.55) v6i (R, + R,
BD _ I3(R;+R3) _ Tén thit déng khi c6 téi (9 56)

PscG  1%c{R, +R,)  Tdn that déng khi SC
Céng suit vao khi ngdn mach:
Po H = GH + PgcH = Py + P,
P..G = P, = tén that dong (stator + rotor)

t8n that dong stator = Py(stator) = I,°R,)
. 2 ; # o ax Y
Tir pt (9.56) BD =1, (R1 + R2)= ton that dong cd tai

.. . P.F R
Lap ty so:  =8C -2
Py FG R,

Tir cde tam gidc déng dang néu trén, dé dang tim duge:
BC = t8n that ddng rotor {(cé tai)
CD = tdn that déng stator {cé tai)
Néu P F dugc tao thanh gap dudng trén ¢ P,, thi:
P_L = tdn that dong stator (tugng dng vdi tén thit déng rotor = 0)
biéu nay chi xdy ra khi: R';/s =0, hays =«
Nén diém P_ tuong (ng vdi 4o trugt vo han
J diém tai P: PE = PB + (BC + CD) + DE
Céng suat vao: P,=P_+{P_+P,)+P,
Vdi P = PB = cong suat co ra (P, dugc tinh trong Py)

Céng sudit co ra 1a dudng doc bi chin gita dudng tron va dutng PP,
duge goi la dudng cong sudt ra.

Cong sudt khe hd khong khi
Py=P,+P_=PB+BC
= PC = moment tinh bing watt - déng b
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Doan thing ding gita duémg 1ron va dutng P P. 1a dudng moment (déng
bé - watt).

P, BC
b trugt, s = = = —
O = " PC

Béng cdch quan s4t hinh tron nay, cé th€ dua ra k&t luan téng quat dé vé

d6 thi ch& d9 van hanh dong ca cdm dng. Ps la:

{1) Dong cd cdm dng cé hé 6 cong sudt pf rat thap (tré pha) & khong tai
sé cdi tién gid tri eue dai (khi OP la ti€p tuyén vdi dudng trén) va ti
dé s& bat ddu gidm. Pong co cdm ng c6 hé s§ cong sudt tré pha
(khoang 0.8) va khéng thé diéu khién nhy dong co déng bé. Vi thist bi
chi edp dién mot phia stator, 14y dong dién 16n tré pha vdi hé sé cong
sudt zero, tac nén tif théng téng hgp trong khe hd khéng khi trén mdi
cuc ti.

(ii) Cong suit cd ra c6 mét cuc dai, duge dinh vi bng cdch vé tidp tuyén
vl dudng tron va song song véi duong cong suit ra,

{(iii) Moment cing cé mét cuc dai, & di€m khéc véi céng suit cue dai, va
dugc dinh vi blng cdch vé tidp tuyén vdi duding tron va song song vdi
dutrng moment.

{(iv) B4 thi hiéu suit - tai cing cé mft cyc dai. Dy 14 déc tinh coa thiét bi
bat k¥ cé thanh phin tdn thit khong ddi va thanh phin tdn that bién
thién ty 1& v binh phuong tai.

(v) Dong dién vao tang lién tue.

Céc d8 thi dong dién, moment, pf, 46 trugt va hidu sust theo cong sufit ra
pu cia dfng co cdm dng duge néu trén Hinh 9.29, v4i duing nét lién d&n cong
sudit ra 1.0 pu {(d4 tai), va vugt qud doan ndy la dubng nét dit.

Vi du 8.7. Bong co cdm Gng 19 kW, 3 pha, 400V, 6 cyc ¢6 cdc thong sd clha
mé hinh mach gin ding nhu sau:

R =140, R,=060,
X,=2Q, X,=10, X_ =500
Tén that quay 1a 275W. D81 vdi dp trugt 0.03, - 0.03 v& 1.2, hay x4e dinh:

(a) Dong dién day, pf va ¢Ong sudt vao
(b} Moment trén truc vi ebng suit co ra
{c) Hiéu sudt
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2.0

-k
[4)]

bl
H

Dong dign, moment, dd trugt, hiéu
sudt, hé sé cong sudt (pu)
5

4.4 p.u. khingan mach

A
I
— +
’..-""' N
=1 {4
T4 T/J{
- -
o ///
- -
// ,//_,//"
— T
] ——=F ===
T ,ﬂ‘ -
';.ﬁv// "‘l
e I e
¥ y ~=1--1 n
A A . bl P
L4 =23
T /f’ “"--.._-s
s - 1=
2.1 s ____|,_...--"'
4] a5 1.0 1.5 2.C

Céng sudt ra (pu)

Hinh 9.29. Cdc dudng cong vign hanh cda dong co cdm ung

Giai

Mach tuong duong gin ding duge vé trén Hinh 9.30
Bé trugt = 0.03

(i)
(a}

(b)

550

R, =06/003=20Q

=2 L0 069/ -8°A-1050-j149A
(14+20)+;3

- 231.0°

2120 | cie2a

b = 507907

,=1,+1,=1050-j1.49-j4.62
=10.50-j6.11 =12.15~ - 30.2°A
I,=12.156 A pf = cos 30.2° = 0.864 tr pha

Cong sudt vao = 3 « 400 x 12.15 x 0.864 = 7.27 kW

_ 3x{10.697 x 0.6

P, = = 6.86 kW
0.03



Hinh 9.30.
Mach dién minh
hoa Vi du 9.7,

+

21V 50

i |

Cong sudt co ra (tdng hop)  =(1 - 0.03) x 6.86 = 6.65 kW

WY
e
)
&

Tén that quay = 0.275 kW
Cong suit cd ra = 6.65 - 0.275 = 6.37 kW
n, =1000 v/ph; o =104.72rad /s
Moment = %ﬁa =62.22 Nm
_8.37

(e)

7 x 100 = 87.62%
fit) Pp triot = - 0.03
{a) R, /s = - 20 Q(dién trd 4m)

- 23120°

= 21226/ ~171.3° A=-12.12-j1.85 A
(1.4-20)+33

1, =-j4.62

I, = (-] 4.62) +{-12,12- j 1.85)
- 12.12-j6.47=13.73 £ -151.9° A

Ifout) = -1, =13.78 £281° A (ché& do may phat)
I, (out) = 13.73 A; pf = cos 28.1% = 0.882 s6m pha

Cong suat ra = /3 x 400 2 13.73 x 0.882 = 8.39 kW

Lz .
Cong sudt od ra = [1 - S{M] =1.03= -'3'—-{-(—1—2‘%%1;19_-@ =-920 kW
5 — Lk
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Cong suat cd vao = 9.20 kW

Cong suat cu vac (tdng hop) = 9.20 + 0.275 (t8n that quay) = 9.4 kW

Moment trén truc (tdng hop) = 3480
104.72(1 + 0.03)

=879 Nm

n (may phat) =

zx100=88,5‘?{

(iii) D6 trugt = 1.2.

(a) R,/s=06/12=05Q

_ U
L = —ﬂiL =65.12-57.7" A =3479-j55.02 A
(1.4+05)+j3

I, =-j4.62
L = (- j4.62)+(34.79 + | 55.02)

=34.79- 75964 A =69.05 /- j59.7° A
I, = 69.05 A; pf = cos 58.7° = 0,505 trd pha.

Cong sudt vao (dién) = /3 x 400 x 69.05 x 0.505 = 24.16 kW -

(b) PG=3><(GL'11)Z"—O‘5_=5.3OL;W

Cong suit cora = (1 -5} P, = (1- 1.2) x 6.30 = -1.06 kW
hodc cong sudt cg tiéu thu = 1.06 kW
Bé qua tdn that quay, van tdc ddng bd dong co la
n=1500 x (1 - 1.2) = - 200 v/ph hoéic - 2094 rad /s

Chi y: Ping cd chay nguge chidu tir trudng khe hé khéng khi . Cong suat
tieu thu (tdc dong ham)

-1060
-20.94
Moment nay tdc dong ngugc chidu véi tir trudmg quay.

Téng cong sudt tidu tdn (trong déng co).

Moment =

= 50.62 Nm

24.18 (dién) + 1.06 {co} = 25.22 kW.
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Cong sut tiéu tan trong dong cd (da sb trong diy quan) ldn hon dinh mic

dang cd, didu nay chi duge phép trong thii gian ngan. Hon nifa, cdng suat ham
phéi dd nhé. Tir Hinh 9.14 ¢6 thé thay moment ham s& gidm khi van tée tigp
tue tang {nguge chidu).

Khdi ddng

(3 thai gian khéi dong, dong co c6 db trugt = 1, dién trd tai trén md hinh

mach (Hinh 9.23} la:

kién ngéin mach chiém uu thé.
.Dang dién ddng co khi khdi
déng 16n bing 5 dén 6 1an dong

dong dién kich thich trong
nhdnh song song (nhanh shunt) -

R;(lq} -0
8 s=1

Nghia 1a lic nay cée diéu

v
dien tai dinh miic. Khi so sdnh t

ciia md hinh mach c6 thé bd qua,  Hinh 9.31 M6 hink mach gdn diing trong

mach rit gon dugc néu trén cde didu kign khai dong
Hinh 9.31
Moment khdi déng, T, = 53_ I’ R, (9.57)

Bé don gidn, c6 thé gia thigt:

I, =1,, (9.58)
nghia 13 o6 thé bd qua dong dién tir hoa ké ca trong diéu kién tai toan phin.
Moment téi toan phén, T, = 3. THRy /s, (9.59)

1]

Véi s, = B0 trugt tdi toan phan (2.8%).
Momen khdi dong duge bidu thi theo ty s& moment tai toan phan:

2

T, I,

- T‘ 8n (.60}
it
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Hai gid thiét trong pt (9.60) la:

1. Bién trd rotor khéng 46i. Dién trd rotor thyic s& bién thién theo tin s6
ciia ddng dién rotor - vai Hz vdi tai toan phén dén 50 Hz khi khéi dong.

2. Dong dién tir héa khong ddng ké. Pidu nay tuong dai thich hop vdi [
nhung khéng dung vdi 1, (pt 9.59),

Néu ding dong dién rotor thay cho dong stator trong pt (9.80), sé khong
¢4n gi thiét thd hai.

Dang co 18ng soc

Khoi dong truc tiép: Khi déng ca 1éng séc khei ddng true tiep bang dien ap
day:
L = Ly = V/ Z.
Nghia la dong dién khéi dong bang dong dién ngdn mach (rotor khéa), véi
Isc =51, va s,=0.04
Tir pt (9.60):

£ =52%004=1
Ty
Diéu nay cho thay khi dong dién khdi déng 16n gap 5 lin dong dién tai
todn phéan (ddng dién dinh mdec), moment khdi dong bing moment tdi toan
phéan. Véi dong dién khéi dbng qua 16n, déng cd phii gia téc va tién nhanh
dén téc dd binh thudng, néu khong su qué nhiét sé& 1lam hi hai dong co. Pong
co & thai gian khoi dong, phai cé tai rat nhe hoac khong tai.

Bé bdo vé hé théng dién ngudn, cde thidt bi dién phai c6 kha ning chéng
lai cdc dinh dong ngén mach. Cho nén chi ¢6 cdc dong co o nhd mdi khdi
dong trye tiép bang dién 4p nguén.

Khoi dong voi dign dp gidm: Dong dién khdi dong c6 thé gidm dén mifc dp
cho phép biing cdch gidm dién 4p khai djng. Moment khdi dong sé gidm
nhanh do ty 1& vdi binh phuong dién ap. Khdi dong nhu thé chi thie hign dude
voi tai nhe hosc khang tai. Cac bién phap bao gom:

Khdi dong vdi tri khdng stator: Bién trd va dién khdng trong ba diy din
stator lam gidm dién ap stator tir gia tri dinh mife V xudng dén xV. Dong dién
khdi dong ban diu la:

I, = xIg,

5
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Thay vao pt {9.60)

2
T _ xz[k@gl 5, (9.61)
TJ‘ Ifl

Khi dong dién khdi dong giam (1/x) 1an so vdi déng dién khai dong true
tiép (Ig), moment khdi dong giam (1/ x?) 14n so v&i moment khai ddng truc tidp.
Phuong phap nay duge ding vdi dong o cf nhé (nhu trong bom ly tam), nhung
khdi dong ndi sao - tam gide thudng re hdn va moment khdi dong tét hon.

Khai déng voi bién dp ty ngdu: Khéi dong dién ap giam <6 thé bing ba
bién ap ty ngiu ndi sao (Y) (Hinh 9.32). N&u dién 4p giam 1/ x i4n so vai dién
dp dinh mic V, dong dién khéi dong (ban dAuw) la:

I, = xlg (9.62)
voi: Ig. = dong dién khéi dong (dong dién day) voi dién dp dinh mge.
Dong dién tif ngudn cip vao dong cd la:

I, (day) = x(xIge) = x7Tge (9.63)
Ty s& moment khéi dong/tai toan phan la:

2
T, . IQC]

s — x| 2e | /s, (9.64)
Tﬂ [ Iﬂ g
Cé thé thay moment khdi dong gidm 1/ x* 1dn so vdi moment khoi dyng

tryc tiép (voi dién 4p dinh mikc), dong dién (day) khoi dong cing giam 1/ x*
lén. Néu so sanh véi khéi dong bing trd khang stator, khéi dong bing bién 4p

A —yd
I, (day) =x*lsc 1, {(dong cd) =xlg Stator

l ./ Rotor

- @
V—-

Hinh 9.32 Khoi dong bdng bién dp tu ngdu
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|8 : Stator Rofor
HE ©
g2

Hinh 9.33 So d6 néi day khoi dong bdng bién dp ti ngdu

NAVAAN

tu nghu cé nhiée wu didm hon. P& khai dong én dinh va gia t6c cao, ¢6 thé
nang ting bac dién 4p lén dén gid tri dién dp (day) dinh mic.

Sau khi khéi dong, bign 4p phai duge ngdt khéi mach (Hinh 9.33). Bién 4p
t ngdu c6 thdi gian ngdn mach dinh mite, Bign 4p tU ngu ding dé khdi dong
dbng co cdm ung la phuong phap dit tidn, chi dimg che ding co 16m.

Khoi dong not sao - tam gidge: Khéi dong ndi sao - tam gidc 1a phuong phap
khdi dong 2 bude, ré tién. Déng ca duge thiét k& chay tam gidc dugc khéi dong

v0i dién 4p day dinh mue bing cach ndi cdc pha hinh sao nhu s¢ 46 mach trén
Hinh 9.34.

Trong khéi dong tam gisdc truc tiép:

Dong dién pha khdi dong, Ige = V/ Zo; V = dién 4p day {9.65)
Dong di¢n day khéi dong, I, (tam gide) = /3 Iy (9.66)
ot o 1, _ Is
[ b LE™ f :

5
v I Zec

Sao

. . . i Tam giac
Hinh 9.34 Khéi dong nbi sao - tam gide
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Trong khdi dong sao:
Dong dién day (pha) khdi dong,

l(qao)=V”J§—LI 987

g\ 5 Zer J:; 50 (9.67)

_ L(sao0) 1 (9.68)

I (tam gide) 3

Ap dung pt (9.60)

T 1§ I ’

Lulsao) —{i] 5 (9.69)
T, 3 I,

Vi [ = dong dign pha khdi dong (ndi A).
Va I, = dong dién pha tai toan phin (ndi A).

Stator

\
AN

Hinh 9.35. 8o dé
not day khdi déng
sao - tam gide.

Rotor
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Co the thay khdi déng néi Y - A ¢6 moment khdi ding gidm 1/ 3 14n so véi
khai déng tam gidc true tiép va dong dién day khdi dong ciing giam dén 1/3.
Tae déng tuong ty khoi déng bhng bién ap ty ngiu, véi :

x:L:OﬁS

J3
Mach khdi déng sao - tam gidc ré hon nhidu so vdi mach khéi dong dung
bién dp tu ngiu, thuiing dp dung cho dong cd ¢d trung va nhé. So db ndi day
duge néu trén Hinh 9.35.

Khoi ddng dong co vong trugt (khdi dong ditng dién trd rotor)

Trong déng co vong trugt, dong dién
khéi déng giam déng théi ting moment
khdi déng bang cdch mic thém dién trd
ngoai vio mach rotor (qua chéi quét gdn
trén vong trugt). Hinh 9.36 minh hoa
mach ddng co (bd qua nhinh song song)
vdi dién trd ngoai mic vao mach rotor. Hinh 9.36 Khi dong voi dién
P& don gidn, ¢é thé coi tré khang stator ) ;
13 khong ddang ké.

Rix

tré ngoai mdc vao mach rotor

Véi: R'e: = dién trd ngoai trén mdi pha cGa mach rotor khi nhin tit
phia stator

2
, N
R = {Ee_;_] Rext

e

Trong 46 R

ext

13 dién tré ngoai thue su mée vio mach rotor.

v
I = (9.70}

VR, + R o X,
2 .
R
T =3 VR, +Ren) 2t Rew) (9.71)
@5 (R2 + Rext.}2 + X?
Moment khdi déng euc dai dat duge vai:

R,+R,, =X, (9.72)
v bdng moment d4nh thing:
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S

3 0,5V21
T (max) = K[ X, = Tganh thung (9.73)

-« Pht hop, dong dién va moment khdi ddng duge didu
chinh theo muc d6 mong muén. Do moment khdi déng cue dai dat duge 1dn hoan
phiéu so véi moment tdi toan phan, nén viée sit dung ddng co vong trugt khi
dong bang dién trd rotor 1a 1y tudng dé khdi dong co ¢6 tdi. Dién trd rotor bén
ngoai, duce ni theo cac cip va dong ca dugc khdi dong theo timg cap di¢n trd do.

Bang cach chon R

Vi du 9.8. Dong ca cam dng 1ong sdc c6 do trugt 4% khi tai toan phan.
Dong dién khdi dong gap 5 1an dong dién tadi toan phén. Trd khang stator va
dong dién tir héa 1a khong dang ké. Dién tré rotor gia s khong dai.

{a) Tinh moment cuc dai va do Lrudt tuong dng.

{b) Tinh moment khé&i déng theo pu d6i v6i moment téi toan phan.

. Giai
VZ
ta) E=—p0——;s=1 (i)
R, +X,

V2

—— (i)
(R, /5,7 + Xy

I =
Chia phueng trinh (i) cho (ii)

2 . ¢ -2 p
{I_a] _ (R2 JlrS,Irl)z + X2 _ sfnax.T + S%I (i)
I, R; + X'z)' sf][sfm_rr +1

Thay cdc gid tri:

§2 .1 +(0.04)

25 = T
0.00) 5%, ¢ +1)

S 1 = 02 (20%)
3 05V?

T = — (iv)
O X,

3 v?[R;ffs“]
Ty == (v)
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Chia phuong trinh (iv) cho (v)

-2

.2 . . ;
Toas _ 5 x Ry +s7 X, — 0.5 x SmaxT * S _ 0.5 « (0.2)% + (0.04)"

Tf] . R2 X'.! S,r’l Smax,T Sﬁ
T ey = 2.6 pu
{b) Tinh theo pt (9.60;}
T (LY
==l s, =5°x0.04=1
Ty Iy

T.=1pu

=26
0.2 x 0.04

Vi du 9.9. Bong co cAm ing ndi sao, 6 - cuc, 150 kW, 3000V, 50 Hz c6
rotor vong trugt néi sao, voi ty sé bién dp (stator/rotor; la 3.8. Pién trd rotor
14 0.2¢¥ pha va dign khéng ré trén mébi pha irotor) 1a 3.61 mH. Tré khang

stator khéng ddng ké&. Hay tim:

(a) Dong dién khdi dong va moment & dién ap dinh mdc véi vong trugt

ng#in mach.

(b) Bién trd ngoai cdn thiét d& dong dién khdi dong theo dién dp dinh
mifc gidm dén 30 A va moment khdi dong tuong ing.

Giai

Ry=0.10Q; X,=314x361x10%=1.130

R,=¢36Px0.1=130; X, =(362x1.13=147Q

(o) =300/ s
VL3P + (1477
5 2
T3 V'R
i -2 3
L] Rz +X2

i
_ 27 x 1000

=104.7rad /s
60

3 [3000/43f <13
T 1047 (1.3F + (14.7F
- - 3000/ 3 304
e
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R, = 5433
R, = 5453/ (3.612= 421 Q
_ 3 [3000/ 3] x(13 - 5453)
*104.7  (1.3+54.63F « (14.7F

L y: Bang cach midc thém dién trd vao rotor, dong dién khdi dong giam
theo hé s 117.4/ 30 = 3.91 ldn, va moment khdi dong tang 1440/ 513.1 = 2.8 lan.

=1440 Nm

Vi du 9.10. Ding co cam dng 1dng sée nhé ¢6 dong dign khdi dong bang 6
14n dong dién va do trugt tai toan phan la 0.05. Hay tim theo pu cdc gid tri tdi
toan phén, dong dién {day) va moment khdi déng véi cic phuong phap khdi
dong tif (a) dén (d):

ia) Khdi déng truc tiép

+ {b) Khéi déng dung dién trd stator véi dong dién dong co gidi han dén 2 pu

(c) Khdi dong ding hién ap tu ngiu véi dong dién déng co gigi han dén 2 pu

(d} Khdi dong sao - tam gide

{e) Ty s bién ap t ngiu la bao nhiéu d€ c6 moment khdi dgng 1 pu?

Giai

{a) Khdi déng truc tiép

I, =6 pu. _

T, = (62 x 0.05 = 1.8,
(b) Khdi dong bang dién trd stator

I, = 2 pu (gidi han).

T, = (2)*x 0.05 = 0.2 pu.

ic) Khéi dong biing bién dp ty nglu.

x=2/6=1/3.
I, (ddng co} = 2 pu.
I, (day) = (1/3) x 2 = 0.67 pu.
T, = (27 x 0.05 = 0.2 pu.
(d) Khdi dong sao - tam gidc
I ={(1/3)x6=2pu
T, =(1/3)x 62 x 0.05 = 0.6 pu
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te) Khdi dong bién dp tu ngiu
T, =x?62x 0.05 = 1.0 pu
x = 0.745 (= 756%)

Hign tugng ket khi khéi dong va chay cham

Rotor 1éng séc ¢6 thé cé bidu hién bat thang khi khdi déng do cde quan hé
gilfa s& cyc va s§ ranh trén stator va rotor. V6i s¢ ranh stator S, bang hoac 1a
bgi s8 nguyén cia s8 ranh rotor S,, bén thién tif tré theo ham khéng gian sé
gy ra céc lue thdng hang khd manh vao thei didm khdi dong, Cdc lue nay co
thé tac ra moment manh hen moment gia téc lam cho déng co khéng khéi
dong. Hién tugng nay goi 14 “sir ket” khdi dong. Do d6 cdn c6 sy phdi hop
chudn xdc 6 ranh stator va rotor khi thist ké,

Mat s6 t8 hop S, va S, gay ra su tang sdng hai khdng gian cilia s6ng luc tir
déng, vi dy, sdng hai thit nam v thit bay ing véi cdc cye nam va bay l4n séng
¢0 s6. Do hiéu s6 pha - khang gian giita cc cuc cd s¢ ena pha day quan 1a (0°,
1209 240%, hiéu s6 (khong gian) niy la (0% 2409, 120°) d8i véi cdc cuc song
hai tha nam va (0°, 1200, 240%) d6i v6i cue séng hai thi bdy. Do 46 cde cuc hai
thif ndm quay nguge véi van téc déng b n/ 5 v cde eye hai thir bay quay

Hinh 9.37. Pdc j Moment
tuyén moment-dg
truot chia déng co Moment t3ng T,,
edm ung 3-pha
biéu thi hitu ung
cdc moment song

hai (cdm ting) di b6

Song hai Itht] nam

6/5 1 6/7 —~—— B trugt 0
0 — Tdc dd g
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thugn v6i n/ 7. Céc luc tir ddng hai nay ¢6 moment (cdm itng) khong ding b
riéng c6 cung hinh dang nhu séng cag 8. Hinh 9.37 minh hoa sy ching chap
cde dutrng cong moment - trugt séng cd 50, séng hai tht nam va tha bay. Higu
img “yén ngua” ré rét vdi ving van hanh 8n dinh (446 déc moment - trugt 12
am) & khoéng 1/ 7 van tdc déng co binh thubng (s = 6/ 7). Trén Hinh 9.37,
dudng cong moment tai cAt dudng cong moment dong co & diém M trong ving
van hanh én dinh, gay ra hién tugng déng co chay §n dinh & tdc do thap.

Mat s8 t§ hop ranh, vi du, S, = 24 va S, = 18, lam che lye tit dong stator
c6 séng hai thi 11 nguge chidu va thé 13 thudn chiéu, con rotor ¢6 séng hai
thi 15 thuan va thit 13 nguge chiéu. Lue tir ddng song hai stator thd 13 quay
v6i vén tée + 1/ 13 so voi stator va lyc tir dong séng hai rotor thit 13 quay vdi
van tdc - (n_ - n¥ 13 so vdi rotor khi rotor co t6c do n. Hai lue tir dong nay khoa
14n nhau, tac ra moment ddng b khi:

n, n,-n
LI
13 ( 13 ]

Syt khong lién tye & n/ 7 trén dac tuyén moment - 43 trugt, khdng phdi do
s6ng hai thit 7 ma do séng hai thd 13 gay ra (Hinh 8.38).

Hinh 9.38
Moment séng hai 1 0
dong bo trong ~a——— D} trugt
dong co cdm ung © — Téc 40 s
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Hién tugng ket va chay cham xdy ra rit bé trong mdy dién cdm dng vong
trigt do c6 moment khéi dong cao. Moment hoa tdn cam imng khong thé tranh
duge, nhung ¢6 thé gidm bing cdch chon khodng cdch cudn day thich hgp va
xodn nhe cdc ranh rotor, hogc phéi hgp sé ranh rotor va stator mdt cach hgp ly.

.2 . -
Diéu khién toc d
Céc phuong phép diéu khién t&¢ 86 dong co cdm ing dua vao phuong trinh
van toc:
n=(1-s)n, (9.74)

Theo phudng trinh nay, hai phuong phap co ban diu khién téc do quay 1a (i)
Bidu khién d¢ trugt vdi van tic dong bb cb dinh, (i) Diéu khién vén tde ddng b

_ 120f
P

¢6 hai cach diéu khién van téc déng bé 1a diéu khién tdn s6 dién ngudn va
diéu khién cdc cue stator - Phuong phéap nay cho phép didu khién budc khi cde
cuc ¢ thé thay ddi theo hé s¢ hai. Su thay d8i cue chi ¢6 thé thue hign vdi
dong co rotor 1dng séc.

Deo: n, (9.75)

Diéu khién van toc bing dién ap

bay la phuong phap diéu khién d¢ trugt vdi tin s§ khong ddi, dién 4p bién
thién duge cdp vao mach stater. Dién 4p phai gidm xubdng dudi gia tri dinh
mife. Khi van hanh déng co o d6 rrugt tai toan phdn, néu do trugt tang gap doi
doi vdi moment t&i khong 4, ir cde pt (9.34) va (9.35) ¢é thé thdy dién 4p
phai gidm theo hé 7 1/ 2 va dong dién tuong ung (I',) tang theo hé s6 2
gid tri tdi toan phan. Pong co do dd bi qua nhiat. Phuong phédp nay khéng
thich hop i diéu khién t8e do, chi duge sit dung gidi han trong cdc déng ce céd
yéu vau moment tai ty 1é véi binh phuong vén téc (Hinh 11.39) (chéng han
déng cd quat dién). Quat trin sit dung ddng co cdm dng mot pha eé trd khang
dimg 1én, gi6i han dong dién din trén stator.

Diéu khién van toc bing dién trd rotor

Dang diéu khién nay chi itng dung cho déng co cdm ing vong trugt. Tir
Hinh 9.15, ¢6 thé thay khi dién trd rotor tang, 46 truot dong co tang (van téc
giam) véi moment tai ¢t dinh. Dong dién stator thay déi dén mét gidi han khi
hiéu ing thay d6i dp trugt va dién trd rotor ¢6 xu hudng triét tiéu 14n nhau (pt
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(9.34}3) 31 vdi dd truct ¢6 gid tri thap. Lic d6 cong suit vao tang, tén that cong
suat trén dién trd rotor cing tang theo, lam higu sudt dong co van hanh gidm.
Phuong phap didu chinh nay duge ding ¢ pham vi didu chinh van t6c hep va
thudng ding trong van hanh ngén mach.

Hitu suat kidu diéu khién van tée nay dude cdi tién bang cach tra lai cong
suat cd ra trén rotor vé truc rotor hoic cong sust dién vé& dign ngudn chinh.
Kiéu thir nhat la méic bo chinh luu va dong co de vao true rotor. Kiéu thy hai
ddi héi bd bién tdn bién d6i cong suat tdn s§ bién thién thanh tdn sd ngudn cd
dinh dé cdp cong sudt dién vé dién ngudn chinh. Cdc mach diéu khién niy cé
thé ding SCR (Hinh 11.41 va 11.42)

Péng c¢ c6 thé dat dén van téc siéu ddng b bing cach cAp vao rotor mit
ngudn cong sudt ¢é tin s6 didu chinh duge. C6 thé thédy diéu nay la nguge lai
vdi sy mic thém dién tré vao rotor, trong d6 cdng sudt duge ldy ra khdi rotor
{bi tiéu phi do dién trd ngoai). Co thé dat duge khodng diéu khién téc d8 rong
G4 trén va duéi toc do déng bd biing cich méc thist bi bién tén sd vao mach
rotor.

Vi du 9.11. Pong co ndi tam gidc, 440V, 50Hz, 4 cuc, 3 pha, c6 trd khdng
514 (0.3 + j 5.5 + 0.25/ 5) O/ pha (pha 4) duge d6i chiéu 1én stator. Ty 8 dién
4p stator va rotor 1a 2.5. Hay x4c dinh di¢n trd bén ngoai dugc mice vao mdi
pha hinh sao ciia day quén rotor, d8 ddng cd c¢6 moment téng 1a 150 Nm véi
van tée quay 1250 v/ ph.

Gidi
w, = M =157 1rad /s
60
- 1500 — 1250 0167
1500

Téng trd khang rd duge d8i chiu 1én stator (trén co 8§ tuong duong méc
sao).

= %[{0.3 +0.25/s)- j5.5]= (0‘1 , 0.083
5

+] 1.83] Q/pha {(sao)

Tir pt (9.22) v6i

R,=R,+R,,; R,=008Q

ext ?

3 V{Ry/s)

T = :
W, {01+ Ryssf «(X; + X,
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Thay céc gi4 tri

3 laa0/ IR, 0.1067)
1871 {0.1+ Ry 0.167F + (1.83F

150 =

R, - 134 R, +0.093 = 0
R, =1.27Q; 0.073 0

(gié tri th hai nhé hon R, = 0.083 ©)
R,,=127-0.083=1190Q

R, (rotor) = 19 0.19 Q/ pha

(2.5

Vidu 9.12. Dong cd cim Ung, 3 pha, 25 kW, 400V, 50 Hz c6 dién trd rotor
0.08Q va dién khang dimg 14 0.4Q. T s6 vong stator/rotor hidu dung 1a 2.5/1.
Bong co c6 tdi moment khong d6i 1a 250Nm. Ba qua trd khéng stator.

(a) Tinh dién trd t5i thidu méc vao mach rotor khi dong co khéi dong c6 ti.

(b) Déng co chay & vén téc bao nhiéu, néu dién trd rotor mic thém la:
(i) C4t ra khdi mach. (ii) Sau khi ngén mach

Gidgi
Mach dong co duge nhin tit phia stator duge minh hea trén Hinh 9.39, b
qua trd kh4ng stator.

) |
Hinh 9.39. Minh hoa Via A Ay
Viduy9.12

- V,/a
: \j(Rzis)z+X§

T=3 gRryrs-3 . (V/af(Rs/s) "

g s (Ry/sf + X2
T(kh&idcjng}:iw(v—?i}%; 5=1 (ii)
o, Rj+X;
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Pién trd ngoai néi vao mach rotor 14 Rylextk

R, (t&ng) = Ry, = R, + Rylext) (3ii)
=¥ 1
T (khéi dong) =3-Q~'2‘3f l (iv)
5 R2I o
(a) a=25X,=04QR,=008Q

T(kh&i dgng) = Titdi) = 250Nm; day la moment khé1 dgng cue tidu,
moment khéi déng thye dn hon nhiéu.

V =400/43 =231V
750 v/ph hoac  w, =78.54 rad/s

n,

Thay cac gia tri vao (i1}

(v)

250 =[ 3 } (231/2.5FR,,

7854 RZ +(04f
Hozc R%, -1.304 Ry, +016 =0
R, = 0.137 Q; 1.167 Q

Pac tuyén T - s véi hai gi4 tri R,, duge minh hoa trén Hinh 9.460. D2 thdy vdi
R,, = 1.167Q, dong co khong thé khéi dong khi moment gidm (T 40 o5 < Ty d6i
vois > 1.

Do d6 cin chon

R,, = 0.137 © = Ryfext) = 0.137 - 0.08 = 0.057 Q

) W R,, = 0.137 Q. Pién trd méc thém vac mach.
i
0.137 £}
250 Nm e
1.167 &1
Hinh 9.40. Cdc ddc tuyén 1 }s=0 s
T - s voi hal gid tri R, 0317
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Thay cdc gid tri vao (i)
0 (__3_} (231/725F(R,, /s)
78.54) (R, /s +(0.4F
Phuong trinh nay ¢é nghiém nhu pt (v}
R,/ s = 0.137. 0.167
R, = 0.137 Q
§ = 1; 0.137% 1.167 = 0.117 (Hinh 9.39).
Vén toc dong cu n =750 (1 -0.117) = 662 v/ph.
{1i} Dién tré ngoai bj loai hé
0 :[ 3 }(231/2.5?(}{215)
78.54) (Ry/sf +(0.4F

Gidi tuong tu nhu trén
R,/ s = 0.137, R,/ s = 1.167
R2 = 0.08
s = (0.584, 0.067

Céc diém gis tri duge néu trén dac tuyén T - S (Hinh 9.41). Péng co s&
chay vdi

s = 0.067 = 700 v/ph

Diém s = 0.584 trén dac tuyén T - s khong én dinh khi 49 dée caa dudng
cong moment - van tde 1a duong va ddng co sé chay vugt qud van téc nay.

T4 A, (ext} = 0

Hinh 9.41. Bdc tuyén
T - s voi Rfext) = 0. 0.067
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Thay 66i cuc t& - phudng phép cdc cuc tir dém

S6 hiong cye tit stator c6 thé thay ddi theo ty s6 2:1 biing cach thay d8i cac
méi néi cudn day, tir d6 s& ¢é hai van t8c ddng bd tuong ing. Trong dong co
thay déi cuc tir, rotor phai 12 leai 16ng séc d& tranh sy phite tap khi néi lai day
trong rotor day quan. Rotor léng séc 1 phén iing dé tao ra s& lugng cuc tir nhu
stator. V§i phuong phap nay, néu cé hai by day quén stator déc lap, s€ co bén
tde d6 déng bé.

Hinh 9.42 a minh hoa hai cuén diy u,a’, va a,a’, trén pha a g stator (trén
mot pha ¢6 thé cé nhidu cudn day quén bude ngan, thay vi hai cudn nhu & day).
Khi cde cudn day dude ndi dé dan ding dién bang nhau (cing chidu hodc nguge

)

/—— Cufc e dém—\
Van toc thip
NI NI 7NN\

L LY F 2] 1% F ] 1 J K ] 11 [ ] Stator
SN N we

1
(@

Pao chiéu déng dign
Van téc cac 3, N , 5% 5 ﬁ
M AR S, . §
NI

(b}
Hinh 9.42. Nguyén Iy thay d6i cuc til.

|

ol Y1 0 ¥

%

o-—— I ——
*2 I ¥a *z ¥z
LS HS
Ty o
Hinh 9.43 —

Nhém pha mdc oo, o

. L o
song song/noi | %
tiep dé thay

dot cue ti X ¥a X, Yz
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chiéu kim déng hé), méi cuon day tao ra mot cue tir Bée va céc cyc dém Nam
ndm Xen giifa cde cudn day. Pay la kidu ndi van toc thap - s§ cyce tir gdp d6i 66
cudn day. Né&u hai cupn diy duge néi lai biing b6 diéu khién sac cho dao nguge
dbng dién trong mot cufn day, sé cyc tir gidm phéan nida (Hinh 9.42b). Day la
kiéu néi van tdc cao. Nhém cdc cubn déy duge néi song song/néi tiép dé thay
ddi 88 lugng cue tir theo ty s& 2:1 dige minh hoa trén Hinh 9.43. DBong dién tir
x, dén ¥, trong mot nhém va x, dén ¥, trong nhém thit hai tao ra s@ cuc tir xéc
dinh (cdc cue lién tiép). Nau ddo chiéu dong dién trong mét nhém (tir ¥, dén
Xy} s€ tao ra m{t nifa s§ cue ti.

NGi tam gide ndi tidp van i6c thap (LS}. NGi sao song sohg vin t6c cac (HS)

Hinh 9.44. N6i sao song song vé néi tam gidc ndi tiép,

Hinh 9.45 N6i sao song song vén tée thdp va néi tam gide noi tiép vdn e cao

570



X, Y
¥y Xz
Ly N L
5 L 6
N&i sao ndi ti€p van i8¢ thap (LS). NGi sao song song vén téc cao (HS)

Hinh 9.46. N6i sao van f6c thdp vé cao.

Sit dung ndi két song song/ndi tiép cdc nhém pha riéng r&, cde pha c6 thé
dugc ndi sao/tam gidc theo ché db van hanh hai tée do vdi ba kiéu dac tinh
moment - van tdc. Céc ndi két nay cé tén 1 moment khong doi, ma lye khing
ddi va moment bién d6i, duge minh hoa tuong ing trén cdc Hinh 9.44, .45,
9.46. Trén mdi Hinh nay, goi:

V = dién ip day.

I = ddng dién duge phép trong day dén.

7)), Ty, = hiéu sudt tuong dng vai ndi day van toc thip (LS), van téc cao (HS).
cos ¢; cos ¢, = he b cong sudt ing v6i ndi day van tdc thip, van toc cao.
Tit Hinh 9.44:

LSoutput 3 Vi{cosdjn  _ 0 866{ 1}, €08 ¢, ]

HS output - J§ v (2IXcos by, )nh Ty, €08 ¢y,
Tur 46

LS moment _ 1.732| c0s ¢

HS moment T, €08 dy,
Téng quat:

cos §) < €08 G

<Ny
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Céc gid tr) thudng ding la:
[———“' €08 & ] =07
My COS hy,
T d6
Moment LS
Moment HS
Bay la van hanh moment khong déi theo dac tuyén (a) (Hinh 9.47).
Tit Hinh 9.45

=1.732x 07 =121

LS output V3 V (2D} (cos $imy _ 1.15| M cos N
HS output 3 VI (cos ¢,) n,, ", cos b,

=1L15x07=08=~1

va Moment LS
Moment HS

Bay la van hanh ma hc khéng d8i theo dzc tuyé&n (b) (Hinh 9.47),
Tuong tu, tir Hinh 9.46:

=2%x08=186

LS output /3 VI{cos LIRAIN

= =05%x0.7=0.35
HS output J§ V (2D (cos ¢, } 0y,

N&i két van tdc thip (LS)
(b)

N&i két van tée cao {HS)

Hinh 9.47 Pgc tuyén moment - t6c dé vdi
ede not két van téc cao va thdp khde nhau.
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" Moment LS _, h o0 49
Moment H3

Pay 1a néi k& moment bién thién, minh hoa bing dac tuyén (e} (Hinh 8.47}

Pigu bién bién dd cuc tir

Phuong phdp thay d6i cue tir nay c6 vy didm 12 t§ s6 hai van téc c6 thé
khdc véi 2/1 nhu trong phuong phdp cuc tif dém.

Xét séng lue tir dong phén b hinh sine trén mét pha stator:
. (P
#(0) = Fsin EB {9.76}

véi P 1a 56 cye tif 1a 6 1a géc co

F hién thién theo ham sine thi gian, do pha dong dién bién thién hinh
sine tao ra. Séng lue tir ddng nay duge bién diéu bing séng lue tif déng hinh
sine cua Py cuc tif sau:

Ty(8) = M sin [%M— 9) (9.77)
Séng luc tir 3d9ng dude bidn didu trd thanh:

#(9) = MF sin [P—M e] sin {E 9]
2 2

:lMF COS[P_PM B)—CGS[P+PM BJ (9.78)
2 2 2

Tit pt (9,70}, séng luc tir dong duge bién didu la tugng dueng véi hal séng
le tir dong, mdt song 6 P, = (P - Py eute tir va song kia c6 Py = (P + Py eue
tir. Pay la diéu bign dp ché séng mang, tén goi diéu bién bién 4% cyc tir 1a
khéng ding.

Stator duge quin ddy cho P cue tit, goc gidta cac true pha la r (2r/ 3) rad;
r 1a 58 nguyén (khong 1a boi 6 cha 3). Gée gida cac trye pha doi vé#i cde e tif

diéu bién 1a:
PTP 2 _ 2
(——P—M] r {7“] ={L¥P/ P)r [?")

Vai r = s& nguyén, khéng phai bdi s6 cla 3.
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V6i diéu bién dp ché P, cyc tir, gée gidla cde truc pha 1a boi s cta 2 n,
nghia la;

(1-Py/P)r (2—;J =n(2n); n = 88 nguyén

P, /P - (1 - 3—“] (9.79)

T

Géce gida cde truc pha cda P, aufc tif [4:

2r 3n 2n
1+P,/P)r| 28 (220, 2%
1+ By )"[:J ( r]r[:s]
:2r[31J—n(2n)=zr[2_"] (9.80)
3 3

Vi r dugc chon 1a mdt 86 nguyén (khéng phai boi s§ cia 3), goc trong pt
(9.80) 1a 58 nguyén boi s§ cva (2n/ 3) va tif trudng quay chi tuong ing vdi P, =
(P + Pyy) ce tir. Tuong by, P, cuc tif ¢6 thé duge diéu bidn va P, cye tir 1 trién
khai.

Vidy dat P =8, tiy pt (9.74) néuchon n = 1 va r = 4 thi:

1
Py=—-P-=2
M7y

P, = P - Py = 6 euc (duge diéu bign)
P,=P+ Py =10 cue

Trong thuc tién, séng lue tir dong bién diéu (séng mang) la séng vubng cb
bién d% M = 1. Sy bién digu thyc hién bing cach phan chia cubn day méi pha
thanh P,; nhém va ddo ndi két luan phién cac nhém.

