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LOI MG DAU

Piéu khién tu dong cé lich si phdt 1rién 1 trudc Céng nguyén, bat dau
tir dong hé nudc cé phao diéu chinh Ktesibios ¢ Hy Lap. Hé diéu chink nhiér
d¢ ddau tién do Cornelis Drebbel (1572-1633) nguei Ha Lan sdng ché. Hé
diéu chinh mirc ddu tién la ciia Polzunov nguoi Nga (1776), Hé diéu chinh
t6¢ do duge iing dung trong cong nghiép dau tién la cia Jame Watt (1769).

Thoi ky triwedc ndm 1868 la thoi k3 ché tao nhitng hé tw déng theo tric
gide. Cdc céng trinh nghién ciru 1y thuyét bdt ddu tir Maxwell, dé cap dén
dnh huong ciia théng s& doi voi chat lwong cita hé. 1. A. Vysnhegradshi woi
cong trint todn hoc vé cde b diéu chinh.

Thé chién lan thir Hai doi hoi sy phat trién vé Iy rhuyel va ing dung dé
c6 nhitng mdy bay ldi e déng, nhiing hé diéu khién vi tri cita cde logi phio,
diéu khién t déng rada ... Nhing ndm 1950, cdc phuong phdp todn hoc va
phdn tich dd phdt (rién va dita vao ting dung nhanh chéng. J M7 thinh hanh
huomg nghién citu trong mién tén s6 véi cde céng trinh itng dung cia Bode,
Nyquist, Black ¢ cdc trung tam thit nghiém dién 1in. Trong khi dy ¢ Lién Xo
(cii) ngie tri inh viee 1y thuyét diéu khién va img dung trong mién thoi gian.

Ti nhitng ndm 1980, mdy tinh s bt ddu dwoce sit dung réng rdi, cho
phép diéu khién voi dg chinh xdc cao cdc doi tuong khdc nhau.

Véi su ra doi cita vé tinh, thoi dai vit tru bdt ddu, cde hé diéu khién
ngdy cang pic tap hon va doi hdi chat lwong cao hon. Cdc phitong phdp.
cia Liapunép, Minorsky ciing nhu 1y thuyét diéu khién 161 uu hién dai ctia L.
S. Pontryagin (Lién X6 cii), Bellman (M¥) 6 ¥ nghia rdt Ion. Cac nguyén téic
diéu khién thich nghi, diéu khién bén vimg, didu khién mo, cdc “hé thong
minh”... ra doi va duec ép dung cé hién qud vao thuc tién.

Ré rang la trong viéc phdn tich va téng hop céc hé dicu khién hién nay,
viée sit dung déng thoi mién tdn 6 va mién thoi gian la can thiét [7].

d Viét Nam tic nhitng nam 1960, Ddng va Nha nudc ta dd quan tdm dén
viéc dao tgo cén bo va nghién ciiu khoa hoc rrong linh vice nay.



Hi¢n nay céng nghé ty déng la mot trong nhitng hucng phdr trién céng
nghé mai nhon cia dar nwoe irong thé' ky 21. Nghi quyér 27CP cha Chinh
phit vé Chuong trinh T dong hod Quoc gia da khdng dinh vai rro quan
trong cita nganh cong nghé nay.

Nhitng céng trinh cong nghiép tén va trong diém hién nay déu duoc ty
dong hod & miic d¢ tiwong déi cao va chi Yéu do miuve ngoai dim nhiém, D&
lam chii dige cdc cong nghé méi nay, cin bg ky thudt khong nhitng cé khi
ndng sit dung 16t ma phdi cé kién thivc cén thiét va chuvén tam nghién creu,
tng dung dé cé thé theo kip nhip diéu phdr trién chung cita thé gisi.

Mang Interner ngay cang duge sit dung réng rdi cho viée phd bién
nhitng kién thite cho vige hoc tdp, nghién ciru. Tuy nhién khéng phdi bat cir
ai, J dau ciing cé thé sir dung ¢é hiéu qud, nhdt 1a viéc hoc tdp, nghién citu
nhitng kién thitc co 56 mot cach ¢6 hé thong.