Hinh 9.48 minh hoa 8 cyc tit trén méi pha, cho thiy ham didu bién séng
vudng 2 cue (Py, = 2} dinh v ddi xdng vdi P = 8 cuc. Gig tri M = - 1 1a cde nhém
cye 5, 6, 7, 8 ddu day ngugc, cdc cye nguge dau ky hiéu bing nét gach ngin.
Ciing trén Hinh nay, P, = 6 cuc, k¥ hiéu bing cdc s& trong vong tron: nhung P,
= 10 la khdng thay r6. Tt pt (9.78) chi c6 thé thay khi séng didu bign 1a song
vudng co s (trong khong gian). Cdc thanh phén s6ng hai (cia séng vudng) tao
ra cdc cue bien diéu rigng, nhung thudng khong dang ké. Trong vi du nay P,
= 6 cuc cho két qua dp ché trong P, = 10 cyc, khi cdc nhém cye 5, 6, 7, 8 duac
déu nguge (ndi nguge). Pong co chay tuong dng véi 8 cue {nguyén thiy) va 10
cue (didu bign).
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Ham bién digu vudng 2-cyc

e 360° co
3607 co

Hinh 9.48. Qudn day 8-cyc voi bién didu vudng 2-cuc.

Ky thuéat diéu bign bién do cuc tit cho phép hai toe 49 khong theo ty s6 2:1,
do d6 kich & va gia thanh mdy dién gidm ddng ké.

Vi du 9.13. Dong cg cam iing duge quin day theo didu bién bién do cue tit
¢6 20 cuc tif ban dAu va ham didu bién c6 8 cye. Dong co chay ¢ hai van toc 1a
bao nhiéu?

Giai
P=20,P,=8
P, =20-8=12
P,=20+8 = 28
Tir pt (9.79)
PM/P=%:§=[1—§;H—]; n=1r=5

P, cuc duge dp ché

Van toc (20 cuc) = &0235—0 = 300 v/ph

Vin tdc (28 ede) = %;5—0 = 214.286 v/ph
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Digu khién tan sb

Van téc dong bo c6 thé duge didu khién vé cdp trong khodng réng bang
cdch thay doi tan sd dién cung eap. Tir pt (9.1), tir thong khe hd khong khi
téng cue tir la:

o, -1 (¥ (9.81)
444K, N, U7

PE trdanh bac hoa trong 15i rotor va stator, do lam téng dinh nhen dong
dién tir héa, tir thong @, phai git khong d8i khi tén 3 f thay dé6i. PZ dat duge
diéu d6, theo pt (9.81), khi f bién thién, V phai thay déi sao cho V/f khéng déi.
Nguén di¢n khong dai (V, f) cdp ngudn dién bign déi (V, f) qua bd ddi dién va
bd nghich luu duge minh hoa trén Hinh 9.49 (a) sit dung mach SCR. Hinh 9.49
(b} minh hoa so d6 diéu khién tée dé qua bé nghich I va dong co de (dong co
shunt). Uu diém clia hé théng nay la dong co van hanh manbh, it bdo tri, gid
tién thap so vdi déng co de. Trong tuong lai gin, hé thing diéu khién vén téc
déng co cam dng loai nay $& c6 nhidu cii tién hon va k¥ thuit SCR s& duge
gidm gia nhiéu.

Bo
nghich Iuu

(V. § ——=186 46i dién

Hing f 7

dc bién thién (V.  bien thien
(a)

V.8 IBs déi gien Bong
Héng cd dc

WV{de} bién thién

&)
Hink 9.49 So sdnh so d6 diéu khién vén tée trong dong co cém ung va
déng ca de

Dac tuyén moment - d@ trugt - 5 bign ddi, V/f khong a6
V, = dig¢n &p dinh mi.
fo = tAn séf danh dinh,

X'y = dién khdng dimg rotor danh dinh ducc d5i chigy lén stator
(d tan sé f,)
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(J tan s& f bat ky

i fo
Bo qua trd khang stator, tit cde pt (9.29), (9.31).
sznx,T = [LQ‘](_R.?_\ = {&] smax\'[‘l{] (982)
FAX 2 f

2
I y2
0'{__]V0
L f

oo | (7)o

_3 05 Vo = hiing 80, dbc lap vdi f  (9.83)
(.050 x|20
f ’
L VVER,
3 [fo] 1] 2

= ) (9.684}

Tk bl déng f 2
[T el

Tit cdc pt (9.82), (9.84), ¢d thé thay do trugt § moment cyc dai gidm khi f
tang, moment cuc dai khong doi va moment khdi ddng gidm khi f tang

Vi do trugt gia tri thap, s dung bidu thic gan dung tir cac pt (9.341 (3.35)

8 [%J Vo
I, = ——__f:' (9.85)
2

ffT )

st =— | 'V )

o 3 qu S [f][f*_v(_f} (9.86)
Fo)
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Hinh 9.50 Dac T
tuyén morment -
dé tricot; f bién

thién, (VIfl T oo

khéng dol.

slan. 0

— > 1
— f=1,

— <k

|

Smax, T. ¢

Tir cdc pt (9.85) va (9.86) c6 thé thiay dong dién va moment tdng véi f 6 dd

trugt cho trude.

Bac tuyén moment - dd truot caa dong co & tAn sd trén va dudi gis tri
danh dinh duoge vé phdc trén Hinh 9.50,

Bae tuy&n moment - 4§ trugt voi didu khién V/f dong ca cam dng duge néu
trén Hinh 9.51. Dbi vdi van tdc 0 < w, (tuong itng v&i f,), V/f khéng ddi,
mament cue dai ciia ddng co khong doi va moment tai ciing khong déi. D61 véi

T“

30

20

T khoéng déi

Hinh 9.51 Dgc tuyén
moment - vdn téc doi
voi diéu khién (V/f

Moment tai

[
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van téc @ > ®, V/f khong d8i khi V 1¢n hon gi4 tri dinh midc, b nghich tuu
khong thé cip gid tri V nay. Nén V/f & ving van tdc nay duge phép gidm va
moment ddng ¢ gidm ty 1& véi (V/ )2 (tuong tng véi ©2,, ). Vong didu khién
toc dé nay <6 thé din tai kW (nhé) khdng d8i (moment gidm theo van tde).
Phuong phap diéu khién téc 46 nay bao gém cac dic tuy&n moment - vén tde
phu diéu khién vén t8c Ward - Leonard trong déng co de kich thich song song
{kich tit shunt). Vdi mdc phdt trién nhanh, cac thiét bi dién ti diéu khién
trong déng ¢ cdm dng & thay thé dan cdc dong co de.

Vi du 9.14. Bdng co cdm ing 3 pha, 50 Hz cé dién 4p dinh muc V.
Moment ddnh thing cia dong co & tdn s& va dién 4p dinh myc xay ra vdi do
trugt 0.2. Pong cd chay ¢ nguén dién V,, 60 Hz. B6 qua trd khang stator.

(a) N&u V, =V, tim ty s& cdc dong dién va cdc moment khi khéi dong.
Tim ty $0 cdc moment cuc dai,

(b} Tim t¥ sd V,/V,, néu déng cd c6 cing gia tri dong dién va moment
khdi dong ¢ 50Hz va 60 Hz.

Giai

Ry

= =02
max, T X'

{a) 8
2

Vi X', = dign khang rotor dimng. s} dién dp dinh mifc {V,) va tdn sd 50Hz

L(1y =T, {1y S (S (i)
2 2
YR +X
2
T = T2 i
R, +X,
2
T = = 2201 (iii)
g 2
J dién ap V, va tin s5 60Hz
' , V,
Li2)=T,(2 = 2 - iv)
R, + [g] X,
.
T(2) = & (v)
i 2 (8Y, 2
RZ + —5) X2
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= (vi)
(5= 5)x
5 5

L2
L
b3
i z | Shartl OB 0838
1 st +[6J 0.2y +(6
2 2 2
T Vi Smecrtl ) 02041 g,

.1} V2 z
’ ! sf,ml'r + [g} (0.2 + [g)

2 2
M:V_%[EJ - 0.694
ToD  VZL3

2
) % 0271,
by 0.2y +[.‘.’1.']
5 -
V2 _y19

Ty 58 nay cing bing vdi ty sd moement khdi dong

Rotor rdnh séau/ long soc kép

Pong cg cdm dng vong trugt cé edc wu diém so vdi ddng eo 1dng sée 1a rotor
dugce thiét ké vdi dién trd thap 4€ cd thé van hanh tot (hidu suat cao, do truot
thép,...), dac tuyén khdi déng t6t (dong dién khdi dong thdp, moment khdi
dong cao,...) va khdi déng don gidn bing cdch ghép thém dién tréd ngoai vao
mach rotor lic khdi dong va ngdt ra dan che dén khi rotor dat dén vén toc
binh thugng. Tuy nhién, dong co cdm (mg v4i rotor ldng séc cd dién trd rotor
phi hgp vai dac diém van hanh sau khi khéi déng rdt tét, nhung khi khdi
dong cd dong dién khdi dong cao, moment khdi dong thip, do d6 phdi giam
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dién ap khdi dong dé han ché& dang dién khdi dong (moment khdi dong ty 1é
vdi binh phuong dién dp trén stator). Nhung véi gia thanh thap, bén chic va
it bao tri, hap din cdc nha thidt k& tim cach cdi tign dic tinh khdgi dong ma
khéng lam suy gidm cdc dic tinh van hanh. Khi khéi dong dong c¢ léng sée,
tAn s6 dong dién rotor bang tan s¢ dong dién stator (50 Hz), va khi chay binh
thugmg tan si nay gidm thanh f, = sf (co thé thap dén 2.5 Hz). Hién tugng tu
bién d6i dién trd roter tif gid tri cao khi khdi dong (dién tré 50 Hz) dén gia tri
thap khi chay (dién tré 2.5 Hz) 1a hiéu (ng mat ngoai va lan cin xay ra trong
day dan mang dong dién xoay chiéu {ac). P6i véi dang ddy dan ¢6 tift dién
binh thudng (tron hay vudng) nhu cde thanh rotor, sy bién 46i nay khong di
sde hinh thanh dong dién khéi dong thap, moment khoi déng cao. D€ gia tang
su bién doi theo hiéu ing dién trd ac trong cac thanh rotor, ¢6 thé si dung
rotor ldng sée kép hofic rotor rénh séu.

Rotor ranh sau

Rolor co cac thanh lng séc bé ngang hep, nim treng cic ranh sau mia kin
(Hinh 9.52). Tir théng ro duge tao nén bdi dong dién trong thanh din la cac
duting nét dut trén Hinh. Mot thanh rotor ¢é thé xem nhy gdm nhiéu phan tir
thanh song song hop lai. Cdc thanh thanh phédn nay da sd ¢ dinh va day {tidt
dién) trén thanh long séc. Tit thong lién két trén cac thanh thanh phin d4dy
ldn hon nhidu so vdi thanh phan dinh. K&t qud 1a dién khang (dién khang 50
Hz) khéi dong trén phdn d4y 16n hon nhiéu so vdi phén dinh, dong dién phdn
dinh 16n hon nhidu so v6i dong dién & ddy va sém pha hon vi ¢ dién khang
thap hon. Do dé, trén mit cit ngang (tiét dién) thanh léng séc rotor, mat db
dong dién phan b tang tit ddy dén dinh tiét dién. Su phan b dong dién

o
Fd
/7 Thanh dinb (phia ngodi)
i/
l 3
! ,’
|
| ;f ;, Thanh rotor
11y y
Vg
L
A% Thanh d4y (phia t
Vg 7 717 anh ddy (phia frong)
AR s Ay
L NN T,
Hinh 9.52 Rotor rdnh NNToze
st va ti thong ro -~
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khéng ddng nh&t gay ra tén thit ohm 16n hon, nghia 1a dién trd hidu dung cda
thanh (16ng s6c) trd nén lén hon nhiéu so véi dién trd de.

Khi van tde rotor gan biing van t8c ddng bd, tin s§ dong dién rotor (f, = sf)
trd nén rat thip va dién khang trong cac thanh phan thanh dan trd nén bing
nhau, mat d dong dién tré nén hau nhu déng nhat, dign trd gén bAng gis tri
dién trg de. Bang cach chon cdc thanh c6 tist dién phi hop, sé cé dién tré
rotor khdi dong (dién trd 50 Hz) 16n hon nhiéu lan di¢n trd rotor khi chay
{dién trd de). Rotor ranh sau ¢6 dong dién khai dong thap, moment khdi déng
cao va dién trd chay thap, nghia la ¢hé do van hanh khéi déng va chay dat tot
nhu mong mudn. Vi dién khang rotor ¢ trang thai dimg cac hon rotor léng
sic binh thutng, moment ddnh thing thdp hon. Cdc dic tuyén moment - dg
trugt clia rotor ranh sdu va rotor rianh binh thuting véi dién trd rotor cao va
thip duge minh hoa trén Hinh 9.53.

T

Bién trd rotor cao

-~ Dign trS rotor thdp

— Rotor rénh siu

i 0

Hinhk 9.53. So sanh dac tuyén T - s giita rotor ranh sdu, rotor dign trd thdp
vd rofor dién trg cao.

Rotor ldng sdc kép

Rotor 1ong séec kép tuy dit tién hon nhidu nhung ¢6 ché 46 khdi dong tét
hon, van hanh cing tét hon so véi rotor ranh sau. Cde thanh long sé¢ gbm hai
ting, hai dau c6 vong ngdn mach. Cde thanh phia trén 6 tiét dién 1¢n han cic
thanh phia dudi, nén dién trd cao hon. Céc ranh néi gifta hai b§ thanh léng
séc kép duge néu trén Hinh 9.54, Cach phan tich tuang tu nhu cdu tric rotor
rinh sdu, cdc thanh ngoai (phia trén) 6 lién két tir théng rd thap hon nhidu
va dién khéng cing thap hon. Ty lién két tir théng rd cha cac thanh ngoai/
trong dugc diéu khi&n biing kich ¢ ranh thdt khong khi, do dé tir thang chinh
khong di qua dutng din st giia hai ranh, “bé qua” cac thanh duéi, nén khang
g6p phin hinh thanh moment,
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Hinh 9.54 Tit théng ro
ciia ranh trén rofor -
long séc kép. / I/ R
\

- t. — ~ - that (khong khi)

_ Léng séc ngoai c6 dién trd cao va dién khdng thép, con léng séc trong €o
dién tréf thip va dién khang cao. Khi khéi djng, ddbng dién bi 16ng sée ngodi
can lai, két qua la dong dién khdi déng gidm va moment khéi dong téng. Khi
rotor chay binh thuding, hai ldng sée €6 dién khang khéc nhau, vi tdn sd thap
clia dbng dién rotor tde dong din dign ty 18 theo dién trd de, va rotor dién trd
thdp véi tif thong khe hd khong khi tao thanh ch& d¢ v4n hanh kha tot. Dong
dién khdi dong chi y&u trén 16ng séc ngoai, nén dé gy ra qué nhiét va lam
chdy 16ng séc ngoai co dién trd cao.

C#u trie khdc ciia rotor 1ong sée kép duge minh hoa trén Hinh 9.55 (mit
cit ngang mot phin rotor). Pudng nét dit la tu thong ro cia ranh.

Hinh 9.55. Cdu triic rotor long séc voi hai ldng soc e6 rdnh séu khdc nhau.
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Hinh 9.56 Mé hinh
mach gén ding cda
déng co cdm iing
iong sée keép

Téng

Léng soc trong

Hinh 9.57 Dge
tuyén moment -

dé trugt clie dong
ca léng sée kép 1

Ldng soc ngoai

o

Dé phan tich don gidn, c6 thé gia thiét hai 1dng sée duge ghép tir dge lap
nhau, mé hinh mach gén ding Guge néu trén Hinh 9.56. Dac tuyén moment -
d% trugt 1a tong hai dac tuyén thanh phan léng séc trong va ngoai ducce néu trén
Hinh 9.57.

Hién nay cau trie rotor 1dng séc thong thutng chidm da s6, d6i véi yéu cdu
moment khoi dgng nhd. Ciu tric rotor ranh siu thuong ding cho céc img
dung moment khdi dong cao hon va ciu tric 1ng séc kép c6 moment khdi
ddng cao hon nita. Béi véi cde dong co e 1dn cdn moment khdi dong rit cao,

thu¥ng st dung ciu tnic rotor vong trugt dit tidn. .

Vi du 9.15. Rotor léng séc kép cé trg khdng dimg cda ldng soc trong va
ngeai la (0,01 +j0.5) Q va (0.05 +30.1) Q. Tra kkhdng stator duge coi 1a khéng
dang ké .

Hay tinb ty s6 moment hai léng séc (i) Khi khdi dang va (i) Khi chay voi

4% trugt 5% i
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Gidgi
Tir pt ¢9.31) (khi nhin tir phia stator)

3 V?R}
o, R:+Xj

5

T =

s

Véi V' = hie dign dong cdm dng trong rotor

Thay cdc gia tri

p 3. VR005°
0w, 0057« (0.1)°

3 VZ2{0.01)

o, (0.017 +(0.5)%

ht]

T,  (0.01)7° +(0.5)° x(o,os
T, (0.05% +{(0.1)* (001

i

):100

Tif pt (9.28} (khi nhin tir phia rotor)

p. 3 ViR /9

o, {Ry/sf +X}
Thay cdc gid tri

-

p .3 _ V005/005
° " aw, (0.05/0.05Y +(0.1°

3 V'2(0.01/0.05)

' e, (0.0170.05F +(0.3)?

T, _(0.01/0.05 + (0.5 0.05

~1.436
T, 10.05/0.057 + (0.1 0.01

Chi y: Moment 16ng s6c ngoai gip 100 14n 1ong séc trong khi khéi déng,
va khi chay ¢ téc do 8n dinh chi gip c6 1.436 lan

May phat dién cam ing
Tt Hinh 9.14 va Vi du 9.7, ¢6 thé thay may dién cdm iing 14 dang may

phat dién khi s < 0 {46 trugt 4m). M4y phat dién cam (ng vé ban chat 12 loai
khéng ddng bd (di bd) vi duge ding nhu méy phit dién ding sie gié khong ¢d
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f 4

-
o

Day truyén tai ¥4

PM
May phat dién
cdm Ung

L]

Tai

O

Hinh 9.58. Mdy phdt dién cdm ung bé sung dign ndng cho mang truyén tdi.

van toc cd dinh. Loai mdy phat nay duge ding & viing xa dé cap dién bg sung
cho duting day truyén tai yéu. Puing d&y truyén tai tir mdy phat dién eam ung
dén td: cuc b duoe néu trén Hinh 9.58, Bong co truyén déng rotor phii duge
ty déng diéu khién dé ting van t6c may phat khi can tang tai.

Hinh 9.59 minh hoa so dé hinh tron cita may dién cdm ting mé rong dén
vung ch& 46 may phat, dudi truc OX 1a vung d§ trugt dm. O db trugt = S g
ddng co ldy dong dién I tré pha so véi dién ap ngudn V, vi @, > 90°. Piédu

v, i //

Hinh 9.59. Sa do kinh tron
ctia mdy dién edm ung.
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nay c6 nghia 12 hé s8 c¢ong suat pf 4m (cos @ ), cdng sudt dién ra khoi mdy
dién trong ch& dé van hanh may phat. Dong dién phdt ra cap 1én duimg day la

I, =-1

v4i h¢ s8 cong sudt cos &, s6m pha. May dién liy thanh phin dang dién
tré pha 90° A€ cung c4p cho yéu cdu dong dién tir héa. Day truyén tdi phai dén
thanh phin dong dién tré pha cia tdi va dong dién tir héa clia may phat dién
cdm img, tao ra tai phin khdng VAR tré pha khd 1én trén diy truyén tdl yéu.
Bé gidm nhe tdi nay, cAn ndi ghép cdc tu dién song song cin bing (ndi A) qua
cde ddu day mdy phit cdm tng. Cdc tu dién nay 1dy dong dién sdm pha hodc
cap dong dién ti héa tré pha tuong dugng cia mdy phaét.

1g im

Tén 6 van hanh cita hé thang duge néu trén Hinh 9.58 duge xdce dinh theo
tdn s duimng day.

~ May phat dign cam iing dgc lap

Hinh 9.60 minh hoa may phét cdm dng doc lap cip dién cho tdi. Tu dién
néi A qua cdc ddu day cha mdy phdt va cdp dong dién tir héa cdn thiét d& kich
thich mdy phat déc lap. Khi may phit cé tdi, tdn & vén hanh phy thude van
tée rotor nhumg bi tai 4nh hudng, cdn dung khang (X)) xde dinh dién 4p & tan
$0 v&n hanh.

Goi: w, = tdn s& dinh muc
«_ = tdn s6 van hanh (stator)
o = tdn sd stator tuong {ing vén téc ding cd

a=w/fuw; vab=o o

w, rad/s

Tai

xc/\, Xe
Hinh 9.60. Mdy phdt dién .L| én

cam ung déc Idp. Xe
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(a}

a :E - X,

L' b PR -

a z Viva a?
4

(b)
Hinh 9.61. M6 hinh mach ctiia mdy phdt dién cdm ing.
B trugt mdy dién (4m) duge tinh theo hidu thdc:
s = (0, - W) aw,
={aw, - bwy) awy =(a-b¥a; b>a

Gia sif dién khdang mdy dién, dién khang kich thich, va lue dign dong cdm
ng trong mdy dién tuong (ng vdi tn s§ dinh mic @y, mach tuong duong mébi
pha ciia he théng véi tin s§ van hanh o, = aty, duge minh hoa trén Hinh 9.61 (a)
v0i tai 12 dién tvé thudn. Chia cho a, mach duce dua vé tén s dinh miec w, (¢
dinh) (Hinh 9.61 (b)),

Bién ap cia may phat

Xét may phat dign (Hinh 9.60) chay & van tc déng b khéng tdi (cdu dao
ngdt) vdi cdc tu dién ndi A treo trén cdc diu ddy. Mach rotor d€ hd va mé hinh
mach duge nédu trén Hinh 9.62 (a),

Déng dién dén vao déng co la I, = I, (ddng dién tir héa). N&u bé qua sut
ap trén tré khdng stator (R, X,), ¢ thé cé:
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v £ac tuyén (U hda

I=lwg A

_..I

Vv, Xc%_
Trd khdng
X

Hinh 9.62. Bdc tuyén V-Img ctia mdy phdf dién cém ing.

V, = E lte dién ddng cdm dng.
= E (I,,,) dac tuyén tir héa.

V; = X¢lyag dién dp day trd khéng.

Tuong tu m4y phdt de kich tir song song (shunt), dac tuyén tir hoa va
duding tré khang (dién dp) duge néu trén Hinh 9.62 (b). Giao diém ciia ching
1a dién dp khong ti. Pay 1a trudng hgp & tAn 56 dinh mic. V, sé thay ddi nhe
khi tdn s& stator thue thay dfi so vdi tdn =6 dinh mue.

Pang luc hoc may dién cam dmg: thoi gian tang tic

N6i chung, hiing thési gian co cita may hat kj thuong 16n hon nhiéu so vdi
hing thai gian dién. Do dé, phan tich dong lue hoe ¢6 thé duge dan gian héa
bing cach bd qua thii gian chuyén tiép dién, cde két qua van tuong 461 chinh
Xéc.

Mé hinh mach coa déng co cdm tng (Hinh 9.8(b)) ¢d d6 trugt khong déi,
nhung d¢ trugt thay d8i khi khéi déng déng co. Hinh 9.63 minh hoa dgc tuyén
moment - dd trugt cta déng co vA moment - tai theo 83 trugt (van téc). Mo
di#m trén dic tuyén (T - s) 1a moment tdi cia dng cd khi chay d van tée &n
dinh. Déng co chi khdi dong khi T > T, vadat dé&n van tdc van hanh 8n dinh
w, khi T = T, nghia l& § tai giao diém P cia hai dac tuyén moment - vin tdc.
Co thé kiém tra bang phuong phdp gay nhidu; néu vi 1§ do nao dé, vén tde Idn
hon e, (T- T )< 0, hén hop tai - may dién giam tac, va tré vé diém van hanh,
didu ngugc lai sé xay ra khi van tdc gidm xudng dudi o,
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|~ T {moment may dién)

™~ T, (moment t3i)

——-— a

/2]
s B trugt

I

|

|

|

|

l
@y
5 5=0
Hinh 9.63. Bdc tuyén moment - dé trugt (vdn tée) cda dong co va tdi.
Trong khi ting téc

dw
T-T, =JT{{ (9.87)

voi J = qudn tinh dong co va tdi
w={(1-s)0w,
Do d6, pt (9.87) cé dang
ds

T-T, =-Jo, &
L 0y a0 (9.88)
Lay tich phan
t 1 ™ 1
" =- d
" o .j.T —ds (9.89)

Do dai lugng 1/ (T - T ) 1a phi tuyén tich phan trong pt (9.89) phai duge tinh
béng do thi (hosc bang s6) (Hinh 9.64) d8i v6i truomg hap s, =1vas, =5, Do V/
(T - Ty} =« & s, tich phan thuc t& chi tinh dén 90 - 95% tuy theo dd chinh xac
mong mudn.

Hinh 9.65 minh hoa d$ trugt (vin tdc) thay déi theo thai gian trong khi
tang toc dat dén gid tri 6n dinh s (w,) & thoi diém t,, d6 12 thai gian tang toe.
Do tinh phi tuyén eda ham (T - T, ) theo d6 tritgt, dac tuyén thii gian - d trugt
(vén toe) trén Hinh 9.65 khéng phai 1a dudng ham s& mi.
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Dien 5%
/ UChzsLT# ’*ds

// /A "
s=1 & ——————— @
w=10 iy

Hinh 9.64. Tinh tich phin pt (9.89) bdng dé thi.
Do trugt
so. % ______________ _————

b e — = -

- Thdi gian
0

—~

A

Hinh 9.65. D6 thi do truot - thoi gian.

Khéi dong khong i (T, = 0)

Tong trudng hgp nay, moment ma sat tdi v mdy T = O

Gia thiét cdc tdn that stator la khong dang ké (R, = 0), moment dong co
duge tinh tir pt {9.22)

T :i VTH(]E;‘IS)

0, - (r, /81 + (X, + X1

(9.90)
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Tir pt (9.24)

2
Tmax = i ) 0.3 VTH {9.91)
o, (X, +x,)

5

v6i d trugt theo pt (9.23)

3 = i 9.92
max, T X} + X.-z {9.92)
Tir cdc pt (9.90) va (9.91)
By / 2
T _ 2(X12+ xp i/ s) - (9.93)
Toax (13 /8)° + (X, + x5} (rgf's) LXrx
X +xy (ry/s)
Thay pt (9.92) vao (9.93)
T . 2 (9.94)
Toax  SmaxT P
8 S11'|ax.T
Do Ty = 0, moment ddng co 14 moment tang tdc, nghia la:
T= 2T onen cgde g, % (9.95)
S/ 5t * Smaxr ! 8 dt dt

Thoi gian t, A8 chuyén 49 truge tix s, dén s, duge tinh bling tich phan pt
{9.95).

5y

8¢
- Jw 8 5
ty = 5 Is ds + j manT ds

2Tmnx max, T 8
5 ' L
2 2
ty = Jo, Sl 52 4 S max.T In 3L (9.96)
2Trnax Smax.T 83

Thoi gian tang téc d€ may dién dat duge van toe ddng bo (tir ldc khdi
dong) duge tinh tir pt (9.98) vdi s; = 1 va s, = s, nghia la:

max, T

Jo 1-3s2 1
ty = —— In = 97
AT 9T {25 " SmexT ns} ©.97)
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e a7 - g . ~ -
Tdi vu s,,,, d@ cd thi gian tang toc nhd nhat
P& tim gid trj t6i vu s, ¢ sao cho may dién ¢6 thdi gian tang tdc nhd
nhat tir s, d&n s,, pt (9.96) phai duoc lay vi phén tuong img vdi s, 4 va bang
zero;

max

_ [Sl - 52)2
LI V2 In Gs,/sy) (9.98)

P&l v§i thei gian ting tde nhd nhat tr khdi dong dén do trugt s (bat ki),
gid tri t8i wu s_, 1 duge tinh theo pt (9.98) vdis =1 vas, = s

[ i-sy
(Smax,T)u-;j W 21n {1/s) (9.99)

[ 2

Jo, 1-5 l—l
t,(min) = = + (S ppax Thig g 11— | (9.100
A 2 Tmax 1|_2 (smax,T)I.iﬁ uu S SJ J

Hen nita, d8 tinh gid tri t6i vu dién trd rotor dé tang tdc mdy dién tir s,
dén s,, can thay pt (9.98) vao (9.92):

22
(13 v = %0+ X{ﬁ} (9.101)
[l'é }w'i [T = (Xl + x:z Ismax,'[' )m’i tu (9102I

Vi du 9.16. Pong co cdm g vong trugt ndi sao, 3 pha, 415V, 6 cue, 50
Hz, c6 téng dién khang stator va rotor la 1.5 ) duce d5i chitu lén stator. May
dién cAp tai thudn quan tinh. Moment qudn tinh cia rotor va tai la 11 kgm?
Ding khéi déng truc tiép tir dign ap day va dién trd mach rotor duge diéu
chinh 4é tai dat dén 0.96 van téc ddng b vdi théi gian ngin nhat. Bé qua tén
that stator, hiay tinh thoi gian tang tdc va gid tri dién trd rotor duge déi chidu
12n stator.

Gidi
s=1-096=0.04
Thay vao pt (9.99}

; 1ie
1-00.04)°
. R Pl AL Y P
( max, T )Lol u {2 ln(l ,‘r 0.04)}
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Tir cide pt (9.102) va (9.100)

{5 kst = 1.5 0.394 = 0.591

Jao, 1-5" bt
2T,... | 2(s o T 20w

max, T )w'i wy

2
- 11{2nx1000/60) | 1 - (0.04) + 0.394 x ln[ 1 ]
2 x 509.29 2x0.394 0.04

=2.867s

t,(min) =

Ddng co cAm dng hiéu suat cao

Vdi chi phi niing lugng ngay cang cao, chi phi van hanh ciia dong co cam
ing phu thuje hiéu sudt va von ddu tu ban ddu. Yéu cdu vé hidu suat cae, tist
kiém niang lugng 481 vdi déng co cdm dng, bude cac nha thist k& va ché tao
phai néng cao chat lugng sén phdm cta ho. Vai ki thuat quan trong duge sit
dung d€ thi&t k& déng co cdm ing hi¢u sudt cao so v6i kifu thist k& tidu chudn,
duge ligt ké sau day:

594

Gidm mat d6 dong dién trong cujn day déng quan stator, két qud 12
gidm ton that ddng, nhung ting trong lugng déng va gia thanh.

Gidm mat d¢ tir thong trong khe hd khong khi bing cdch tang chiu
dat 151 stator va rotor, diéu nay lam gidm bdo hoa tir va tén that 15i.

Thé tich thép stator 16n hon s& cai thién viée truyén nhiét ra ngoai
ddng co va giam nhiét d6 van hanh, cac quat rotor duge thiét k& vdi
dang cdnh khi dong lue tot hon dé gidm tdn th4t quat.

Su dung thép ky thuit dién chat luong cac d€ gidm tén that tir tré.

3¢ dung thép ky thuit dién trd suit rat cao vdi dang 14 cdn chuidn rat
mdng d€ giam dong dién xody.

Rotor duge gia coéng chinh xdc d€ tao khe hé khang khi déng nhat,
lam gidgm tén that tdi.



Chuong 10
Bing co cong suit nhé

Gidi thiéu

Céc dang co 3-pha duge sif dung trong cac Ung dung co cong sudt dinh mdc
cao. Vi 1y do kinh t€, da s8 cac gia dinh, van phong, thon qué,... duge cung cip
dién ac 1-pha, cdc yéu cdu cong sudt cap cho tai nho hon. Ngubdn dién nay chi
thich hop véi cac dong co et nho (dudi 1 kW). Cde ddng cy nay duge dung trong
quat, tu lanh, mdy xay sinh td, may hat bui, may giat, cdc dung cu nha bép,
thiét bi cAm tay ...

Tuy cac déng ca d6 ¢6 cdu tric don gian hon so vdi dong cv 3-pha, nhung
phén tich ching phdc tap hon va cin dén mét s6 khai niém chua phén tich &
phan trudc.

Trong Chuong nay, cdc dong cg chng sut nhd, duge trinh bay dinh lugng

va bén dinh lugng, sau dé sé xi 1y chi ti&1 hon, duge ding véi mue dinh thiét
ké&/phin tich chinh xdc.

pong c¢o cam (g 1-pha

Péong co cam tng 1-pha gdm day quén phan bo 1 pha trén stater va rotor
léng séc binh thuong iHinh 10,1}, vdi tién loi la day quin stator c6 dang tép
trung. Hai phuung phap chinh d€ phan tich déng co nay laly thuyét tu truong
ngang va ly thuyét i trueng quay.

— m= Tryc cudn pha

. i= ). COS ot
Rotor {iéng soc

Hinh 10.1 Pong co edm ung 1 pha
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Tt truing dap mach nhu hai tir trudng quay

Hinh 10.1 minh hoa s6 dé dong cd cam dng 1-pha v6i mot cudn day stator
vé& rotor 1dng soc. Cudn day duge phan bé trong khong gian sao cho hye tir dong
cg 56 (khdng giani 12 thanh phén chinh cia phan ba lue tic dong the. Séng
hai khang gian cia lue L dong, nhu trong truding hgp déng co cdm ung 3-pha,
duge cot 1a khing dang ké. Khi cuén day tdi dang dién hinh sine, sé tao ra lue
tir dong phén b hinh sine trong khong gian véi gia tri dinh dap mach theo
thai gian. Khi nhin tif true cubn day, lyc tit dong ¢ thai diém t bat k¥ la:

F=F cos 8 t10.1}

dinh
V§i 8 = goe do tr true cudn day.
g ]

F F Cos it (10.2)

dinh T % max
Lue tir dong phan bd ed vé khong giun va thai gian theo biéu thije:
F=F cos 8 cos wt {10.3}

ITAX
Bién doi phugng trinh nay theo luong gidc:
.1 1, . .
F=—F,,cos(0-ul+ §I< cos (0 + mt) {10.4})

2 [LETS

Phuvng trinh (10.4) cho thay tir trung 1-pha dap mach ¢6 thé due coi la
s xEp chong hai tr trudng quay d van tée dong bd (o = 21f rad/s) nguge chidu
ihau:

1 i}
2 Fiaa €08 t0 - oty truting quay thuin, F,

1 .
EF”““ €0s {6 + L) trubng quay nguge, F,

Truc cudn day

A
Fmal
Hinh 10.2 Hei tiy truong roli -_-"'\.w
guay tuvng duong ctia tir F=1/2F Fy= 12 F,
max - max

truimg dap mach
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Cé hai tif trudng nay cd bién dé = /2 F__ la gid tri cue dai cia tif trudng
dap mach theo truc cuén day. Sy phan chia tif truémg dap mach thanh hai ti
trusng quay nguge chiéu duge minh hoa trén Hinh 10.2, véi vi tri hai tir
truding quay o thot diém hee tie dong bang + F_, doe theo truc cubn day.

P truot rotor twong @ng vdi hai tif trudng quay

B8i vdi cuén ddy 1 pha (Hinh 10.1), Hinh 10-3 biéu thi cdc w0 truéng quay
thuan va nguge doc theo rotor dang quay véi van tde n cung chiéu vei tif
trwgng thudn. Pé truot rotor tuong dng vdi tir trung quay thudn F

=§ (10.5a}

va d6 Lrugt rotor tugng ing vdi tir trudng quay nguge F, la:

Shzns—(—rl] :2n_\. -lns—n)_:(2_s) (10.5b)
n, n

5 ]

Dé trugt rotor tuang dng véi hai i trudng quay khéc nhau duge tinh theo
hai phuong trinh trén.

Rotor
Hinh 10.3. Cdc ti truong

quay thudn vg ngugc.

Dac tuyén moment - dj trugt

Xit Iy dinh tink. Trong diéu kién rotor ding (n = 0, nghia la s = 1), ha ti
trudng quay trugt qua rotor, vdi cing do trugt s = 1, (pt 10.5(a) va (b)) cAm ung
dong dién biing nhau trong rotor 1dng séc. Hai tir truting quay, c6 cing cuiing
do, tao ra hai moment biing nhau va ngugc chiéu (d6i ngdu) nén moment khdi
dong bang zero. Vi thé, ddng cu cam tng mot cudn day khéng theé ti khdi dong.
Han nifa, hai t truting quay cam ung luc dién dong tdng hgp trong stator, cén
bang vdi dién dp cung cdp, gia su trd khdng cudn day stator thap.

597



Néu rotor duoc ché tao chgy theo van téc n eung chidu véi tir trudng thuan,
tac nay hai dé trugt 1a s va (2 - s). B8 v6i van hanh binh thudng (2 - 5) > s,
t trudng nguge edm ung déng dién rotor 16n han nhiéu so vdi trang thai dimg
va c6 hé sd cong suat thap. Lue tir dong rotor d6i nghich tusng ting, cung vdi
trd khang stator, gay ra tif trudng nguge c6 cudng d6 bi suy giam lén. Tir
truong quay thudn, cé dé trugt thdp, cdm (ng dong dién rotor nhd hon va hée
6 cong sudt cao hon so vdi trang thai rotor dimg. Pidu nay din dén song tir
théng thudn ting nhanh. Td trubng nguge gidm va ti trudng thuin lén, phy
thuge db trugt, Su chénh léch tir trutng nay gia ting khi do trugt s {tuong dng
vdi tif trubing thudn) gidm hodc van tée rotor quay thuan dat gdn vdi van tac
ddng bo. Khi gin dat van téc déng bj, tir trudng thuan 16n hen nhiéu 1an ti
truong ngugc. Két qua la c6 moment quay. Cé hai tir trudng nay luén luén cdm
ung luc dién déng trén cufn day stator dé€ can bing dién dp cung cdp. Pac
tuyén moment - vdn tdc hoan chinh la t8ng hai déic tuyén moment (thuan va
nguge) - van toe duge néu trén Hinh 10.4. K&t qua lam yéu mot tif truomg déng
thol lam téng cudng dé ur trung kia, din dén dic tuyén moment - van toc
tuong tu dong co cam ung 3-pha trong ving vén téc gdn déng bé.

Tu trudng thudn va t0 truong phdn (ng nguge cha rotor cing nhy tif
trudng nguge va tif trugng phan dng thuin chuyén déng nguge chidu véi van
toe tuang déi 2n, tao ra cic moment dap mach séng hai thi hai cé gia tri trung
binh bang zero. K&t qud la déng cd 1-pha <6 tiéng én 16n hon déng co 3-pha,

Hinh 10.4 Dge tuyén Moment
mument - vdn e clia
ddng co motl cuén day, Pt N
I-pha yid \
4 \
’
s i
< I
-~
- b
-
- |
’l‘ I
-n, r— ——————
o T - fs  van i8¢
= - - -
I -~
-
| -
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| s
1 /"
\ s
\ ’
\ Pl
e
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do ¢6 moment dap mach. Thue chidt moment dap mach 1a két qua true tiép cua
cong suit dap mach trong mach 1-pha, Dac tuyén moment - van the cua may
dién 1 pha cé true tung moment biéu thi gid tri hieu q[ung moment,

Phan tich ban dinh lugng

DPong co 1-pha vdi rotor ditng téc dong don gian tugng tu bién 4p vé1 md
hinh mach trén Hinh 10.5 (a), bd qua nhdnh tén that 161, Ky hidu m trong
stator tugng (ng vai cugn diy chinh va E_ 1a luc dién dong cam (ng trén
stator duge tao ra do tir trudng xoay chiéu.

Pong co bay gid duge xét theo ly thuy8t ti trugng quay. Luc dién dong cam
dng téng hop gdm hai thanh phéin bang nhau duge cam Ung do hai tif trudng
guay d&i nghich (bing nhau va nguge chiéu}, nghia la:

E, = B, * Emgt Emy = B (10.6)

Tré khéng ti héa va rotor duge chia thanh hai nita bang nhau duge méc
néi tiép nhu trén Hinh 10.5 (b). Pdng cd duge xem nhy gém hai déng cd néi
tiép, mdi ddng cd tuong Ung mt tIf trudng quay. Mach cia hai dong co thanh
phén gidng nhau trong diéu kién dimg khi rotor cé cing 40 trugt tusng ing vdi
timng tif trudng quay.

Khi rotor chay & van tdc n, thee tif trutng quay thusn, dd truct 1a s, va {2
- g) tuong dng vdi tir trudng quay nguoe, mé hinh mach duge nédu trén Hinh
10.5 (¢}, c6 thé thay Z/ 2 >> Z/2vaE ;>> E_, nghiala higu dng dong co wr
trubng thuén tréi hon, tao ra moment quay.

Thuc tién cho thdy, hai tif trugng quay duge tac nén ¢ trang thdi ding ¢
cutng 4o khong bang nhau, a8 ddng co ty khdi dong. Dé dat duge diéu nay,
dong cd cAn théem mot cudn day, la cuén day phu, 0 vi tri khdng gian vuong
goc voi cudn diy chinh, c6 88 vong quan it hon va day quan manh hon (so vdi
cuén day chinh). Cugn dédy nay duge cit ra khéi mach ngay sau khi khéi déng,
ngoai trir trudng hap dong co chay tu dién, c6 thé duge néi dé cai thién hé 50
cong suit.

Phan tich dic tinh van hanh

Dac tinh van hanh cia déng cd cdm dng 1-pha ¢b thé duge xac dinh tir sy
phan tich ma hinh mach {Hinh 10.5}, nhu trong trudng hap déng ca cam Ung
3-pha. Két qua phan tich cing tuong ty nhu trong dgng ¢o 3-pha, bdi vi md
hinh mach vé co bdn 1a nhu nhau.
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(@) Mach tudng duang bién 4p ciia dong cd 1-pha véi rotor dirng.

fm R‘F m X 1m xﬁ
+ . . A'A'-'l'
Em 202 A2
v, X2

Emw 2,12 Ryf2

A
K

) Mach tiong duong tir truong quay ciia dong cd 1-pha vdi rotor ding

[ R‘m Xim

m
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Emr er2

Em  Zz,12 Ry2(2 - 5)
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(e} Mach tuong duong tur trudng quay cda déng cd 1-pha
trong diéu kién van hanh

) /
NI

Hinh 10.5. Ctc mach tuong duong cia déng co 1-pha.



Céng suat trong khe hd khang khi déi véi tir truémg thuan va nguoc:

P, = %IfnRJ, = cong suat khe hd khing khi cia ti trudng thuan (10.7a)
1

P

b Elﬁn R, = cong suiat khe hd khong khi cua tif trudng nguge (10.7b)

Vui [ 1a dong dién trong cuén day chinh stator. R; va R, 1a phén thuc cua
s phic tré khang Z, va 7, tugng dng (Hinh 10.5 teh.

Moment duge tac nén do hal tir iruvng nay la

L3l 1
T, = =P, (10.8 a)

T, - —- Py, {10.8 b)

o,
Vdi @, = van toe ddng bo (rad/s)

Hai “ir truting dang quay ngugde chiéu nhau, tao ta moment téng hgp T:

T=T,-T,
1 I
'1':{0_5[}:'&f -Py)= o (R, - R, 10.9)

Tén that déng trén rotor bing d6 trugt nhan vdi cong sudt khe hd khong
khi, nén:

Tén thit déng rotor tuong ng tif trudng thuan = sP,

Tén that déng rotor tuong ng tUr trudng nghich = (2 - 5) P,

Tdng tén thit déng rotor = sP, + (2 -s) P, {10.10)
Céng suat dién bién ddi thanh cong suit co tdng hgp ia:
P,=1-5)eT
P,=(1-8) (P, - Py (10.11)
Khai trién pt (10.11)
Po=(-8) P, +1-2- 5P, (10.12)
P_ chinh la cong suat dién vao dong cg, khi tén that déng khong ddng ka.
P = Py + Py (10.13)
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Vidu 10.1. Bong co cam dng 1 pha, diy quin don, 220V, 6 cuc tir, 50 He,
¢6 cac théng 56 mach tugng duong duge d&i chiéu 1én stator nhu sau:

R,=300 X, =500 R,=15Q X,=200

B4 qua dong dién tir héa. Khi déng co chay 6 97% van tée ddng bo, hay
tinh:

a) Tyso B, /B,
bi Ty s6 V/V,
¢) Ty s6 TJ/T,
d) Moment téng toan phan.
e} Ty s6 T/ (moment téng) va Ty/ (moment t&ng)
Giai
Do trugt = s = 1 - 0.97 = 0.03
{a) Ti Hinh 10.5 (cX
R, 7, ix[ e +jX2J|

E., Zy | [Rz J
m X[ 22 . 5x

IJ ||2"S J |
Bé qua dong dién tu hoéa, X = .

E., |Rp/s+jX,]  [11.5/0.08)+ 2

Eny  |Re(2-8)+jX,] " 11542 -0.03) + j2

= 23.38

{b} V. v& V| 1a hai thanh phan cia dién dp stator:
V-9, +7,
Hai thanh phan nay duge xdc dinh bing mé hinh mach trén Hinh 10.6 c6
dang dai xiing,
Vi X = o, do do:

Trd khdng tuong ing thanh phin V,

-lf?+ 1"—\+'{5+2) —~1—[53+'7)
2|l 0,03J ! 2 J
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B2 X2

v Em 222 X2 R,/2s
f

X2

E,

LA Xi2 R,2{2 - s)
3 l

A,./2 Ximf

Hinh 10.6. Mach dign minh hou Vidu 10.1

Trd khdng tuyong itng thanh phin V,

- %KS+ 1.5 ]+j(5+2)}=%(3.76+j7]

1.97
v 53+37
Tir dé: Vi 183437 g0
Vv, [3.76+]7
(¢) Tit cdc pt (10.8a) va (10.8b)
Ve R
T, P, g tm 2P 2-s 2-003
Lot - = = 65.7
% Pa CpRRaz-e 5 OO

(d; Téng trd khang duge nhin tor cde ddu day stator la:
7 (Total) - %[(53 +T)+(3.76+ 7] - 28.38 + 7 = 29.2 £13.9"

a=22) 7534
29.2

120 x50

3

= 1000 rpm

=104.72rad /s

2z x 1000
(|)“ L —
' 60
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T, -1, =% (1)
), 2s
rh:‘l—l.fn“—Rlz—' (i1)
R 2(2-g)
TT‘om] = T_.' h Tb
_ I?HR2 _}: - 1 \|
Folal ~ 2&‘9 s 2_ SJ
_#s3f <1501 1531 Nm (ki)
2x104.72 L0.03 1.97
tel T cdc pt (i), {ii) va (iii)
T
I _ ]./S . 1 - 1'015
Trey 1/8-1/2-3) 1-_8_
2-s8
T, _ 142 - s} _ 1 ~0.015
TTnla] /s~ 1A2-s) 2__.S -1
)

Vi dy 10.2. Thi nghiém trén cugn déy chinh cia déng co cam uing 1-pha,
1 kW, 4 cue, 215V, 50 Hz c6 cdc két qua sau:

Thi nghiém khoéng tai Thi nghiém khoéa rotor
V, =215V Vge = 85A
I[,=39A Igc = 9.80A
P,=185 W Py. =390 W
R lal6Q

a} Tiah cdc thong s mé hinh mach, gid s dién khéng tir héa & cdc ddu
day vao mach.

b) Xdc dinh dong dién day, hé s8 ¢Ong sut, moment truc va hidu suat
déng cu ¢ van téc 1440 v/ph.

Gidgi

a) Cdc théng s6 mé hinh mach duge tinh bhng cach ding cd hai thi
nghiém khéng tdi va khéa rotor.
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i R\f2 (X, + X2

X2 Rf0 =

Rz i X2

X2 Ra/a

Hinh 10.7. Mach khong tdi cio Vi dy 10.2.
it} Thi nghiém khing tai:
Gig su do trugt bang zero, md hinh mach khéng tdi (Hinh 10.7) vdi dién
khang tir héa o cdc diu vao.

Khi mach nguge itit trufing ngude) ngdn mach:

X 215
2 39

=95.102

Tan thit quay: P, = 185W
t111 Thi nghiém khoa rotor (s = 1k
M hinh mach trén Hinh 10.8:
390 = 85 x 9.8 % cos ¢ g
0 yp = 620 tré pha.
Tir Hinh 10.8:

= e 8 I
L_:Y'“‘{ =———--j07TA
X J2xB51

21

w=le L =082-62"-(-j0.7T7)=4.6- j7.88 =913/ - 59.7°
Z, — (R +R,i+ (X, + X,

Ve 85
I, 9.132-59.7"

=9.31 459.7" = 4.7+ j8.04
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, 7 R X+ X2

Wilfpr

Ry/2

A KRR

-1

Hinh 10.8. Mdé hinh mach rotor khoa cia Vi du 10.2.

R, +R, =470
R, = 1.6 Q (gid thiét)
R, =3.1Q
X, + X, =804 Q
Mé hinh mach cé gia tri cac thong s6 trén Hinh 10.9.
‘. 1500 - 1440 _

0.04
b) 1500
155/ = 185 _ 38.75; 1.55/(2-s) = 155 0.79
0.04 1.96
"m ;.m! 0'8 4'02
R ot
Vi j55.1 1.55/5
vm
e 048 4.02
Hinh 10.9.
Két qud tinh 1.55/(2 - 8)
todn tr Vi
oy 10.2. -
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Z,(total) = j55.1]| (0.8 + 38.75 + j 4.02)

- 155.1]| (39.55 + j4.02) = 30.8 £39.6"

- 2373+ j19.63
Zy(total) = §55.1] 10.8 + 0.79 + ] 4.02)

= §55.1[ (1.59+j4.02) = 4.02 £70" = 1.37 + } 3.78
Zitotali = (23.73 + j19.63) + (137 + j 3.78)

=251+ 32341 =34.3 743"

- 21 a7, 4y

34.3 /43
I, -1_=627A; pf=cos43® =0.731
P =215 x6.27x 0.731 = 9854 W

]95.1

T,-627/-ax— 3951 g, oo
' 39.55+ j59.12
T, =627/ -48 x—30L 504/ 4140
1.59+j59.12
T= 1; - [{4.84F x 38.75 - (5.84F = 0.79]: 5.6 Nm
[N

P,=1571(1-004)x 5.6 =844.6 W
Tén that quay = 185W
P = 8446 - 185 = 659.6 W

6596
" 9855
T(truc) = 659.6 / 157.1 = 4.12 Nm

= 66.9%

bong co 1 pha 2 cudn day

bé hiéu hién tugng tir truéng phan bé thee hudng tao ra moment khai
dong trong dong co 1-pha, cdn c6 kién thiic vé ding co 3-pha can bang. Hinh
10.10 minh hga dong cd 1ong soc hai cudn day quan, cde true cudn day stator
iéch pha khéng gian 90° Hai cudn didy duge kich thich bAng haj dong dién
léch pha théi gian 90%
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Hinh 10.10 Dong ca
I-pha 2 cudn ddy.

Nn‘h n
. F,, Tryc cudn
T —™ day chinh
"m
Rotor long séc
Foo = Nplp = NI = F, (10.14)
vGl I = gia tr] hiéu dung dbng dién trén diay quin chinh.
L = gid tri hiéu dung dong di¢n trén day quan phu.
Theo quan hé pha:
F, =F F, = -jF wtré pha) (10.15)

Cac cudn diay nay tao ra hai it truimg dap mach lach pha 90° khang gian
(theo chiéu cde truc cudbn diy tuong dng). (34 tri cuc dai cia ti trugng dinh
Ampcre - vong doi véi mdi trwong la F, = J2F . Hinh 10.11 {a) minh hoa
quan hé pha - théi gian cua t0r trudng dép mach chinh va phyu. Hinh 9.11(h)
minh hoa quan hé pha - khéng gian ez cde thanh phin quay & thi diém tir
trugng chinh nam doc theo truc cudn day co gia tri F . trong khi gid tri tir
trugng phu bing zero tuong ing s¢ dé pha trén Hinh 10.11{a). Trong bon
thanh phan tir trudng quay, ed hai thanh phin quay nguge chidu kim ddng hé
triét tiéu khi d6i dién, con lai la hai thanh phan quay cing chiéu kim déng hé
cong lai thanh mot tir truémg quay F (Hinh 10.11te)).

[1aFER
Tom lai, hai tir truéng dap mach ¢6 cuong dd bing nhau va léch pha 909
khong gian (dinh hudng theo cde true cudn day) tao ra mot L truing quay va
quay tif chiéu sdm pha dén truc tré pha {cung chidu kim ddng hé).
Dé dang nhan thdy, néu ddo pha cua hai ti truing F . =F va F =jF,
chiéu quay cia tir trudng téng hop sé nguoe lai. Cde két qua déi vai déng co
cdm img 2-cufn day co thé duge tinh theo lugng gide tir Hinh 10.11.

F ot =F__cosqeoswt

Max

F ot =F _ cos(90" - 8icosiot - 90°).
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'

0 F.=F 12 Fr o _1‘12 Fonax

- T 1 = — - —- = Tryc chinh
' E, i ;.,; iwgh
| e 112 Fra
* Fo=—iF +Truc phu
{a) Quan hé pha - 1 trugng (b Quan hé khang gian - W truong
4 Fmax

Hinh 10.1I Tao tif truang !
quay don bdng hai ti ¥ Truc phy

tricomg dap mach. (6) T treng quay

Tir truéng tdng

F,+F,=F, (cosbcosmt + cos(8 - 90%cos(wt - 90°))
Cé thé rat gon thanh

F o+ F =F co88-ot

Pay la tif trugng quay co bién do bang F__ .

Tii trudng d4p mach khéng can béng

Tip hop hai dai lugng hinh sine thiét lap k¢ th éng hai pha cdn bing, hai
pha d6 6 bién dd bing nhau va lech pha 90°, ching dude goi la khong can bang.

Hai tir truemg dap mach F_ va F_ cua hai cudn day (Hinh 10.10) thiét 1ap
14p hup khong can bang (trudng hgp ding cu ¢iam dng 1-pha 2 cugn day). Theo
1% thuyét thanh phan ddi xung hai pha, tap hop tif truong khong cén biing co
thé duge chia thanh hai tap hop can bang theo thi t pha nguge nhau. Do do:

F,=F +F, (10.16a)

F, = jF, - jR, (10.16b}
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Hinh 10.12 Hai pha Fi
luc tit dong bidu thi !
theo cde thanh phdn
dot xvng ctia chiing

Véi F, va jF, thiét lap mét tap hop can bing (thuin).

F, va jF, thiét lap thit ty pha dao nguge.
Cdc phép todn tit pt (10.16) duge minh hoa trén s¢ 46 pha (Hinh 10.12).
Bdo nguge pt (10.16) e6 dang:

F, = %(Fm +iF,) (10.17a)
F, = %(Fm +jF, | (10.17b}

Céc thanh phan d8i xdng thusa va nghich c6 thé duge tinh theo tap hop
hai tir trugng khong ean bing. Hinh 10.13 minh hoa s dd pha dugc tinh tir pt
{10.17).

That vay, tap hop pha bat ky (co thé 1a dién ap hodc dong dién) cé thé
duge bigu dién tuong tyf theo cac thanh phan doi xting ciia ching va nguge iai.
Ti pt (10.16) ¢ thé thay hai tir truong F_ va F, (gid thiét 1a vudng goc
trong khong gian) 6 thé duge tach thanh hai tap hgp thanh phdn d6i xding 1a
F,, iF, va F,, - jF,. Cac ti truong thanh phan cia méi tap hop c6 lugng
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Hinh 10.13 Cdc thanh
phan déi xiing cia edc
{uc ti déng 2-pha.

iFa

bing nhau va c6 khéng gian va thdi gian déu vudng goc, tap hgp dAu tao ra ti
trudng quay thuin, va tdp hgp sau tao tif trudng guay nguoc. Do d4, hai tir
trutng ddp mach khéng cén bing vuéng goc khong gian tuong duong vo1 hai
tif truong quay nguge chiéu nhau.

Vi du 10.3. Pong co 1-pha hai cudn déy co dong dién cudn day chinh, phu
1 =15Aval =75 A & trang thai ditng. Dong dién cuén day phu sdm pha s8¢
vdi dong dién day chinh theo gbc o = 45" Hai cudn diy dat vudng goc trong
khéng gian va sé vonglaN, =800vaN = 100. Hay tinh bién ¢6 séng tir dong
stator thuin va nguge. Xdc dinh cugng db dong dién phu va goc léch pha o vdi
dong dién cudn day chinh néu chi cd tif trutng nguge.

Gigi
Lue tir dong dude tae ra tif cubn déy chinh

F, =N,I, =80x1520=1200 £0
Luc tir ddng duoc tao ra tif cudn day phu

F, = N,1, =100x 7.5 £60" = 750 260"

Tit pt (10.7a}, tif trudng thuan la:
= L= 1 [ o . n) R
F, ==, -~ iF}- 5120020° - 750 245") - 338 - 265.2
F, = 427.1 AT

Tuong ty, tir pt (10.17b), tir truong ngudc la:

£ -LF -iT)- %(120040“ + 750 245"} = 865.2 + j 265.2

Iy

F, = 904.9 AT
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Do triét tit trudng thuin:
- 1 . .
F, = E[1200/_'0 +j1001, Zu)=0

1200 + OO I sino+j 100 [ cos ce =49
Phédn thye va phin do bing zero
100 [ cos =90
o = 90°
12006 + 100 1 sin 90% =0
L =-124

Chii ¥, dau tri chi ¢o nghia néi cupn day phu tuong dng véi cudn day chinh.

‘Ddng co chia pha

Khi déng co ¢ hai cugn diy stator, dit ching duge kich thich tur cung dién
4p (nguon dién 1 pha}, cdc dong dign trong hai cudn déy cé thé bi léch pha
béng cdch diéu chinh tré khédng cudn day phu so vdi cudn day chinh. F vi F
két hop thiét lap tap hop tir truting khéng can bing véi quan hé 90 pha khong
gian. Hai thanh phan d8t xing 14 khong can bing Fo#F,(nénco F,>Fp) tu
trutng guay thuin duge tao ra manh hon ti truimg quay ngmrc két qua s& tao
ra moment khdi déng. Pay la cach dong co 1-pha duge ché tao dé tu khdi dong.
Qua viy, su chia pha c¢é thé duge dé nghi, trong dé tif trusng nguoe gidm dén
zero ¢ van tdc xac dinh, cho phép tac ra su vian hanh can bing, nhung chi
mt vin téc cd thé duse chon 167 uu.

Hai phuong phap chia pha quan trong la:

Bang co chia pha ding dién trd: So dé déng cd dung dién tré dé chia pha
duge néu trén Hinh 10.14(a). Péng co sd dung cudn day phu véi ty s8 R/X cao
hon so v§i cudn day chinh. Ty s6 R/X cao dat dugc béing cich quan day mianh
hon, 58 vong it han trén cudn day phu. Cuén day phu duge dat trén dinh ranh
{sdt v6i khe hé khdng khi) 4€ gidm dién khang. Su khac nhau vé ty s§ R/X tao
ra dong dién trong cudn day phu I, sém pha hdn dong dién trong cudn day
chinh I theo géc o (Hinh 10.14b), Cac tir truing dugce tao nén do hai dong
dién nay ciing léch pha theo géc o, tit d6 tao nén hé théng tit truérng khang can
bing, két qua 12 tao thanh moment khdi déng.

Bac tuyen moment - van tée ciia loai déng eco nay duge minh hoa trén
Hinh 10.14c. (0 vin tde n, cong tdc ly tim hoat déng, sau dé déng co chi chay
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Hinh 10.14 Péng co chia pha bang dién tré

véi cupn day chinh. Cudn day phu chi cdn duge thiét k& dé chay irong thai
gian ngdn, cudn day chinh duge thidt ki dé chay lidn tuc, Gia tri o, 12 44 1éch
pha giifa hai dong dién, tét nhat 12 d 30° (Hinh 10.14 {c)). Loai djng ca nay cé
moment khoi dong khéng cao.

Bong co chia pha ding ty dién. Moment khai dong thap trong ddng cd chia
pha biing dién tré duge khac phye bing cach su dung tu dién méc ndi tidp vdi
cudn déay phu (17 tuéng khi o = 90°). Sau khi khdi dong, tu dién c6 thé duge ndi
ti&p tuc vao cudn day phuy dé cai thién dac tinh van hanh va hé sé cong sudt.
Do dé c6 hai loai dong co chia pha béng tu dién (con goi 1a déng co tu dién).
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@) Dong co khdi déng bdng tu dign. 8¢ d6 mach dugc néu trén Hinh 10.15
(a), dong co chi ding tu dién d& khéi dong. Gid tri tu dién thutrng duoc chon
sao cho o = 90" (Hinh 10.15 (b}). D4c tuyén moment - van tdc vdi cong tde ly
tam duge néu trén Hinh 10.15 (¢). Moment khdi déng cas. Cha ¥, tu dién chi
can dinh muc ngén han. Vi dinh mdc VAR cao d6i véi tu dién, nén tu dién hda
hoc (tu héa} thuimg duge diung vé6i khoang gi4 tri dién dung khong dusi 250 uF.

Tu dién va cdng tdc ly tim (két hop), lam tang gia déng co va lam gidm do
tin ciy.

Rotor ,
Cang tac
@ -+ Ty khdi ddng
BTN

{dinh mic ngdn han}

A
"m
I
- v
(a)
Moment Cudn chinh va phy
Cudn chinh
\ P
P
-V
e
-~
3 e
- - ’
-
L~ —
Is] iy, L
fc)

Hinh 10.15 Déng co chia pha béng tu dign khot dong.
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b) Péong co hai ty dién: So §6 mach duge néu trén Hinh 10.16(a). Béng co
hai ty dién khong chi ding tu dé khdi dgng ma con dung dé van hanh. Ty duge
dung khi vén hanh la tu dién chay, cai thién dac tinh van hanh cioa ddng co.
Hinh 10.16(b) minh hoa sd db pha, khi khdi déng, « > 90° (dién), sau khi ngat
ty didn khéi dong, o = 90° (dién) (Hinh 10.16tcH.

Ty khdi dong

{Sinh mic
Rotor ngan hanj
Ty chay
- dinh muc
Cuon phy % T { (léu dai)
Céng téc
II
1 0T
™ Cuén chinh
!
v
@
> 80° v a = 90° -V
i, "
©) (©)

Moment

Cudn chinh va phy
(cd hai ty)

Cuén chinh va phuy
{chi co ty chay)

Hinh 10.16 ¢

Pong co hai ty dién " Van toc



Hinh 10.16 (d) minh hoa dac tuyén moment-van téc cua déng co hai tu
dién. Cudn day phu va tu dién chay dugce thiét ké dé c6 tap hop tir truing 2 pha
can bang ¢ van tic xae dinh, khong tén tai tir truisng quay nguge, do dé cai
thién hiéu sudt déng co, ddng this loai trir duge moment séng hai thi hai,
ding cu chay ém hon.

Chu ¥, tu dién khdi dong c6 gid tri ldn va dude dinh miie ngén han, tu dign
chay ¢6 gia tri nho, dugc dinh mic theo van hanh lién tue, dong co tu khdai
dong khi tu dién chay van hién dién trang mach. Tuy gidm moment khei
déng, khéng 6 cong téc chuyén mach, nhung dgn gian va giam chi pht. Bang
cd loai nay duge goi 1a dong c tu dign choy hoac tu dién thuong xuven.

Vi du 10.4. Tré khang cudn day chinh va phu ciia dong co cam tng 1-pha
khdi dong bang tu dien la:

Cudn day chinh =3+32.7

Zlm
Cudn day phu Zo, =T+ i3

Hay xdc dinh gig tri ty dién mie nii tiép véi cudn day phu A€ e6 lech pha
o = 90° gidta cac dong dién cda hai eudn day khi khai dong.

Gricti
Chon dién dp cung cap dé€ quy chidu cae géc pha.
Gée pha cla dong dién trén cudn day chinh:
Ll =22, =23+ §2.7) = - 42°
Gdc pha cia dong dién trong cupn ddy phu véi tu dién mde néi tiép:

LY, = ~/(T+j83)~j/eC]

o=2sL - /I
3.1
90° = ~tan '| —@C _( 400,
7
(g 1
tan™' WC | _ _4g0
7
g L
oC _ 111
7
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w=2nxa0rad/s
Pién dung tu:
C =2955uF

pong co cyc Hf xé ranh

Hinh 10.17 minh hoa dong co eye tir ranh vdi rotor 6ng séc. Trén mat mbi
cuc tir chinh, xé mot ranh nhé chia mat cye tif thanh hai phin nhé va ldn.
Trén phdn nhé, c6 mdt vong bang dong dep, ngén mach, dm boc cue tif nho,
tao thanh cue tif phu. Vong nyin mach nay duge goi la cudn ddy ranh phu. Tir
thong bién ddi hinh sine dude tao ra bang kich thich ac (1-pha), cdm dng luc
dién dong trong cudn day ranh phy. Déng dién cam ung trong cudn diy ranh
phu tao ra tif théng viéng trén cuc phu {cua cye tif chinhl

Tir thang trong cudn déy chinh la:

b, = Poax sin wt (10.8)
d’m = ¢:'-:| + ¢‘m

trong dé: $¢ thanh phén tir thang lién két cudn day ranh phu.

¢'n thanh phén tir théng di qua khe hd khong khi.

Cugn ranh phy Gudn chinh

Bep = G + $sc Rotor 16ng sbc

Stator

Hinh 10.17 Dong co cie { rdnh.
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Lue dién déng cdm iing trong cudn day ranh phu:

dém _ iu N
e.‘ac = dt = ¢max 3 COS mt (t-lf Cuon mot Vbﬂg) (loA 19)

Trd khdng cujn day ranh phu
Z,=R,+iX, =220, (10.20}
Dbng dign trong cudn day rianh phu

[ - Prmax @ €08 (00t — 0,) (10.21)

&C z

a0

Tir théng duge cam ung tu dong dién i

¢Sc = 1 );il“ = ;—:‘?;T cos (ot - 95‘.) (10,22}

vdi R = tir trd ehia duéing dén ..

Theo cdc pt (10.21), (10.22), pha dong dien L va {ir thong @, chim pha
so véi lyc dién dong cdm tng E,. theo goc 6, cdn tif pt (10.19), pha tir théng
@}, s6m pha 90° so v6i E,,; pha ®'_ ddng pha véi @3¢

Tir thong tdng trong cue tif phu 1a tSng pha tir théng $sp :

@ = DX + D
¢‘c [“"‘n.‘h

|

I

|

I

§ |’

1

|

- I - £y

I

I

¢IC'

Hinh 10.18 So dé pha
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n=0 n=n, n

Hinh 10.19 Bdc tuvén vén toc - momen! cia dong co cyc i rdnh

nhu trén Hinh 10.18, va cham pha so vdi &', theo géc o. Hai tif thong

bi&n thién theo ham sine @', va .G.J'gp, dich chuyén trong khong gian ed géc

1&ch pha th#i gian la o, tao ra cdc trudng quay thudn va nghich, va tu d6 tao

' ra moment téng. Pdc tuyén van toc-moment cua dong c¢ xé ranh dugc minh

hoa trén Hinh 10.19. Déng co nay tu khéi déng (khong nhy ddng co mot cudn
diy l-pha).

Tif so d6 pha trén Hinh 10.18, ur thang tdng trén cuc tif phu 65,, cham
pha hon tir théng trén cyc ti chinh &', 1am che rotor quay theo chigu tif @
dén ¢' (tir cuc tir chinh con lai dén cuc phy). Ddng co ¢6 chiéu quay xde dinh,
khong the déo nguge. Sy dio chidu dong ed ¢6 thé dat dudge bing cdch dung hai
cudn day ranh phu trén hai phia méi ey tir va bang cach hd mach mot ¢ép hgp
cudn day ranh phu con tap hgp kia ngan mach.

Pang co cuc tif xé ranh 1a déng oo tu khai dong voi mot cupn day don (khong
¢d cudn day phu), c6 gid thdp va c6 cdu Lrdc hoi lén. Déng co ¢d hiéu suat thap
va hé sd céng sudt thap, kha dung véi cong sudt tir 1/ 300 d&n 1/ 20 kW, duge
ding trong quat dién, may tao 4m, mdy ghi &m,... Nguyén ly cuc xé ranh duge
ding trong khéi dong ddng hd dién va cac dong ¢o théi chudn 1-pha.

$o sanh dfng co cam (ng 1-pha va 3-pha

Trong dong cd cém img 3-pha, moment cye dai dc 1ap vai dién tré rotor,
va db trugt tuong Gng tang theo dién tré rotor. Moment cyc dai trong dong co
cédm iing 1-pha giam khi dién tré dong co tang trong khi d5 trugt & moment
cyc dai cing ting.

Vi c6 sit hién dién etia W trudng nguge, nén dac tinh van hanh cua dong co
1-pha thép hon dong ¢d 3-pha cing kich c3. Moment cyc dai thdp hon vdi 46
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Lrugt tudng ung cao hon va tdn that 1én hon, Ngoai ra, dong co t-pha doi hoi
cony suat (VA va Watt) vao ldn hon, do tiéu phi ¢dng sudt cho tir truong quay
ngude. Tén that ddng stator cua déng co 1-pha lén hon do cuén day don phai
dan toan by dong dién. Nhitng diéu nay lam gidm higu suat va tang nhiét dé
trong dong co 1-pha. Déi vai dinh mikc vén toe va cong suat cho trude, dong ca
1-pha cd kich thude khung lén han déag co 3-pha. Hon nia, déng co 1-pha con
ddi hoi cudn ddy phu. Mae du ¢6 cac y&€u té nay, chi phi cta déng ¢d 1-pha cong
suit nho tuang déi thap so vdi dong co 3-pha khi duge san xudt hang loat.
Trong thue t& nguén dién gia dung tiéu chudn thuing la ac, 1-pha, 220V,
o0Hz, phi hgp véi cic dong co 1-pha eong sudl nha.

Dac tinh van hanh, so sinh gia thanh
va chon ddng ¢o cam img 1-pha

Viée lua chon dong co 1-pha thudng dua vio cae hé s6 nhu gia thanh ban
" dau, chi phi van hanh, dae tinh van hanh, trong lugng, kich ca, va cic véu cdu
Ung dung khae, trong d6 die tinh van hanh va gid thanh 13 hai hé s& quan
trong. Bac tinh van hanh cao di d&i vdi gid thanh cao, gita hai hé s§ nay cdn
chon phdi hop theo ing dung.

Gid thanh déng co dién trd chia pha la thap nhat, déng co tu dién thuing
cao hon, va déng co hai tu dién 12 cao nhat. Cac ing dung phé bién déi véi cic
ding eo nay duge liét ké nhu sau;

Bong co chia pha dién tré. C6 dong khéi dong thap, moment khéi dong
trung binh, ding cho cde tai dé khdi déng va cac ing dung trong quat, bom ly
tam, thiét bi van phong, may giat,... ¢6 dinh mdc khoang 1/20 dén 1/2 kW.

Déng eo khdi dong tu dién. C6 moment khai déng cao, duge ding cho cdc
tdi khé khdi déng, nhu mdy nén khi, mdy bom, may nén khi trong tii lanh,
may lanh (diéu hba nhiét d3), bang tai, may cdng cu cdng suit nhé ... ¢é dinh
mifc dén 6 kW.

Béng co tu dign thuong xuyén. C6 moment khdi ddng cao nhung edéng suat
nhd hon dong eo khéi dong tu dién, cin chon phéi hop giia dic tinh van hanh,
khdi dong, chay va gia thanh tu dién. Vi véi tu dign thudng xuyén, hé sd cong
suit chay va hiéu suat cao hon, van hanh én dinh va it én hon, loai dong co
nay dugc dung cho cdc tai dé va khé khdi dong.

Déng cu hai ty. Két hgp cde uu didm cia hai loai dong co dung tu dién,
hiéu sudt va hé sd cong sudt cao, dang co duge su dung cho eac tai d& va kho
khdi déng.
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Déng co rank xé. Gid thanh ré, moment khai dong thap, hé sd cong sudt
thap, hiéu sudt chay thap, kha dung vdi ¢ nho 1/20 kW nhu quat, mav ban
hang, may photocopy....

Ping co dong bd 1-pha
Pong co tif tro

Béng co tir trd 3-pha da duge trinh bay trong phéan may dién cye 151 khing
kich thich. Biéu thic moment tir tré cia déng cd 1-pba duge xde dinh tu
nguyén 1y bdo toan nang lugng. Noi chung, trong déng co tit trd, mdi khi
stator tao ra tif trudng quay trong khong gian va rotor khéng phii hinh try, Ui
trg cua tir truong ti rotor dén tir trudng quay la han theo goc khong gian,
Ngudn goe cia moment tif trd 12 xu hudng rotor ty chinh thang hang trong vi
tri tit tré cuc dai voi tir thdng quay déng bd coa ti trudng thudn. Bong cd co
thé tu khi dong theo nguyén 1y cam (ng biing cach dat cdc thanh déng ngin
mach ¢ phéin 13i cia rotor.

Trong dong ce tir trd 1-pha, tif trudng quay ¢ thé duge tao ra bing mot
trong cdc phudng phap chia pha néu trén. Cau trie cue tu 18i trén rotor duge
thye hién biing cach ba bét vai rang cia rotor dong cd cam ung (Hinh 10.20(a)).
Cé4c ring con lai chifa cac thanh déng dé& c6 moment cam iing khdi dong. Sau
khi khéi dong, rotor dat dén toe d6 gdn déng by do tac dong cam Ung va duge
dua vao déng bd trong nia chu ki dugng cua moment déng bo bign thién theo
ham sine. Piéu nay chi ¢6 thé xdy ra néu rotor ¢6 quan tinh thap va tai nhe.
Bic tuyén moment - toe d§ cua dong cd tu Lrd vdi khoi déng cam dng dude néu
trén Hinh 10.20(b). Tir Hinh nay cé thé thiy moment khdi dong phu thute vao
vi tri rotor do rotor ¢6 cue 10i. Hién tugng nay duge got 14 “ket khi khéi déng”,
dé c6 hidu suat dong co dong b theo yéu ciu, kich cd khung duge dung phai
l6n hon déng co cdm ung 1-pha binh thudng.

péng co tir tré

Stator cia déng cu tii tré cé cdc cudn day quan chinh va phu véi mot tu
dién ndi thuyng xuyén d¢ chia pha. Gid tri ty dién duge chon d& tao ra hai pha
can blng. Rotor 1a loai cyc dn biing thép cdng (¢6 100 that tif tré cao) va khing
¢6 cudn day (khéng ¢é cac thanh ngdn mach lang sde). Hai cudn day stator duge
phén bd dé tao ra tif truimg quay gan nhu theo ham sine. Didu nay can thiét de
giam tén thit sat do song hai khong gian cia tif trudng.

Hién tugng tir tré gay ra sy tir héa rotor cham pha han séng lue tit dong
dudc hinh thanh trén stator. K&t qud 13 tir thong rotor cham pha theo gdc & so
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{8) B3¢ diém cau tric dong co t trd 4 - cyc

Moment (pu)

’
Cudn chinh va phu//
40— 4

Vi tri rotor phy thuge 3.0
moment khdi dong

20 —

10— ~
// Cuén chinh

aApr———

My

g —— = ——— -
"
3

Tée d6 chuyén mach
{b) Bac tuyén moment - van t&c d6ng cd tU trd

Hinh 10.20. Pong co tit trd va dde tuyén moment - vgn téc.

vdi true lue tir déng stator. Hinh 10.21{a) minh hga didu kién tif trudng trong
dbng cd & thai diém bt ky. Khi goc 8 phu thudce tir tré, sé khong doi vdi moi
van the rotor. Moment tuvng tac (moment tif tré) giita trudng rotor va stator 1a
khéng d6i ¢ moi van tde (Hinh 10.21(h». Dudi dnh hudng cua moment tif tré,
rotor gia toc ém va chay véi van tic ddng bd. Piéu nay tusng phan véi hi¢én
tugng “kéo vao” treng ddng ed tir trd khi déng b héa.
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ATruc e tir dbng stator

W Truc tir hga rotor
—& J
\/ Moment

4

Van téc

a) TU trudng trong dong co tir tré b) Moment tir tré va véan tdc
Hinh 10.21. Péng co tit iré.
Tén that tir tré:

B, = K, f,B" (10.23)

véi B = mat da tif théng cye dai, f, = sf = tAn s& rotor
. Py
(Cong suit qua khe khong khi = 'y {10.24)

2 2
Moment - B _Kws/B K /B Hang 6 (10.25)

s, S0y, e

Thanh phin thi hai ciia moment do tdn thdt dong dién xody giy ra dugde
hinh thanh déng théi trong rotor.

P, - K, fiB? = K s’ /*B* {10.26)
2
r- B [LLB_] (10.27)
LU oy

Theo pt (10.27), moment dong dién xody cao nhat khi khéi dong, giam
tuyén tinh véi 4o trugt, va triét tiéu & van toc dong bs. Thanh phén moment
nay hd trg moment ti¢ tré khi khdi dong, cai thién dac tuyén khdi dong cho
dong co tlr tré.
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B)ong c¢ tir tré o6 tiéng an thdp so vdi dong c¢ cam ung 1-pha do tdi chay
v6i van tdc dong nhat. Pidu nay 1a do dong co tif tré van hanh véi van téc
dong bé va cdc didu kign 2-pha gin nhu can bing, khéng bi rung dang (dang
¢ cdm ung rung dong khi 4o truot thay déi theo tai). Hon nita, d&i véi déng co
nay, rotor phang (khéng ¢¢ ranh) che phép giam tiéng én rd rét. Van hanh
nhiéu tdc d¢ tuong d6i dé thue hién bing cach sdp xép thay d8i cde cugn day
stator (thay doi cue tir stator); rotor khong quan day phin tng tao ra o cue tir
nhu stator. Péng cd ¢6 dac tinh védn hanh khéi dng tét moment khdi dong
béng moment chay}, do d6, rit thich hop khi cin gia toe véi tai qudn tinh cao.

Mb hinh mach ddng co cam (ng 1-pha

Su khing can bang cuén diy va hai cuén day chinh va phu déu duge cap
dién tif mét ngudn lam cho hai tit trudng chinh va phy khéng ¢an bing. Pha
doc theo céde truc cudn day ¢6 thé duge tach thanh cac thanh phén d8i xiing F,
va F, theo pt (10.17). Tap hop cic thanh phédn thuan F, va jF, tao ra tir
trugng quay thudn. Tap hop cic thanh phin nguge F, va - jF, cho két qua tir
Lruimg quay nguge.

D4 trugt rotar tuong dng véi hai tit truimg quay la s va (2 - 5) theo pt
£10.5). Mach tir héa va rotor tit hai ti trugng quay khi duge quy chiu theo
cubn ddy chinh 14 khdc nhau (Hinh 10.22).

t % Rpe-s)

{a) TUtrudng thuan (b} T trudng ngugc

Hinh 10.22 Nhdnh tir hoa va mach rotor theo cdc tit truong quay duge quy
chiéu lén cudn ddy chink va phu

Chd y, ton thét khéng tdi 12 khong dang k& va dién dan tén that khong
duge biéu thi trong hai mach nay. Tré khdng tit E_(- lyc dién dong cidm iing
clia tif trugng thuin trong cudn day chinh, la;
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Z,-iX i!iR—3+jX! '| (10.28a)
S

Tra khang wir B, . lute dien dong cam iny cua W Lruimg ngude trong cudn
day chinh, la:

7, - Xl Reaix,! (10.28b)
25 T
E,, -2%L, (10.29a)
B = Zy5 (10.29b)
Vi fm, = dong dién thanh phin thuin trong cudn day chinh
1., = dong dién thanh phén nguge trong cudn day chinh
I = Dongdién cupn daychinh = I, + 1, {10.30)
Phudng trinh (10,16} duge bién dai theo dong dign.
Dat N, = sd voag cudn diy chinh tuong duong.
N_ = s6 vong cudn diy phy tuong dudng.
a-= N, hode N, =aN| (10.31}
Tit pt (10.16):
F,=N_.L =N, +N_.L, (10.32a)
F =N, =aN_ I =jN.L,, - NI, {10.32b)
Tu pt (10.32)
I,=T,, +L, 110.33a)
L= I:’ —J% (10.33b)

Dang dién trong cudn dév phu la Ta , nhung do cdc vang day cuén phu va
chinh khac nhau, dong dién cudn ddy phu quy chifu thee cudn chinh:

{10,314

I'a-_f No |1, =al,
W Nm ':
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Tu pt 10.334, cic thanh phén d6i xunyg cia déng dién trong cudn day
chinh va phu duage quy chidu thee cudn day chinh la:

— 1 g =
].'l'.f = E(Im - Ja[il] ‘l()35a]
- 1= - )

Ly = E[lm « jal,) 110.35h)

Tu truing quay thuan tién dén cudn day phu 90" trude cudn day chinh va
nguge ai doi voi tir trusing quay ngude. Do do, e dién dong trong cudn day
phu duge cam g tif hai to trudng la:

E,, - jak,, (10.362)
L, = —jaE,, (10.36b)
Bién dp hai dau cugn day chinh va phu tuong ing 1a vV, va V‘ . Dién 4p

cupn dayv phu 1ir cuén day chinh 1a V. /a. Cac dién dp nay cing duge chia theo
cac thanh phan dai xung:

i

m = vmf’ + th {10.37a}
Vv, - =
L7 Vay — Ve (10.37b)
_ 1/ —
Vo =2V - j—= (10.38a}
: | a ;
Y
Vo = =] T+ j | (10.38h)
2 L a g

Xét dién ap trén cugn day chinh V,, dién dp nay gém ba thanh phén la
lue dién déng cam dng bdi tif trudng quay thuan, Iyc dién dong cam ting bai tir
Lruéng quay nguge va sut dp trén trd khing cudn day Zyp, cOdongdién 1 di qua:

Vm = -I-m z'lm + Em_; + Emh (1()393}
Thay E,, va E_, tif pt (10.29):
vm = Imzlm + 2}111} + Eh-iml. {10.39b)

Tuong ty, dién 4p trén cudn diy phu Va gém ba thanh phén la:

\'I.! = _;zzlu + Eur * Euh (10.40:)
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VB
{a) Mach cudn day chinh {p) Mach cudn dby phu
Hinh 10.23. Cdc thanh phdn dién dp.

Eab='faza"mb Ear= jaZ, It

Vi ZM 14 tré khdng cudn day cda cudn day phu bao gém ca cde tu dién
khdi dong/chay. S dung pt (10.36):

V, = LZ, + jaE,,, - jaE,, {10.40b)
V, =17, +jaZ,1,, - jaZ.L, (10.40¢)
Mach tuong (ng duge néu trén Hinh (10.23b
Thay 1 _ tir pt (10.33a) vao pt (10.39b)
V, =2, +2Z,I,, ~Z, + 7, 110.41a)
Thay I, tir pt (10.33b) vao pt (10.40ck

!"_ y e

va:jtz‘" vaZ, |1 _i[z

18 4 a7, hml, 110.41b)
L 8 J

a imf
N Y

Thay V, va V_ trong pt (10.41a) va {10.41b) vao pt {10.38a va (10.38b):

v, =f LA z'", +Z \; 1., -~l/'_"_“ —Z,'m\: I, (10.42a)
P2 2at 21 a? -

= 1Z. = V- (Zy, Z, 5=

Vo = — 20 Z [Ty v 2m e 2 0 Z0] 0 110.42b)
2k az ] '.\ 2 2a* )II

trong do:

_ (7 = oy

Zy = Am D7 J ¢10.43a)
L2 2a ;
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Hinh 10.24.
Mo hinh T Zi - 2
mach tir
pi10.44). *

- b /" ot by = ~ il
v
-

Zy, - l[ -Z m] (10.43h)
2( a

Bl
H

- [ 2., + i +Z, {10.43¢)
Sl 2 2af
Céc pt (10.42a) va (10.42bj c6 thé viét dudi dang:

Ve = Zk, - 2L, {10.44a)

vmb = zlzim,f - zzzimh 110.44b}
Hinh 10.24 minh hoa mé hinh mach si dung pt (10.44) va pt (10.37).

Chu y 2, -Zy,=2,,+2, {10.45a}
Zipy ~Zyy = 2y + 2, {10.45b}
L, -L, =jal (10.45¢)

Tir mb hinh mach trén Hinh 10.24 v& thanh dang mach trén Hinh 10.25,
viéc ngat cudn day phu khi van hanh tuong duong vai cong tée S hé mach.

Khi cudn day phu dude ngit ndi két:

1
=Ly - 5 ! (10.46)
Vrn = vmj + vrnh 110.47)
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Hinh 10.25. Mach
déng co cdm ung 1-pha
fnéi cd hnt cudn day)

Hinh 10.26. Mach
déng co cdm ung
I-pha fehi néi
cubn déy chinh).

Vo Z,/2 {g X2 //R-‘JZ{Z -

Znl2

Bing cach tang gip dbi dong dién va gidm trd khéng mot mira, s& nhén
duge md hinh mach dién nhu trén Hinh 10.26. Md hinh mach nay tuong tu
mach trén Hinh 10.5(c).

Tit pt (10.42)

- vmf(zlm + zb + zm)" Vmhzlz

= LA NLLLN — = {10.48a)
s [zlm + Zf + Zrzlzm +Zy ¢ ZmJ— Z122 ?