Cong cu dé diéu khién ty dong khong ngitng déi moi va hoan thién, nhung
nguyen Iy co bdn van khong thay déi ddng ké. Tuy nhién cho dén nay, cdc tai
liéu vé nhing vdn dé¢ da néu vén con i, nhimg didu trén dd thic béch tde gid
bién soan bo sich nay. Bo sdch “LY thuyét diéu khién tu dong thong thuong
va hién dai” gom bon quyén: Quyén 1: “Hg tuyén tinh”, Quyén 2: “H¢
xung 567, Quyén 3: “Hé phi tuyén - H¢ ngdu nhién ", va Quyén 4: “He 164
wu - Hé thich nghi”,

Quyén I: “Heé tuyén tinh” 14i ban ldn ndy cé sita chita va bé sung. Quyén
nay cé 7 chuong:

Chuong I+ Sau khi bdt ddu bing 3 vi dy vé ba thoi ky phdt rrién cia ky
thudt tw dong, néu 1én phan logi cdc hé didu khién khéce nhau dé cé khai niém
bao qudt vé cdc hé ty dong néi chung.

Chuong 1. Co sJ todn hoc cia Iy thuyét diéu khién ty dong. Sau khi nhéc
lai pluong trinh vi phan va todn ty Laplace, néu lén khdi niém vé hom truvén
dat, cde déc tinh vao ra trong mién thoi gian va mién tén so. cang nhw ddc rink
cua ihitng phén nr thiong gdp.

Chuong IIl: Néu lén cde tién chudn thuong ding nhw Hurwirz, Routh,
Nyquist dé khdo sdt on dinh céc hé diu khién ciing nhu cdch ding cong cy mdy
tinh theo chuong trinh Tutsim {6] . Matlab [7] 3¢ mo phing.

Chuong IV: Pé cdp dén phuong phdp xdc dinh céu triic va thong 36 ciia



cde dot twong ciing nlue phuong phip quy dao nghiém sé, chia mién on dinh la
phitong phdp hitu hiéu treng viéc phan tich ciing nhu tong hop hé thong.

Chiong V: Néu lén khdi niém vé chdt licong cfing nine nhiing tiéu chudn dé
dénh gid chdt lwong mot é thong diéu khién ty dong.

Chuong VI: Tong hop hé diéu khién ne dong. J ddy néu lén viéc ding cdc
ki hiéu chinh ciing nhie cée bo diéu chin khdc nhau, dién nr, khi nén dé ndng
cao chdt lwong cde hé diéu khién (SISO ciing nlu MIMO), ¢4 bo sung thém
phdn ding mdy tinh dé' tong hop hé théng 16 wu.

Chitong VII: Phuong phdp bién trang thai déi voi cae hé diéu khién n
déng. J day cé néu lén méi lién hé gidta cdc phiwong phdp khdo sdt hé thong
trong mién tdn sé va mién thoi gian, cing niu phitong phdp diing mdy tinh dé
mé 1d hé thang trong khong gian trang thai, khai niém vé didu khién duve va
quan sat dige, ding mdy tinh dé phdn tich va tong hop hé thong. Trong chiong
nay cing dé cap dén diéu khién tich phan, cdch xdy dung b quan sdt déng...

Quvén sach nay dé cgp dén nhiéu van dé co ban gdn lién voi nhitng khdi
niém thic 16, khd nhiéz vi dy chimg minh, ding mdy tinh dé minh hog, ciing nhi
ihiéu bai tdp véi ddp dn ddy di. Sach ding lam rdi liéu hoc tdp, tham khdo cho
sindt vién, nghién ciu sinh va cdn bo khoa hoc k¥ thuat trong 1indt vuc 1w dong
va diéu khién.