629



vml;( Zim *+ Z + le)"' Vm,lez

Loy = (10.48b)
(Zm + Z + ZIlelm + Zb + Zu) 12
Dong dién cudn day
Lo=L, +L, (10.49a,
i - A(Tm, _ fmh) | (10.49b)
a
L=, +1 =140 {10.50a)
Pf=cos 9 {10.50b;)
P=V.I cos9 (10.60¢)
Moment hinh thanh va céng suat co duge tinh theo:
2 ¢ .
= ;“(IfnrRr ~12,R,) (10.51)
P, =2 (Iﬁ.;R,f -E,R,J1-5) (10.52)

Trg khang tu dign di véi van hanh can bing & van tde xac dinh
D61 vi vin hanh 1-pha cén bing
V= _m,f + vmb
I,=0
Tir pt {10.48b}:
VewlZow + 2, + Z,)4 V7, = 0

7 _Vmb(zlm+zf] _V [zlm+z;’)

y = —— — = (10.53)
b ij * th VL
Tif pt (10.38h)
vmh:l Vm +.]_YL]
2 a b

B6i vai vin hanh 1-pha:
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Vin = V-.z = VL

Vo = lﬁ;[l . (10.54)
2 i a
Thay pt (10.54} vao pt (10.53)
212:_5[1 +;J[.41m+,:HJ (10.55)
Vé6i Z,, xac dinb trong pt 110.43b)
7 1 = P T
Zyy = __(sz,az - -’-"hu}
2
zla = 32{2712 + z]m ) = (Re - X )+ (R, = X ) (10.56)
R, - X —Z, Ry, +3iX.} (05T

Vi du 10.5. Dong co hai tu diégn 1/2 kW, 4 cye, 50 Hz, 220V 6 cic thing
s mach nhu sau:

R, =420 Xy = 113 Q
R, =5.16 0 X, =121Q
R, = 250 Q a=1050
R,=7.48Q X, =720

Tén that 161, ma sat, va quat gié = 45 W
(a) Tinh moment va dong dién khdi dong néu hai tu dién song song bing
70 pF.
{b) Tinh gid tri tu dién chay 481 véi tic trumg nguge bing zero khi dong
cof chay & 4o truot 0.04. Y nyhia cia gia tri dién tré két hgp nay la gi?
te} Hay tinh dac tinh viin hanh déng co d6i v5i tu dién chay ¢ Phan (b,
(a stf Re = 0.
Giai
ats =1
Z, = Zy = 32500(7.48 + j7.2) = 10.1245.6" = 7.07 + j7.22
10Ei

70516 +712.1) jo eim— = 516 - j33.4
w7 J T34 70 !



Z, /a*=468-3j3029

Z, - ; (Z, /a2 -7, )= (468~ 30.20 . 4.2 j11.3)
=0.24 j208 - 20.81 - 89.3°
v _2200 ]

h
1=151.92 - 43.60"
/

2 . 105
£
Vo —OL J =151.9443.60"
2 1.05

Z+ Z}, +fu = ?,m + Z,, + ?12
= (4.2 + 11.3)+ (7.07 + j7.22) + {0.24 - j20.8)
=1151-j2.28 =11.73--11.2"
Thay vao cde pt (10.48a) va (10.48b)

- 151.92 -43.6" « 11.732 - 11.2° + 151.9743.6° x 20.8. - 89.3"
! (11.73F £ - 22.4° - {(20.8F £ - 178.6°

1]
= H =8787-44.7° = 6.24 - 6.18
L, = 151.943.6" x11.732 - 11.2° + 151.9/ - 43.6" x 20.8. - 89.3"
" 561.3, - 4.3
0
= 5—615% = -2.68,68.9" = -0.96 - j2.5
ng = 1500 v/ph; o = 221990 _ 1501 rad /s
- 60
2

x T.07{8.78) - (2.68)*} = 6.31 Nm

T, =
157.1
I, =1, + L, =528~ j8.68
iqg = J )
L ==(I, -1 }=—3—(7.2-}3.68) =35+ i6.86
2 =5 my = It = 705 4 J
=1+ i, =8.87-j1.82=897/-11.7"

I, (start) = 8.97 A
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(b)s = (.04

7458
0.04

= 325014187 + j7.21 = 147 £38.2° = 115.5 + j90.9

_ ) { i k
7, = j250l| +ﬂ,2jri
N\

Tit pt (10,55}

— I I .
7, - L1, 30z, 7))
21 a
¢ Lo
B [42+j11.3)+ (1155« j90.9)]
2. 105 )

= - 1086 #84.1" = -11.2 - j 108
Tir pt (10.56)
Z,, = a2 Zy + L)
- (1.05F[2¢-11.2- j108) + 14.2 + j11.3)] = —201 - j225.7
Tif pt (10.57)
Re - ) X¢ = (-20.1- j225.7)- (5.16 + j12.1) = -25.3 - ] 238

1

Xo =——

¢ 314xC
S

314 %238

R am la khéng thue t&, nén van hanh can bing hoan toan khong xdy ra

(¢} s =0.04

=13.4 pF

Z, =147,38.2" = 1155+ j90.9

7, = j250||[ 7.48 +j7.2]
1.96
= j250|3.82 +7.21=7.92 283" =36+ 7.06
= . I Ui .
Z, =516+ j12.1)- j—————=5.16 - j 2256
314 x13.4

7, /a% = 4.86 - j204.6
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634

Eu_l(ms J204.6-42-311.3)=0.24- j108 - 108 ~ — 89.9"

2
i+ 2, + 2, =42+311.3
=115.5 + j 90.9
=0.24- ;108

=119.9- j58=120 /. 2.8"

T + 24 4 2y =42+ j113
=364 j7.06
=0.24 - 108
=8.04 - j89.64 =90 / - 84.9"

Thay vao cdc pt (10.48a) va (10.48h)

i 151.9 £ -43.6" x 90 ~ - 84.9" + 151.9 ~43.6° x 108./ — 89 9"
m 120 £ -2.8" <90 £ - 84.9" (1082~ _ 179.8°
22735 ~ - 82.9¢

T 16177 7410 14054 - 418" =106 - j0.927

T _151.9.43.6" <120 2 - 2.8 +151.9 £ - 43.6° x 108~ - 89.9°

mb 120 £ - 2.8 « 90 £ - 84.9° —(108)°2 _ 179.8°
_ 2506 £0.24"

16177 £ - 4167

=0.155 741.8° = 0.116 - j0.103

5) x 115.5 - (0.155) x 3.6) < 2.9 Nm

X
157.1

b

w =Ly, + 1, =1.06-j0.927
0.12 - j 0.103
1.18 - j0.824

L= i, + T = — (106 - j0.927 - 0.12 - j0.103)
8 1.05

J

[F (0.94 - j1.131 = 1.107 + j 0.895
5

—

L -1, +1)-225-j0.205
1, =226 pf=1



P, = 2011.405 x 115.5 - {0.1552 x 3.6] (1 - 0.04) = 437.8 W

P, =437.8-45=3928 W

P, =226x 220=4972 W

o 3928
497.2

= T9%

Pong co can bing 2-pha dugc
cap dién tir ngudn khong can béng

Trong diong co can bang 2-pha:

Trong pt (10.43b):
-212 =0

Nghia la sy ghép gitfa hai mach dong co thuan va-nguge (Hinh 10.25) s&
trigt tidu, L, va I, duge xdc dinh tir mach déc lap (Hinh 10.27)

I R, X. X,
v Z 2
i . r X o

tal Mo hinh mach thanh phan thuan {b} M4 hinh mach thanh phan nguge

Hinh 10.27 M5 hinh mach déng co 2-pha cdn bdng duge cdp dién (i ngudn
khong cin bing

Vi du 10.6. Dong co ling s6c 2-pha, 4 cue, 1 kW, 220V, 50Hz cé cdc thong
56 md hinh mach ((¥pha) duge cho nhy sau:
R,=3Q R,=26Q
X, =X, = 270 X=1100
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Tan that 181, quat gisé, va ma sat = 200 W
bién dp cap duge diéu chinh sao cho:
V, - 110 290" va V=220 20"
al Tinh moment khdi dong va dong dién khdi déng {trong méi pha)
b} Tinh dac tinh van hanh ddéng co d s = 0.04
¢} Dong co chay & s = 0.04, pha a hd mach, tinh dién 4p qua pha nay.
Giai
Tir cde pt (10.38a) va (10.38br(a = 1}

v, = l{220 -j110 290" = 165 V
2

V, = %{220 + 110 290°) =55 V

tals = 1
Z, =2y, = j110] (2.6 +j2.7) - 3.66247.4° = 2.48 + j 2.69
Z,ttotal) = Zy(total) = (3 + j 2.7) + (2.48 + | 2.69)
=5.48 + §5.39 = 7.69 £44.5"
I = 16 - = 2145 £ - 445" =153 - j15.03
7.69 /445
1, = __§5_0 =715/ -445"=51-j5.01
7.69 £44.5
I = 2, 2.481(21.457 —17.157| = 12.9 Nm
Y157
L, =1, +1, =20.4-}20.04 = 28.6£ - 44.4°
I, =286A
L=jL, -1,)=10.2+j10.02 = 14.3/44.5°
I“ =143 A
b Z, = ji10 |1f +;2_?} =55.1/324" =46.5+ 295
\ s
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= . (28 0 N -
z, =510 | Soog 127 BB S 126 2.61

Z,(total) — (3+j2.71+ 46,5+ j29.51 - 49.5 - j32.2 = 59 £33

Zyitotali= 13+ j2 T+ 1126 - 264 426|534 - 6.83 251.4"

_ t | .

L= S 27933 o234 152

- 233

Lo _805.-514" - 502-1629
6.83 514"

n, = 1500 viph hodc o = 157.1 rad/ =

T - 2R, - PR,
a8

=_3__[r2_79.'-* ;465 (R0 - 1.26] = .57 Nm
157.1
I, -1, 1, =234 - j1.521- 15,02 - j6.29)

=736 j7T.51 1073, 467"
[ = jtl, - Lo jli2.34 - )1.521-15.02 - j6.29)
= -4.77-j268- 5.47.29.3"
= 1073 A0 [ =547 A

m
P o= t1-%1T=157.101-004 x357=5384W
P = 5384 -200 = 3384 W

P - 220% 10770 - cos 46.7" - 1619 W
P2 920,547 - cos 203" 2 1049 W
I =1619-~ 1049 - 2668 W

348, . .
n = % =127 ithap do vin hanh khang can bang)

i itE, -1,+-0

Tj :LJ (]]
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Vm = Vrny + vmJ\ = 220 V (]l)
Vo2 iiVn, -V =2 (i)
f V'“f v|n|\ T

! =

- Z,itotal) Z,,{totab

V., Z,totah _
LY N - vy
Vo 2y (total)

_ 59.33°
8.83,51.4"

Giai cac pt (i va iv)

=863, -184" tv)

<

my =198.2.2-19"=1981-j6.6

<

me = 22.96 /16.5" = 22.01 + j 6.5

W= J176.1 - j13.10 = 13.1 + j176.1 = 176.6 ~85.7"
V = 1766V

a

Goe cua V, gan bing 90"

<

Bong co trg dong 2-pha {dong co servo 2-pha)

Bé1 vai ting dung diéu khién eéng suit thap, dong cd trg dong 2-pha {(can
bang) rat thich hop, duge diéu khién bing bo khuéch dai ac. Moment dong co
duge digu khién biing cach thay déi dién ap cung cap vao pha diéu khién ipha

1 [ 1

Tin hidu loi
{tU bod didu khién)

J I -0 o1

<

B2dng co
Servo

B& khuéch dai ac
’()d!ch chuyén pha 909

L , R .
Bién ap ac Hinh 10.28. So dé diéu khicn
co dinh

dong co trg déng 2-pha.
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a) cua dong co (Hinh 10.28). Pha thit hai (pha chinh m) 1a pha chudn so sanh
duge kich thich vdi dién dp déng b ac ed dinh. Ca hai dién dp trén hai pha
duoe cdp tif mot ngudn (d¢ thiét l4p tif truing quay trong khe hd khong khit.
Bién ap pha diéu khién duge dich pha 909 so véi dién ap pha chuin biing mach
dich pha & trong cde tdng khuéch dai dién 4p cia bo khuéch dai. Moment dong
ca dao chiéu bdng cdch ddo pha cua dién ap pha diéu khién.

Do6i voi van hanh dn dinh tuyén tinh, ddc tuyén moment - van t8c cua
déng oo trg dong phai tuyén tinh vd4i d6 ddéc 4m (moment giam khi van téc
tang). Bde tuyén moment - van téc¢ cua dong cd cdm ting binh thuing khang
tuvén tinh, dac tuyén khang én dinh vdi tai binh thuiing trong vung van toe i
7ero dén van téc ¢ moment danh thing. Pay la ving van hanh hiu dung cua
dong cu tr¢ dong véi he thong diéu khién duong. Pac tuyén tuyén tinhk theo
mong muén sé dat duge trong déng co khi rotor duge thidt ké vdi dién trd cao dé
moment cye dai xdy ra d do trugt - G.5. Bién trd cao con tde dong dén dac tinh
guan treng khde, khéng hinh thanh moment 1-pha gay nhiéu dac tuyén diéu
*khién cia dong co.

Moment 1-pha duge tinh theo pt (10.9):

Z .
Tt1 - pha) = —IE-(RI ~Ry)
2(1]5

Khi rotor c6 dién trd lon, R, = R,, moment nay gin nhv bing zero.

Piic tuyén moment - van téc cia dong c¢ trg dong vdi cdce gia tri dién ap
pha a duge vé trén Hinh 10.29. Néu dién ap pha chuan la V0% dién dp
pha diéu khién la:

V, =aV, £90%  a=biénss .

Ll

Vi = \/2 {1 +a) (10.58a)
Vo, = \;““ (1-a) {10.58b;

Biong co duge kich thich v4i kigu dién ap khong cin bang dac biét, goc lech
pha 80" duy tri ¢d dinh, trong khi dién 4p pha a thay d6i. Piac tuyén moment-
van toe wong dng (Hinh 10.29) gin nhy tuyén tinh vai van tée dong co va
dién ap pha a.

Dha vao gia thiét tuyén tinh, co thé xdc dinh cde quan hé:

T =KV, -fo {10.5%a)
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| Moment

.________!__Hr-
10
V,= 1.0
08 ]
0.8
o5 o6
T 0.4
0.2

\

1 1 I 1
-1.0 08 06404 D02

2 0 ) 10-
3 1 1
w Van toe
V,=0

Hinh 10.29 Ddc tuyén moment-van toc cia dong co tro dong; V_bién thién,
hitu sd pha 90" idn dinh)

vél w = van tdc rotor

T=dw+ fu t10.59b)
vdi J = quan tinh dong cg; f, = ma sat nhét cua dong ca.
Bién déi Laplace pt (10.59a), 110.59b), ham truyén cuia déng co:
il s
Gyls) = wls) _ K - Ko
Vsl Js+(fy+ fr s+
Vi Km = K/ (f, + f) = hang s6 khuéch dai dong co.
T, =j/ (f, + [} = thdi hang dong ca.
Rotor hinh chen
Stator
TS
Ldi rotor
. : cd dinh
Hinh 10.30 So do Truc

cdu tric dong co

tro dang rotor
hinh chén i
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Trong cac dong co trg dong cdng suidt dinh mike dudi vai watt, co thé dat
duge quén tinh thip bang cdch st dung rotor hinh chén (Hinh 10.30) vdi 161
rotor ¢é dinh.

Pong cd trg déng ac ¢6 nhidu uu di#m so vdi dong cu de - mach diéu khién
st dung bd khuéch dai ac, quédn tinh rotor thip (dap dng nhanh), cdu tric
rotor cho phép it bao tri, khong cé chdi quét trén vong trugt,... Rotor chiu duge
nhiét 46 cac, khong can cach nhiét.

May do van tdc quay ac (Tachometer)

Hé thong diéu khién (séng mang) ac thubng cén tin hidu hai ti€p tan s song
mang ¢6 bién 49 1y 1& v6i van tdc. May do van tde quay ac cung cdp cdc tin higu
nay. May do vin tdc quay ac thung 1a dong co cdm tng 2-pha; vi pha (m)
dudge kich thich tif tdn 86 séng mang va cujn day pha a h¢ mach (Hinh 10.31).
P& cé qudn tinh thap, cdu trae rotor hinh chén thung duge sit dung. Bién 4p
trén pha a ty 1& vdi van tdc rotor va pha a cé dd dich pha gén 90° (Vi du 10.5).

Péi v6i cudn day 2-pha cin bang:

z1a fa® =Z,
m

Vdi pha a hd mach
L=ifi,-%}-0 (10.60)
I, =1, (10.61)

:_V-:m; - ?‘f{téngJ :'A"
Vo, Zy(téng

Vo 20° =V, +V,,

Rotor m

a
Hinh 10.31 So dé mady | Bén bd |
do vin tdc quey hai pha khuéch dai
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Vo, = —5
™ 1+A,
vm!_vmiz

1+A4A,
I — 1-A
V, =V, -V, )= jV,| —=2
e

Vi 2}, (téng) va Eb (tdng) phu thude van tée (46 trugt), nén Xz ciing phuy
thuge vin tic (dd trugt), do da V, cing phu thuge vén téc (theo phuong trinh
trén). Véi X,/ R, (rotor) rat ldn hoge rat nhé, quan hg V, - vin téc déu tuyén
tinh. X,/ R, thdp ¢6 d9 nhay van téc thip nhimg cé khodng tuyén tinh rong va
nguge lai. Gia tri khoang gita ciza X/ R, thuéng dap ing hdu hét cde yéu ciu
k¥ thuat. B§ dich pha hoi nhé hon 90%, nhung khéng nhay véi van tdc.

M4y do van tdc quay ac duge dung véi hé thong didu khién 400 Hz. Cau
trac chinh xde cao 12 cdn thigt dé bdo ddm 4o déng tam va trdnh ghép nai truce
tiép gitta hai cudn day hai pha.

bing co budec

Bgng co bude la loai ding co ddng bd dic biét duge thiét k& d¢ quay theo
goe xde dinh (bude) vai mbi xung dién duge cap tir bd diéu khién. Cée bude
thutmg ding 1a 7.5%, 15° hode ldn hon. Péng co budc duge dung trong hé théng
diéu khién vi tri dang sé (digital} theo ché d3 hd. Céc lénh vao 1a dang day
xung lam quay truc theo goéc xac dinh.

Sur dung dong ca bude ¢ hai vu diém, Mat 14 tuong thich véi hé thang s6
(digital); hai la khong ¢4n bd cam bién vi tri va van tdc, ma nhan true tidp
béng cdch dém xung vao va dém tuin hoan néu cdn théng tin van tée. Péng co
bude o pham vi dng dung rong, cde déng co dua gidy viao may in, diu ghi
trong 4 dia ctiing v mém, chuyén vi ddu in, ... Pham vi dng dung tang lén khi
cdc dong cg nay c6 cong suit ldn hon va gid thanh ngay cang giam.

Sur van hanh co ban coa déng cd bude 4-pha v&i rotor hai cue 18i duge minh
hoa trén Hinh 10.32. (Gid sd rotor duge kich thich bing nam cham vinh ciiu.

Rotor thdng hang v4i truc tif trudng stator, moment ty 1& v&i sing, 0 1a géc
dich chuyén giita truc rotor va truc tif trusng stator. Pac tuyén moment - géc
ducic néu trén Hinh 10.33 (a) vdi pha a va pha b déu duge kich thich. Gig sa
rotor ¢ vi tri 8 = 0%, 45°, 90° khi pha a, a + b, b... dugc kich thich, Vi tri én dinh
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Hinh 10.32 So dé déng co budc

4-pha, 2-cuc.
=90 o + 90° +180° +270°
Moment rotor - _|. - / . L
theo chidu +8 s -
/ 5\
s \
' \ ’
! Y rs
a) Rotornam 0 : y -
cham vinh ¢du \ /
AY s !
e e L"mfu\.('-d'-u"-f'-\"a.u\. Vitl"i rotor
\/ ~ E kich thich N,
e |- -
Moment rotor N PN Kich thich N
theo chigu n+ LA / \/
S / Kich thich N,
I ! ,/*\’—
1 ' f \
, Y
a ]
| / \
/ \ f
o i )
b)Rotor 1 1rg SR e B e Vi i rolOr
bién thién \ /! \/ \ f’ \/ kich thich Nb
N o A
-90° o + 30° +180° +270°

Hinh 10.33 Bac tuyén géc - moment cia dong co budc
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cia rotor tugng ing vdi géc cd moment bing zero vA moment duong voi goc
nhd hon hode 4m vdi gdc ldn hon. Do 46, vdi pha a dugc kich thich, vi tri dn
dinh 1a 6 = 0° nhung khong én dinh d 8 = 180", va moment c6 gid tri cuc dai
& B = 90°. Mai kich thich pha tugng dng vdi mét vi tri rotor duy nhit. Md hinh
kich thich cudn day pha theo cdce bude 22.5%, 11.25% va nhé hon trén mbi xung
vao mach. Pac tinh thid hai coa déng co buée (rotor nam chim vinh cou) ta khi
kich thich, s& dén ding vi tri, thuan tién trong cde ing dung chinh xic,

Xét rotor cye 161 duge lam bang vat lidu sét tir (khéng phai nam chidm vinh
edu), loal déng ¢d nay hoat dong tuong tv ddng co tif trd bién thién. Rotor sit
tif tim vi tri €6 tif trd cuc tidu vdi trutmg stator. Trén Hinh 10.32, c6 thé thay
v pha a kich th’ich, didu nay xay ra ¢ 8 = 0° va 180° 1a vi tr{ moment trén
rotor biing zero. U 6 = 90, rotor 6 tir trd vé han () dén truc pha a vA moment,
& d6 cing bing zero. Do dé moment rotor 13 ham sin 28 (Hinh 10.33(b)). Nhin
tif phia stator, ¢é hai kich thich kha di ddi vdi vi tri rotor da cho.

Ding ca budc tir trd bién thign

Péng ¢d loai nay gém mot hoic nhidu ching stator, cée rotor - stator ¢
chung khung may va cdc rotor cé chung mot true (Hinh 10.34). C&u tao céc
ranh va ranh rotor - stator duge néu trén Hinh 10.35. C& ring va sd rang cua
rotor va stator bing nhau, trén Hinh nay ching duge sdp thing hang vdi
nhau. Cidc stator cé cdc xung kich thich, trong khi rotor khéng kich thich.

{ Rotor &1 Rotor ¢

Hinh 10.34. Tiét dién doc cia dong Hinh 10.35. Mdt sau cia stator va rotor
ea ti érd bién thién ba chéng. (12 rdngi cia déng co i tré nhiéu chéng.
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Xét riéng cap rotor va stator _._IL-—BO“-*-:
trén so 4 khai trién (Hinh 10.36).  15°

Khi kich thich stator, rotor bj kéo E g
dén vi tri tré khang cuc tiéu gin

TTTII
LR
: D
=3
Q
=

nhat, 1& vi tr{ cé céc rang rotor va 2 :T ; 2 E ;"“;‘amr
stator thang hang) Moment tinh :"m:i LA E 4
tac dong trén rotor la ham cua gée L

—— .

lech 8. C6 hai vi trf moment bang |

zero |4 0 = 0, rang rotor va stator Hinh 10.36. So dé cde rdng eda edp
thing hang, va 6 = 360% (2 x T) = rotor - stafor.

180% T, v4i T = sd rang rotor, ring

rotor va stator thdng hang. Dang déc tuyén moment tinh - géc cia mot chéng
trong dong co bude duge néu trén Hinh 10.37, gan nhu ¢6 dang ham sine. Vi
tri cdc rang thing hang khi 6 = 0 14 vi tri 6a dinh, con vi tri rang - ranh thing
hang khi 6 = 180% T la khéng 6o dinh, nghia la d vi tri 8 = 180%T, chiéu quay
rotor bi tdc dong tir thanh phan nhiéu. Rotor bi khéa vao stator 6 vi tri 8 = 07
{hoac bi so cia 360% T). Piic tuyén moment - van toc dong luc khdc vdi dac
tuyén trén do luc dién ddng cam (ng tic dd trong cdc cudn day stator.

Moment

180
o= - 180 (RS

Hinh 10.37 Budng cong gic - moment tink ciia chéng rotor - stator trong
déng co bude.

Khi moi rotor c6 cdc rang thdng hang, va ¢d n stator duge x&p ching, céc
rang stator cé vi tri khidc nhau theo chuyén vi géc:

360°
o= :?T {10.63)

Hinh 10.38 minh hea so dé khai trién dong co bude, 3 chdng, theo vi tri,
tai dé cdc rang rotor chéng ¢ thdng hang vdi stator.

360"
T 10° (10.64)
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Hinh 10.38 Khai trién cde chong rotor - stator cia déng co bude ba chéng.
o
' Prong rotor nhidu chéng, s6 pha bing s chéng. N&u pha a stator duge
kich xung didu khién, rotor s& quay v6i gée 10° theo chidu mii tén trén Hinh.
Néu pha b duge kich thich, rotor s& chuyén ddng 10° nguge chidu véi mii tén
trén Hinh. Chudi xung theo thi tyf abeab lam cho rotor chuyén déng theo céc
bude 10° véi chidu mii tén, cdn thif tuf bacba s& 1am cho rotor quay theo chiéu
nguoc lai. Su diéu khién tryc ti€p chi ¢6 thé thue hién v6i khing dudi ba pha.

Pong co nam cham vinh citu

Hinh 10.39 minh hoa cdc pha (xép chéng) cia déng cg bude 2-pha, 4 ae,
nam chém vinh ciru. Rotor bing vat lidu ferit hosic dat hiém duge tif héa vinh
ctu. Pha b trén chdng stator léch vdi pha a thea géc 90°% Khi kich thich pha
a, cdc eue rotor - stator thdng hang (Hinh 10.39¢a)). N&u pha b ciing dugc kich
thich, cdc cue stator hidu dung s& dich chuyén nguge chiéu kim ddng hé theo

Hinh 10.39.
Déng co buoc
nam chdam
vinh cuu. (a) {t
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Hinh 10.40. So dé chuyén o

mageh déng co nam chdm [ 0T T Cong tac a —1
vinh etu 2-pha. a L
4 g Pha a
< J
Lo
b

t—o— Congtéch

'l' Pha b

goe 22 V% (Hinh 10.39k), va rotor sé chuyén déng tuang tng. Néu khit kich
thich pha a (pha b vdn duge kich thich), rotor s& chuyén déng tigp 22%°. Déo
chidu dbng dién pha a s tao ra chuyén dong thuan 22 %". Do dé, d& dang hinh
dung phuong phdp déo chidu chuyén dong rotor.

P& dan gidn héa quy trinh chuyén mach vdi mach dién t&, c6 thé mic hai
cugn day cho ting pha. So 88 chuyén mach duge néu trén Hinh 10.40.

So voi dong co tif trd bién thién, dong eo buéc nam cham vinh ciu thutng
védn hanh vdi bude 16n hon, 6 thé dén 90°, va toc 46 dap img cue dai dén 300
Xung/s.

bdng ca bude [ai ghép

Thuc chat dong co nay la doéng co bude nam cham vinh efu véi dac tinh
c#u tric x&p chdng rang rotor theo kidu dong co tif trd. Stator chi ¢6 mdt bd
cdc cue ti¥ day quin kich thich tuong tac vdi hai chéng rotor. Nam chém vinh
edu duge dat doc true rotor 6 dang mat tru hinh khuyén trén truc déng ca.
Cée chdng ¢ hai dau rator duge tao rang. TAt cd cdc rang ¢ mot ddu rotor trén
mjt chéng cé cung cye tinh va cde rang duge x&p ching 6 d4u kia rotor cé cuc
tinh ngugce lai. Hai b ring nay léch nhau mia bude rang (con goi la budc euc).
Cau triic chi tiét duge néu trén Hinh 10.41 a va b, vdi mdi chéng c6 3 rang,
nén bude rang ¥, = 360% 3 = 120%. Péng co nay c6 mpt stator, 2-pha, 4-cue.

Xét pha a stator kich thich dé cuc tif dinh stator 14 cye tir Nam va cuc tir
day stator 1a cue tit Bc. Khi ring gin nhat cia ching phia true (gia st la cuc
tr Bae) duge kéo vao vi tri khéa véi cue tir Nam stator (dinh); ddng thoi & phia
day stator, rang rotor {euc tinh Nam) duge khéa vae cue Bic stator. Rotor & vi
tri nay, ¢6 lue ddy can béing nhau, nén day la vi tri n dinh va téng moment
trén rotor bang zero.
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(h)

Phat o

Hinh 10.41. So do
déng co bude lai ghép.

Né&u kich thich chuyn tir pha a dén pha b, cue tir stator bén phéi 1a cuc ti
Nam va cue tir bén trdi 1 cuc Bde, rotor sé quay ngude chiéu kim dédng hd theo
gbc 7/ 4 = 120%4 = 30° dé d&n vi tri khéa méi. Rotor sé quay theo chidu kim déng
hé néu pha b duge kich thich nguge chidu. Rotor quay cimg chiéu véi moment.

N&u loai bé kich thich stator, rotor vin tiép tuc gilt vi tri khoa nhy cd.
Pong co lai ghép ¢é bude chinh xde hon déng co nam cham vinh ciu, khi ting
s0 rang x&p chdng va cong thém cip x&p trén rotor. Vi du véi chdng 7 réng,
buéc chuyén dong 12 (360%7Y 4 = 12.75% So véi dong co tif trd bi&n thién, dong
cd lai ghép c6 dong dién kich thich stator nhé hon nhiéu, vi rotor duge kich
thich bing nam chdm vinh ciu.
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Trong dong cd lai ghép, ¢6 thé dal dugc nita budce bing cich kich thich pha
a réi kich thich pha b trudc khi ngat kich thich pha a va tiép tuc. Bude bit k¥
déu thuc hién duge bing cach kich thich hai pha theo ty 1& pha hap.

Déng co bude lai ghép cé cae bude goe thugng dung 12 159, 7.59, 29 va 0.72°.
Viéc chon eédc buge phy thudc vao d9 phan gidi goe duge yéu chu trong ing dung.

Moment va tic dd xung

Khi tée db bude tang, rotor c¢6 (hol gian truyén ddng tai tif vi tri nay dén
vi tri k& tiép ngdn han sy dich chuyén dong dién trong day quén stator. Vugt
qua toc d6 xung xc dinh (xung’sy, dong co khéng thé chuyén ding thec xung
didu khién va bit ddu bé quit cdc xung. Khodng khéi dong duge néu trén Hinh
10.42, trong d6 vi tri txi tuan theo tdc dd xung, nhung Khong thé khdi dong,
dimg hoac ddo chicu theo 1énh xung. Tée dd xung cuc dai phdi tang khi gidm
tai. Pong cd tir tro bign thién cé thé van hanh véi toe dp ddp dng vi tri ce dai
dén 1200 xung/ s.

Su bé qua budc cing c6 thé xdy ra n&u bién 46 dao déng cua dbéng cd qua
lén & vi tri khoa.

Moment }

Moment cyc dai
(én dinh}

Moment kéo ra

Khoang khdi dong

Xungfs

Kéo vao cyc dai/_(
Kéo ra cyc dai

Hinh 10.42. Quan hé moment - xung/s cic déng ca bude.

Pong co ndi tidp - Dhng co van nang

Dong co ndi tiép 6 thé chay véi ngudn dign de hay ac (1-pha), nhung cdc
18i rotor va stator phai dudc ghép bing 14 sét tir 4 gisi han ton that s4t. Hinh
10.43 minh hoa mat cit ngang dong ca ndi tiép c6 dién nguén ac. Khi dong
dién phén iing xoay chiéu, cyc tinh tir trudng cing xoay chiéu déng pha (Hinh
10.44) v hinh thanh moment (= ¢ i,) don huéng (duong) vdi thanh phan dip
mach trén va ngang gid tri trung binh. Thanh phdn mament ddp mach duge
loe £ir quan tinh tdi va rotor sao cho e4e xung van tée hdu nhu khing dang ké.
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Hinh 10.43 j Tif trudng ngang (tryc q)
Déng co néi tiép

T truding chinh
- -
{tryc d)

Phan img mang dong dién tao ra ti thong ngang theo truc q (truc ngang)
lrong khong gian vubng goc vdi tir thang chinh (truc d), Hai phén tif théng
nay vubng géc va xoay chiéu theo tin s8 dién nguén. Mai phin tir théng nay
cdm ung lyc dién déng quay va lyc dién dong tinh (bién 4p) trong phén (ng.

Luc dién ddng cia tif truding chinh (tryc d)

Trong truéing hop dc, lyc dién dong quay duge cidm ing trong diy quin
phén ting bé sung vao gia tri eye dai ¢ chéi quét truc gq. Lue dign dong xoay
chiéu déng dang vdi tir thong/eye tir. Cudmg do luc dién dong nay 1a cyc dai
trong cugn day BB’ (Hinh 10.43) va la zero trong cujn day AA' dudi chédi quét,
do d6 khang anh hudng d&€n sy chuyén mach.

Do bién thién thei gian cla tif théng/eye tir, phan lye dién déng bién ap
{tinh) duge cdm ting trong cudn diy phan img, b8 sung cho gia tri zero chung
d chéi quét. Cée lye dién déng nay cé gid tri zero trong cudn BB’ va gia tri cyc
dai trong cudn day AA'. Vi cudn day AA’ ngdn mach do chédi quét, su chuyén
mach gay ra danh lda d chéi quét.

Gid tri hiéu dung cia lue dién dong quay duge tgo nén béi tir trudmg chinh 1a;

1 @nZ 5 [f_]
" J2 60 Tla
vdl @ = gia tri cue dai cua tir thang/ cue tir.

(10.65)

Luc dién déng nay cing pha vdi pha tir thong chinh.
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Hinh 10.44 Moment trong déng co not tiép kich thich ac

Luc dién déng cla tif truding ngang (tir trudng truc q)

Luc dién déng quay duge tao ra do tif truding ngang {truc q) cdm tng luc
dién dong zero & chéi quét. Lye dién déng nay bang zero trong cudn day BB’ va
cie dai trong cubn day AA’, trong qud trinh chuyén mach cé giy nhiéu,

Mat khae, lyc dién dang bién ap ctia cudn day phén (img bd sung gid tri xdc
dinh va bién di xoay chidu sdm pha hon ti théng ngang theo géc 90°. Luc
dién d6ng nay cé cuc dai trong cujn day BB’ va bang zero trong cudn diy AA’,
khéng anh hudng dén sy chuyén mach.
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(iia tri higu dung ciia lue dién dong bién ap E,_ & chéi quét duge tinh nhu sau:
E, = V2rK, f®,N, (10.66)

86 vong day/ dudng dén sung song

It

v Np

1)

tif théng (ngang) phin ung.

a

Ky, =  hé s& khdng gian, dii cac lue dién dong cudn day déng pha,
nhung dai lugng nay thay déi theo ham cosine cia géc giita
truc cudn day va truc chdi quét.

K, =2/'n
Tir do: E, =2J/2f0,N, (10.67)
Ti s6 gilta luc dién dong bién 4p va lyc dién dong quay:

242 fo, N,

.Q’_HZ(B)
60 \A

E, _

5 -

SRR

N, =

E, _1

E

o

0fd,

Lie)
a 10.68
nPa® ( )

¢

_ns
n

a
vl E, = lyc dién dong bién 4p.
E, = lyc dién dfng quay.

n, = %’1: t¢ 4o déng by

M@ hinh mach va so d8 pha

Lye dién dong cdm ung trong phan iing 12 téng lyc dién dong bién 4p va
lue dién dong do dién cdm rd {x,):

iLx, + i, = jLix, + iE, /T

Do E, duge tac ra bdi tif théng ngang c6 ngudn géc tir dong dién phdn tng,
E, va [, phéi cung pha:

Et’tia:xat_
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Xi

1y i
Hinh 10.45 Mo hinh
mach déng co néi tiép
vin hanh ae A,
v v,
| )
£,
L
Do d6, lve dién déng cam \ing trong mach phan Ung fa:
iLix, +x,0 = JLX,
X, =%, + X, {10.69}

M hinh mach dong co ndi tiép véi van hanh ac duge néu trén Hinh 10.45,
vdi r,, x, la dién trd va dién khang trudng

Tit md hinh mach trén Hinh 10.45
V= Lir, +ix,) + Lir, + jX,)+ E, {10.70)

So dd pha tuong ung duge néu trén Hinh 10.46. Pha tirthéng @ (chinh) va
@ (ngang) duge gia thiél 1a cung pha vdi dong dién ddng co i“ . Tuy nhién,
trong thyc t& I, sdm pha hdn tir théng mot goc nhé do tén that dong dién
x0dy va tif tré cia dong co.

v X

’ar f

#{goc hé s cong suat)

1473 1a & (ngang) @{chinh}

Hinh 10.46 So d6 pha cia dong eo néi tiép vin hanh ac
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Moment hinh thanh
Nhu da dé cip, moment nay vé ban chat ¢é dang xung véi gid tri trung binh
va thanh phén séng hai thit hai 14 chd y&u.. Moment trung binh cé biéu thie:
T, 0, = E,I, (10.71)

Véi dong co ndi tiép, E_ tuong dng theo I, {gid si mach t¥ tuyén tinh),
moment t¥ & v6i binh phutang dong dién phdn Ung, trd thanh tv 1é thudn khi
dong dién phén gng lan do su bao hoa mach tir,

Dac tuy&n van hanh

Hinh 10.47 minh hoa dac tuyén van hanh cha ddng co ndi tiép vin hanh
ac. Bdc tuyén van tdc - moment la dang ndi tidp tidu bidu. Pac tuyén vdi van
hanh de 1a duting nét dit, cao hon dudng van hanh ac. Vi cé sut dp trén dién
khang I (x; + X,) trong van hanh ac, nén E, va van téc thip hon d&i vdi dong
dién va moment cho trusc. Hé s cong suat cha dong cd noi ti€p van hanh ac
kém hon vi dién khang ndi tiép (x; + X,) ldn.

Vian téc khéng tdi cia dong cd van ning, khéng nhu cdc may dién khdg,
rit cao (dén 20000 v/ph). Déng cd c6 kich c¢& nhé hon cdc loai khac c6 cung

Cong sudtra

™ = — Van tdc {van hanh dc)

Van téc {van hanh ac)

/ Moment
Moment dinh muc

Hinh 10.47 Déc tuyén van hanh déng co néi tiép
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dinh muc tai. Péng ¢o van nang duge ding véi tai nhe, nhu maéy hat bui, dung
cu cdm tay ... vin hanh vdi van tdc cao (1500 - 15000 v/ph,.

Ddy quén cue phy va ddy quan bl

D& cdi thign hé sd cong suflt cia déng cg ndi tip, tir thong ngang, chii yéu
chiu trach nhiém vé dién khang phén itng, phai duse khi bing cudn day ba
méc ndi ti8p véi mach phan ing. Tryuc cudn day nay doc theo truc chéi quét va
day quén phai trai rong trén toan bude cue d8 co su trung hoa tif théng ngang
mot cach hiéu qud. Tuong tw médy dién de, cudn day cue phy phéat hidu qua trén
ving lién cue hep. So db néi day cua céc day quén stator va phén tng duge néu
trén Hinh 10.48.

Day quédn bu
Day quan Déy quén cuc phy
cye ¢hinh
— e
i 4
v i

Hinh 10.48 Day qudn stator trong déng co néi tiép vdn hanh ac

Vi dy 10.7. Pong c¢ van ning (van hanh ac) ¢é phan img hai eye véi 960
vong day. Véi tai xdc dinh, van tdc dong co 1a 5000 v/ph va dong dién phén
ung 12 4.6A. Bién ap va céng sudt vio phén dng 1a 100V va 300 W

Gia str dién trd phdn ting 13 3.5 Q. Hay tinh:
{a) Dién khang phén itng hiéu dung.

(by Gia tri cuc dat cia tir théng/eue tir.

Giai

Pidu kién van hanh vdi dién ap va dong dign trong mach phén ing dirge
néu trén Hinh 10.49.
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46 20°

[ e LV, V[ i LAVEE—— . |
+

Hink 10.49. Mach dien minh hoa Vi du 10.7.
100 x 4.6 cos & = 330 W
¢ = 49.3°
ftré pha do bin chat phdn ing trong mach)
(@) Tir mach trén, cé thé viat:

100,49.3° - E, 20"

= 4.6.0°
3.5« jX,

Ea cing pha vdi I,

652+ 758-E =161+j46X,
Can bang phan thyc va phin o:
E,=652-16.1=49.1V

_758
4.6

X =165

A

1 tI)nZ[P
(b) a \E 60

-—*] =165
A

D= M = 0.868 mWb
5000 x 960
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Chuong 11

Piéu khién déng co bang
cac bd chuyén ddi cong suat

Gidi thigu

Pién ti¥ cdng sudl 1a cong nghé da nganh si dung cae linh kién ban din
cong sudt, cdc mach chuyén déi, may dién, dién td tin higu, 1y thuyét diéu
khién, may i tinh, edc mach tich hgp muc cao, cac k¥ thuat CADVCAM .
‘Cong suat dien duge xit 1y bing dién tif ¢éng suat d€ dién nang thich hgp vdi
nhiéu dng dung, ching han ngudn ac va de cd didu chinh dién 4p, gia céng
dién hoa, didu khién cap nhiét va chifu sdng, truyén dong may dién, nung
néng bang cam tng, han dién 14, loc tich cye duiing day tai dién, ... Diéu quan
trong trong dién td céng sudt 13 bdo toan nang lugng, nhim sit dung dién
nang tiét kiém va hiéu qua hon.

Bé chuyén d&i cong suit lay dién t mdt ngudn dién nao d6 va chuyén
sang dang thich hop dé& diéu khién d& dung cho tdi hodc qud trinh can diung
cong suit d6. Cdc ngudn dién chinh cé thé 1a 1-pha hoac 3-pha 50/60 Hz ac,
lay tir mang dién, cang cé thé la t ede acquy, t& bao nang luong, ...

Bén hinh thie chuyén d6i eéng suat co ban {Hinh 11.11 la ac qua de; de
qua ac; de thanh de va ac thanh ac. Mét vi du cho viéc chuyén doi cong sudt
duge yéu ciu dé truyén dong dong cd toe do thay déi vdi dién thé thay ddi/ tan
56 thay déi.

Ciac bd chuyén déi hién dai chdc chén, gon nhe, linh hoat, d& diéu khién.
Bdn hinh thic co ban noi trén dién ra theo hinh thic chinh luu (ac/dey; tao
xung (de/dey; nghich luu (defae) va chuyén dbi vong (acfach.

aclde

Hinh I1.1 Bén hinh
thic co bdn chuyén dai
edng sudt dctac
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Cac linh kién ban dan

Cdc linh kién chinh duge dung dé diéu khién déng co la diode, bé chinh
luu silic c6 didu khién (SCR), thyristor, triac, diac, transisitor,.... Cac linh
kién nay thudng dugc phan loai theo cfu trie, gém linh kién hai 16p nhu
diede, ba 1dp nhu transistor, bon 16p nhu cdc thyristor. Mai linh kién déu c6
dién dp cue dai, khad nang ddp ing (t6c do), thai gian va dong dién, ...

Diode

Hinh 11.2 ta), minh hoa diode dya trén tinh chat vat liéu loai p- va loat n-
trong tiép gidp. Diode ly tudng c6 trd khang 1a zero d5i voi dong & mot hudng
va ¢ trd khdng vo han ¢ hudng nguge lat. Diode trang thue t& cé tro khang
thuén rat thap, ¢6 sut ap 0.3 - 0.7 V & moi miic dong dién, va dong dién nguge
vai miliampere khi di¢n dp khda (dign dp nguoc - dink) khodng 1 kV. Bac
tuyén v - i cia diode va dang ly tuéng duge dung A€ phan tich mach diode
{Hinh 11.2 {b), 11.2 {c¢)). Mitc dién dp (tdi da 5 kV) cd dinh véi dac tuyén nguge
duge goi la dign dp danh thing. Cdc thong sé chinh cia diode gém dién ap
khéa, dong thuan trung binh, va nhiét d¢ lam viée t5i da (gin 125°C cho cdc
loai chinh luu silicon). Cén bio hda dicde ddi véi cdc dinh dién dp, qud dong
va qud nhiét,

Diode “tu do” thuting duge dung trong hé théng diéu khién dong co dé co
dusng dan dong dién lién tuc trong mach cim uing sau khi ngdt mach linh
kién céng sudt gitta déng co va ngudn dién.

Hinh 11.2 Diode ban dén o
fchinh luu silicon) . T
40 - F
"
=
£
&
T i 200 .3
+
¥ * Anads  pisn ap nguge (k) 5
Vp Vp 1 1 -V,
_ ! Z 19 pien ap thuan (V)
- Cathode E - .
Y ‘o
Sk 4
faer )
{a) So dé va ky hiéu i 6
3
(b) Bac uydn v-i o [ERA
3 {c) Dac tuyén v-i Iy tudng
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Diode Zener, tuy khong phadi 1a linh kién diédu khién céng sudt thuc su,
nhung thuing duge dung 1am linh kién cam bién va didu khién dién 4p trong
nhidu bd didu khién dong co.

Chinh liru cd didu khién (SCR)

Linh kién chuyén mach ban din nay con duge goi la thyristor. DPay 1a linh
kién déng ngat ban din 4 1dp, 3 tiép pidp, hai trang théi ban dén 6n dinh (ON
- OFF). Cuc dén I¢p p ngoat 1a anode, cuc dén ldp n ngodi 14 cathode va cuc
d&n 16p p trong 1a cong (Hinh 11. 3 {(a}). Anode duge néi 4&n d& tan nhiét. Mic
dién thé va dong dién hidu dung ciia cac SCR co thé 1én d&n 10kV va 3500 A
v6i tée dé 1 s tugng Ung vdi cong suat diéu khién 30 MW. Linh kién dinh mdc
cap néu trén co thé déng mach L dién 4p ngudn thap khodng 1A va 10W, do do
40 khuyvéch dai cong sudt Tat cao (3 x 109).

Hinh 11.3 Chinh luu thyristor 4 Dan
bang silicon c6 diéu khién E
2
Ll
l+ Anods A ig'
o Chat
p |l e O
, ] -
: " Bién 4p ngugc o .
- Jy G ‘ Bién ap thuan vV,
L= ]
=1
1'~ Cathode 2 )
‘g_ Sd dd va kg hiéu
2
o
=
o
a
(8} 50 g6 va ky hieu (b) Pactuydnv-i
i
Cudn cam di/dt
A N
-y
Bao vé difdt O khoa thuan
K
(d) Baové SCR (&) Pac tuyén ly tudng
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Hinh 11.3 (b) minh hoa die tuyén tinh Volt - Ampere cia SCR. Pac tuyén
thuén khéng ddi cho dén V, (dién dp danh thing), tai diém nay dong bit dau
tang vot d&én dié¢m dugc xde dinh theo dién thé cung edp va trd khdng ngoai va
duge goi 4 trang thdi dan. SCR git ¢ trang thdi nay cho dén khi dong thuan
ha xuéng dudi mie dong giw (vai miltampere). Tai diém nay SCR trg vé trang
thd khda thudn (J va.J phan cue thuan, J, phan cuc nghich). Bang cich tang
dong cong, ca dién dp ddnh thung thuan 14n dong giif déu c6 thé gidm xudng.
Do dg, SCR 6 thé lam viée duge, tic la dan tai gia tri dién 4p thudn xdc dinh,
bang cdch diéu khién dong céng. Pac tuyén |y tudng cua SCR néu trén Hinh
11.3 (cl.

SCR ¢6 ba ch&€ do vin hanh

1. Ch#¢ d6 khéa thuan (J, va J, phan cuc thudn, 4, phan cuc nghich). Pay
la trang thai dong.

2. Ché d6 din thuin - Trang thai hoat dong.

3. Ché 46 khéa nghich ¢J, va J, phan cuc nghich, J, phan cue thuin).
Bay cong 14 trang thdi dong.

Khi phén cuc thuin, SCR c6 thé dugc kich hoat bing mot trong cac phuong
phdp dudi day:

1. Khi ¢é xung khdi dong (trigger) duong kich vao edng, SCR nhanh
chong chuyén qua ché d¢ diéu hoa sau khoang thai gian xac dinh.
Théi gian kich hoat toan phan, gém théi gian tré va théi gian dong
tang {én, khaing 0.2 4én 0.1 us va tuy thudc dic tinh xung khdi déng
(xung trigger). SCR tiép tuc ddn sau khi ngung xung khéi dong, tao
dong thyristor hei 16n hon dong gii.

2. SCR cing ¢ thé dén bing cach ting dién dp thuan vuot qua muc dién
dp ddnh thuing V.

3. SCR cing c6 thé duyc kich hoat khéng cdn xung khdéi dong & cdng, néu
¢dp dién dp thuin dot ngot dv/dt md va c6 thé cai thién sy var hanh
cua mach. Cé thé dung mach R-C don gian (Hinh 11.3(d)} dé han ché
dv/dt cua dién 4p thuan duge cap vao.

4 N¢u dong trong thyristor ting v&i tée dd qud cao, nghia 1a di/dt cao,
linh kién S8CR ¢6 thé bi hong. Do d6, cin méc cam khang néi tiép dé
gir di/ dt duéi gign han an toan.

Phuong phap di¢u khién cdng, ding tin hiéu dudng & cdng d€ phan cuc

thuan SCR l4 phugng phap don gidn va higu qua dé kich hoat SCR. St dung
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diéu khién céng, linh kién co thé duge kich bing tin hidu céng de hoac tin higu
edng xung. Thoi gian md tean phan tuy thude cic thong 0 mach anode, bién
dd tin hiéu céng va thdi gian dong ting lén.

SCR dan ¢6 thé duge ngit bang cdch giam dong dan xudng dudl dong gitr
(vai mA), va dao phan cuc {cathede duong so véi anode) trong thdi gian ngit-
dong 181 thiéu (10 - 100 us). Ngoai ra, ty sudt tang dién thé anode sau ngit -
dong phai duge gigi han, néu khéng, linh kién co thé bit ddu dan tré lai.

Diéu quan trong khi sif dung SCR dé€ diéu khién dong co 1a linh kién va
mach dao mach. Trong cdc mach ac, dong dién di qua gia tri zero lam cho linh
kién ngit ngidt mot cdch ty dong. Didu nay duge goi la ddo mach ty nhién.
SCR co thé ditge ddo mach dong bé co hoic khong cé thén gian tré vdi dién 4p
di qua zero mdi khi thién ap thuin. Trong dng dung mach de, khang ¢é gia tri
zero tif nhién, dong thuin qua SCR ¢6 thé giam bang cach mdc ré véi dudng
dan téng trd thap hoic ding dién 4p nguoe dé cd thién ap cu@ng bie, duge goi
la ddo mach cudng bic.

SCR ¢6 thé bi hu hai do ty sudt ting (dv/dt} dién dp anode qua can. Céc
dién ap chuyén tiép hé thang ciia séng dinh cé thé duge triét bing cac bd loc
& ngd vao. Cde tinh ning bdo vé cin thiét gém (i) gi¢i han nhiét 4o, {ii) bao vé
chdng qua dong {do ngin mach, ...}, (iii) triét cdc dong va cdc dién dp chuyén
tiép xung.

Hai kiéu SCR thudng diing trong mach diéu khién dong co 12 bé nghich
luu va bd chuyén déi. Cdc SCR nghich luu duge ding béd chuyén déi chu k¥,
dong co de khong chdi than, con bd chuyén ddi duge ding trong bd chinh luu
diéu khién pha, b didu ap ac, ... Cac kidu nay cé thai gian ddp ing khédc nhau
va duge chon theo ung dung thue t& Cdce bo SCR kich hoat biing d4nh sdng
(LASER) duge dung trong cac ing dung dién dp va dong cao, ching han cdc bd
bi1 VAR va HVDC. Binh mic dién 4p cia LASER ¢é thé d&n 4 kV v6i dong
15004, di/dt khodng 250A/us va dv/dt khoang 2kV/ ps.

Triac

Triac 14 mach déng ngit hai 16p véi 3-cuc, anode, cathode, va edng, cé thé
dan ca hai chidu nhu hai SCR n&i déi song song hodc ké lung trén mdt vi
mach, duge ding ¢ cac bé didu khién céng sudt. Hién nay dang e cde triac
cdng sudt trung binh (1000V - 2000A) vdi tée dd 1 ps. Hinh 11.4 minh hoa ky
higu va d&c tuydn v-i cha mt triac.

So véi cap thyristor dsi song thi mach didu khién triac kinh t& va don
gidn hon, nhimg kho dp dung cho tdi cAm Ung va thoi gian ngét-ddng dai hon.
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Hinh 11.4 Triac i
r?
—-""'""—::: —t—
G
T‘
{a) Ky hiéu & Dac tuydn v - i

Triac thudng duge dung cho cdc mach diéu khién pha c6 tdi dién trd (cdc
* logi dén md, bé didu khién nhiat ).

Céc thyristor #6ng - md béng cng (GTO)

Kh4c v4i SCR, linh kién GTO ¢6 kha nang mé bang cach kich xung dong
céng 4m. Didu nay 12 do cyc phit - cdng cho phép chuyén huéng dong cuc g6p
p-n-p v do 46 ¢6 thé khii higu (ng t4i sinh dong trong mach cuc bj pnp - npn.
Tuy nhién, 4 khuéch dai dong déng-ngit cia GTO khéng cao (4 hosc 5), do
vdy, linh kién v6i ddng dinh 2000A sé yéu cdu xung déng dm 500A. Thé
nhung, cdng sudt trung binh tvong (ng nhé va d& h&p thy tir linh kién MOSFET
cong sudt. Hign tugng déng - ngét hai phie tap, d6i khi ddn dén dien 4p dinh
tai anode do phdn khéng cda mach va phan ra di/dt cia dong anode. Pidu nay
tao ra kha n#ing ddnh thiing thir hai. Hon nita, mach anode cé thé kéo theo cac
ton that. Do d6 cdn phai thidt k& mach gidm shock v6i tu c6 dién dung lén.
Cac ton that ldn trong qué trinh déng - ngdt han ehé tin s§ didu bidn d6 rong
xung PWM ciia GTO trong khodng 1 dén 2 kHz. Tuy con vai nhuge didm,
nhung GTO hau nhu da thay th& SCR trong b chuyén d6i cdp dién 4p chuyén
mach cuding bic do gidm duge kich ¢d, d9 phitc tap ciia mach didu khién, va
tang hiéu suat. Linh kién GTO théng dung trong céc bo truyén déng may ac,
hé thong UPS, ...

Transistor cong sudt
Bay la loai linh kién ¢6 cdc dinh mifc thich hep d€ didu khién dong co, cé

két cdu 3 ldp p-n-p hosic n-p-n (Hinh 11.5), dudc goi 14 transistor ti€p gisp
ludng cye (BJT).
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o CUc nén

Hinh 11.5 Transistor cing . po-p

Khi van hanh binh thutmg, tiép gidp nén - phat duge phéan cue thudn va
tiép giap nén - gop phan cyc nghich. Dong euc gop hoi nho han dong cye phat.
C6 thé ding dong cuc nén d& diéu khién dong eue gop. Ngoai trif cdc dong co
nhé, cdce transistor duge ding treng ché d6 déng-ngdt. Cdu hinh evc phat
chung thudng duge ding dé dat 46 khuéch dai céng suat cao hon. Dién 4p bao
hda cuc phét chung V., (SAT) ciia cdc transistor ¢éng sudt trong khoang 0.3 -
0.7 V, nhé hon sut dp trén anode - cathode cia SCR, tdn thét cdng suit trung
binh cia transistor cing thidp hon SCR cé cdng suit tueng duang.

Transistor cong suat duge didu khién bing déng cdc nén. Dong cyc nén
lién tuc dé giit trans1st0r & trang thai bfio hoa. Trong linh kién dong cao, dé
khu&ch dai dong nén - gép thdp hon 10, do dé cin c6 dong cuc nén vai ampere
A48 gitr cho transistor & trang thai déng, tén thal cong sudt trén mach nén kh4
16n. Thai gian déng tang khi déng cé thé gidm bing cdch ting toc tam thoi
dbng nén. Dé bat dau qud trinh ngat tich dién bfo hoa qua mikc, t¥ 1& v@i dong
eye nén, phai duge khif & ving nén trude khi transistor cé thé bét ddu quay lai
trang thdi ngit. Thyi gian tri hoan nay c6 thé gidm dén t3i thidu béng cdch
dua dong dién nghich vao cyc nén trong qud trinh ngét.

Transistor cdng suit khong co khé nang chiu dong tang vot va chi c6 thé
chiu duge mire bién ddi dong dién thap. Khong cé tdc dong tdi sinh trong
transistor, nhung can dong nén lién tuc d€ gid trang thai déng (théng), trong
khi SCR chi cAn mot xung, tac dung 1én cdng 14 e6 thé hoat déng. Tuy nhién,
thai gian déng ngét clia transistor nhanh hon SCR va trong transisior cing
khong gap phdi van dé chuyén mach nhu SCR. Cdc transistor cdng sudt dugc
diing nhiéu trong cdc ing dung cong suit thap dé&n trung binh, thay cho GTO
va thyristor.

Cac ing dung transistor cong suét thuyng trong khodng vai kW dén hing
tram kW, tdn sé chuyén mach dén 10 - 15kHz, dinh miic cia loai linh kién
nay dén 600V, 500A.
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Mach Darlington cong suét

Hinh 11.6 minh hoa cap transistor néi theo mach Darlington, Néu dong
nén transistor nay noi véi mét transistor khac, 46 khuéch dai transistor céng
sudt tang rd rét. Transistor phat dbng co thé dat trén ciing vi mach silicon.
Va1 do lgi dong ¢6 thé dat 250 1an nhung thoi gian didu khién dai hon,

C o Cucgop
Hinh 11.6 g
Transistor Darlington
Cuyc nén

g & Cuc phat

Mach MOSFET cong suét

Transistor hiéu dng truyng, bian ddn oxide kim loai (MOSFET) la linh
kién cdi tién tir transistor hiéu itng trusng (FET) duge sit dung trong mach
déng ngat tdc dung nhanh § vai mdc céng suat. Khéng nhu transistor hai cue,
diéu khién bang dong, MOSFET 1a linh kién duge diéu khién bing dién ap.
Cdc cyc chinh la ranh va nguén, dong tir ranh di vao ngudn duge didu khién
theo dién dp edng (Hinh_11.7a).

Khi dién ap cong - ngudn dit 16n, linh kién déng hoan toan, va s& ngat khi
dién ap syt xudng dudi gia tri ngudng, Vs(th). Pac tuyén Iy tuing duoge néu
trén Hinh 11.7.

MOSFET cong sudt la linh kién don cue, khéng tiép gidp, duge diéu khién
bing dign 4p. Téc dd déng ngit cao nén it tdn that trong qud trinh déng ngit.
MOSFET thutng duge dung trong cdc img dung déng ngit cao tdn tir vai watt
dén vai kilowatt, vi dinh miic dén 500V, 40A.

'D* Réanh o on
|—T ys ,
Céng o__’ :} Oi
Ngutn ¥os

{8} Ky higu (b) Dac tuyén Iy tudng

Hinh 11.7 MOSFET céng sudt.

664



Cac linh kién cdng suat hién dai
IGBT (Transistor hai cyc ¢8ng cach ly)

Linh kién IGBT vé cg ban la transistor lai ludng cuc chuyén mach déng -
ngél céng MOS, két hgp cde tinh nang cia MOSFET (diéu khién dién 4p),
BJT (tdc dong nhanh va cong suil cacl, v thyristor. Linh kién nay con duge
goi 1a MOSIGT, COMFET, va GEMUKT.

Hinh 11.8 minh hoa s¢ d& mach tuong duong va ky hidu linh kién 1GBT.
Linh kién nay c6 nhimg wu diém hon hian BJT va MOSFET trong céc ing
dung cong sudt va tén =0 trung binh. IGBT thutng duoe st dung trong mach
truyén dong dong ca ac, de, cac hé thong UPS,...

Hinhk 11.8. IGRBT.
{a) Macl tuong duong, (b) Ky hidu.

]
Z
b

-1y

i

{b
&) l . ) E

Bang 11.1 Cdc ddc tinh cria IGBT

* Khang ¢6 van dé nhu & thyristor.

e Mat dd dong cao hdn BJT va MOSFET.

s  Thong dung trong cac truyén déng ac céng sudt trung binh,

*  SOA {khodng van hanh an tean} bi gidi han theo T (nhiét dé trén tiép gidp}).

* Ty s6 dién dung céng gép va dién dung céng phat thap, cai thién higu Ung
hai tiép.

SIT (Transistor cam (g tinh)
Day la linh kién cao tdn, cong suit cac {Hinh 11.9), c6 cac dac tinh tuong

tu den triode, thich hop trong ¢hé dp kich hoat va ché d§ chuyén mach duge
ding trong cdc bd khuéch dai VHF/UHF va viba.
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Bang 11.2 Cdc ddc tinh eda SIT o

Linh kién tudng ty dén triode cong sudt cao,
tdn s0 cao (1500V, 1B0A).

T&c dd dong ngat nhanh hon MOSFET G
{to = 0.35 us; to = 0.35 ps).

Bién dung, dién trd cdng - ngudn thip.
SOA bi gidi han bdi T,

& mic song song cac finh kién, Hinh 11.9.
Khéng thich hgp vdi cac ung dung PE t8ng quat. Ky hiu link kien

SITH (Thyristor cm ifng finh)

Hinh 11.10 minh hea k¥ hiéu linh kién nay. Day la diode P+ NN*. Tuong tif
SIT, 8ITH la linh kién thudng md vdi vung N bao hoa. SITH 13 linh kién cong
suat cao, tuong tu GTO, tif didu khién (1200V, 800A). So sdnh GTO va SITH:

1.

5.
6.

Khac vdi GTO, SITH la linh kién thutng md

khéng d8) xdang. A
Bién dp sut ldn hon (4V).

b6 khuéch dai dong ngét nho hon (1 dén 3).

Tan s6 déng ngat cao hon (ty, = 2 Us; tope = 9

ns) va tén that do déng ngdt thip hon. G- b
Mue dv/dt va di/dt cao hon (2kV/ ps, 900A/ ps). Hinh 11.10
S0A dugc cai tién va T, bi gidi han. Ky hiéu linh kién.

MCT (Thyristor diéu khién MOS)

MCT la linh kién ban dan tuong ty thyristor, ¢6 thé déng hosc ngit bang
xung ngén trén céng MOS. Pay 1a loai linh kién déng ngit cong suét cao, tin
86 cao, sut ddn thap. MCT la két néi song song hang ngan é don vi trén cing

Bdng 11.3 Cdc ddc tink ciia MCT

Linh kién cong suét cao tugng ty thyristor nhung déng-ngét bing cdng MOS.
CAc uu thé cdng MOS.

Khoa khéng déi xing, syt dan thdp (1 - 2v),

Téc db dong ngét tucng duong IGBT (ty, = 0.2 us, o, = 2.5 ps).

SOA bi gidi han theo T,

C,, 6 dinh, khdng ¢oé higu ng Miller.

D& méc song song cdc linh kién.
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{a) Mach tuong ducng {bl Ky hiéu
Hinh 11.11. MCT

vi mach. Hinh 11.11 minh hea mach tuong duong va ky hidu linh kién nay.
MCT ciing ¢6 thé méc ndi tiép - song song dé ddp g cdc yéu chu cdng suit
cao. Bang 11.3 cung cdp cac thong 58 cia MCT 50A, 500V vdi T, = 150°C.

Ngoai viée st dung trong cac truyén déng dc, ac, MCT con duge ding trong
cac hé thang UPS, cap nhiét cdm dng, cdc bs ddi de - ac,...

So sanh cac tinh kién hién dai

Néi chung, SITH 1a linh kién cong suit lén nhét va SIT la linh kién tén
& cao nhat hién nay. Tuy SIT la linh kién cong suat cao, tin s8 rat cao, nhung
dé sut din 1én. SITH la linh kién diéu khién bing ddng dién, nhung 46 lgi
dong ngdt thap. Moi linh kién céng suft cho dén nay déu eé khi nang khéa
dién 4p khéng ddi xiing. Mac dau IGBT, SIT va SITH déu cé dic tinh tuyén
tinh trong ving hoat déng, nhung chi ¢6 IGBT cé thé c6 ch& do hoat déng khi
e6 diéu kién su c6, con c4c linh kién khéc van bac héa do dic tuyén i - v hdu
nhu thing ding. Cé 18 MCT cé sy phdi hop tét nhat vé 46 sut dén, nhiét do
tidp giap, duv/dt, di/dt, va téc db chuyén mach chi chim hon SIT,

Cac truyén ddng dién
Sy phat minh thyristor md ra kha nang sd dung céc bd truyén déng ban

dan. Su cdi tién lién tuc cdc bd chuyén ddi cong sudt va cde chién luge truyédn
déng - diéu khién mdi, ching han diéu khién dinh huéng trudng (vector) elia
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Hink 11.12 So d6 khoi cia hé théng truyén déng dién.

cdc truyén dong ac, diéu khién ché dé trugt, edc chién luge tiét kiém nang
luong,... dua dén céc cai tién quan trong vé cong nghé va hiéu sut truyén dong.

Trude day, cdc ing dung truyén dong téc do bién thién thudng dung dong
o de. Pong ca cdm (ing long séc, c6 gia bang khoang 1/3 dong co de cing dinh
muc, ¢6 thé duge thigt k€ v6i tdc d6, moment, va dinh mic cong suat cao han.
Béng co rotor day quan ciing ¢6 dinh muc cdng suét cao. Do ese uu thé nay, cac
truyén dong ac dang din dan thay th€ dong eu dc trong nhidu ing dung téc do
bién thién.

bong co ddng bd nam chdam vinh citu, déng co budc, va ddng co tir Lrd cling
duge sif dung trong cdc hé thong truyén dong.

Nhu cau vé chuyén ddi cong sudt phat sinh khi bdn chat cia cong sudt
dién khd dung khac vdi cong sudt dién duge yéu cdu cho dgng co. Néi chung,
cdc nguon dién 1-pha, 3-pha, 50Hz dugce sir dung phé bién (trif céc ing dung
hang khong va va try thudng dung ngudn dién 400Hz dé dat ty sé cong sust-
trong lugng dong eo cao). Dong ca de khong chéi than dang duge dung € thay
th& dong co tro dong de vdi cong suit khong qua vai kW.

Céac bd chuyén ddi cong suat

Vdi cae thyristor, cdc bg chuy@n ddi c6 thé thue hign theo kidu chuyén
mach ti nhién hoac chuyén mach cudng bite. Trong cic bg chuyén déi chuyén
mach t nhién, mach ¢6 khd nang ngat thyristor theo sy chuyén mach duong
day, dién &p tai, cfng hudng tai hoac ty chuyén mach. Trong ds, su chuyén
mach thyristor s& kich hoat sy chuyén mach trong cée by chuyén déi chuyén
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mach cudng bifc, cdc thyristor bi ngdt bang xung dién dp (chuyén mach theo
dién &p) hode dong tchuyén mach theo dong) mic song song hodc néi tiép.

Theo chic nang, ¢6 bdn loai co ban da duoe dé cap (Hinh 11.1). Ngoai ra
con e6 b chuyén dfi ac/de, chuyén déi vong va diéu hoa dién thé ac/ac dimg
cie SCR vdi loai chuyén mach ty nhién. Cde mach nghich luu cé thé xép loai
theo ngudn, nhy cdc by nghich ltu ngudn dién dp (VS va cdc bd nghich luu
ngudn theo dong (CS]h. S¢ phan loai nay tay thude vao mach loe va didu khién
trén cac oye de clia bg chuyén déi. VSI déng-ngit dién 4p de 0 cde khéi didu
khién dén tai, con trong CSI, dong de duye dong ngdt trong cde khdi dén tai.

Cde bo chuyén doi transistor, khéng edn mach chuyén 48i phu, hdu nhu
hodin toan thay thé& cde bé chuyén d8i SCR dudi 100 Hp. Hién nay cdc transis-
tor tiép gidp ludng cuc céng sudt cao cing o6 thé dung cde bo didu bién chidu
rong xung (PWM} 4€ cai tign dang séng dong dong co.

Ngoai ra, 6 thé phan loai theo cdch khac,

tiy thuje cdng sudt tir b chuyén d6i chi di v

theo mat chidu {tir nguén dén tat), duge goi W \

12 b chuyén doi géc mot phdn tu hodc ¢d hai \\\\\\\\\\\ )
chiéu (tdi cd thé tdi sinh), la bd chuyén doi iy NO\\ I fo
hai géc phin tu. Cé bén kiéu van hanh gic A A

mét phin tu. Bing cdch dung hai bd chuyén “Vo:

déi ghép ddi lung véi nhau dé tao dién ap va Hinh 11.13.

dong ra, va cé hai déu c6 thé ddo chidu sé tas  Vidn hanh cd bon goc phdn tu
ra bd chuyén ddi kép. Cac kiéu chuyén dai trong b chuyén déi kép.

nay thuing duge dung trong cac truyén dong
tdc d6 bién thién eéng suit cao.

Cac bd chuyn ddi ac/de

Khi cong suat hang chuc kW, c6 thé dung cac bé chinh luu 3-pha, thuing
ding mach cdu didu khién toan séng/mua séng. Cdc hé thing chuyén ddi nia
$6ng ¢6 h sd cong sudt tal hon bd chuydn toan séng. Heé s§ cong suit kém 1a
van dé lén, nhiéu ky thuat khdce nhau, ching han céng khong déi xing, diéu
khién phan cyc dién dp,... da duge thit nghiém d& cdi tién. Mot 6 be didu
khién kich ¢ong da duge ding dé kiém sedt goc kich ddp ing dién dp didu
khién bi€n thién. Su didu khién dua trén bo vi xit ¥ rat théng dung do khd
nang thue hién quy luit diéu khién bat ky. Cdc bd chuyén ddi didu khién 2-
pha duge néi ddi song trong bo chuyén ddi kép, duge ding cho cde truyén dang
déng co de.
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Cac bd chuyén d8i ac/ac

Cac bo diéu khién dién dp dua trén thyristor {c6 cling tdn s6 ra) ding
nguyén ly diéu khién pha thudng dugc sir dung nhiéu, ké ca cdc truyén dong
kiéu thi€t bi 1-pha. Cdc by chuyén ddi vong diéu khién pha duge ding trong
truyén dong ac tin s6 khong déi - téc 46 bign thién (VSCF) céng suit 16n.

Bd chuyén a8i de/de

Cdc bo chuyén ddi de/de true tiép chuyén ngudn de dign dp c6 dinh thanh
ngudn de dién 4p bién thién va 6 thé duge dung nhu may bién 4p de 48 tang
- gidm dién 4p. Bo tao xung thyristor chuyén mach cuéng bifc vei kifu chuyén
mach dién dp trude day duge goi 1a bo tao xung kiéu chuyén mach. Céc bo tao
xung thuyng duge dung dé didu khién dong co kéo, diéu khién dién trd rotor
trong cdc déng cd cam ing cd vanh trugt va trong cdc thiét bi ngdt mach de.

Bo chuyén ddi de/ac

Nhiéu bg chuyén dgi defac tryc tiép hogic cac bd nghich hwu, ngay nay sir
dung cac mach phu khac nhau dé chuy&n mach cudng buc hosc cde thidt bi
déng ngét mai. Nhu da dé c4p, ching 6 thé Ja loai ngudn dién 4p hodc nguén
dong. Trong cac bd nghich chuyén ngudn dong, dong dién mot chidu bi gidi
han theo mét cuc tinh va do d6 cong suit dao tai sinh duge thue hién bing
cdch ddo cue dién ap mot chidu. Trong cde bd nghich luu dién 4p, cuc tinh dién
ap mt chiéu khong thé thay déi va do d6 cdn ddo chidu dong mét chidu d& t4i
sinh béng cdch dung b chuyén ddi ¢6 hdi tidp.

VSi

Mach ecéng sudt VSI duge c&p dién tir dién dp de c& dinh hoadc bign thién
(khi duge cap tir mét nguén ac thong qua bd chuyén d5i didu khién pha hoic ba
chinh Juu diode cé bé tao xung), vdi tu loc va cudn cam nhé. VSI duge ding
trong céc truyén dong dong co ac vdi dién 4p va tdn s bién thién hoac trong
cdc UPS c6 dién 4p va tan sd khong d6i.

B nghich chuyén nguén dong dién (CS1)
CSI thue chat 1a bd VSI kép. B chinh luu diéu khién pha hoac bd chinh

luu diode tiép sau la bd tao xung vdi vong dong dién vi cudn cam ldén cung cap
ngudn dong dién ¢ thé diéu chinh. Uu diém cta CSI so vai VSI 1a mach cong
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sudt tin cdy va 8n dinh, van hanh cd bén géc phan tu, .., cde han ché bao gdm
khodng tin s thdp hon, cdn ¢6 cdm khang ndi két de 16n va cée tu c6 dign
dung 14n, tinh khéng én dinh cta vong hd, cde xung moment. va nhiét séng hai
trong may duge cdp dién tif ngudn CSI, ..,

BO chuyén ddi ma tran

B chuyén d8i ma trin vdi thudt todn chuyén mach thich hgp ¢6 khd nang
tao ra song bi€n thién hiu nhu theo ham sine va ca thé van hanh vdi hé =8
cdng suit don vi, tré, hodc sém pha, khi cung cap céng sudt cho tai hé s8 cong
sudt trd pha cé tdn s bi#n thidn. Cé thé van hanh theo ché& 46 ci bén gée
phén tu, véi dong trd hodic s6m pha. Pac tinh quan trong cia b chuyén d4i
nay la hoan toan khong cé “ndi k&t de”, khong can tu va cudn cam dé hd trg
dong dién hodc dién dp ndi két.

Didu khién

Cac ky thuat diéu khién mér (fuzzy control), ANN, va ES thé thing cao
ciip) dang duge sif dung trong diéu khién dién ti cong suat. Céc k¥ thust ES o
tiém ning 16n trong thiét k& hé théng ty dong, lap md hinh, mé phéng, diéu
khién théi gian thue, kiém tra va chdn dodn,

Cae bo chuyén déi dién t cdng sudt c6 kha nang thue hién hiu nhyu moi
kiéu diéu khién hoae chuyén déi cong suit dién. Cdce nd lue nghién ciu hién
nay hudng téi viée gidm chi phy, kich cd, trong lugng, 16n that, va tang da tin
cay, dat duge hidu sufit cao hon.

Diéu khién ddng co biing thyristor

Nhiéu mach didu khién thyristor da duge thigt ké dé sir dung trong diéu
khién déng co, thy theo loai ngubn cung céip (ac/de), kidu va kich e dong co.

Déi vdi difu khién dong co de, ngubn cong sudt dong co duge didu khién tir
ngudn cung cép ac dién ap khang déi, nhan duge nhé cdc b6 chink luu cé didu
khién hodce tif cdc b chuyén dbi dung thyristor va diode. Sy didu khidn dién dp
de co the dat duge bang cach kich cac thyristor theo gée didu chinh vdi dién ap
nguon. Géc nay la goée kich va mach didu khién 14 diéu khién pha. Phuong
phép diéu khién co ban thi hai 1a didu chinh tich hop chu ky. G day dong di
vao cing tif ngudn ac cho mt s6 chu ky hoan tat va bi ngdt trong vai chu ky
tiép theo, qud trinh lap di ldp lai lién tyc. Sy diéu khién duge ap dung bing
cach didu chinh ty s6 gida thoi gian déng va md. Phuong phdp nay thich hep
d€ didu khién cde dong co de nho hon 1 kW.
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Cac phuong phdap didu khién theo pha va tich hgp chu ky cang duge dp
dung cho cdc déng co ac khi khéng yéu cdu mach chuyén déi.

Piéu khién cac dong cd de duge cap tif nguén de théng qua mach déng ngat
thyristor duge goi la b tac xung. Bé diéu khién tao xung mé, déng theo chu
k¥, trong d6 su diéu khién dién 4p trung binh ¢é thé dat duge bang cach thay
d61 thii gian déng - md. Piéu nay didu khién déng cd hidu qui va va cdp. Déng
¢y ¢ing ¢6 thé duge van hanh trong ché dé him tai sinh. Bd diéu khién tao
xung véu cdu su chuyén mach cudng bdce cia thyristor.

DPé didu khién cdc ding co ac tif ngudn de, thudng diing thyristor, transistor
hosic MOSFET. Cic mach déng ngit chuyén ning lugng tit nguén de t6i tai ed
tdn s6 thay d6i ac va'hoac dién 4p thay ddi. Do hoat déng déng ngat, dang
sang dién ap ac co biae. Lugng séng hai duge loc bai cac dong co ac. Khi ngudn
cap cong suat thuimg 14 ac, mach hoan chinh dé€ nhéan dién dp va tan sé bién
thién, ¢dn s dung ed bd chuyén déi va nghich chuyén.

Bd chuyén d8i ving ta bs didu khién nhan tryce tiép dién nang c6 tin s6 va
dién dp bién thién tir ngudn tdn 58 ¢6 dinh, khéng can tdng de trung gian. Co
ché cia bd diéu khién tidn s8 va dién ap la su két hap cdc cg ché duge s dung
trong bd chuyén doi diéu khién pha va bd nghich chuyén diéu bién xung. Bd
chuyén ddi vong ¢o vai nhuge diém nén it théng dung, do chi tao ra cic tdn s§
phu, vdi lugng séng hii ldn va hé sd cong sudt vao thap. Cédc bd nay duge ding
dé€ truyén dong van tdc thap, didu khién tuyén tinh cdc dng co trong cic hé
théng van tai toe do cao.

Diéu khién dong co dc qua cac bd chuyén ddi

Biéu khién dong co de bang cde bd chuyén 461 didu khién pha rit tién lgi
va hiéu qua. trong dé dién ap ac vae duge chuyén thanh dién 4p ra de ¢6 diéu
khién. Qua trinh chuyén mach, chuyén dong dién tit mét thyristor dén thyris-
tor khde, trong cde b chuyén nay qua trinh chuyén mach la tu nhién.

Khi thyristor hoat dong, sé phan cye dédo chidu thyristor ngo ra va ngat
thyristor nay, do dé, khang cidn mach dién chuyén mach riéng ré. Higu suat
chuyén déi cong sudt trong cde b chuyén déi nay khodng 95%, do 16n that
trong cdc thyristor tuong di thap. Cde bé chuyén ddi nay thudng duge su
dung dé didu khién cdc Aong o de dudi 1 kW va trong cac dong o lan ¢o su
dung cdc truyén déng ddo chidu tée d bién thién & cdc nha mdy can c6 muc
cong suat 16n tdi vai megawatt.

Trong vai loai bé chuyén d8i (bdn chuyén ddi}, diode duge mic ghép song
song vao hai eue déng co dé tidu thy ning lugng LI nhiim cung cdp dong dién
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lién tue cho ddng cd khi khéa cac thyristor. Ngoai ra, by chuyén d8i nay con
duge diing € bdo va, trdanh cdc qua dp chuyén tiép.

Cac bd chuyén 1-pha
B chuyvén daoi nua song I1-pha {Hinh 11.14), duge dung dé didu khién déng
cd de kich thich riéng ré, gdm mat thyristor va mét diode mée ré. Trong mach

nay, dong dong co ludn ludn bi gian doan, de d6 dong co hoat dong khong tot.
Bo chuyén déi nay chi duge dung cho cdc dong co dusi 400W.

Th !

Ngudn ac 1-pha @ ; ' ‘
i

Diode didu chinh/
Hinh 11.14 Bj chuyén doi nifa séng, 1-pha

B¢ ban chuyén doi (Hinh 11.5¢a)} 1a loai chuyén ddi géc mét phdn tu, cap
dién 4p va dong mot cye tinh tai cde cue de, do do, khong 6 sy ham tai sinh,
tie la edng sudt tir ddng co de vé ngudn ac. Do khong cé su tdi sinh, by nay
duge ding vi 1¥ do kinh té.

(2 ?

(b)
Hinh 11.15 Bé bdn chuyén d6i cdp dién cho déng co de kich thich riéng ré
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Hinh 11.15 (b} minh hoa mach bé ban chuyén d8i cdp dién cho ddng co de
kich thich riéng r&, Bién tré phén dng R, va cdm khang L, mic ndi tiép vai
lye dién dong cam tng phdn ing e, dién 4p cuc phédn ting 12 v,, ¢6 hai thyris-
tor, hai diode va mét diode ty do (ndi song song vdi cuc dong ca). Gid sif dong
phin img, lam viéc & trang th4i dn dinh, 12 lién tuc trén toan bd khodng vin
hanh. Dién dp trang théi 8n dinh va dang séng dong dién duge néu trén Hinh
11.16. Thyristor Th, duge kich & géec o va Th, tai gbec m+ & so voi dién 4p
ngudn v va qud trinh lap lai lién tuc.

Trong trang thai én dinh, khi Th, kich (@t = &), Th, va D, ddn va dong co
noi vao ngudn, tic 12 v_= v. Tai wt = 7, v, huéng theo chiéu 4m vi cye dién ap
ngudn thay ddi. Pidu nay lam cho DFW, diode tuf do phan cye thuan va dong
phén dng qua Th D, chuyén dén D__, didu d6 c6 nghia la Th, chuyén mach (tu
nhién). Cdc euc dong cd ngin mach qua D, trong khodngn<ot<n + o lam
cho dong phAn ¢ng lién tuc trong thdi ky nay, khi dong co khong ndi vdi
nguén. Tai ot = n + o, Th, duge kich va Th,D, dan, lam cho D, ddo chiéu
phan cuc va do 46 mach ha Péng cd ndi duong v6i ngudn trong thm ky ti&p
theo 1t + ¢ < ot < 2n. Qua trinh nay l4p lai lién tuc.

Cé nhidu dang séng dién 4p va dong clia dong co dc kich thich riéng biét
duge cdp dién qua by ban chuyén déi (Hinh 11.16). Mac di dién 4p méc song
song qua cuc dong co (Hinh 11.18(c)) cé che séng hai trén gla tri dc 8n dinh,
gia stf, dong ca khéng ddp dng v6i cde séng hai nay va do dé van chay @ téc db
khéng déi n va cé lue dién déng cdm tng khong déi. Do Th, kich tai wt = o,
nén dong ddng co duge tinh nhu sau:

1t
j —e, ot} I v-e, )d(mt); gia thidt R, khong dang k&. (11.1)

o

L,

Tit Hinh 11.16 (a) c6 thé thdy v > e, nén dong dién va lye dién ddng cdm
ung cua déng cd e, déu tang. Trong thm k¥ nay, mit phin nang higng duge
chuyén cho tdi va phén khdc tich liy trong cam khdng déng co¢ (L)). Phia
ngoai diém P, v < e va dbng gidm, gay ra sy dao dién dp qua cAm khang dong
co, nang lugng etia L, cAp cho hé théng. Trong thoi k¥ o < ot < + a, diode ty
do tiép tuc phéan cue thuin do ddo chiéu dign ap cdm ing. Trong thai ky nay,
mét phan nang lugng tich trif trong L, bi tiéu thu d€ cdp cho téi co hoe. Dong
dong co, tée 43 va luc dién dong cdm dng déu gidm. Qua trinh nay l4p lai trong
thai ky tiép theo (1 + o < wt < 21 + @) qua Th, D, va sau d6 qua Dy,,. Dong nay
duge 18y tit ngudn (Hinh 11.16 (d)) la mot phan cua dong phan ang qua cic
thai ky (o, 1), (1 + o, 2n)... khi dong co ndi vao ngudn eung cip. Khéng can su
dung diode ty do. Tai wt = 1, D, duge phéan cye thugn, din qua Th D, dé kich
hoat Th,. Tai ot = 2r, diode tu do dén dién qua Th,D,, qud trinh duoc lap lai.

2
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Hinh 11.16 Dang song dign ép va dong dién cia bé bin chuyén déi cdp
dien cho déng co de kich thich riéng re; dong phdn ung lién tuc,
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Dong phéan itng khong lign tuc

Dong phén tng khong lién tuc khi goc kich idn, téc d6 cao vid moment
thap. Su lam viéc clia déng co bi xdu di do dbng phén ing khong lién tuc. Ty
s dinh dén trung binh va gia tri hiéu dung vdi dong phén ing trung binh
tang. Vi viy, d& ¢6 thé van hanh déng co theo ché do dong lién tuc, cdn cé b
ngat mach phén dng tir bén ngoai, lam gidm ty suit suy gidm dong dién trong
qud trinh vin hanh diode ty do.

Dang séng dong dién va dién dp d6i véi bo bén chuyé'n déi véi dong khong
lién tue duge néu trén Hinh 11.17. E)ong cd duge néi vdi ngudn qua Th D,
trong thoi ky o < wt < n. Khi qua tri si n, ddng eo bi ngdn mach qua dlode tu
do D, Didng phan Ung gidm xudng zero tai goe P fgoc cdt}) < n + o, trude khi
thyristor bi kich, do dé dong khong lién tuc. Thai k¥ tir o d&n &, thoi ky dan
qua Th,D,, dién dp cyc déng co bang dién ap vao. Thai ky n dén B, dién ap cuc
ddng ea i zero, cdc cue dong ca bi ngdn mach de diode tu do. Ty Bdénn+
ddng cd chay theo da va dién dp bing lye dién déng cdm itng. C6 thé thay séng
dong dién co 8§ tif nguon cd goc tré dign 4p la ¢, (< o).