Tdc gid rdt mong ban doc gép y kiéh dé sdch ngay cang hoan thién hon.

Tdc gid chdn thanh cdm on cdc ban déng nghidp, cdc cdn bo thude Nha
xudt bdn Khoa hoc va Ky thudt di giip dé thiét thuc dé hoan thanh dugc bo
sach nay.

Tac gia



Chuong 1
KHAI NIEM CHUNG

I.1. MOT SO KHAI NIEM VA DINH NGHIA
1.1.1. Vi du vé hé diéu chinh dién ap bang tay

& hinh 1.1 6 so do nguyén 1y cia modt hé diéu chinh dién ap may
phat bang tay.

Hinh I.IL
1. Vo ling; 2. Bo gidm tdc; 3. Van; 4. Tuabin 5. Mdy phdt; 6. Dong hd do;

Theo s¢ dé nguyén Iy, cd thé bigt dugc nguyén tdc lam viec cua hé :
Ngudi diéu khién ludn quan sat déng hé do dién dp 6. Néu dién ap thap
hon tri s§ dinh muc (khi phu tai tang chang han), ngudi diéu khig€n quay
v6 lang 1, qua b¢ bién toc 2 m& thém van 3 dé€ tang luu luong nhién
lidu g vao tuabin 4. Luu lugng nhién léu tang sé lam tang t6c do n cua
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tuabin 4. Truc cda tuabin cing la truc cua réto may phat 5, do dd stc
dién dang (hay dién ap U) cia may phat sé tang cho dé&n khi phue hai.
lai dién ap dinh mdc cdn thist Néu dién ap tang vugt qud dinh muc,
qua trinh sé nguoe lai khi ngudi diéu khién ddng bdt van d& giam luu
lugng nhién lidgu vao tuabin.

Ung v6i hinh 1.1, néu mé; phan #f duge mé td bang khéi chir nhat
nhu & hinh 12, ta e6 so dé khsi, Su d6 khéi giup cho viee nghién ciju
phan tich hé théng gian don hon khi hé cd nhiéu phan ty.

Méi phin t& o6 déu vao, dau ra. Ngusi diéu khign quan sat goc ¢
ctia kim dong hé do 6, quay v6 lang mét gdc tuang ¥ng «;, bd gidm tée
nhan gdc quay a; d€ tao thanh géc quay a; md thém van 3 va tang lun
lugng q cta nhién lien, téc d6 tuabin tang va mdy phat 5 s tang dién
&p U trong trusng hop tang phu tai.

L e

Hinh 1.2

M&i phan t o6 hudng tdc dong nhat dinh dude th€ hién bang chisu
cia mii tén. M&i phan t& ef the ¢d nhidu ddu vao, vi du may phit 5
c6 ddu vao 1a t6c d6 n cla tuabin va dién ap kich ti U,, cia may phat.
Ca hai ddu vio nay déu ¢ thé lam thay ddi dién 4p ra U. O day dién
ap kich tir 13 khong dai (Ug = const) nén chi cén quan tam den su
thay déi téc d6 n cia tuabin lam anh huéng dén qua trinh,

Phan tr 1a khai niém tuong d6i. Co thé xem méi banh rang clia bé
gidm téc 14 mot phan tir (vé mat cdu tric vat ly) hay c6 thé xem bd
gliam tbc va vé lang la mdt phan t cd dau vao la a; va ddu ra la «,.

Vé phuong dién chic nang, cdc phan td trén cd the hop thanh ba
khéi chinh trong hé nhuv & hinh 1.3, dd la - |

1. Co cdu thita hanh (CCTH) bao gom vo lang, bo giam t6c va van -

2. Déi tugng diéu chinh (DTDC) gém t8 hgp tuabin va may phat ;
3. Dung cy do (DCD) Ja dong hé do dien 4p U.



I1& trén la modt hé
6 vi tin hiéu ra ¢

khong lién hé truc tiép

v@i tde déng vao o:1 &; CCTH q DTBC u DCp @
ma thong qua ngudi
diéu khién.