Bd chuyén d6i hoan toan

Hinh 11.18(a} minh hoa bg chuyén doi hoan toan, hai géc phan tu, trong
do sy phén cfe dién dp ngd ra cé thé dio chidu, nhung dong dién vin mot
chiéu do cdc thyristor cing chiéu. B chuyén ddi hoan toan dung bén thyristor
nhung khdng cé diode ty do. B chuy&n d4i hoan toan cép dién cho ddng cd de
kich thich riéng biét duge néu trén Hinh 11.18. Dang séng dién dp va dong
dién duge néu trén Hinh 11.19, vdi gid thiét dong phan u'ngl héu nhu khong
déi. Céc thyristor ddn theo cdc khodng ¢ < ot <1 + & va néi vao dong co 4é cap
dién. Tai m+ @, thyristor Th,Th, dugc khdi déng. Ngay khi d6, dién Ap cung
cdp xuit hién phén euc nghich qua Th Th,. Pay la su chuyén mach tu nhién.
Dong dong cd chuyén tir Th Th, dén 'I‘h Th Théi ky tit o dén 1, ning luong tir
nguén dén dong o (v, i ducng va do d6 v, i duong). Tuy nhién, théi k¥ tir n
dén m+ «, mot phin nang lugng duce cap tro’ lai ngudn (v va i phén cuc nguge,
do d6 v_va i, ngugc chiéu vdi dong néang lugng). Cé thé thay song dong dién co
8¢ tif ngudn bi tré pha vii dién dp theo goc R

Dang séng dién dp va dong dién d6i vdi o > 90" duge néu trén Hinh 11.20.
Bién 4p cyc trung binh cia déng co khi d6 la am. Néu ddo céc cuc dong o,
dong co 5& van hanh theo ché d mdy phat cap nang lugng tro lai ngudn ac.
bay ta kiéu lam viée nghich ddo cua b chuyén d6i va duge dung trong ché d6
ham tai sinh cia ddng ca. Pidu cin luu ¥ 1a trong théi ky din ciia Th . Th, he&c
Th,Th , do dién ap nguén cung cdp 1a 4m, dong phén ng bt ddu glam lam
déo cye tinh cia cdm khang nén cde thyristor din tiép tuc phén cue thuidn.
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Hinh 11.17 Dang séng dong dign va dién dp cia bg bdn chuyén déi cp
dién dong co de kich thich riéng ré; dong phdn ung khéng lién tuc
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Hinh 11.18. Bé chuyén d5i hoan toan,
edp dién cho déng ca de kich thich riéng ré.

Dang séng dién &p va dong trong trudng hgp ddng phdn dng gidn doan
tuomg ty bd ban chuyén déi (Hinh 11.17).

Dic tuyén moment - tic dd

Gid sit dong phén (ng lién tuc, 461 vdi bé ban chuyén déi cé sy tae dong
cha diode ty do, phuong trinh mach phﬁn (ng 1a:

Vg =V

d +e, a<wmt<n (11.2}

v,=0=Rai,+L,%+ea n<at<m+ (11.3)

Péi véi by chuyén ddi hoan toan, phuong trinh phin g 1a:

<

Vo=V = ald:+ea a<at<n+a (11.4)

Véi v = 2 V sin ot , dién 4p trung binh & dong co 13: V4i bd bén chuyén déi

:—Istnnmtd(mt)-[;Y(l+cosa} (11.5)

Vdi b chuyén ddi hoan toan

LENTY

\'A IJ_ V sin ot d{ot) = ‘EV
T s

[

cosa (11.8)
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Hinh 11.19 Dang séng dién dp va dong cia b chuyén doi kean toan, cdp
dién cho dong co de kich thich riéng ré, déng phdn ing lién tue, a < 90°
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Hinh 11.20 Dang song dign ap va dong dign cia
b chuyén déi hodn toan; a > 90°
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Hinh 11.21 Su bién thién dién dp eue trén bo chuyén doi theo géc khdi déng o

Hinh 11.21 minh hoa su bién thién dién 4p 46ng co theo ham cda géc khai
ddng trong ca hai kifu b chuyén d8i. Trong trudmg hgp bd chuyén ddi hoan
todn, suf vin hanh dédo s& x4y ra khi 90° < & < 180°.

Phuong trinh déng co d6i vdi cde gid tri trung binh:

E, = K.®on (117

T =Kl (11.8)

Va: n-Ya LR, (11.9)
K0

Thay I, tif pt (11.8) va V, tif pt (11.5), (11.6) vao pt (11.9), dac tuyén
moment - téc 43 ¢6 dang: B bdn chuyén déi:

(JQV / nll +cosa) R,
K0 (K, ®f

(11.10)
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B® chuy&n d8i hoan toan:

=2J§Vcosa_ R, T
K,® K of (11.11

S6 hang dau tién trong cde pt (13,10} va (11.11) Ia téc dp khong tai 1y thuyst,
s0 hang thi hai la d¢ sut toc 46 gay ra do dién tré phan img, Téc d6 khong tai 1y
thuyét cé thé thay dai theo gée o

Trong truting hgp dong khong lién tuc, dién ap trung binh tai cdc cue dong
¢d phu thudc goe B (géc cit), géc nay phy thude toc do trung binh ddng co n,
dong dién trung binh cia déng ca 1. va géc o

Bd chuyén ddi kép
Bé chuyé&n d6i kép (Hinh 11.22), cé thé van hanh & ci bon géc phin tu, la

hai b ban chuyén d6i d€ chuyén de d ed hai chiéu, duge ding € cung cap su
dédo chiéu dong dién héu nhu tife thai tai cde cyc cia dong co.

A *

L ] —o

— "~ -~

A it * o
X

(a) (b}
Hinh 11.22. B6 chuyén d5i kep.

Diéu khign ddng ca dc kich thich ndi tiép

Cde bj ban chuyén ddi va chuyén ddi hoan toan duge dimg d& diéu khién
déng co dec kich thich néi tiép. C4m khing téng ciia mach rit cao do kich tir
ngi ti€p nén dong phidn ing hdu nhu lién tuc. C4c phuong trinh vé dong co
nhu thong lugng/ede ty 16 véi dong phén img. Cac xit 1y tuong ty nhu ¢ dong co
de kich thich riéng ré.

Vi du 11.1 Bg chuyén ddi 1-pha (Hinh 11.23), gid sif cd goc khdi dong
thyristor la ¢
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Hinh 11.23. Mach b6 Ly=w
chuyén déi 1-pha.

[ —
vad2 Vainat

e
&

a) Hay vé dang song dién ap tdi, gid sd dong ra la I, khong déi.
b) Hay vé dang séng dong dign qua Th, D, D, va D,

¢) Tinh cng suét cdp cho tdi, biét V = 100V, R, = 10 Q va gbc khdi dong
a = 45"

Gidi

(a), (b) Cac dang séng dugc vé trén Hinh 11.24

n 2
) V, = 51—{ I\EV sinot d (ot) + j(~J§V sinmt) d (mt)}
T Q n+x/d
v 1 100 1
et 2| = |2+—1=6093V
= weE)
2 2
Cong sudt tai P, = Vo _ (60937 _ 371.2W
Ry 10

Céc b chuyén ddi 3-pha

Cac dong co cong sudt 1dn duge cdp dién i nguén 3-pha qua bd chuyén doi
3-pha. Trong bd chuyén ddi 3-pha tin 58 gon séng cua dién ap cuye déng cd cao
hon bé chuyén 1-pha, nén cde yéu ciu loc dong dién dong cd tuong dai it va
dong hau nhu lién tuc. Cic b¢ chuyén dbi 3-pha ¢6 thé 1a loai nia song, loai
ban chuyén dbi, chuyén dai hoan toan va chuyén déi kep. B chuyén ddi 3-pha
Tuia séng it duge sif dung do cdc dong cung clp c6 chia thanh phén de. Bo ban
chuyén d8i va chuyén déi hoan toan thuong duge sit dung. B chuyén ddi kép
dugc ding trong cac truyén dong dao.chidu v6i mie cong sudt td1 vai MW. Bo
bdn chuyén ddi cap dién cho déng co de kich thich riéng ré {Hinh 11.25).

683



684

1 /0102
v e 7 f—
4 |
1
i
i
D; O {
|
x : Tt
| -—-‘al-— ]
iy ) i
i [ 1
1 It I
[ |
il { -
[ i
[ I f
I t
itm it [
i
|
|
} -
[ !
.4 I
fm [
1
i
I
l -
4
i
t
.
'm
!

Hinh 11.24. Cic dang séng dién dp va dong dién i Vidy 11.1.
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Hinh 11.25 Bj bdn chuyén doi 3-pha
cap dien cho dong eo de kich thich riéng ré.

Hinh 11.26 (a) minh hoa dang séng dién 4p dung cho b chuyén déi nay.
Céc quy chiéu géc khdi dong o cia thyristor la ot., wt,, ot, ... cdch déu 120°
. Ba thyristor duge kich theo thit tu véi khodng cdch thyi gian 120°. Sau khi Th,
khdi kich, diede D, hoac D, dan, tuy thude dién 4p nao duong hon, V,p hay
V.. D81 voi gia tri o cho trude, ¢6 the thay (Hinh 11.26b) diode D, dan dén
qud 80" thi I}, dan Th, kich khéi. K& do D, vaD, dan cho tai khi Th, kich khéi,
va sau d6 14 D, D, din theo trinh tu. Qud trinh nay l4p lai tao nén dang séng
dién dp V_ (Hinh 11.26b). Vdi tri s§ o nay, khong cin dén diode tu do d€ din
dong phdn ng. Dong phan ung i va dong dién ngudn i, dugc néu trén Hinh
11.26 ¢ va 11.26 d. Dong i, cd sd cua dong i, tré pha theo goe o, do hé s8 cang
sudt nhd hon don vi.

Vii goc kich khéi o = 60°, chi mdt diode din trong th#i kv dan cua mét
thyristor. Thif ty din khi d¢ 12 Th,D,, Th,D,, Th,D,, Th,D,. Vdi céc gid tri o
lén hon, V,. 4m truse khi Th, kich khdi, lam ngat dong nén i, di qua diode ty
do Dy,

Néu khéng dung diode tu do, qud trinh din sé qua diode va thyristor cia mot
nhanh cho trude, ching han sau khi D, ngung dan, dimg dién sé di qua Th,D,.

Gia tri trung binh dién 4p phan dng V_ gidm lién tuc khi o tang. Péng
thér gée tré ¢, cda i,, tAng lim gidm hé sd cdng suvdt.

Dién 4p phén dng trung binh v_cé dang:

Pién 4ap cung cap la:
Vi = J2 Vsin ot
Vi, = V2 Vsin (ot - 2n/3)
Vi =42 V sin (ot - 47/3)
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Hinh 11.26 Dgng song dién dp va dong dién cia b6 chuyén doi 3-pha
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Trudmg hgp déng phan iing lién tuc

(i) o < 60°
3 n!2 LT TRy L
Ve = '2—[ J- (V, - Vg)d{ot)+ I(Vn ~Ve)d ((nt]}
T i i
3 % ni e eZni 3
= [ I JEVsin(mt—m’G)d(th IJngin(mt—m’G)d(wt)}
2 £/ B+u ) nf2 .
V, = 3J§V {1+ cosa) (11.12a}
2n
(ii) o = 60°
3 xiBen
v, = j’(vA -~V d (b)
2n
LR T
LTS 3
:_2‘?— JJEV sin (mt-nfﬁ)d(mt)=%_§-(l+cosd) (11.12b)
n bid
nfG+iz

Chi ¥, cdc pt (11.12a) va (11.12b} 14 ddng nhat. Biéu thie cda pt (11.10) vé
téc d6 déng co trung binh cé dang:

- (36 /2nX1l +cosa) R,

Ko KDY (11.13}

Vi du 11.2. T4i dién tré duge mic vao bd ban chuyén déi 3-pha qua 10
phan img 16n. Néu céng sult ra tai cdc cyc tai la 15kW, hay tinh

{a) Gia tri géc kich khdi, gia sd R, = 1.6 @ va V., (pha} = 100V, hi¢u
dung.

(b} Gia tri trung binh cia dong dién qua cdc thyristor va diode.
Giai

Tir pt (11,13}

3J6v
2

(1 + cos @) = /P R, —?:Jg—;l@(l +cosa) = 15000 % 1.5
T

o =736°

V, (el =
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_ J15000% 1.5

.= =100 A
1.5

Lnfav) = Itav)y = 13 130 =33.3A

Diéu khién ddng co dc qua cac b tao xung

Bé diéu khién dong e de van hanh tif ngudn de, cén didu khién mde dién
ap de. Vi dy, cac truyén dong xe dién ngam xe dién, xe chay bang acquy. Céc
phuang phap thuén tién chuyén doi nguén dién 4p de ¢é dinh thanh dién dp de
bi&n thién gém:;

Diéu khién dién trd. Bién tro duge méc vao giita tai va ngudn. Phuang
phdp nay hac tén nhiéu néng lugng. Hon nira, 451 vai dién ap ra cho trude cin
cd cac gia tri dién trd khde nhau dé tao ra cdc dong tai khac nhay.

Cum mdy phdt - déng co. Kich thich mdy phat riéng ré dé c6 dién ap bién
thién tif zero d€n gi4 tri dinh mue vdi cue tinh bat k¥, nhung loai thiét bi nay
céng kénh, kém hiéu qua, va dap ing cham.

Dang chinh luu nghich (nghich luw). Ngudn de ¢6 thé duge chuyén sang
dang ac b&ng bd nghich luu, qua bi&n dp dé c6 dién ap thich hgp va chinh luu
thanh dang de. Do cé hai tang chuyén déi nén bé nay cong kénh, kém hiéu qua.

Bb tao xung de. Bo tao xung, vé co bin la b déng ngit bang dign td d&€ ma
ngudn dién de ¢& dinh treng nhing khodng théi gian ngin, dita dién ngudn
¥ao cdc cuc dong cg theo chudi xung. Qua trinh nay diéu khién dién ap trung
binh cung cép cho déng cu. B tao xung ciing dé dang lam viéc ¢ ché do tdi
sinh. Bé tao Xung cung cép dién 4p dc diéu khién vo cdp va hidu qud, it toén
kém, khéng céng kénh so vdi ba phueng phap néu trén, c¢é ddp dng nhanh va
tai sinh, day la cong nghé méi va duge coi 1a mdy bign dp de - de v6i ty so thay
déi lién tue.

Nguyén ly van hanh

Bé tao xung, vé co ban 1a by déng ngdt thyristor méc noi tidp voi tai
tHinh 11.27a). Mt diode méc song seng qua tai dé din déng tdi khi thyristor
ngat. Thyristor ¢é thé md va déng theo chu ky thai gian va chu k¥ nay dug
lap lai. Dong de qua bé tao xung trong thdi ki md doi hoi phai 6 mach chuyén
d6i cudng bite dé ngit thyristor. Gia tri trung binh cua dang séng dién 4ap ra
cua bd tao xung duge néu trén Hinh 11.27h.

688



Hinh 11.27 Mach tqo xung
co bdn ve dang dién dp ra.

{b}
tox ton
V,=V—¥ . -V 2= =aV {11.14)
top + bopr T
trong dé, “\ = thoi gian dong trong mét chu ky.

t,wp = thii gian ngdt trong mdt chu ky.
T = chu k¥ tac xung.

o = SO% — chy ky lam viée.
T
Do dé, c6 thé thay dién 4p ra cua bd iao xung duge diéu khién theo chu ky
lam viée, va ¢6 thé thay dii theo cdc cdch sau day:

1. Hé thong tdn 58 cd dinh. Trong hé théng nay { = VT (ed dinh), tikc la
tan 56 tao xung hosc chu ky duge c6 dinh va t, bién thién dé diéu khién o
Day la diéu bién chiéu réng xung (Hinh 11.28).

-

B S N S
 — T T |-—— T——-—{ t
= 75% @ = 25%
Hinh 11.28. Piéu bién chiéu réng xung.
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2. H¢ fhong tén s6 bién thién. G day, chu ky tac xung T thay déi va ton
hoic t,.. ¢& dinh (Hinh 11.29). Pay la diéu bién tdn sb. Phuung phap d:eu
khién nay c6 hai khé khan:

{i) Diéu khién V, ddi héi thay d6i tdn s§ xung trong khodng rong, thiét

k& mach bd loe dé thay ddi tdn =6 1a didu khé khan

(11) Khi dién 4p ra thdp, gid tri 1én cha t, lam cho dong dong co khéng

lién tuc.

Céc tan s6 tao xung cao vai tram chu ky/ gidy duge sit dung trong thuc ta.

=1

=

@ = 50% o = 25%
Hinh 11.29. Diéu bién tdn s6 xung.

B0 tae xung fang

Cau hinh bé tao xung (Hinh 11.27a) tao ra dién &p ra nhé hon dién 4dp
vao. C6 thé nhan duye dign 4p ra cao hon dién ap tdi ngd vao bang cich dung
mach tao xung duge minh hoa trén Hinh 11.30. Khi bs tao xung hoat dong,
cuén cam trong mach la nguén va nang luong tir ngudn duge luu trong cudn
nay. Khi b4 tao xung ngdt, dong trong cuén cim bude phai qua diode va tai.
Dong gigm lam cho dién dp trén cudn cam ddo chidu va cong vao dién ap
nguén, do d6 dién dp tai cao han dién dp nguon (v, > Vj. Ning lugng trong
cudn cam duge dua vao fai.

! L
TOO + ————
+ 81‘ —
r——F -
+ | | +
|
|
® ixi [
| ' L
Hinh 11.30 - N B -
Cdu hinh bé f
tao xung tang *
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Trén co sd cac gid tri trung binh, trong th¥i k¥ b tao xuné jam viée,
nang lugng trong cudn cam tif ngudn la
WL_ = th)!\' 11.15}
Treng thisi k¥ bd tao xung ngit, nang lugng tif cudn cdm cdp cho tdi la:
WI.. o = (Vn _v)ltun‘ (11.1&»

Gid s khc‘;ng c6 ton thit trén hé thing, trong trang thdi 6n dinh hai nang
lugng nay bing nhau:

VItn!\' = (Va - V}It‘npr (11.17)
tir do: v, -vimttor oy T .V (11.18)
. torr T-toyy l-u

Vi o thay ddi trong khodng 0 dén 1, dién 4p tai If thuyét thay 46 to V
_dén o,
Bo tao xung tang dién 4p cé thé duge dung dé ham tdi sinh déng co de. Tiy
Hinh 11.30, néu V la dién dp phén tUng dong co va V, 12 ngudn de, niing luiong
dugc cap tir dién 4p gidm cia dong co dén ngudn dién dp 8n dinh nhung cao han.

Dang song dién ap va dong dién

Dang séng dién dp va dong dién d6i vdi mach bé tao xung (Hinh 11.27a),
va trudng hop dong lién tue duge minh hoa trén Hinh 11.31.

v, 4
v

v' _____ SN [ —— f — 4 — — — — - —

A L I\ t

L
on T 2T !

Hinh 11.31 Dang séng dién dp va dong dién cda b6 tgo xung.
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Chuy&n mach bd tao xung

Nhur da dé cdp, thyristor trong bé tao xung bj ngidt nh& mach chuyén phu.
Su chuyén mach cé6 thé duge phan leai nhu sau:

L. Chuyén mach cudng bite. Trong loai chuyén mach nay, déng gua thyris-
tor bi giam cudng bic dén zero dé& ngdt mach. Biéu nay duge thye hién bang
hai cich:

a} Chuyén mach dién 4p. Tu tam théi phan cue nguge dé ngdt thyristor

dang dan.

by Chuyén mach dong. Xung dong dién bi cudng bue di qua thyristor
dang dén theo chiéu nguge lai. Khi dang bang zero, thyristor bi ngit.

2. Chuyén mgch tdi. Dong tai qua thyrisior hoac giam d&n zero (khi dung
chuyén mach tu nhién) hoac dén linh kién khde, tif thyristor dang dan.

Chuyén mach dién ap

Mach nay gdém thyristor phu Th,, diode D, cdim khing L va tu dién C
(Hinh 11.32}, cbn mach tao xung la phan trong khung vai edc nét dit.

Bé khai déng mach, tu dién C lic dau duge tich dién bang cach kich khéi

thyrister Th,, dién tich tif ngudn qua C, Th, va tai véi thyristor dang tich dién
bi ngdt khi déng tich dién bing zero.

|
| +V¥r - | i
| - ol ] 4
+ [ o iy |
| +l.fc Th‘ ke |
I
I Ve € :
! - |
: ——F—¢ | iy
v t h, :
! | +
: D t i Dew &Y v,
| .
! |
i I

Hinh 11.32, Chuyén mach dién dp trong bé tao xung.

692



Hinh 11.33 |,
Dong séng
dong dign va L
diéen ap trong
bo tac xung
chuyén mach
dién ap M n

Ve
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So6ng dong dién va dién 4p cha bé tao xung chuyén mach dién 4p duge néu
trén Hinh 11.33. Thyristor chinh Th, khdi kich tai t,. Dong dién theo hai nga
- dong tai i, qua Th, va ddng chuyén mach i, qua C, Th,, L va D. Ddng i, dao
déng theo tan sd dlmc x#c dinh tit mach néi tlep LC. Kh1 két thiie xung 1 thu
nhit, C dugce tich dién am va diode D khéa dong dién.

bé ngdt Thyristor chinh Thl, thyristor phy Th, dugc khéi kich tai t,, lam
tu dién C tich dién hoan toan dé& phan cue nghich Th va ngit thyrlstor nay.
Tu dién C tu tich dién dugng tif nguén qua Th, va tai, Th ngdt tai t., qua trinh
tich dién chdm dit khi déng tich dign gidm den Zero, t.al duge chuyen mach.
Dbng tdi khi dé di qua D,. Tait = T, Thyristor chinh lai duge kich khéi va
chu k¥ duge lap lai.

Bo tao xung dan gidn nay duge ding ring rai trong qua khi, ¢6 nhuge
diém 1a tu phai duge tich dién trude d€ bat ddu van hanh. Hon nia, dién 4p
tang gip doi khi sy chuyén mach duge khdi dong tir Th,,.

Chuyén mach hing dong dién

Hinh 11.34 minh hoa bj tao xung chuyén mach bing dong dién. Thyristor
chinh Th, eda b§ tac xung duge chuyén mach bing xung dong dién dugc tao ra -
trong mach chuyén. Thi tu van hanh duge gidi thich dusi day, cdc dang séng
dugc néu trén Hinh 11.35.

Tu C duge tich dién qua ngudn V. Thyristor chinh Th, duge khéi kich ta1
t =t Cédc cye tai duge ndi vao ngudn va dong tai di qua Th. Tait=t,
chuyen mach cda Th, duge khdi kich bing thyristor phu Thz, dong du;n dao

' D, !
I ___Ih,__ |
| I .
| 'a
I~ l &
+ T = I
| Th
| ‘ Ao,
b j
'
: Th, | .
v I Ci L : Ya b Dpy
Hinh 11.34 I e | -
Chuyén mach —_*—_y  ___ -
bing dong 2a
dign trong bé T
tao xung. _
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Hinh 11.35 Dang song dong dién va dién dp
trong bé tao xung chuyén mach dong

695



déng di yua mach C, Th, va L. Khi i. ddo chiéu tai t,, thyristor Th, ngit
ichuyén mach tu nhién), dong dao dong I.qua D,va Th.Tait;i. =i, vado

d6 dong zero di qua Th, dé ngat, diode D, bit dau dan dong 1= 1, va duy tri sy
phan euc nguoe & Th .

Tait,i. =i vai, =0, D, khéng phén cyc thuan, dong tai di qua V, C,
L, D, va tai.

Tait,, Dy, tré thanh phan cuc thuan va bit du din dong tdi 1. Mach dao
dong gom C va L khi d¢ chiu cdce diéu kign mdi théng qua E, C, L, D sva .,
dong 1. gidm dén zero tai t, v_1dn hon E. Trong qua trinh todent, i =i +i,
va do d6, khi i, gidm xuéng, iy, tang dan. Tir 1, trd di, dong téi d1 qua Dm va
gidm xudng. Blen dp tu v_cing giam, do phong dién qua R.

Tait = T, thyristor Th) lai duge kich, v& chu k¥ lap lai. Bd tao xung nay
¢é nhidu wu diém. Sy chuyen mach cé d) tin cdy cao khi dong tii thip hon
dong chuyén dinh i 1. Tu luén tuén duge nap dién vdi cye tinh ding. Thyristor
phu Th, duge chuyen mach ty nhién khi déng dién di qua gid tri zero.

Chuyén mach theo tai

Trong phudng phap chuyén mach nay, dong tdi qua thyristor giam dén
zero khi dong déng co duge din gua diode tuf do. Hinh 10.36¢a) minh hoa mach
tao xung duge chuyén mach bing tdi. Céc cip thyristor Th,Th, va Th,Th, luan
phién dén dong tdi, dong din cia cap bat ky sé gidm dén zero do sy tlch dién
ctia ty C. Cdc dang séng dong dién va dién dp cia bd tao xung chuyén mach tai
dudge néu trén Hinh 11.36(h).

Khi van hanh, tu C duge tich dién am (Hinh 11.32a), tai t = t,, cdc thyris-
tor Th,Th, kich khdi. Dién 4p tai cde cye ding co tide thi vot 1én 2V. Mach
dong co‘ do cdm ifng, 1dy dong dién hdu nhu khong d8i. Tu C do dé tich dién
duong theo téc do dong déu va dién 4p & dong co gidm tuy&n tinh. Tu duge tich
dién duong tai t = t,, dong dién qua thyristor dén {Th,Th,) sut xubng zero va
cde thyr:stor nay bi khéa. Déng dong co tir thoi diém nay ducc diode tu do D,
dan. Tai cudi chu k¥ (t = T) cdc thyristor Th,Th, duge kich khdi, lam ty dlen
gqua Th,Th, tich dién, phén cue nguge va ngat cdce thyristor d6. Chu k¥ l4p lai.

G1id trl trung binh ciia dién 4p ra bd tao xung duge diéu khién bing cach
thay d0i tdn sé kich khdi cia bp tao xung, do d6, day i bd tao xung didu bisn
tén 58. D6t vdi dong tdi khéng d8i:

2VC
Ia

ton = {11.19)
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{8} Mach tao xung voi chuyén mach theo tai

‘o az

] []

i iga

2v

L h T 1
by Dang séng dong dién va dién ap

Hinh 11.36. Mgch vé dang song cia bé teo xung chuyén mach theo tdi.

697



D]én ép ra la: Vﬂ =V t:i"—N = Vt():\;f

2
V.= ——~—2Vl cf {11.20)
vii f = tan sé tac xung
Tai tdn s8 tao xung cuc dai:
1
fmax =—_
t'()N
V. =V (11.21)
2
Tir pt (11.20) v, :2—‘17_0;“,“
f - L £1.22
max 2vC ( .22a)
Gia tri ty dién duge chon theo dong tai egedai I . Tupt{11.22a), gid tri
nay la
Ta max (11.22b)
2V e '

Vidu 11.3. Xe chay bang acquy, duge didu khién bang bd xung chuyén mach
tai (Hinh 11.27a). Dién dp acquy 1& 100V, dong khdi dong 14 100A vi tan sb bd
tao xung cuc dai 1a 4kHz. Tinh gi4 tri tu dién C chuyén mach.

Giai

Tt pt (11.22b)

al Ia.max 100

C- - F = 125 uF
2Vf . 2x100x 4000 H

Tu gidy céng suat thap it tdn that c6 thé dude dung néu khéng cé tu C vdi
dinh mite 125 uF, 100A

- ¥y
Biéu khién déng co ac
Cdch duy nhat dé diéu khién téc d6 cia déng co déng bo 1a didu khién tdn

50 vao va dién 4p sao cho V/ f khéng d6i. Cae dong co cam Ung c6 thé duge didu
khién bang mét trong cdc phuong phap sau day:
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1. Piéu khién dién dp stator. Cé thé 4p dung cho cde déng cr nhé, cdc quat,
vi moment tai tang theo téc d6. Nhu da dé cép, ¢6 hai cdch d8 diéu chinh gia
tri dién 4p stator hiéu dung 1a diéu khién pha va diéu khi&n chu k¥ tich phén.

Pic tuyén moment - tdc 49 cia déng co cdm ung v6i diéu khién dign dp
stator duge néu trén Hinh 11.37. Moment cye dai gidm theo binh phuong dién
ap. Su didu haa tdc db chi c6 thé ddi véi tai c6 moment tang thee tde 4, va
khéng thé dat duge dai véi cdc toc do thap, do tde do giam nhanh.

Moment tai T,

Moment 4

Giam dién ap
Moment dong co vdi

dién ap stator dinh

ne e TEC dB 0

Hinh 11.37 Pde tuyén moment - tdc d6 cia
ding co edm ng voi cde gid tri dién dp stator.

2. Pléu khién tdn s6. Tan s& vao thay d6i dudge nh¥ bé nghich luw, 461 vdi
tdn s0 dudi nufe binh thusng, dién ap stator ciing thay déi sao cho V/ f khéng
dai, duy tri tir thong téng/ cue trong khe hd khéng khi. Hé théng diéu khién
theo 14n s6 duge néu trén Hinh 11.38. Hé théng nay chi s dung cho cdc
truyén déng cd dic tinh déng co cam dng hiu nhu khang yéu cdu bio tri.

B4 phan chinh ciia mach didu khién tdn sd 12 bd nghich luu thyristor 3- pha.

Pic tuyén trugt - moment ciia bd didu khién tdn s6 thay déi, V/f - khang
déi duge néu trén Hinh 9.40, va Hinh 11.39 6 dang tée 46 - moment. Cé thé thay
moment cue dai khong déi do tir thongfege ¢6 gid tri xac dinh.
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41
=
& o Béchinh luu 4 B6 nghich Mach logic
¢ * | denapbién* [y 10| I thyristor diu khién
c o—— thign o | 3-pha céng
S
[=2)
=
V.f bién thién
Béng cg
cam ing
2© B dac dong
5 o -] dugc diéu
32 khién bing
to3q didn 4p
£
— =

A 4

Hinh 11.38 Diéu khién tdn s6 doi véi téc do dong co edm ting;
toc d6 « e, i thong/cue khong doi

Moment |

f, {tdn s hguén danh dinh)

0 0.25 ay 0.50 0.7501 o, Tde a5

Hinh 11.39 Bjng co cdm ng - tdn s6 thay déi; vdn hanh V/ £ héng.

700



3.Diéu khién d¢ truot. Sy didu khidn dudi ddng bs ciia t6e d6 dong oo cam
Ung !4 cé thé bing cach dung bién trd trong mach rotor cia dang co cdm dng
rotor day quan. Phuong phap nay tao ra khoang téc 46 réng va moment khédi
ding cao tHinh 11.40). Moment cue dai trong truing hgp nay la khong déi. Sy
diéu khién tac dé co thé duge ap dung cho tai ¢é moment khong déi va tai kidu
quat dién. Nhuge diém chinh cta bd digu khién téc 86 nay 13 hidu suit thap do
nang lugng tén thit ¢ dién trd ngoai.

Phuong phdp digu khién dd trugt dua trén nguyén 1y chung 1a dd trugt
treng déng co cam Ung tang khi ting tén that dién trong mach déng co. Tén
that mach rotor bién thién eé thé dat duge bang cich méce bd chuyén déi ¢6 didu
khién vae mach déng co va dién trd o dinh (Hinh 11.42).

Moment |
l/ Tai kiu guat
——1_ |
Trn-hx \

Tai moment
khéng a8 o o< o~ _ _ _

Hinh 11.40 Piéu khién
dé tritot trong déng co
cam tng.

n - Tdc dd 0

Ngudn ac, 3-pha

B chuyén !
ddi A, {cd dinh}

Hinh 11.41 Ditu khién do trupt cia dong cu edm dng rotor ddy quén
vot b6 chuyén da1 trong mach rotor
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Thay vi ling phi nang hugng trugt bing dién tré ngoai, c6 thé hai phue nang
lugng nay, dua trd lai ngubn dién, d&€ khic phuc nhuge diém hiéu suit thap cia
phuong phdp diéu khién 43 truot.

Mach phuc hdi cong suat truot

Ning lugng tén that do trugt duge dua tré lay ngudn bing mach Scherbius
hoae duge dung dé truyén ding cho dong cv phuy néi ghép co hoe vdi truc dong
co cdm ting.

Mach Scherbius

Hinh 11.42 minh hoa s¢ 46 mach ting chuyén d8i tinh Scherbivs duge
diung dé phuc hi céng suit trugt. P& dat duge sy didu khién téc do déng bs
dudi va déng bd trén, cac bd chuyén doi C, va C, phai 1a cdc cdu thyristor diéu
khién hoan toan. Mot bé thue hién chife nang tai tén 4 rugt theo kidu chinh
luu hodce nghich luy, bé thit hai van hanh véi tdn s& hé théng dién ngudn theo
ki€u nghich luu hodc chinh luu. Tai tée 46 gian ddng bd, khi lire dién dong tdn
88 trugt khong dli dé chuyén mach tu nhién, cdn cé cic két néi dac biét hoac
phuong phdp chuyén mach cudng bice. Néu bd chuyén déi €, 1a loai (cdu diede)
khéng didu khién thi tdng chuyén dai va bé didu khién sé kinh té& va don gian
hon, nhung chi ¢6 thé diéu khién téc 46 dudi déng bo.

Can co mdy bién dp 3-pha giita C, va ngudn cung cdp véi dién ap lon, do
dién &p gilta cac vanh trugt bi han ché va cd thé rat thap dé nghich chuyén
truc tiép vao mach ac.

Nhuge diém chinh ciia truyén déng tang dudi ding bd 13 hé s§ cong suat
thap, dac biét tai cdc toc do giam. Tiéu thu céng suit phan khang cia bd
nghich luu lgn lam cho hé s cing suat cia truyén dong ting gidm thap.

Ngudn ac, 3-pha

Cudn cam
| . L,
*
|
Pong co o c May bién 4p ac, 3-pha

cam ting

Hinh 11.42 So dé mach truyén dong Scherbius tinh
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Truyén déng nay duge ap dung trong cac truyén dong bom va quat cong
suft 1dn ¢4 yéu cdu didu khién téc do trong pham vi hep. Néu do truot t6i da
a8, mic cong suat cia cau diode, bé nghich luu va may bién ap eo6 thé la
8,.. nhan vdi dinh mic céng sudt déng co,

Truyén déng nay bao dam diéu khién moment khang d8i. Didu khién cobng
sudt khéng d6i co thé dat duge bing mach truyén déng Kramer tinh.

Truy8n ddng Kramer tinh

Hé thong truyén dong téc d bidn thién Kramer tinh (Hinh 11.43) gém
dong ed cam dng vanh trugt va déng co de duge cap dién tir bd chinh luu. Cac
may nay duge ndi dién theo ting. Qud trinh phuc hdi cong suat truct duge thyc
hién qua bé chinh luu va déng co de. Moment cung cap cho tai la téng cac
moment dong ¢o cam Ung va dong ca de. Su didu khién téc 4o duve thue hién
bang cdch diéu khién dong kich thich ciia déng co de.

*
!
I

//// 1o Eﬁ f!

7 7 cad v,

Mach chinh luu
Hinh 11.43 So dé mach truyén déng Kramer tinh
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Néu ¢6 yéu cidu khodng tdc dé rong, cdu diod c6 thé duge thay bang ciu
thyristor. Tée dd co thé duge didu khién tir muc ding yén. Vi hé théng Kramer
tinh khéng ¢6 bo nghich luu chuyén mach trén mach dién nén it gay ra cdng
suit phan khdng va lugng hai cla dong ciing it hon hé thing Scherbius tinh,
nhung dai héi sy béo tri chéi than va vanh gdp cda dong ca de phy, va moment
quan tinh 1dn.

(6 thé thay dé diéu khién tdc dé etia dong cd cam vng can hiéu sy vin
hanh cua thiét bi chuyén cong suit de thanh ac tAn $6 bién thién. Trude khi
xét didu n&y, can hiéu mach didu khién pha duge dimg dé didu khién dién 4p
stator.

Digu khi€n pha ddng co cam (ng

Hinh 11.44 minh hga mach diéu khién pha cda déng co cdm ung 3-pha.
. Hai thyristor ndi déi song trén méi nhdnh. Thyd tu kich hoat cdc thyristor
trong moi ch& d6 van hanhla 1,3, 2, 1, 3 va 2' (Hinh 11.45). Khodng gée giita
cédc lan kich hoat 12 60° va tdn s8 kich 12 6 l14n tan s6 vao. Tif Hinh 11.45, ¢
thé thdy khi 3" duge kich hoat thi 1 va 3 din 60°, k& dd 2 dude kich hoat, 3 va
2 dan trong 60° k& tiép, ...

M3i thyrister sau khi duge kich hoat s& dan 120", Khi thyrister dan, sé
biét gig tri dién ap pha tuong dng. Khi mét pha hd mach, dién 4p sé cam Ung
do dong dién trong hai cudn day con lai cia dong co.

o
Pong co cam
3 ang 3-pha
_*_ﬁ;___|
co—
—a—
T

Hinh 11.44. Mach diéu khién pha dong co cdm dng 3-pha
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Hinh 11.45
Thi ty kich
fioat ede
thyristor. 13l ylar |1V

Cac hd nghich luu

B nghich luu chuyén dién ngudn de thanh dién dp ngudn cé tdn s6 bién
thién, 1a bé didu bién céng suit co ban cla truyén dong dong oo ac toe do bidn
thién. Cau hinh cda ciac bd nghich luu tuong 401 don gidn va nguyén ly vin
hanh dua trén cde mach dién tu.

Nghich luu niéfa cau 1-pha

Hinh 11.46a minh hoa cdu hinh mach nghich luu nifa cde 1-pha, ¢é hai
thyrister va hai diode ty do. Méi thyristor duge tao eéng tai tdn 88 f = 1/T cua
ngudn cung cdp ac duge yéu cdu. Céce tin hiéu ¢dng cua hai thyristor ¢6 géc pha
1800, Tir Hinh 11.46k, ¢6 thé thay tin hitu ra 1a dang s6ng ac chir nhat.

2n

M =
-

rad / s

Va1 T = chu k¥ kich hoat thyristor.

Dang séng ra cap cho tai cé thé gém ¢é cde thanh phian RLC. M8 hinh
mach cua b nghich luu duge néu trén Hinh 11,474, Sau vai chu k¥ dién ap
nguén v, 6n dinh dan, su bién thién dong dién theo théi gian s¢ on dinh &
dang tuan hoan.

t=T/2
i,=+1, t=0,T (11.23)
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Hinh 11.46 B
nghich luu nua

cdu I-pha
f
@ 1 t |
[ TR T 2T t
im 1 l_
[ 18— ]
vﬂ
vi2
o
t
-vz2rk-———-——-=

(b)

Trong khoang 0 <t < T/ 2

V, = — =V, +V, + V.
L] 3 R L. {
\i di, 1
. 1 . h
E = Rlu +Ld—:+66[il]dt + \"-U (11.24)

V@i V., 1a dién 4p qua tu dién tai t = 0. LAy vi phan pt (11.24)

d%, Rdi, 1 .
e i, =0 11.
di* Ld LC® (11.25)

Ban chat cua dang séng tay thuge vae mach giam chin. Dang séng dién
ap ra (chit nhat) va edc dang song dong khde nhau ddi vdi cac dac uyén tai
kh#e nhau duge néu trén Hinh 11.47,
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Tai RLC

{gidm chdn trén)

Vol
vi2
0
Y. S
1 f |
| | o) | |
. 1 I | 4
i 1 1 ]
inm : 1 1 1
o /\ t . /\ } /1' (gidm chan dudi)
o N2 T T2 2‘-'.-
o ———- vm I i 1
| | (c} | |
] | I i
| ) | i
i | | 1 |
im l ! t ! TaiRLC
.'m - - —_—— \ i 1| /\1\ 1
T T t } +
ot I fm 1 |
1 1 "] | |
] | 9 I H
. t 1 1 |
LY I | |
. I 1 1
: | } 1 | 3
; rm | i | | I Tai AL
] T t t t
. /m ' v J \f '
~lo | m |
: SRCI :
1 I { |
‘o Fom 1 | b t
'IO! —
Ta&i R
Ti2 T an2 2T !
A fre i
—s—sn— U0 =
+ — o+ -+
N Vg v Ve
“ ()
(a}

Hinh 11.47 Moch vi dang sing ra cééa bé nghich luu.
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Truting hgp tai RLC gidm chan dudi (Hinh 11.47¢) dong thyristor Th tién
d&n 0 va thyristor nay ngit trudc khi Th, duge tac céng. Cac diéu kign mach
lam cho diode D phén cyc thuin din dong tu do i,,. Ngay khi Th, duge kich
hoat, D, bi phan cuc nghich va dong chuyén tit D, dén Th,. Qua trlnh nay lap
lai cho Th va D,, va chu ky Liép tuc.

Trudng hop tdi RLC gidm chén trén (Hinh 11.47d) va tai RL (Hinh 11.47¢),
Th, buge phai ngit tai T/2 trong khi van con dong dién. Do d6, dién ap yua
thanh phér L cta tai s& dao chiéu, D, phan eve thuin, din dong dién tu do.
Khi dong dién mach ¢6 xu hudng dao chleu D, ngdt va dong dién duge dén qua
Th,, tao cong tai t = T/2, Ddi voi tai R 1y tu'orng {Hinh 11.470) vé ly thuyét
khing c6 déng dién ty do. Piéu nay khang cé nghia 1a loai bé diode tu do béi
¥i mach thue t& luén ludn 6 cim khang.

B3 nghich luu cdu 1-pha

Nhuge diém chinh cta by nghich luu nita ciu (Hinh 11.46) 1a cAn ¢6 dién
ngudn de 3-day. Piéu nay duge khic phyc biing cach dimg mach nghich luu céu
{Hinh 11.48) vdi 4 thyristor va 4 diode ty do. Thir ti tao céng thyrlqtor va cdc
dang s6ng ra duge néu trén Hinh 11.48b. Cée thyristor Th, va Th, edn duge tao
cong ddng thii ¢ tan s§ f = 1/T con Th, va Th, duge tao cong léch pha 180" so vii
Th, va Th,.

Vi dy 11.4. Tai néi vao ngd ra ciia bd nghich luu cdu 1-pha ¢6 R = 10 Q mie
ndi tiép véi L = 0.05H. Hay xdc dinh dang séng dién dp va dong tai cho hai
nda chu ky dAu tién véi séng ngd ra chir nhat tai 50Hz. Pién ap vao bd nghich
luu ta V, = 250V,

Tim biéu thie cha dong 6 trang thédi én dinh trong méi nita chu ky.

Giai
Hing sé thai gian tai 1=L/R = Oi[{];) =0.005s
Thoi gian nifa chu ki: 1 s
10
Bé1 véi nita chu ki ddu, deng ldac ddu 1a zero.

v, =+ 250V
in = 25 - 2hett= 95 (] - piy

i, {tai cudi nda chu ky ddut = 25 (1 - e?)
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Hinhk 11.48.
Mach vé cdc
dang séng cia Th,
bé nghich luu +
edu 1-pha.

h,

l [ | [ -
T2 T ar2 2T t
ignrdce |
v —— t
0 -
72 T st |or :
-V
{b)
DP8i vdi nla chu ky thit hai A

v,=-250V _
i, =-25+25+125101 - %)) gt
Déng trang thdi én dinh
Tt Hinh 11.47{c), trong nda chu ky duong:
ip=25-1(25+1,)e®™
i,(T/2) = 25 - (25 + 1) e? = I

I0|=25X :]9

1+e?
i, = 25 - (25 + 19) e
= 25 - 44 ™ (nifa chu k¥ + ve)

= 25 + 44 e (nua chua k¥ - ve!

709



Nghich luu cdu 3-pha

B¢ nghich luu 3-pha ed ban la nghich hiu 6-bac. Bic duoe xde dinh khi cé
sy thay ddi trong thd tu kich hoat thyristor. Bd nghich hwu cdu thyristor 3-pha
{Hinh 11.49), v6i Th, dén Th, 1a 6 thyristor mang tai va D}, dén D, 14 6 diode
tur do. Mbi cap thyristor trong mét nhanh (Th, va Th,; Th, va Th,; Th va Th,)
duge tao cdng tai T/2 va léch pha vdi nhau, khong ducrc phep tao ebng dong
thai. Th, Th, va Th, duge kich hoat léch pha tuén ty 120° va ti€p dén 1a Th,,
Th,, Th,. Day la dleu bt budce d& nhan duge cdc dién &p ngd ra léch pha 12(]“

4t . o .
. AmEo YmEo XmEo
Q; 1 a b c
) % e T o, s T O, Thy 7% D,

Hinh 11.49. - [1] .

Mach nghich luu cdu 3-pha. I N L7

Hinh 11.50 biéu dién cdc chu ky dén cia cde thyristor khac nhau theo thi
tu kich hoat néu trén. V§i géc 2n, c6 6 chu k¥ (mét phin sdu cha mdi chu ky
tudn hoan) va cac thyristor dang dén trong cdc chu k¥ nay 1a déng nhat, trong
chu k¥ bat ky chi ¢6 3 thyristor din. TAn s6 kich hoat 13 séu 14n t4n s6 ra. Cac
¢ d6 mach trong 3 chu k¥ lién ti€p tuong ung vdi nita chu ky duong ciia v -
duge néu trén Hinh 11.51 va cac dién 4p ra duge xdc dinh theo dién dp dc v, )
ngd vao. Céc dang sdng dién dp cla ba dién 4p pha - trung hoa ela bé ngh;ch
luu 3-pha (Hink 11.49) ciang duge xde dinh theo quy trinh néu trén, cde dién
ap nay léch pha 120° Thi tu pha 6 thé ddo nguge bang cach ddo thir tu kich
hoat cdc thyristor. Cdc dién 4p giita cdc day ngudn duge xdc dinh bing cach
lay higu cac dién 4p pha. Dang séng cia Vik = Van - Vg duge minh hoa trén
Hinh 11.50(d). Cac thanh phan dién dp cd bdn tao thanh tap hgp can bang.
Cdc diode cho phép dong dién di qua léch pha véi dién ap.

Diéu khign hai va dién 4p hd nghjch I

Khi dp dung cdc bé nghich luu dé diéu khién déng cg, can thay d6i V va f
(nhung V/ f khéng d8i). Hon nita, ede bé nghich Iuu cung cap dién ap ac khong
theo ham sine cho dong co. Mach loc bén ngeai khéng thé dung duge do khé
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id)
Hinh 11.50. Thu ti ddn dién ciia cde thyristor
trong b nghich luu cdu 3-pha va dang song dign dp re.
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{a) A

Van = Yon= =V A3

A
+
Chuky | . 0<al< a3
Z z V3 Van = Vg fd = v
. Vo = —2V, /3
. |
(b) Voo t +
- zl_}] 2V,
8
A
+f Chu ky il, 3 < ot < 223
Van = 2 Vo3
. Z 2V,/3
N

e

N
b O —{_)}—!
S .4 (-

s
1Chu ky Il 23 < ot < 21

P4 Z 2V, /3 Vay = Vg = Vil
] + Yoy = =2V 13
_ N ~1
@ G,,: ' + 1
- z V.3

Hinh 11.51. Cdc mgch va dign dp ra trong 3 chu ky lién tiép
cda bé nghich luu cdu 3-pha.
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khan khi van hanh cée b§ nghich lwi trén khodng t4n s6 réng. Do 46, cdn
giam lugng hai & ngd ra ac cua bd nghich luu.

Tén s6 nghich luu dugc diéu chinh bing cdch thay d4i téc d¢ kich hoat cac
thyristor, dién 4p c6 thé duge diéu khién bang mdt trong cdac phuong phap
dudi day:

1. Diéu khién dién dp vdo dc. Trong mach nay, b chuyén déi cé diéu
khién cung cap dién 4p dc bién thién cho bd nghich twu (Hinh 11.52). Phuong
phép nay cé thuin lgi 14 lugng hai dién 4p ¢d dinh & ngd ra, nhumg d¢ tin cay
cua phan chuyén mach khong cae khi cdc gia tri de thap do dién dp chuyén
mach trong nhiéu b3 nghich luu ty 1& vai dién dp de.

Ngudn Bb6 chuyén ddi : | :
T

3-pha co diéu khién B& nghich Iuu

Bén
coa

Hinh 11.52. Diéu khién di¢n dp de.

2. Biéu khifn dién dp de béng bé tao xung. Dién 4p de ra khong 448 cia bd
chinh luu cdu toan séng 3-pha duge didu khidn bing mach tao xung (Hinh
11.53). Mach nay co hé s6 cong sufit cao & ngd vao ac cia bd chinh luu ciu va
d4p ung dién ap nhanh do ¢é hiing thii gian nhé ciia mach Ige LC & phia ngbd
ra cha bd tao xung tin sd cac. Mach ¢é sy chuyén mach {eia b9 nghich luw
khong 8n dinh & cdc dién 4p de ngd véo thép, clin phai dung hai b dleu khién
¢dng sudt mic ndi tidp.

Nguén: Chinh luu —1 B tao | Bo nghich D&Y
. By

3-pha diode — xung Idu cd ag

Hinh 11.53. Diéu hhién dién dp bdng b6 tgo xung.

3. S dung bo nghich luu voi diéu khién dién dp déc Idp. Cdce mach nghich
luu cai tién cho phép diéu khién déc 1ap dién &p va tdn s6 ngd ra (Hinh 11.54).

Ngudn Chinh tuuy | B& nghich Bang
I ¢ ac

3-pha dicde 1uu

Hinh 11.54. Mach nghich luu voi diéu khién dién dp dée ldp.
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Céc b nghich luwu v&i digu bign chidu rdng xung

Thay vi xung chif nhat ¢ ngé ra (Hinh 11.46 va 11.48) trong méi nua chu
k¥, mach chuyén cd thé cii tién dé tao ra mét joat cdc xung ngdn trong timg
nuia chu k¥ {Hinh 11.55). Bién d5 dang song ra cg s¢ c6 thé duge didu khién
biing cach thay d4i cdc chu ky ON/ OFF. Phuong phap diéu khién dién 4p nay
duge goi 1a diéu bign chiéu rong xung, cé luong hai thap khi dién dp ngo ra
thdp. Han nita, fuong hai thip khd loc d séng ra gidm rd rét so vdi xung chir
nhét & ngd ra.

eininn e |
H T

Hinh 11.55. Cdc xung lién tiép va séng co 6.

B

Diéu bign xung dang ham sine

Trong diéu bién xung dang ham sine, chidu rong xung, thay vi déng nhat
(Hinh 11.55), 1a ham sine cGa vi tri géc theo séng guy chidy, do d6 giam lugg
song hai. Ham diéu khién gdm séng sine bién 49 A bién thién, tin s6 ngd ra
co s¢ f = 1/T, séng tam gidc bién dd6 A khong ddi va tin sd £, v¢i thanh phan
thdng ciia hién dé A {Hinh 11.56}. Dang séng tam glac phéan cm: dao chiéu cuc
tinh ¢ cudi mdi niia chu k¥ dién dp. Cdc tin hiéu cong xung duge tao ra do sy
so sanh dang séng tam gidc va song sine. Cdc xung cdng nhin duge trong cac
khodng thii gian, trong dé tin hiéu sine dugng hon tin hidu tam gigc. Cong
thitc tinh s& lugng xung ¢dng trong mia chu k¥ la:

f - .
N = —£ = 30 nguyén {11.26+
2f guy

Céc goc kich hoat va chuyén mach caa cac thyristor duge xac dinh bang giao
diém ciia hai tin hiéu quy chigu. Ti Hinh 11,56, ¢6 thé thdy bién d6 séng di*n
ap cu 50 duge diéu khi€n bang cdch thay déi bién d§ A coa song sine trong
khodng 0 <A< A v6i A, =2A, NeuAldnhon A__, s6 xung ra sé it han N
tpt 11.261. Trong gidi han nay xung ra tré thanh xung chir nhat ¢6 chiéu rong
nua chu k¥ nhy trudng hgp nghich luu ciu binh thuing (khéng didu bign).
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Hinh 11.56 Dién dp ra vdi sy diéu bién xung dang ham sine

Cédc tin hidu cdng nhin duge nhu trén duge dung d€ kich cdc thyristor
trong bd nghich lwu cdu (Hinh 11.48). Céc thyristor Th, va Th, dude tao cing
trong khodng xung duong, Th,va Th, duge tao cong theo xung dm. Trong cac
khodng gid tri 0 cia cdc tin hleu eéng duge tac xung Th, va Th, hosic Th, va
Th, dugc tao c6ng do dnen dp ra la zero. Pién thé ra duac néu tren Hinh 11 56
la ban 8a0 cdc tin hidu edng duge tao xung sinh ra do so sdnh dang séng tam giac
va song sine cap cho mach chuyén mach,

Khdo s4t mach cia bé nghich lau nita cdu (Hinh 11.46a) che thay khang cé
cich nao dé dién 4p tdi giam dén zero, ludn lubn cé v, =+ V_ /2. Phuong phap
didu bi&n xung sine, do dé khong thé s dung duge, Phuong phap diéu bién
khac c6 thé duge diung trong bé nghich hw nia ¢du (Hinh 11.57). Sy diéu
khién dién 4p dat duge biing cdch thay dbi bién dd séng sine quy chidu. Loa:
didu khién dién ap nay it duge ding vi ty s6 bién do hai v6i bién do thanh
phin co s¢ cua séng dién 4p ra cao.

Viéc sit dung bdo nghich lyu didu bién chidu réng xung (PWM) dé didu
khién déng co ac duge minh hoa trén Hinh 11.54. dJ day, bd nghich luu dude
¢ap dién ti ba chinh luu diode dién dp dc khong dét, sy diéu khién dién dp ac
tai cuc dong co dat duge qua bd nghich lwu. Uu diém cda s¢ 48 nay 1a dbi hoi
chuyén d3i cang suat didu khién don nén hé 56 cong sudt cha ngudn ac dén b
chinh luu diode kha cao. Hon nita, lugng hai tan s& thip cua nghich luu PW M
thap han so véi nghich luu ikhéng didu bign) binh thudng. Trong truyén ding
PWM, hiéu suat nghich luu hoi giam do nhiéu chuyén mach trén mét nia chu
ky. Tan s§ chuvén mach nén ting dén muc cho phép bing céc linh kién ae



5dng sine quy chidu

/' Séng tm gide

_

1 ] - L

Hinh 11.57. Sy diéu bién trong b6 nghich luu nita cdu.

nhan duge sy can bang giita tang tén that trong bé aghich luu va gidm thn
that trén may (do lugng hai gidm).

K¢ thuat han ché song hat trong céc bd nghich hu PWM dugc cha y nhidu,
Trong phuong phap nay, cic vach duge tao ra theo cdc géc cho trude trén séng
vuong, cho phép diéu khién dién ap v6i su han ché& cac séng hai chon loc.

Chuy&n mach cu@ng birc

Trong cdc b nghich htu va bg tao xung, hé thang thyristor duge cdp dién
tif ngudn de, dong thuan khong thé di qua diém zero mét cdch tu nhién, do dé
phai cudng bire d€ trd thanh zero tai thi diém thich hop bang mach phu, duge
goi 14 mach chuyén mach. Ngoai viéce bubc dong thuan di qua gia tr zero,
mach chuyén mach cdn cung cdp dién 4p ngude che thyristor duge chuyén
mach trong khodng thoi gian dii dai (it nhat 12 bing thai gian ngit) dé tang
tac va hoan tdt qua trinh phuc héi ciia trang thdi khéa thyristor. Qu4 trinh
ngat thyristor nay 1a chuyén mach cuing bie. '

Néi chung, mach chuyén mach cugng bite 6 mach dao déng LC, dugc xem
la ngutn dién 4p hoac dong dién lién hé vai thyristor.

Ngudn dién 4p chuyén mach c6 thé méc néi tiép vai thyristor hoac song
song qua tinh kién phu. Mach chuyén mach cuémg bic duge chia thanh hai nhém
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(i} Chuyén mach nél tiép, trong 46 tu dién chuyén mach méc néi tiép vdi
thyristor ngit.

(i1} Chuyén mach song song, trong dé tu dién chuyén mach mdc song song
vdi thyristor ngat.

1. Ngét cong hubng ndi tigp

Loai chuy&n mach nay con duge gui 1a chuyén mach tdi do phy thuée vao
ban chat cda téi. Trong mach trén Hinh 11.58(a), néu thyristor hoat dong, sé
khéng ngit mét cach tif nhién, do tinh lién tuc cia dong dien. D& ngit thyristor
ndy, cin c6 mdt tu mac néi tiép trong mach (Hinh 11.58(b} sao cho mach la
giam chidn dudl. Néu cdm khdng tai khing ddng ké, cdn méc cuén cam néi tidp
trong mach dé tao dao déng, Hinh 11.58(c) minh hoa déng dao déng cua mach
(Hinh 11.58 b) khi khéng ¢ thyristor. O cudi xung dong dién duung thit nhat,
dong thyristor sut xudng zero va ngat. Trong lue 46, tu C duge tich dién dugng,
phan cue nguge thyristor d& hoan tit qué trinh ngét. Dong qua thyristor gin
nhu 14 hinh sine nén dong chuyén mach ban dau cé di/dt thap, gidi han t6n
that chuyén mach.

Loai mach chuyén nay duge van hanh thanh cang ¢ 20 - 30 kHz, gidi han
tan sé cé xét dén thoi gian ngit phai dudi 1/4 chu ky tuan hoan cila dao déng
mach. Diém yé&u cda loai chuyén mach nay la diéu hoa tai kém.

(a)

(c} {d}
Hinh 11.58. Cdc mach chuyén mach mde néi tiép.
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Hinh 11.58 (d} minh hoa cdu hinh thir hai clia mach chuyén mach méc néi
tiép. O day mach dao déng s& 1am C tich dién t4i dién 4p gan gip d6i dién ap
ngudn {tie 1a 2 V), su nglt duge thue hién véi khoang th#i gian ngin han.

e

2. Ngét cbng hudng song song

Hinh 11.59 trinh bay nguyén ly
chuyén mach song song. Khi thyristor
ngit, C tich dién dén V. Khi thyristor Q’a
hoat dong, dan dong tai I, va dong dao -
déng cia mach LC. Déng trong mach LC
dao0 chifu trong phédn dao dong nua thu
hat {Hinh 11.58¢), tam giam ddng thyris-
tor dén zero va ngdt thyristor nay. Dién Hinh 11.59 Mach chuyén mach
tich van con trén C phan cuc ngugce thyris- song song
tor sau kht dong dién di qua gii tri zero.

Loi diém cia cde loai chuyén mach nay la diéu hoa tdi rat tat va dién ap
qua thyristor bi gidi han, khing vuot qua dién dp ngudn. Néu dién trd R tang,
viéc tich dién cua tu C s2 cham, lam ting thoi gian ngit toi thiéu. Vi vay, mach
nay chi diing cho cac tai dién tréd khong dbi.

3. Chuyén mach bi

Hinh 11.60 minh hoa
mach nghich luu nira ciu 1-
pha ¢6 médc thém cdc tu
chuyén mach C,, C, va dién
cim L, L,. Mach nay cung
cap su chuyén mach dién 4p
xung bo sung. Trong mach
nay, néu Th, hoat dong sé
kich hoat Th, chuyén dong
tai dén Th,; Th, ngit. Gia
s( tai 14 cam Jng, dong tadi
I, hau nhu én dinh. Khi Th, . .
dang din, sut dp qua L, Hinh 11.60 Mach chuyén mach bi.

M=L,=L=L C=0C=C

khéng ddang ké vi mic thay
déi dong tdi nhd. Tu C, vi vay tich dién dén V, dién dp ngudn. Nang lugng
trong tir trudng cua cudn cam la —_};LI% . I, 1a dong tdi.
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Khi Th, dugc kich, dién 4p V, cia C, xuat hién qua L, do d6 dién ap V
cam g qua L, phan cyc nguge Th v& ngédt thyristor nay. Dong I, bi ngat
trong L, s& chuyén qua L, vi tif théng khong thé thay d&i tce thii

Hon nda, vi dong tdi dién cdm khong thé ngit, nén dugc cap dong 1,/2
déng déu tis C, va C,. Tu C tich dién va C, phing dién véi ciing ty sudt. Tu C,
khi dé song song véi L, {Th, heat dong) va dong dao dong xuit hién trong
vong kin. Tai phan tu chu ky dac déng thit nhat, dong dao dong tang téi gia tri
cuc dai [, Tai thai diém nay, Th, dér I qua hai tu dién. Nhu vay dong dién qua
C,vaC,la(l +1 ¥2{Hinh 11.61 b).

Trong qué trinh nay, C, tich dién dén dién 4p nguin va dién 4p cdm ing
qua L., giam, Th, phén cue thudn. Tai cudi qua trinh tich dién, khi C, dat muye
V., dién dp qua C, déng thi gidm dén zero.

Khi C, ¢4 xu huéng tich dién ngugc trong phdn tu chu ky dong dao déng ké
tieép, diode D, chuyén qua ché dj dan va domg (I, + 1) di qua diode nay. Dong I
" gua L, va nang lugng tiéu tdn qua Th, va D,, khi dé Th, & ngat (Hinh 11.61c).

Tu C, duge tich dién hoan toan dén V, va dong tai I duge ¢ip qua D,
(Hinh 11.61d). Sau khi I giam dén zero qua diode tv do D, D, khoa va Th, lai
duye kich hoat hoae duge kich néu vin din dong dién. Dong tdi theo chidu
nguie lai.

So d6 chuyén mach trén Hinh 11.60 da duge dung ¢ ca ba nhanh cia bé
aghich luu cau 3-pha.

Vi dy 11.5. Hinh 11.62 trinh bay mach duge diung cho bd tu chuyé&n mach
bing cong hudng.

ta) Vi thyristor ¢ trang thai khoa, dién ap tu ¢ trang thai én dinh va
dong tai la bao nhiéu?

(b} Viét cong thite dong tai, dbng qua thyristor va V,tt) sau khi thyristor
hoat dong tait = 0

(¢} Tinh thoi gian thyristor ngung din.

Gial
{a} V.=200V;1 =0
(h) Ve (t) = 200 cos JItJ_C = 200 cos 316t

i ttheo chiéu thudn cia thyristor)
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L

) [ ] i

ta} Mach trudc khi kich hoat Th,

V,./2
L
L,
Vo /2
Th
i

{8 Mach sau khi ngat Th,

—
—te
-

(¢} Mach khi tiéu tdn nang lugng coa L,
Hinh 11.61. Hogt déng cia mach chuyén maqch by.
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Hinh 11.61 itt)

(d) Mach khi co dong qua D,

C = 100pF
+

Hinh 11.62. Mach dign Ya=200V 3
minh hoa Vi du 11.5.

.

=6.32s5in 316t

dv,.(t)
Volt) = -0 =2
of dt

i =200 o4
" 100

im = 2 +6.325in 316 ¢t
(¢) Thyristor ngung khi

2+6.32sin 316t = 0
t = 1.096 ms

Diéu khién vector clia dong co cim img

Y tudng déu khién vector cho dong co cdm dng 13 truyén dong dién véi
hiéu suat cao hon dong co de kich thich riéng ré. Cung véi didu nay, dong co
cam tng ¢6 bd truyén déng manh hon, tin cdy, d& bdo tri, va ré han so vdi
truyén déng de. Vai nam trude, dong co de kich thich riéng rée duoc coi la t5i
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uu trong coéng nghiép. Pidu nay la
nh# hiéu suit déng luc nhanh hon
so vihi ddng c¢ cam dng. Su ddp ing
dong lue nhanh hon cia déng co de
nh# sy didu khién moment doc lap
va tif thong trong dong ca. Trude khi
¢6 su didu khién vector cho déng co,
cae phuong phap didu khién tée dd
duge chdp nhéan rong rai déi vai
truyén dong clia déng co cim (ng
16ng séc gom didu khién dién ap,
tan 5o, dién trd rotor, diéu khién v/f,
diéu khién d6 truot, va didu khién
héi phue cng suat trugt. Céce phuong
phép dé déu 12 diéu khién vé hudng,
déng eo long s6c ¢6 hiéu sult déng
lue thap han so vdi dong cd de kich
thich riéng ré.

Truyén dong dong co cim ing
ldng séc vdi didu khién vector hodc
dinh hudéng trubng kich thich cé mitc
hiéu sudt dong luc cao va bd diédu
khi#n vong kin cd dd én dinh lau
dai. Tuy khong c¢é su khdc biét ro
rét giita didu khién vé huéng va diéu
khié&n vector, nhung didu khién vec-
tor ¢6 vai tinh chat cho phép ning
cao higu sudt déng lve. Pidu khién
vector con duge goi la diéu khién
doc 1ap, trong d6 vector moment va
vector dong tif thong dude didu khién
tugng tu dong co de kich thich riéng
Té ¢4 mach bi.

Trong ch& &b diéu khién vector,
mach diéu khién truyén dong déng
cd 1dng soc duge tuyén tinh hoa va
hoat déng tuong v déng co de kich
thich riéng ré ¢6 mach ba. Su diédu
khién dong dién phdn (ng tac dong
truc ti€p dén moment dién tir xuat
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hién & bg truyén déng sit dung dong co de kich thich riéng ré c6 mach bi.
Tuong tu, trong phuong phap diéu khién vector, hai dong dién vudng géc, chiu
trach nhiém tao ra tif thang va moment, dugc didu khién dac lap va dap ang
cta thanh phan moment cia dong dién 13 rét cao, do d¢ didu khién moment
nhanh hon, hiéu sudt dong luc hoc cia bd truyén déng cao hon.

Theo nghia rong, diéu khién dong cd cam ing 1dng séc tugng ty dong co de
kich thich riéng ré ¢6 mach bu, dugc coi 1a didu khién vector, Trong truéng
hgp nay, dong stator duge bigu thi theo hé toa 46 quay ddng b véi vector lue
tir ddng rotor hoic stator. Cac dong stator thee hé toa dd nay duge chia thanh
hai thanh phdn tric giac tao ra tir théng rotor vA moment trong dong co. Didu
nay tuong tu djng co de, trong d6 moment va tif thong duge diéu khidn mét
cach doc lap thong qua thanh phan dong dién trudng va thanh phan dong
dién phin (ng riéng ré.

Su diéu khién doc 1ap hai dong dién (i,,* va i_*) tryc giao duge thye hién
vdi cdu triic mach duge néu trén Hinh 11.63. Cau tric didu khién nay cung cip
ba dong dién quy chigu pha, 1a cdc dong 1§ tuéng cin duy tri qua cde cudn day
déng co dé diéu khién vector. Trong diéu khién hai dong dién true giao, ba
dong dién pha qua cdc cuén diy dong co duge didu chinh sao cho sat vdi cde
déng dién ly tudng. Trong qua trinh chuyén tiép, cde dong dién thay déi rit
nhanh v& tao ra su thay ddi nhanh cua thanh phin tao moment ciia dong dien
true giao. Do d6, trong didu khién vector, cén st dung bd nghich luu véi sy diéu
chinh dang dién nhanh.

Trong digu khién vector dong co cdm ung, cic thanh phan tit théng va
moment ctia vector déng dign stator duge diéu khién dge lap. Dol véi didu nay,
cdc dong dién ¥énh (i, * va i *) duge 18y tiz cdu tric diéu khién déng ca, do d6
tae ra ba dong dién quy chidu pha __*, 1, %, va i *). Ba dong nay qua cac cudgn
day dong ca (i, i, 1, ) dude duy tri sao cho cac dong trye giao (i va iqu trong
dgng co tuong hap vdi cdc dong dién 1énh (i, * va i_*). DE dat duge diéu nay,
thuéng sit dung b nghich luu nguén dign dp duge diéu khién bing dong dién
(CC-VSI). Tir Hinh 11.63 ¢6 thé thdy cdc lénh moment va tir théng (i,* va
1,,%) duge cdp cho cdu tric diéu khién vector. Khi dap ing cac dong dién lénh
niy, cdu tric diéu khién thue hién cdc mdc tir thong va moment cdn thidt
trong mach truyén déng théng qua sy diéu chinh ba ddng dién pha.

Trong diéu khién vector cta ddng co cdm ing, tit thong rotor duge diéu
chinh théng qua sy digu khién dong dién cde cudn stator. BE didu chinh tir
théng rotor, can biét vi tri tir thong nay. Vi tri tir théng rotor duge cam bién
ho#c ude tinh, Do dé, tuy thee phuong phap luan duge ding d€ xac dinh vi tri
vector tif thong rotor, didu khién vector duge chia thanh didu khién trye tiép
va diéu khién gidn tiép.
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Phu luc 1
Phan tich mach trang thai on dinh

Biéu thj pha clia cac song sine

Cac dang séng sine (Hinh 1.1) ¢6 thé dugc biéu thi theo phu‘cfngxﬁrinh

~

a:JEA sin {mi + ¢)

trong d6 J2 A = bién dd cyc dai cua song sine
A = gia tri rms cua séng sine
w= 2nf.= tin sb (rad/s)
f = tdn s6 (Hz)

¢ = géc pha
Phuong trinh trén efing duge viét dudi dang
a =2 A sin (ot + ¢)=Im lJ_Z- A e"’ej""] {1.1a}
- Im [V2 K| (1.1b)
trong do6 A=A =Asd (1.2)
a
J2Ar V2 A sin (oh + @)

Hinh 1.1
Dang séng sine.
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Theo pt 1.1b, séng sine ¢é thé bidu thi theo pha A tif pt (1.2), trong d6 A
14 46 16n eda pha bidu thi gia tri rms cha séng sine va ¢ 12 goe pha. Bing cdch
tinh theo s& do, dai lugng Ae™! trong pt (1.1b}, ¢6 thé tim duge gia tri tic
thét coa séng sine biéu thi vector pha A . Phuang phap thir hai 13 st dung dé
thi pha (Hinh 1.2), trong d6 vector pha s la dai lugng ¢ hudng véi dé ldn A
tai goc ¢ tinh tif truc qui chidu. Sy quay nguge chiéu kim déng hd theo géc w
rad/s sé ddy vector A theo gid tri e trong pt (1.1b). Tit 45 thi ¢6 thé dé dang
nhan thay, hinh chiéu cia vector pha trén trye y ¢ thai diém t nhan véi fg la
gi4 tri tife thoi cha séng sine biéu thi theo vector pha.

Hinh 1.2
B6 thi pha ciia séng sine

A sin {aX + @)

af + 9

Cong cac vector pha

Cong (hofic trit) hai hodic nhidu séng sine cung tdn sé c6, th# dugc thyc
hién dé& dang bing dd thi pha. Vi dy,

J2 A, sin (ot + ) + V2 A, sin (0t + dy) = ¥2 A sin (ot +¢) (1.3)
Hai séng sine trong pt (1.3) dugc biéu thi theo cde vector pha
Kl = Alejm

A2 - Aze""

De ching cé eiing tin s&, ching tinh tai vdi nhau (Hinh 1.3). Do d6, trong
khi cong, chidu quay cda cdc vector pha khéng ¢ ¥ nghia; chi xét khi ¢dn tim
gid tri tic thoi clia séng sine. Phuong phap vector pha rét hitu dung khi xa ly
cdc séng sine cé chng tdn sé.

Dang vector pha cia pt {1.3) nhu sau

A+ A, =A=Ae® (1.4)
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Hinh 1.3 Céng cdc vector
pha cda hai séng sine e ?
cung tin 56 BT 7
Ay == i
/
s
Fi
,/
* £
’ A,
L) -

o

Phép cing cac vector pha duge néu trén Hinh 1.3, phép trir duge néu trén
Hinh 1.4

Hinh 1.4 Tri cde
vector pha

Az A - A -A,

Trang thai 8n djnh cia dién xoay chidu

Mach duge kich thich véi ac sau cde chuyén tiép, s dat dén trang thai én
dinh, trong dé dién dp va ddng dién & moi di€m trong mach déu cé dang ham
sine vdi mach bao gém cdc phin tif tuyén tinh. Do d6 trang thai én dinh ac
cuia cdc phan tdf tuyén tinh - dién trd, cim khéng, dung khdng - cé thé thiét
lap mb hinh theo cdc vector pha diaén dp va dong dién.

Dién tri
D&i v6i phan ti dién trd trén Hinh 1.5a

Vi = Rl (1.5)

trong dé dién 4p qua dién trd 12 déng pha vdi dong dién (db thi pha trén
Hinh 1.5b). Phuong trinh 1.5 duge viét dudi dang
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Hinh 1.5. l» A
Mach dién tré. uhbbd - -
r-— Vg——= Vg = Rig In
+ -
(@) (b)
I, = GV, (1.6)
trong dé G= 1
R
Cam khéng
Doi vdi phén ti cam ¢ng (L) trén Hinh 1.6 a
vV, =X, 1, (1.7
trong dé X, = oL = 2nfL (1.8)

Pé thi pha tuong dng pt 1.7 duge vé trén Hinh 1.6h, trong d6 dién 4p qua

cubn cam va dong dién léch pha véi dong dién tré 90°

V=X

Hinh 1.6.
Muaceh ¢6 cudn cdm,

(8}

Phuong trinh 1.7 duge vigt lai dudi dang

I, = -jB, BV,
trong dé B, = % = m_lL
Bién dung
Péi vai phan tit dién dung (c) trén Hinh 1.7 a
vn: = —chTc
trong dé 1 L

Xo=—=
el 2nfC

by -

It

(1.9

(1.10)

(1.11)

(1.12)
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X
] c
o——-f-~—| ——
+ Ve -
VC = —j).'c !
{a) (b}

Hinh 1.7. Mgch 6 fu dién.

Ung véi pt (1.11), 46 thi pha dugc v& trén Hinh 1.7b, trong d6 dong dién
sdm pha 90" so vdi dién 4p. Phuong trinh 1.11 c6 thé vigt dudi dang

iBcVe (1.13)

i(‘ s
tr dé6 B, = 1 e
ong " X,

Mach RL ndi tiép

Ap dung dinh luiat Kirchhoff & dang vector pha cho mach RL ndj ti&p trén
Hinh 1.8 a

V=V +V =RI+ X T=(R+ X1 (1.14)

Bang cach sit dung cdc quan hé néu trén, db thi pha tuong img pt (1.13)
dugc vé trén Hinh 1.8b, trong dé dong dién tré pha so vdi dién 4p 1a

X
8 =tan"' =L
an g (1.156)

Phuang trinh (1.14) ¢6 thé duoc viét dudi dang

1-_—Y

R+ X, (1.16)
Téng trd trong mach duge x4c dinh theo
Z = (R + jX) = tdng trd (sé phuc) (1L.17)
=Zs8

1

- _'I xL

trong dé 0 = tan 5y
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=
TEAT:
9,

v, = RI 7

(b)
Hinh 1.8. Mach RL néi tiép.

1a gée tré pha giita dong dién va dién 4p trong mach. Tdng trd cla mach
nay dugc bidu thi theo 58 phic trén Hinh 1.9, trong 46 tdng trd khong phai la
vectar pha.

R
Hinh 1.9 Tam gidc tong trd

Phuong trinh 1.16 c6 thé duge viét dudi dang

=YY ow6iV=V 2" (1.18)
Z 2
1-YV (1.19)
trong dé Y= % {1.20a)
=G-jB (1.20b)

G = dién din cha mach.

B = dién nap cua mach.
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Dé dang nhan thiy trong mach nay c6

R
G=— " _ .
R? + X2 1.21)
X
B=—"k_
R? 4+ X2 (1.22)

Mach RL song song

Xét mach RL song song (Hinh 1.10a) dugce kich thich bng dién 4p V. Hai
phén tif clia mach nay 1a

S AP
I, =— =0V =—=-jB, V
R =R L X, 38y,
Ap dung dinb luat Kirchhoff
I=Thi+I =(G-jB V=YV (1.23)

trong d¢é Y=G- IBL
D6 thi pha cta pt (1.23) duge vé trén Hinh 1.10 b, trong dé

6 =tan’! % = géc dong dién tré pha so v6i dién 4p.

JR= Gv
f g v
. . Ia 4
14 @ %E R X,
INL =j8 V
() )

Hinh 1.10 Mgch RL song song
Tir pt {(1.20b) c6 thé dé dang nhan thay mach song song tuong duang cia

mach néi tiép (Hinh 1.8) dugc néu trén Hinh 1.11, trong d6 G va B duge tinh
theo cde pt (1.21) va (1.22).
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6,
S

o

8,

'Hinhk 1.11 Mach song song tuong duong cia
mach RL néi tiép trén Hinh 1.8

Ban doc 6 thé d& dang tim duge mach néi tiép tuong dueng v6i mach RL
song song trén Hinh 1.10 bing cich sif dung pt (1.23).

Tdng trd/ dién dén trong mach ndi tidp/ song song

D1 véi téng tré trong mach néi tiép

Z=7,+2Z,+.. (1.24)
1 1 1
hac _ ==t =+ ... 125
08 Y'Y Y, ( )

b6i vdi dién din trong mach song song

Y=Y, +Y,+.. (1.26)
hotic LI T (127)
; Z Z, 2, :

Dang téing tr¢ trong pt (1.24) tuang d6i thudn tién che mach néi tiép va
dang dién dén trong pt (1.26) thuédn tién cho mach song song. Hon nita, cAn
nhd cac phdi hgp mach song song/néi tiép ludn ludn phai st dung cdc phép
todn s6 phie

Cong suat trong mach ac {mdt pha)

. Xét Hinh 1.12, trong 46 ngudn 1 - pha cung cAp cho tdi ¢6 téng trg Z £ 6.
J dang titc thai

v:Jz_Vsinmt
i=+2 Isin{at-6
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|
|
vL0° ! [j 26
|
|
I

Hinh 1.12, Mach ac 1-pha.

Cong sudt tic théi dudge tinh theo
p = vi = 2VIsin ot sin (ot - 8) = VI [cos 0 -cos (2ot - B)] {1.28)

Dé dang nhan thay cong suat tife th¥i ¢o thanh phin khong déi va thanh
phan dac dong véi tdn s§ gap d6i (2m). Cong suit trung binh (hoat déng) cung
cdp cho tdi trong mot chu ky hoan chinh la

P=VIcose W (1.29)
cos @ = hé sd cong sudt (pf) (1.30)

va c6 thé tré pha hogc sgm pha tiy theo dong dién tré pha ho#c sém pha
so0 vdi dién 4p.

Cong suit ciing c6 thé duoc biéu didn bing d thi pha tir Hinh 1.13(a),
trong d6 thanh phén dong dién Icos® ddng pha véi dién 4p cung cp céng suat
hoat dgng cho tdi. Thanh phédn dong dién thi hai Isin® cung c4p céng suat
phén dng cho tdi, nghia la

Q=VIsing VAR (1.31)

Cong suat phén dng c6 thé duge do theo don vi kVAR hodc MVAR d3i véi
thiét bi céng suit 16n. Cong sudt phan (ng la duong khi tré pha so v6i tai va
dm khi sém pha so v6i tii,

Icos @
v
P
s o)
i\ ising 6
!
(a) ()

Hinh 1.13. Dé thii-vvatamgiae 8- P - Q.

732



Cong suat phic

Céong sudt phie thusng bigu thi theo dang phie

§=-V1 (1.32)
TV = Ve T=1e"* "1 tré pha so véi V goc 8

S = Vel le " = Vie® = Vicos® + jVIsin® (1.33)
=P +iQ (1.34)

C6 thé thay @ duong khi 8 tré pha
Biéu dé pha cla cdng suit phiic theo pt (1.34) duge vé trén Hinh 1.13b

trong d6 ddu cua 6 nguge vai ddu trén Hinh 1.13a 1a do sy phdi hgp dong dign
trong pt (1.32}. Tit biu 45 pha c6 thé thdy

S=P?+Q@Q° =VA

{1.35)
pf =cosD =cos tan'lgg tré pha khi ¢ duong (1.36)
sém pha khi @ am
Pbai vdi mach néi tiép RL (Hinh 1.8),
VIi=Z1I==(R+jXI? =RI* + jX I (1.37)

§ =
Trong d6 P = RI? = cong sudt thuc tiéu thy trong phén ti dién trd
Q —

X, I? = cong suit phan khdng trong phin tit phan khdng
{cdm 1ng)

Mach RLC song song

Xét mach RLC song song (Hinh 1.14a), c6 thé thay
I=GV-j{B, -BoV

(1.38)
<6 bidu 46 pha duge bidu thi trén Hinh 1.14b. O day

B = tan'l [_u;]

1.39
G { )

tré khi B, > B, va sém khi B, < B.. H¢ s0 cong sudt clia mach nay duge
biéu thi theo
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lg= GV
+ I 4 l’c ) I v
veo® @ 6% -jB, +jB, . ]
- L T |
D |
o
* { S [
o
£
I
Th=-/8V

{a) (b
Hinh 1.14 Mach RLC song song

cos B = cos tan ! (B—L(;—BL) (1.40)

C6 thé dé& dang nhan thay, dai véi tai cho trude (G va B, }, hé s6 cong suat
c6 thé didu chinh bing B. theo dién dung
Céng suit phdc tiéu thy ¢ mach nay 1a
S=GV?+j(B, -By)V? (1.41)
V6i cong sudt thyc c§ dinh (GV?), cong sust phan khing c6 thé duge diéu

khién biéng cach didu chinh dién dung (B,), do 46 hi s6 céng sudt mach ¢6 thé
duge diéu khién theo dién dung.
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Phu luc 2
Céc hé thong 3 - pha

Céc hé thong va cac thiét bj 3 - pha duoe si
dung nhiéu trong linh vuc nédng lugng dién, bao
gbm phat dién edng sudt trung binh dén cao, truyén
tai, va tiéu thu dién nang. Hé thang 3 - pha 6 tinh
kinh t& cao hon va ¢6 cac uu di#ém van hanh tét hon
$0 vdi hé théng 1 - pha

Dong dign va dién ap 3 - pha

Tap hop ba dién ap/ emf biing nhau vé 46 lén
va c6 hidu s6 pha 120° tgo thanh céc dién ap 3 -
pha/ emf ¢an biing. Cac dién dp 3 - pha ¢é 4§ léch
pha khéc nhau sé & trang thai khang can bang.
Pidu nay ciing duge dp dung cho tdp h¢p ba dong X X
dién. Hinh 2.1 minh hoa ba cudn day (pha) c6 dién Hinh 2.1. Ba cugn day
ap/ emf tao thanh hé théng cdn bang. Dang tic pha.
thri cia hé thong cé thé duge bidu thi theo

a b ¢’

e, =v2 Esinot (2.1 a)
ey, = v2 E sin (wt - 120" (2.1 b}
e, = ¥2 E sin (t - 240%) (2.1¢)

Dang séng ca ba dién 4p duge nédu trén Hinh 2.2. Trong truong hop dang
khao s4t, dién dp cia pha a sém pha so véi pha b va dién 4p pha b sém pha so
véi ¢ cdc dién 4p 3 - pha cé thi tu pha abe. Thif ty pha ciing ¢6 thé 12 abc vdi
a trd pha b va b tré pha c.

Trong dang bidu dd pha, pt (2.1) cé thé viér dudi dang

E,, =E£0° (2.2 a)
Ey, = E£ - 120° 22 b)
E, =Ers -24¢0° (2.2 &)

735



Hinh 2.2 v
Dang song
diéen ap
3-pha.

Xét téng dién ap tdce thoi
€an + Ly + €op = V2E [sin ot + sinfot - 120%) + sinlwt — 24OOJ]
hoac e, +t €, +e, =0 (2.3)

Do do; c6 thé thay téng cde dién dp (hoic dong dién) 3 - pha cin bing la
bing zero ¢ moi thai diém. Didu nay cang ¢ thé nhan thay tir Hinh 2.2. Dang
phudng trinh pha la

Eaa' + El}b' + Ecc' =0 {2.4}
Céc cudn day ba pha (Hinh 2.1) ¢6 thé méc theo hai cach, sao va tam giac
Mic sao
Trong kidu mic nay, ba dau cing eufe tinh (a’, b’, ¢’) ctia cdc cudn pha duge

néi véi nhau tao thanh diém trung hoa, ba dudng day duge ndi vdi cdéc diu
phia ngoai (a,b,c} (Hinh 2.3).