Nhuge diém co Hinh 1.3

ban cia hé didu chinh

bang tay ndi trén la ngudi diéu khi€n luén theo d6i moét cdch cang thang
vi tri cia kim déng hé do, va khd nang tdc dong nhanh hay chéam tuy
thude vao ngudi diéu khién. Dudi day la mét phuong d4n khae phuc cac
nhuge digm trén.

1.1.2. Mot phuong 4n tu dong héa hé diéu chinh dién dp may phat
Hinh 1.4 & so d6 tu déng hda hé diéu chinh dién &p may phat.
So¢ dé khéi tuong dng nhu & hinh 15 O day, he ty dong digu chinh

dién 4p 1a mot hé kin, lam viéc theo sai léch AU = U, - Uy. Heé kin

1a he o6 hoi tiép (phdn hoi, lién hé nguge). HOi tiép cd hdi tigp am, ho

tiép duang. O hé kin, ddu ra cia phin t& nay 1a ddu vao cta phén ti

sau no.

Hinh 1.4

1. Bong cor disu khitn van ; 2. B) gidm tdc 3 3. Van ; 4. Tuabin ; 5. Mdy phit ;
6. Bi€n trér 3 7. Chi€t ap ; 8. Co c¢fv so sanh ; 9. Khuéch dqi
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Hinn 1.5,

He¢ lam viée ¢6 muc dich 1a triét tidu sai léch AU, nghia la U, =
U, AU = 0 ; déng thoi sai léch cang la dong luc ctia hé. Trén chiét
ap 7 cd cdc tri s6 cua dién dp dat {(setpoint) ; U, tuong dng vdi dién
ap dinh mde mong mudn U. Khi AU = 0, moi tac dong trong mach vong
kin déu khéng thay d6i : dién dp Uy, dat vao mach phdn tng cla dong
co bang 0, déng co khong chuyén dong, @) va& a; déu git nguyén i tri
cua nd, luu lugng nhién litu g khéng thay déi, tuabin git nguyén téc do
n vd may phat khong thay d8i dién ap (U) phat ra, vi né darg o6 tri
s6 dinh mnic can thist.

Khi phu tai tang, U giam, dién 4p héi ticp Uy, 1a mot phdn cua U
cing giam theoe va AU = U, - U,, > 0 (dien ap dat U, khéng thay
déi). Dién d4p dat vao mach phan ung dong ce U,. lam cho déng cu quay,
ma& thém van & va tdng luu lugng nhién lieu q, tuabin tang téc do n,
dién dp mdy phat sé tang va sau mot thdi gian phuc héi lai tri s6 dinh
muc cin thidt

Qud trinh sé& nguge lai khi vi 1y do nao didy ma U tding gud muc
can thiét,

Muén thay déi dal luong dién ap U, ta thay déi lugng dat U, bang
cach thay déi vi tr{ con trugt & chigt ap 7.

5S¢ do tong quat cua hé didu chinh ty dong ndi trén nhu & hinh 1.6.
O day déi tuong diéu chinh (DTDC) bao gém cdc phdn ti tit 1 dén 5 &
hinh 1.5. Co cdu so sanh & khuéch dai 9 cung chiét dp 7 tac thanh bé
diéu chinh ty 1& vi dién ap ra Uy, t¥y 18 véi sai léech AU. Khi khao sat
chi cdn quan tam dén U, nén bd qua chiét dp tao luong dat. Khéi dung
cu do (DCD) cd khi duge ghép chung vao déi tugng diéu chinh, lic 4y
S€ cG hdi tiép don vi. Trong truong hop dy, vi Uy, ¢6 cing thd nguyén
v6i tin hiéu dat U, ( U, thé hién cho luong ra mong muén) nén AU
thé hién cho sai léch e cta h8, mac du vé ban chit vat ly, U, ndi ¢hung
khéng dong nhidt véi dai lugng ra ctia hé ma da qua cam bién hay co
cAu chuyén d6i. O vi du trén, dung cu do 13 bién trd 6 bién d8i tu mot
dai luong dién U l6n thanh mét lugng dien 4p phan héi bé U,. Déi
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tugng diéu chinh
(PDTDC) a day thue

u, A e U
chit I3 nhing phin td —-@—H BOC —»iamc_ﬂl—a-

¢6 thong s6 c6 dinh, vi — A )