A o4
-
Iy
, —0 C
Hinh 2.3 Mdc sao. i
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Tir Hinh 2.3 c6 thé thay

E,=E. =E_ =E 20 (2.5 a)
E, - E, -E, =E£-12° (2.5 by
E,=E -E,-E2-240" 2.5 ¢)

Cdc dién 4p pha niy duge néu trén biéu dé pha (Hink 2.4). Tir sg dé noi
két trén Hinh 2.3, ¢6 thé thay dién 4p giita a va b (hoac A va B) la

Ep = EFm - By,
E.=E,
E.,
Epn = E
Hinh 2.4. So dé dién ap pha £,

Tir phép todn pha trén Hinh 2.4

E,, =3 E,,£30" = 3 E/30" (2.6 a)
Tuang tu

E, = By, - B, = V3 E,,230° = /3 E£ - 90" (2.6 b)

E, = E., - E,, =3 E_30" = ¥3 E£150" (2.6 ¢)

Tir so db pha hoan tdt (Hinh 2.4}, d6i véi cdc dién sp pha cin bing, cic
dién dp tuyén cang tac thanh tip hep can biing véi bude tien pha 30" so véi
cdc dién dp pha. Khi tinh theo d6 lén:
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E (day - day) = /3 E (pha)
E, =V3E, (2.7)

Tirf Hinh 2.3 6 thé nhan thay

I, = 1, (2.8 a)
I, = 1, (2.8 b)
L.=1 (2.8 ¢)

Néu céc dong dién pha la 1ap hop can bang, cac dong dién dutng day cing
can biing (Hinh 2.5). Trong hé théng can bang, 0 14 hiéu gic pha giita dién ap
va dong dién eda pha tugng dng. Tinh theo d¢ ldn

1 (day) = [ {pha)

=1 (2.9)
Do cédc dong dién 1a can bing

L,+ly+l.=0 (2.10)

Tuy nhién, vdi day trung hda cd 1ap trong mde sao, ké ca khi cac dong
dién khong can b&ng, pt (2.10) vin dung

Tom lai, quan hé d4 16n trong mée sao la:

E_-= JﬁEp; I, =1 (2.11}

Hinh 2.5. So dé pha
dong dién va dién dp. £,
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M3c tam giac

Céc cudn pha trén Hinh 2.1 ¢6 thé médc tam gide bdng cdch néi ac’, ba', va
ck’ va ndi ba duéing day ra ngoai tir ede nut d6. Co thé nhan thay, dién 4p qua
vong lap khép kin do méc tam gide tao thanh s& 1A E,, + Ey + E,. =0 (tap
hgp cén bang cdc dién dp pha va do dé méc tam gide khéng giy ra ngdn mach)

14

o A
[/
. o B
i
£ —a O

Hinh 2.6. Mdc tam gidc.

Trong méc tam gide, ede déng dién pha va dong dién dudng day cé quan
hé (Hinh 2.6)

Io=L, -1, =31, -30 (2.12 a)
=T, -%,=+31,2-30 (2.12 b)
=1, -1, =v3L_2-30° (2.12 o)

Cic guan hé nay cang c6 thé thdy duge trén bidu dé pha {Hinh 2.7). Khi
céc dong dién pha can bling, cic dong dien duong day cling can bing, va nguge
lai. Khi tinh theo 46 ldn

L=v31, (2.13)

Dé dang nhén thay

E -E, (2.14)
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Hinh 2.7. Gidn db pha mde tam gide.

Méc sao tuong duong cia mic tam gidc

C6 thé sé thuan tién khi 1am viée véi méc sao tuong duong cua mic tam
gide. Sy tugng duong nay duge vé bing dubng nét dit trén Hinh 2.6. Cdc quan
hé 49 )6n cha dién 4p va dong dién da che ¢6 thé duge ap dung dé dang. Quan
hé géc pha giifa dién dp tam gide va dién 4p sao wong duong duge xéc dinh tir
Hinh 2.8. Quan hé pha tuong (ing giifa cdc dong dién duge néu trén Hinh 2.7.

Tit edc Hinh 2.7 va 2.8 ciing c6 thé dé dang nhin thidy su mic tam gisc
tuong dugng cia mic sao.

c

b
Hinh 2.8. Mdc sao tuong duong cia mdc tam gide.
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Cong suat

Cdc dién ap pha va dong dién trong mach ba pha can bing (sae ho#c tam
gidce) cd thé duge vigt § dang tie thai

e, =v2 E, sinot (2.15 a)

e, = V2 E, sin(et - 120%) (2.15 b)

e, = V2 E_ sinfot - 240%) (2.15 ¢)
va

i, = V2 [ sin(ot - 6) (2.16 a)

iy = V2 I, sin(wt - 0 - 120°) (2.16 b)

i, =2 I, sin(ot - 8 - 240%) ' (2.16 c)

trong dé 8 14 gée pha gilra dong dién pha va dién 4p pha.

Quan h¢ vector pha giita cac dién ap pha va dong dién c4n biing duoe néu
trén Hinh 2.5

Céng suft tdc thii trong mdi pha 1a

P, =e,i, =E,L, [cos @ — cosi2at - 8)] : (217 a)
P, = eyi, =E I, [cosﬁ - cos(2at ~ 8 - 240° )J (2.17 b)
P. = ei, = E,L, |cos8 - cos(2ot - 0 - 480°)| (2.17 0)

Cong sufit tite théi toan phén la
P=P +P +P =3 E]l cos® (2.18)

Chii ¥, tdng ciia ba dai lugng cosine, ¢6 hiéu s§ pha 120°, la zero, Tir pt
{2.18) c6 thé thdy, cdng sust tifc thdi toan phdn trong hé théng ba pha can
bing la hiing s& va bang ba l&n cong suét trung binh ciia méi pha. Diéu nay la
nguce véi cdng sudt trong hé thdng mdt pha (pt 1.28), ¢6 thanh phén dao déng
tan s§ gép d6i. Tinh khong ddi cia cdng sut tic thoi trong hé théng ba pha
cén bang 12 wu diém quan trong, tao ra moment déng nhat cho cic may quay
va khéng c6 moment xung nhu trong cde méy 1 - pha. Pay 13 mét trong nhidu
1y do dé hé thong 3 - pha duge chap nhan rong rai trif cdc g dung cong sust
thap.
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Do dé, trong hé théng cidn biing sao/tam gide

P=3E]I cosb (2.19)
Chuyén déi cdc gid tri pha thanh cde gid tri duting day

P =3 B,1 cos6 = 3ER, (2.20)

Q =3 E{I, sin6 = 32X, (2.21)

trong do R, = dign trg ndi tidp tuong dueng cla tdi.
X, = dién khéng ndi tiép tuong duong cua téi.

Goe pha cua i duge tinh theo

X
9 =tan™! -l—i'l =cos ! =L =tan ' Q (2.22)

Z P

P P

Trong hé thong 3 - pha can bing, cde pha ¢6 hé sd cdng sudt nhy nhau

Cac mach ba pha

Hinh 2.9 minh hoa hé théng 3 - pha cdn bAng - ngudn, tuyén truyén dan,
va tdi. Nguén va tai duge gia thiét 1a méc sao tuy ching vdn cé thé duge mic
tam gidc. Hai day trung hoa la cb 1ap, k& ca khi cdc day nay duge ndi (dudng

Hinh 2.9 H¢ thong ba pha cdn bdng
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nét dat!, dong dién trong ndi két trung hoa i zero de cdc dong dién cin bing
tL, =L, + L, + L =0 . Ddi véi pha a qui chiéu

E, = (2 + Z, 01, (2.23)

Do dong dién zero trong ndi két trung hoa, néu ¢o, téng tré cua ching
ciung khéng xudt hién trong pt (2.23). Cdc dong dién va dién ap trong cde pha
khac phai co cing d6 1dn duge cho theo pt (2.23), nhung léch pha 120%. Phugng
trinh (2.23) tuong dng mach 1 - pha duge néu trén Hinh 2.10 ¢6 nghiém hoan
toan xde dinh nghiém cha mach 3 - pha trén Hianh 2.9. Néu tdi hodc phdn bat
ky cua hé thong 1a khong
cin bing, phdi thuc hién X
trén cd sd ba pha bang cach An T
viét ba phuong trinh vong

Su phan tich hé thong
ba pha cin bing theo céch 2
nay la vit don gidn, duge €
thue hién dya trén co s0 mit
pha. Khi tirh cdc chi tiét, X,
¢6 thé thuc hién truc tiép
ho#c chuyén ddi thanh mic
sao tuong duong. Qui trinh

nay duge minh hea trong vi Hinh 2.10. Mach 1-pha.
du 2.1

Ifé\i‘
S

-}
2

7 a .
Su chuyén ddi sao - tam giac
Hinh 2.11 minh hoa ba tdng trd mac tam gidc véi mic sao tuong duong,
bing dudng cham cham, cdn tim bing cach thiét lap phuong trinh céc téng
trd gilia cd ba cép 2 - diu ddy. Gida cdc dau day a va b

_z-ab(zbc + zr.‘a )

Zo+Zy = 2oy (2, + Z) = ‘2 (2.24)
. Zah + Zbc + Zta
tuong tu

Z, + 2, - ZoctZe ¥ Zay) (2.25)
zah + Zbc + zca

= = "z'w(ia + Z,.)

Zo+ 2, =22 (2.26)
Zﬁh + Zbc + ZI!H
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Gidi

= 7.7
7, = — Lo
: Zzll; + Zbc + an [227)
- Z L
Zy = = (3 9g)
Zab + th t iy
Y
‘ Zah + Ehc + E1:.'1 (2.29)

Gidi cae pt {2.241 dén (2.26), téng
trd tam giac wwong duong coa méc sao
c6 thé tinh duge. Két qua duoe rit gon
nhu sau:

Hinh 2.11. Tong trd mdc tam gide.

= 2%, +ZZ. +Z.Z,
Zah = 3
Zc
7 . B+ B I3,
Z,
5 L2 +T7 L,

cd

z,

(2.30)

(2.31)

{2.32)

Néu cde tdng trd 12 can bang, tif cde pt (2.27) dén (2.29) hoac {2.30) dén

(2.32), ¢d thé suy ra:
Z,=3Z

(2.33)

Vi du 2.1. Tdi mic tam gidc can bing cé tdng trd (4 + j3) ¥pha duge méc

voi ngudn 3-pha, 230V. Hiy tim dong dién
dutmg day, he s8 cdng sudt, cong sudt, VA
phén khéng, VA toan phan.

Gidgi
Tir Hinh 2.12
V, =V, =230V
_ 23020°
® 4+ 33
pf = cos 36.9° = 0.8 tré pha.

a,
=462 - 369" A
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I, =31, = V3x46=796A

P = J3V,1; cosd = V3 x 230« 79.6x 0.8 = 25.36 kW

Q = V3V, sind = V3 x 230 x 79.6 x 0.6 = +19.02 kVAR
S =P +Q% =3L7kVA

Gidi theo mdc sao tuong duong

Hinh 2.13.
Mdc sao tuong duong.

Tu Hinh 2.13

1,
Z,=34+i3

230
v, = 2% 1328V
B Jg
_ - (1]
I -1, - ___132'840 -79.6/ - 36.9°
S14+i®

Ti d6 ¢6 thé xac dinh ¢de dai lugng con lai

Vi di 2.2. Ngubn 3 - pha, 400V (dién 4p ddu day dugc gia thiét 1a khong
d6i, dac lap vdi tai) cung cdp cho tdi vdi tng trd mde sao tudng duong (40 +
§121 < pha qua téng tré tuyén truyén dan (0.2 + j0.8) ¥ tuyén. Hay tinh:

Dong dién tuyén.

Bien dp tai.

Cong sudt, cdng sudt phan khdng va VA do tdi tiéu thy.

Tén thit cong sudt va tén thit cong suat phdn khdng trén tuyén.
Cong suét, cong sudt phan khdng va VA do ngudn cung c4p.

P TR
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0.2 0.8 i,

12

Hinh 2.14. Mach dién
minh hoa Vi du 2.2,

Giai

Hinh 2.14 minh hoa mach titng pha cua hé thong (trén co s¢ méc sao)
Vomen = 40043 =231V
Z(tong) = (0.2 + j0.8) + (40 + j12) = 40.2 +  12.8 = 42.2,17.7°
231

Il Z —= 5.47 A
Too42.2

Zy =40+ 12 = 41.8 2167
Vi =5.47x41.8 = 228.6 V (pha - trung tinh)
=396V (day - day)

P, =3x(547)% x40 = 3.59 kW

Qi =3x{6.47% x 12 = 1.077 kVAR
B = ¥13590)° + (1077)% = 3.748 kVA
Py =3x(547)7 x0.2=18 W

Qnay = 3x (5477 0.8 = 72 VAR
P =3.59+0.018 = 3.608 kW
Qnein = 1.077 + 0.072 = 1.149 kVAR

Spgoim = V(3.608 + (1.149)% = 3.786 kVA
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Phuluc 3
Mot s0 van dé vé may hién ap

Sy dap dng t4n sd

Trong cdc bo khuéch dai dién tii, cac mdy bién ap duge sif dung ¢ tang ra
v tAn s& bi&n thign trén khoang rong. Trong cdc ing dung tan sé bién thién,
ddp dng tdn s& clia mdy bién ap 1a rdt quan trong. Sy dap Ung tan s 1a V V|
v4i V, va tdi c6 tdn s6 bién thién. Sy ddp ing tan s6 phéng trén dai tin sb la
didu mong muén. Bién thién tuong \ing cla goc pha cha dién dp tdi (V) theo
dién 4p nguén (V,) 1a dap ung pha. Géc pha nhé la chdp nhén duge.

Khodng tin sd hoan chinh ¢6 thé duge chia lam 3 phdn - khodng tin s
thap (LF), tdn s trung gian (IF), va tan s& cao (HF). Mdy bién dp duge thidt
ké dé mach tuong duong 13 dp dung duge trong khedng IF. 3 day, dién khang
tir héa ctia may bién ap 1a 16n khong dnh hudng dén ty s6 dién 4p, cdc dién
khang néi tigp ctia cudn day 13 4G nhé dé V,/V, hau nhu khang d6i (Hinh 3.1).
Trong khodng LF, mdy bién ap ldy dong dién tir hoa 1én, gay ra sy syt dign ap
16n trong cudn sd cdp, V,/V, gidm lién tuc khi gidm tan s6. Dién ap ra V, 1a
zero ddi vdi de (f = 0). Trong khodng HF, ¢dn xét dén dnh hudng cia cic dién
dung tinh chinh trung gian, tinh chinh. Cdc 4nh hudng két hop cla cdm
khsng néi tiép ting va dung khéng song song gidm vdi sy tang tan s6 lam cho
dign 4p gidm rd rét. Sy dap ing tin s cia mdy bién dp theo tryc tin s logarit
duge minh hoa trén Hinh 3.1.

vV,
~—t—Khodng LE ; Khodng iE l_- —Khoang HE
I |
i |
1 I
| |
| i
J |
1 |
. 1 N . 1 .
2 10 50 100 10° 104 105
Log f

Hinh 3.1 Ddp ung tdn s6 (V2/V1 - logf) cia mdy bién dp.
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Cac may bién ap xung

Céc méy bi€n dp duge dung trong cac mach xung hojc digital duge goi ta
mdy bién dp xung. Céc mdy nay thudng van hanh tir nguén kich thich khong
lién tuc, do dé phai tinh dén dién dung phan phéi cla cdc cudn bign dp

0]

" (a} Dién ap {dong dién} vao v&i xung chid nhét

bién ap ra D8 bt dinh
Bién dd f\
xung, V Bé syt
05 Vv,
Thdi gian
f t/ g
}-—Thc‘ji gian xung —————=
Bé gidm nguoc
Thdi gi i4
Thdi gian tang hdi gian suy giam

(b) Dang s6ng & ngd ra may bién 4p xung

Hinh 3.2. Xung ra ctia mdy bién dp xung.
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Pdi vdi may bién dp xung, céng suit trung binh thuong rat thip, nhung
cdng suat dinh kha lén. Tuy nhién, hién nay cac mdy bi€n dp xung cong suit
dinh thdp va trung binh da dugc phait trién cho nhiéu ing dung dién td va
didu khién, chdng han cdc mach céng cia SCR. Diéu quan trong la mdy bién
Ap tai tac xung nhip (séng chi nhat} véi midc chinh xde tdi da c6 thé ¢ cudn
thit cdp. Hinh 3.2 a minh hga xung nhap séng vudng. Chiéu ring xung nay
thay d6i dén 251ts va suy gidm hoan toan trude khi xung ké tiép xudt hign. Be
tirn dang séng ra, ean phéan tich su chuyén ti€p. Hinh 3.2 b minh hoa xung ra
tuong ng, khi bit cdc théng so bién dp xung.

Sy phan tich duge thyc hién bing cdch gidi ¢de phuong trinh vi phén st
dung mach tueng duong clia mdy bién dp ¢é dién dung. Khi cé dién dung, cde
dao déng thudng dugc triét tidu. Cam khdng rd ri duge duy tri § gia tri t6i
thiéu néu can thai gian diang xung § miic téi thidu.

Céc bién 4p xung ¢6 kich c&f nhé chi vdi vai vong day dé gidam cam khdng
x ri. Loi bign ap la ferrites, hodc hgp kim ¢6 dd tham tif cao dé dat duge dién
eam tit hoa cao. Do khoang thoi gian giita cac xung 14 dai so vdi th#i gian
xung, may bién 4p xung c6 thé cé cdc mic cong sudt xung cao.
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Phu luc 4
Gac may trudng xoay

& tang ra ciia hé théng diéu khién, tin hiéu didu khién dién céng sudt
thap la cin thiét d€ diéu khién cong sust dien 16n doi véi ung dung cong sudt
lon. Hién tai, cac bd khuéeh dai céng suat SCR dap img t&t cho cac yéu ciu
nay. Trude khi c6 cae SCR, sif khuéch dai cong suat 16n véi cde héng thoi gian
lién quan tuong dgi thap thusng duge thue hign bang cic mdy de vdi tit trudng
ngang. Mac du, mdy phat de thong thudmg 1a bs khuéch dai cong sust - cong
suit trudng nhé didu khién céng sust 16n & cac ddu day phén ing - nhung iing
dung cdng suit khong dd cao va su ddp ung khéng én dinh. Cdc mdy truimg
xoay khéc phue céc nhuge diém nay cia may phit de, ¢6 cdc cudn day trén truc
"d va qcia stator, cAc cap chdi than trén rotor tao thanh cdc truc q va d dinh
hugng lue tir dong s dung the néng ctia miy de. Cdc may truang xoay c6 hai
bd ¢hdi than cho m{t cip cue. Do d6, ching sit dung lue tit dong phén iing d€
cung cap sy kich thich va dat duge d9 1gi edng suit cao. Cée may trudng xoay
vén hanh tvong ti hai may phat de theo bac duge bd tri trong mot khung mdy.
Cd nhiéu kiéu mdy phdt truéng xoay.

Fr

.

Cudn trudng
diéu khién

O VY, ——wd

Hinh 4.1 So dé mdy phdt trugng xoay cé dong dién khéng doi
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May phat de théng dung dude cai tién thanh may truong xoay bing cich
¢6 thém mét cap chéi than ¢ truc & (Hinh 4.1). Cdc chéi than true q bi ngdn
mach, cong suét ra la tir cde chéi than truc d. Cde cudn trudng diéu khién lue
tir déng, tao ra lue dién ddng truc q lam cho dong dign trucq ngin mach cé thé
hoat déng. Lue dién déng truc q do dé duge thiét 1ap s& cam img luc dién dong
truc d lam cho dong dién truc d di qua td). Luc dién déng phan khédng truc d
theo dinh luit Lenz, nguge véi lue F,. B&i véi F, va dién trd tai cho trude, hé
théng sé én dinh dan dén cdc gia trl khong dé; cia I va L. Su tang tdi (glam
dién trd tai) lam tang F, trung hba thém F, lye d:en dong truc d gidam, do dé
ngin cdn sy tang dong dién tai. D81 véi F, cho trude (kich thich diéw khién)
dong dién ra ctia may hau nhu khang déi trong kheang bién thién tai tuong
d#i rong, nghia 1a may nay van hanh tuong ty may phat dong dién khong déi.

Dé chuvén ddi may phat dong dién khéng déi thanh may c6 dién ap khong
déi, ¢6 cong dung lén han, lye true d phai duge triét tidu bang cudn day bo bd
tri & truc d trén stator (Hinh 4.2). Dong dién ra cda truc d sé di qua cudn day
bii tac thanh lyc dién dong, F, nguge chiéu véi lue dién dong phan ing ciia true
d. Tae dung hai tiép ciia dong dién tdi bi giam dén mde téi thidu. Ti thong trye
d chis yéu phu thude vao dong dién cudn Lrudng, mé rong khoing diéu khién
461 vai tir thong true d téng. Do syt khidc biét vé phén phéi khong gian clia F
va F_, khong thé trung hoa F, mét cdch chinh xac.

Theo dinh nghia

B 56 vong bl hiéu dung
S84 vong phéan vng hiéu dung

T&i
Hinh 4.2 So dé mdy phdt triong xoay c6 dign dp khéng déi
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1 Biéen ap v,

0.644C < 1)
€ =0 Dong dién khdng ddi

o Dongra I,
Hinhk 4.3 Pdge tuyén cia mdy phat tir trudng xoay

Téc dung cua hé s6 b C ddi véi dic tuyén tdi eva may duge minh hoa trén
Hinh 4.3. Bdi v6i mdy dong dién khéng d6i, C = 0, 46 véi méy dién dp khéng
d6i C = 1, do d6 may nay c6 dic tuyén tuang tif may phit kich thich riéng ré.
T Hinh 4.3 ¢6 thé thay mdy dong dién khong ddi khong bao gi¥ van hanh bi
hd mach, va mdy di¢n ap khéng d6i khong bao gi¢r bi ngin mach.

Pé tao ra F cho trée véi [ nhd, cudn day true q méc ndi tigp thudng duge
ding trén stator cda may dién 4p khong déi. Cdc dong dién trye d va g diqua
phén Ung ciza mdy bién ap khong d6i thugng tu triet tiéu lin nhau, do d6 lam
tang dinh mic cda may nay. Piéu nay con do sy khuéch dai cong suit 1dn

W1/ VI) trong khoing 10°,

Cde may dién dp khéng ddi duge ding d€ cung cap su khuéch dai cong suat
c6 diéu khién trong nhiéu hé théng diéu khién, chang han bé didu dp trong hé
thong kich thich cia mdy phét de 16n d€ tao ra hogc tang dién dp néi ti€p vai
cudn trudng ctia by kich thich chinh. May dién ap khong d6i con duge dung
lam méy phat trong hé théng didu khién tSc d¢ hodc vi tri. Trong cdc hé thang
diéu khién hién dai, cdc chic ning nay duge thuc hién bing mach SCR.
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Phuluc 5
Cac may AC vanh gop

Nhu phin ddu dd dé cap, déng co cdm Ung c¢é tée d6 khang ddi trong
khodng vén hanh, dng co 1ong séc thuting ¢é moment khéi déng thdp. Trong
Chuang 9, nhiéu phuong phdp thue hién diéu khién tée do va bdo dam mo-
ment khoi dong t6t dd duge trinh bay. Gidi phdp khac cho cide van dé nay la
may ac vanh gép. Do thita hudng cac van dé ciia su gép ae, cde dong cd ac vanh
gop chi duge ché tao véi kich cd trung binh. Vdi viée sit dung thyristor, tde
dung chuyén ddi tdn s6 cla vanh gép dude chuyén cho mach SCR. Tuy cdc méy
ac vanh gép van con duge sif dung 6 cdce co sd cong nghiép ci, nhung hién nay
hau nhu khong con st dung.

Cac nguyén ly va dic tinh ciu trae ¢d bén clia hai may ac vanh gép - déng
e Repulsion (1 - pha), va dng cv Schrage (3 - pha) s& duge trinh bay dudi day.

DPidng co Repulsion

Loai dong co nay tuang ww ddng co de ndi tiép vdi rotor duge cdp nang
lugng theo nguyén 1y cam img. Cdc ranh stator chua cudn kich 1 - pha tuong
ty cudn chinh cda dong co cam ting 1 - pha. Rotor ¢6 cudn dc phan phét duge
mic vdi vanh gép & mat ddu. Cdc chéi than ngdn mach & ¢6 dudng dén dién
khép kin (Hinh 5.1).

Hinh 5.1 So dé
dong co Repulsion Truc d

-

Cuén stator
{so cap)

Ngudn ac 1-pha

tee—Truc chdi than
{trgc d)

-
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Néu cde chdi than duge bé tri § truc d, lue dién déng clia may bién 4p trong
cudn phén dng s8 cye dai la s& c6 dong ngén mach I,, nhung khéng cé moment
xuat hién khi cdc trudyng rotor va stator thing hang. Néu e4c chéi than duge
dit theo truc q, luc dién dong bién 4p trong phan dng sé c6 téng 1a zero, dong
dién I, = 0, va khéng c6 moment. Diéu co ban l1a ddng dién phéan ing phdi hoat
dong va su di chuyén géc phai hién hiru gidfa hai truong nay, cac chéi than
duge dit theo vi tri trung gian tao thanh géc khodng 70° véi truc d. D& gidm
ton that ddy déng, rotor chay theo chiéu dinh huéng v6i true q, quay ngugc
chiéu kim ddng hé vdi cde chdi than di chuyén tif truc d (Hinh 5.1). Diéu nay
xuit hién tuong tu sy ddy giira hai trudng. Chidu quay sé ddo nguge néu cdc
chdi than di chuyén theo hudng nguge lai trén truc d.

Bgng co Repulsion binh thudng ¢é dac tuyén téc d¢ - moment tuong tu
ddng co ac mic ndi ti€p, moment khdi ddng cao va ¢6 xu hudng qud tée 8o khi
tdi nhe.

Bong co Repulsion - cam ing

Nguyén 1y Repulsion thudng duge sit dung dé ¢6 moment khéi dong cao
khi ddng dign khét ding tusng déi thdp. Khi mdy duge gia toc dén gdn van tic
van hanh, c6 thé duge chuy&n thanh déng co cam dog 1 - pha d€ cung cdp cac
dac tuy&n chay véi téc do hAu nhu khéng d8i. Diéu nay ¢6 thé dat dude, néuy,
cing véi cufn gép phia ngoai, roter ¢é cudn 1dng s6c bén trong. Cdc moment
xudt hién va duge cdng vdi nhau. Loai dong co duge goi 1a déng co Repulsion
- edm ting. Khi khéi déng, dong dién d 16ng séc bi gigi han do dién tré tuung
di cao va cudn vanh gép tao phdn moment chinh, nhung trong cac didu kién
van hanh, mement & 16ng sdc sé tang lén, bt cho sy gidm trén dac tuyén toc
d§ - moment ctia cujn vanh gop.

Ddng co khdi dong Repulsion, van hanh cam (g

Van téc khong do1 va moment khéi dong cao c6 thé dat duge trong dong cd
Repulsion bing cdch cung cdp thiét bi vin hanh bing lyc ly tam d& 1am ngén
mach tét ca cdc doan ciia vanh gép khi dong co gia tbc dén mét nifa tdc do van
hanh. Diéu kién ngan mach nay tao ra sy tuong duong dong co 16ng séc khi
vdn hanh & tée 4 binh thuong.

Cdc ddng co nay rit thich hgp che nhiing khu vic héo ldnh, sir dung cac
dudng day tai dién dai, 1 - pha, do moment khéi dong cao ma khong ddi héi
dong dién l6n, téc d6 van hanh hidu nhu khéng déi trong khodng moment
rong. Hién nay, loai dong co nay da duge thay thé bing dong cd cam ing mét
pha, hai tu dién.
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Dong co vanh gép 3 - pha

Nouyén Iy
Quan hé moement - trugt cia ddéng co cdm ing la
2
735 (5.1)
s o,

P51 v6i moment cho trudge, o trugt duge didu khién bing 12 1, , tén that
ddy déng ¢ rotor, hodc cong suit dién bi 1dy khoi {ho#ic cung cip cho) mach
rotor. Didu nay c6 th& dat duge mot edch hidu qud bing cdch cung cap lue dién
dong dd trugt - tan s6 cho mach rotor (Hinh 5.2). Quan hé moment - do trigt
tit pt (5.1) duge téng quat hoa theo

3(I% 1, £ E;I, cos g}

T= 52y
RO
sE, + E, = L,Z,
i -SEtE (5.3)
Z,
5% 2
2
Hinh 5.2 Su diéu 2 o2
khién do trugt bdng +
cdch cung edp lyc dien £, E

déng dé trugt - tdn s <
cho mach rotor

Khi lye dién dong nay, E, , déng pha véi lue dién dong cidm ing rotor, sE,,
edng suat dién E,I,cos¢, duoc 18y ra khéi mach rotor va ddu cong duge dung
trong pt (5.2). Mat khac khi E, ddi pha v6i sE,, cong suat dién E,], cos 9, duge
dua viao mach rotor va dau trir dLro‘c dung trong pt (5.2}, Tit pt (5. 2) 6 thé thay,
d&i vdi moment cho trude, gig st deng dién rotor I, hdu nhu khéng déi, 46 1on
cla E déng pha s& ting, d9 trugt tang (toc db glam) Khi pha ciia E, ddo nguoe,
va E tang, tlf s trong pt {5.2) s& ¢6 ddu 4m, xuit hién do trugt, ng]'ua 14 sé dat
du‘cfc tde A9 dong b. Néu pha cia lyc dién déng cung cap thay d8i véi db ldn
cda E; khong doi, ¢6 thé dat duge sy didu khidn d6i v6i hé & cong sust dong
dién rotor va dong dién sd cdp. Géc sém pha cha E sé cdi thién hé sé cong
suit. Biéu nay duge minh hoa trén Hinh 5.3 khi E, séfm pha 90° so véi sE,.
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Hinh 5.3 Diéu khién hé Eou

88 edng sudt bdng cach | £
cung edp luc dién déng /
cho rotor 2
¢
f
\SM V1 t ET

th
. Sy phat sinh emf dd trugt - tan sd

Do luc dién dong cung cdp phai cd tin sé trugt, bd chuyén d8i cong sust
véi tan s6 (va dién 4p) bi€n thién la cdn thiét dé trao dfi cong suit dién véi
¢dc thiét bi tdn sd ¢d dinh. Didu nay cho phép duy tri hidu suit cas cho toan
bd hé thong.

Hién nay, diéu nay dugc thue hién bang cdc bd chuyén ddi tdn sd sit dung
thyristor. Su sdp xép theo kidu cit duge ding che muc dich nay la vanh gép.
Nguyén by chuyén ddi tan sé tdng qudt hoa bing vanh gép duge giai thich dudi
diy {Hinh 5.4).

Phén ing day quan de chay v6i téc dp n v/ph, cdc cyc may quay theo chidu
ngudgc lai véi tée 46 n,,, v/ph so v6i ede chdi than ¢é dinh (Hinh 5.4). Tén s8
cua luc dién déng cdm (ng trong phan iing {rotor) la
n+n,,/P nP

120 120

Né&u cac truc 12 cd dinh, luc dién ddng xuit hién & cde chdi than phdi la de.
Bdi vdi mbi vong quay cia cde cue, emf cua eac chdi than khang di hét mét
vong. N6i chung, tAn sd cha lye dién dong o edc chdi than phai 14

f= (5.4)

D P n .
fché'i than ;;T) = [%{]f = 5_)' (5.5}

Do d6, tan st luc dién dong trong phan dng tuong img t5c do turng ddi cia
ede cue so voi phén img nay, nghia la n, = n + n,,, va tai chdi than sé tuong
ing g
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Hinh 5.4 Su chuyén d6i

tdn so tdng qudt héa ™~
v N
N
et T4n s f

s

L

sf

Néu n_ = n + n,,, duge git khong d8i, s¢ vong quay cia lyc dién dong/
vanh gép sé giit khéng ddi 461 vai L thong/ cuc cd dinh. B{ 1dn lye dign dong
& chii than ¢6 thé thay d8i bing cdch ndi s lugng vanh gép thich hop dé didu
chinh d6i xémg cdce chdi than - di chuy&n c hai chéi than theo gée bing nhau,
lai gén ho#c ra xa nhau. Pha cta luc dign 46ng chdi than cé thé thay d8i béing
cich di chuyén cd hai chdi than theo cing géc va cing chiéu,

Hinh 6.5 Cdc lyc dién dong
3 - pha duge ndi tic bg chuyén
doi tdn 56 t8ng qudi
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Tap hgp cédce lyc dién ddng ba pha cin bang cé dé 16n didu chinh duge s&
duge ndi tit vanh gép biing cdch dat ba cap chdi than dich chuyén (Hinh 5.5).

Péng co Schrage

Phuong phdp nhédn duge lye dién dong d trugt - tdn s6 va dua vao phén
thif ¢dp caa dong ca cdm dng néu trén duge phéi hgp trong mot may e6 tén la
dong cu Schrage. Vé co ban, day 1a ddng co cdm ung 3 - pha dao nguge v&i cudn
so cdp trén rotor va cudn thu ¢ip trén stator. Trudmg khe khéng khi tdng sé
chay vdi téc 46 ddng bo n, dng v6i rotor chay vdi téc do n theo chidu nguoe lai
khi cuén stator bi ngén mach. Do d6, trumg nay chay vdi tdc d6 trust theo
dong dién tan s6 trugt cdm Ung stator trong dé s& tac ra moment. Rotor con ¢6
cujn de trong cing cde rdnh nhu cde day din sg cidp, nhing duge dat gén
miéng ranh hon. Piéu nay sé lam gidm dién cdm rd ri cla ¢dc cuén de. Cudn
de duge goi 1a cubn thir ba hodte cuén diéu chink. Cudn nay duge ndi vdi vanh
g6p trén d6 c6 ba cip chdi than di déng dé 1dy céc lyc dién dong 3 - pha cung
¢ap cho cudn thi cdp (stator), didu khién toc do va hé sé cong suat. Do tir
trugng quay di chuyén v6i tée d6 trugt (ny,,), tin s8 cia Iye dién dong chéi
than ludn ludn 12 tdn s& trugt. So db cia dong ed Schrage 2 - eue duge ndu trén
Hinh 5.6

Bang co cdu banh rang thich hop, cdc ciip chdi than cé th€ di chuyén t6i lui
theo ¢ hai chiéu cung cép sy didu khién co hoe d6i vdi cudng d6 va pha coa hue
dién dong do d6 dat duge su diéu khién téc do va hé s& cong sudt cda dong co.

Khi cdc chdi than di chuyén sao cho lyc dién déng nguge vai dong dign tha
cap, tdc d9 sé giam (do trisgt duong), va nguge lai s& lam ting tée do, khi do
trugt am. Khi cdc chéi than & trén ciing mdt doan cia vanh gép, nghia la géc
ngén cich chdi than 12 zero, cudn thit cdp bi ngdn mach va ding co chay theo
do trugt tuong tuf djng co cdm dng ddo nguge. DS vdi gée ngan cich chdi than
8, tdc d¢ khong tdi eda dong co 13

n=n{l-Csin0.5p0) {5.6)

trong d6 C 1a hiing, ¢6 gig tri phu thude vio t¥ s vong day cla cuén vanh
g6p rotor va stator, § 14 géc ngin cdch chdi than. Bai véi gée chi than cho
trude, hé so cong sudt cia dong co c6 thé diéu khién bing cach dich chuyén
timg chdi than ciia cap chdi than theo cing chidu. Sut khdi déng cé thé bi 4nh
hudng do sy chuyé&n déi true tidp v6i géc chdi than 180° dién, nghia 13 mét
budc cuc, dén vi tri tdc dd thap nhat (luc dién ddng nguge véi dong dién rotor).

' Téc db dong co c6 thé thay i tir 0.4 n_ dén 1.4 n,. Higu suit cda may khi
¢6 tai hgi thip hon so vdi dong cd cim ting, do may Schrage cé thém cac thanh
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}
Trye chéi than — ey

Cudn thi cap (stator)

vanh gop

Cudn thd ba

o

Nguon

Guén sg cdp (rotar) Chéi than quay bing déng cd

trg ddng hodc quiy tay
Hinh 5.6 So dé déng co Schrage 2 - cuc

phin ¢ dang vanh gép va chéi than, lam ting ton thit trong cudn thi ba. Cac
van dé vé vanh g6ép va khdo sat thist k& gidi han cong sult ra trong khoing
25 kW/ cite va dat cudn so cdp trén rotor 1am cho dién dp cung edp khdng duge
phép qua 800V. Pong cd nay duge ding 1am bd iruyén dong moment khdng doi
v cong sudt thay d6i tryuc ti&p vai téc 49, thudng ding cho mdy in 4n, may xeo
gidy, can true, mdy dét, ...
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Phuluc 6
Bong co cam iunp tuyén tinh (LIM)

Ddng co cdm ting tuyé€n tinh (LIM) tao ra sy chuyén déng tuyén tinh c6
nhiéu c4u hinh khdc nhau. § day sé trinh bay efu hinh phé bign nhét coa loai
dong co nay.

C4u hinh

LIM la phién bén cla dong co cam ng hinh tru. N&u déng co edm tng co
bén (Hinh 6.1 a) duge cit theo truc va khai trién trén mat phdng (Hinh 6.1 b}
sé& tuong img LIM. Mach tif tuong ing duge néu trén Hinh 6.2 b. Day thi cap
¢ dang tdm, khe khéng khi 16n hou so vdi ddng cd cam dng binh thuemng do
day thi cdp lam mé rong khe khéng khi. Khe khong khi cia LIM khodng
25mm cdn djng co cdm itng hinh tru cé khe nay khodng 1mm.

Hinh 6.1 Phién bdn tuyén
tinh cie déng co cdm ing Stator
quay léng soc.

Q Thanh din
~ L&i rotor

~
™~ Mit cit
(a)

Chuyén ddng tudng d&i
T4m dén dién cla phan tho c&p

N\ Thd cép —

Khe hd khéng khi

™ d
& d
o
m‘C
o d
o

S0 cap
{b)
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Trudng khe khang khi dich chuyén tuyén tinh theo chiéu (ach) (gid st thi
tu pha 14 abe). Cde déng cam dng trong tdm thd cdp tudng tac vdi trung nay
tao ra lue kéo do 46 sé chuyén déng theo chidu chuyén dong ciia trutmng (Hinh
6.1 b). Khac vai dong co hinh try, LIM cé tinh khong lién tue & phén cudi. Khi
truing nay dén dau cuéi (theo chidu chuyén dongl, sé gidm dén zero, truiing
méi sé xudt hién & ddu kia. Qud trinh ting va giam clia trudng géy ra dong
dién cam dng trong tAm thit cap, khéng déng gop vae luc kéo chi gay ra tén
that tdng trd cho dong ca. C4 phan so cip va thi cdp déu cé thé chuyén ddng.
Phén tinh tai phai lién tuc sudt chidu dai hanh trinh.

Luc hat tir tinh giita c4c thanh phan nay, ¢6 thé can bang trong méy quay
nhung khong thé can bing trong may phéng trii khi sir dung két cau kiéu hai
mat (Hinh 6.2 a), trong 46 cudn ba pha, hai 16p & mft trong hai phia eda phén

Thi cap (t8m) 5o cap Khe h& khong khi
5 N 5
L X X 1 Is¥eloloJoRolelel L X J Jele
| 0000000080000 00QOQ
e N A A NN
oJolofolelel 1 X ¥ JeleJololololele]
N g N
So cédp
aaccbbhaacecbbaaccbb
aaccbbaaccbbaaccbhht
Ig=05:1,=0:1,=-05

{a) Mit cit cha déng co

Cubdn sd clp {|Ap trén xe)

Hinh 6.2 Phan thir cdp
LIM uvdi (dudng ray

phdn so
cdp hai v L
mit {b} LIM kidu kéo
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thif cAp. Két cdu nay thudng duge chap nhan khi cin lue kéo véi cde phan so
cdp chiéu dai hitu han duoc thyc hién trén xe va phin thi cdp c6 dang thanh
din dién lién tuc (Hinh 8.2 h).

Hiéu suat
Toc da
Trong mét chu ky cia tan a0 cung cdp (f) trudng dich chuyén theo khoang
cach béng hai buée cyc (21). T8c do déng bj cua trudng nay duge tinh theo
v, = 21f m/s (6.1}

Cang nhu nguyén 1y cam ting, phan so cap dich chuyén theo chiéu nguge
vdi trung va phan thi cap duge gilr cd dinh (trén thanh din) vdi téc db v, sao
cho dd trugt duge tinh theo

g = —% (6.2)
Tir pt (6.1), téc 4 ddng bd khong ducc diéu khién theo 8§ ey, toc d§ tuyén
tinh bat ky co thé dat duge bing edch didu chinb buse cuc. Vi duy, v6i T = 1m
v.=2x50 =100 m/s

nghia la cac téc do kéo c6 thé dat duge dé dang. Co thé thay, dong co c6 s
euc chan hodc 1é dé dat duge toc dd mong mudn.

Dién trd thir cap va d%c tuyén F - v

Hinh 6.3 minh hoa cdc duiing dan dong dién thit cdp qua mét bude cuc cia
ddng co cdm dng binh thung va LIM. Luc kéo tdi duge tao ra bing dutrng din
dong dién thing ding cdn cdc dudng dan ngang tao ra luc kéo bén, theo hudng
ngugc véi phan trén va dubi cda phan thi cdp, cdc dutng nay triét tiéu lin

Vanh cudi
———— ;/»--—a— ——— ¥
i 3 1 L vs
| 1 II,r iR X ]
kg ; Rotor | ¢ r )}; Thit cdp
1 1 1 1 i e i L
t } t }
' 1 t $ 4] -
(@ Pong co cdm iing thugng ) LIM
Hinh 6.3 Phan b6 dong dién thit cdp Hinh 6.4 Dic tuyén F - v
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nhau. Dé dang nhin thay, chidu dai téng ciia cde duding ddn tao ra moment
trong déng ¢ cdm dng binh thudng lén hon se véi LIM. Do 46, nang hugng
tidu t4n & dang ton that dién trd tang khoéng tao ra cong sudt co hoc tuong
itng. Do viy, LIM c6 dién trd dong co ldn hon, van hanh vai 86 trugt 1dn d lue
kéo cho trude va do d6 hidu sudt thip hon. Pac tuyén F - v (Hinh 6.4), cho thay
dnh hudng cia dién trd cao ¢ phin thi cap.

Mach tuiong duong

LIM khdc vdi déng ce cAm (mg binh thuéng theo cdc diém sau:
» LIM ¢6 khe khdéng khi ldn (Hinh 6.2 a}

¢ LIM cé su gidn doan trusng & hai dau

e (6 dién trd rotor cao

Mach tuong duong cua dong co cam (ng binh thuéng dp dung véi cdc cha
¥ sau:

¢ Khe hd khong khi 16n nghia 1a dién khang tir héa thap (do dé dong
dién tit héa cao va hé s cong suat thap)

e Cdm khang ro ri thd cdp cao do sy phan phdi dong thd ¢dp (Hinh
6.3b), phén ldn dong dién khdéng ndi két qua toan bg tir théng khe hg
khong khi

s Dién trd rotor cao
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Phuluc 7
Béng chuyén ddi don vi

Dai lugng Pon vi SI  Bon vi Anh Don vi CGS
Chiéu dai 1m 3.281 ft = 39.37 in 100 ¢m

Khi lugng 1kg 2.205 1b (mass) 1000 gm

Luce 1IN 0.2248 1b 10% dynes
Moment 1 Nm 0.738 fi-th 10" dyne cm
. Nang lugng 1J=1Ws 0.738 fi-lb 107 ergs
Cong suat 1W 1.341 x 10°hp

Moment tuyé&n tinh 1 kgm® 13.73 1b-ft2 107 g cm?

Tu thong 1 Wh 13 lines 10% maxwells
Mat d6 tir thong 1 Wb/m?

=1T 64.5 kilo lines/in? 10* gauss

Cutng 4o tir tm@g 1 A/m 0.025 A/in 0.004n oersted
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