" g _ O N ‘V] Uyt J
ngoal tuabin vad may L._._._ DCH e
phat con cd thé bao

gém cd co cdu thiua
hanh gém déng ca, bd Hinh L6,
gidm tbéc va van.

Tin hiéu ra cha hé la tin hiéu (hay dai lugng) duge diéu chinh (y).
Tin hiéu ti bo diéu chinh tdc dong vao d6i tugng la tin hiéu (hay dai
lugng) didu chinh uft) (sy phan biét gilta diéu khién va difu chinh &
duge dé cap dén & muc L[.2).

Khac vai hé hd, ¢ hé kin, khi c6 nhiéu (f, f; & hink 1.7) tac dong,
théng qua mach
héi tigp, b¢ diéu
chinh cadm nhéan
duge sai léch e X e

ma hiéu chinh
lai tin hiéu diéu

chinh U d& nang
cao chit lugng
ciia hé. Sa do
khéi & hinh 1.7 la so d6 tdng quit véi héi ti€p don vi (am), khong cd
co cAu tao tin hiéu dat, cac ky tu cing khong mang tinh chdt vat ly
nhu & cac vi du trén,

- -

Hinh 1.7,

1.1.3. Dung may tinh dé diéu khién t6 hop tuabin - may phat [71

S d6 diéu khién t8 hop tuabin - may phat duge thé hién trén hinh
1.8 Khac vd&i cde vi du trén, lhiu lugng hoi nude duge didu khién tu
nguén nude (van V,). Ngeai ra, tit trung tam diéu khién (may tinh) con
didu khign luu lugng khi d6t (gaz) q, (van V3), luu luong khong khi vac
1 qy (van V3) cing nhu t6c do cia tuabin thong qua diéu khién do
nghiéng cta cdnh tinh. Tri s6 dat khong chi 1a dien ap mong muon U,
ma con 1A nhiet do 1o t, ap sudt P, cing nhu lugng Oxy cén thiet O,
Cdc tin hidu hdoi tiép ldy tu dung cu do : dién &p, nhiat do, dp sudti,
luong khi oxy. Vi may tinh diéu khi€n la cong cu sd nén tlU cic cd ciu
do dién 4p, nhiét d6, ap suit, khi oxy, cdc dai lugng lién tuc nay phai
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Trung
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Iri 53" gar

fde
S gy-%
kheen

28

qua bo bién déi tuong
cac van V), V, V, téc
dé phéi qua bd bign
déi s6 - tugng tu

Hinkh 1.8,

ty - s (A/D) cing nhu cac tin hiéu didu khién

(D/A), ma trén hinh vé % € T T l ~ DT d =
khong mé td. So d6 _? O K DK
khéi cua hé nhu 4 H
hinh 1.9, dudng hai =
nét bi€u thi cho tin
hiéu duéi dang vecto. Hink 1.9,
X, = mo’ te Pm 020)’
y = (U, t, P, O,
u = (q), 9 93 ny
Diu " la ddu chuyén vi cua vects. O day, trung tAm diéu khién cd

kha nang diéu do tap trung, May tinh thuc hién chic nang cia b didu
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chinh hay co ciu diéu khién ; mot may tinh cd thé déng thsi diéu khién
nhiéu kénh.

Do kha nang tac ddng nhanh
va dung lugng bd nhd lén, mady
tinh cho phép diéu khién nhing T;D ¢
hé théng lén v4i chit lugng va
hiéu qua kinh t& cao. Vi du nhiém
vu dit ra la lam sao d€ st dung
nhiét d8 cuc dai cua 16 khi chit
lugng khi d6t luon thay ddi [20].
Lic dy hé sé tu dong diéu khién
luong khong khi g, theo nguyén
tdc thich nghi. O hinh 1.10 ¢d dac
tinh nhiét d6 t° phu thugse luu
lugng khéng khi gy khi Juu lugng
khi d&dt g khong ddi. Khi luu Hinh 1.10.
lugng va chat higng khi dét khong
thay d&i, ton tal mot luu lugng khéng khi nhat dinh gy d€ nhiét do I
lén nhat. Nhung thuc t&, luu lugng va chat lugng khi dét thay déi mot
cach khéng biét trudc nén mét nguyén téc thich nghi cd thé duge lap
trinh trén mdy tinh theo mat angorit (thuat toan) thich hgp d8 bao dam
hiéu qua t6i da cé thé, nhu di dé ra. Noi chung mdy tinh cd thé giai
quyét nhiéu bai todn khéc nhau d€ cd chit lugng t8i uu.

ol -
¥%
Sl

1.2. PHAN LOAI CAC HE DIEU KHIEN TU DONG

D& ¢d cai nhin téng quat va xde dinh vi tri cda vdn dé dang nghién
eldu, xdc dinh mdéi lién hé gita cdc vdn dé, cling nhu tién di sdu vao
ting vdn dé& cAn tam phan loai cac hé diéu khi€n theo cdc dac diém
sau day.

1.2.1. Theo tinh lién tuc véi thoi gian ciia cdce tin hiéu

Nhu & vi du trén hinh 14, tdt ci cdc tin hiéu tén tai trong hé déu
litn tue thec thoi gian, hé dy la Aé lién tuc. Nguge lai, 8 mdt ndgi nao
dd tin hiéu khong lién tuc, hé trd thanh #¢ gian dogn. Nhu & hinh 1.8,
may tinh 14 mot cong cu lam viéc theo ché& do rai rac {(gian doan) nén
phai dung cdc bd chuyén ddi A/D, D/A (hay ADC, DAC) dé gian tiép vdi
phan lién tuc cda hé thdng.
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L.2.2. Theo dic tinh tinh coa cdc phén ti

Ddc tinh tinh cha mét phin td 14 méi quan he yix) gita tin higu
vado va ra cia phdn tit &y & trang thai xac lap.

) hinh 1.4, cic phan ti déu cd thd duge xem nhu tuyén tinh va
cd hé théng duce xem nhu hé tuyén tinh.
Tuy nhién, khi ddi hoi khao
sat vOi do chinh xdc cao, hay khi
hé lam viéc trong pham vi bign
déi 16n cda tin hiéu, mot s& phdn de
td khéng cdn la tuyén tinh nia.
Vi du, khuéch dai 8 9 & hinh 14
déu eé ving kém nhay va viing
bao héa. Khi dién dp vio qua bé :
[AU| < AU, thi ¢ ddu ra cua — 44 /
khuéch dai khéng ed tin higu '
(vung kém nhay), con khi dién ap /
vao qud lén thi khuéch dai sé lam
vite ¢ ch& do bdc hda nhu & hinh J
111
Bo giam tde 2 khi da eq, cdc
banh rang sé "r¢" va cing la mot
khau phi tuyén tinh. Hinh 1.11.

A

Mot phan tir khac la mdy phat 5, May phat cd hai ddu vao : dong
kich tif va téc d6 quay cta roto. O vi du trén, kich tu khéng thay déi
nén: :

U= Cg¢n = Kn

C. - hang s6 phu thudc cdu tric cta may phat ;

¢ - ti thong kich thich;

n - toc dé cia may
phat. _‘{ﬁ‘;.. -
Khi dai lugng nay +
khong thay ddi thi sic dién E’l & y
dong ¢hay dién ap ra U) cha Yo L¥
mdy phat ty 1& vai toc dé n _ ] \i/
vd may phat 1A mét phan ta / ; z
tuyén tinh.
Néu xét dau vao la
dong dién kich t¥, tit thong ¢ Hinh L12.
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sé& thay déi khong theo
quy luat tuyén tinh va
quan hé gilta dién ap
clia mdy phat voi dong
kich tit la phi tuyén
tinh. & hinh 1.13,
dutmg 1 cd tinh dén ti

du mdy phat, dudng 2
bé qua ti du va trong

pham vi bién d&i cla

dong dién khéng 16n
thi may phat la mot

Hinh 1.13.

phdn t tuyén tinh.

1.2.3. Theo mue dich diéu khién

{. Hé didu chinh hay hié én dinh hoa

Trong cde vi du trén, dai lugng duoe diéu chinh (U) dugc duy tri &
mot tri s nhat dinh (véi dd chinh xdc nao dd) nén dd 1a hé diéu chinh.
Heé diéu chinh thudng gdp trong cong nghiép va doi séng nhu diéu chinh
muc nude, didu chinh nhiét dg, diéu chinh téc dd v.v.. o) nhing hé nay,
muc nude, nhigt do, tdc do v.v.. duge gl & mot dai lugng mong mudn
nhit dinh.

2. Hé ditu khién theo chuwong trinh

Trong nhiéu trudng hop, dai lugng ducce diéu khi€n cén thay d8i theo
mot quy luat dinh truée naoc do ; vi du & 1o toi kim loai, nhiét d¢ theo
thdi gian cdn thay d6i theo mét chuong irinh dinh san.

& hinh 1.14, nhiét do 1o duge do bing dign tré nhiét R, & mét nhinh
ctta cdu can bang (CCB). Nhiét dé 1o ducge xdc dinh boi vi trl cta con
trugt (T,) trén bién trd (BT). Khi nhiét ds 1o tuong dng véi tri s6 mong
mudn thi U, = Uy, dong co ding yén va con trugt clia bién 4p tu nghu
T, duoc xdc dinh @ mot vi tri nhat dinh, Khi nhiét 40 1o léch khdi tri
s6 cdn thiét, dién trd nhiét thay d8i theo (tang khi nhiét dé tang va
nguge lai), cdu léch khéi trang thai can bang. Lugng sai lech U, - Uy
diéu khién dong cd quay con trugt T; lam thay déi dién ap vao 1& dén
khi dat duge nhiét 46 cdn thist. Mudn nhiét do 16 thay d6i theo mot
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chuong trinh nhdt dinh nao d6, ngusi ta ding banh cam C quay véi téc
do khong d8i va cd hinh dang dutng bién tuong dng vdi chuong trinh
mong muén. Ciu sé & trang thai can bing khi dién tra nhiét (hay nhist -
do 1) tuong dng vdi tri tri nhdt dinh cta con trugt T, trén banh cam
C, nghia 1a khi nhiét do thay d&i theo chuong trinh da dinh.
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Hinh 1.14.

Trd lai hé diéu chinh dién 4p & hinh 14, vi trl con trugt trén chiét
4p 7 xac dinh dién 4p dat U, tuong Ung véi dién dp ra cia may phdt.
Néu ding banh cam diéu khién U, thay ddi theo thdi gian, ta cing co
thé cd hé diéu khién dien ap (hay céng suft) cia may phat theo chudng
trinh.

3. Hé diéu khién phu thude

Néu dai lugng duge didu khién thay d6i mét cach ngau nhién, khéng
theo mdt quy luat nao, ta cd hé diénw khién phu thudée. Néu dai lugng

duge diéu khién 1a vi trf (gdc quay chang han), ta o6 heé tity dong (hé
bdm, hé theo déi).

Muc dich cta hé 1a thay d8i vi tri phu tai (nhu kinh thién van,
anten rada, nong phde v.v..) theo mét quy luat khong bigt truéc ma co
c8u déc biét - co cau phat tin hiéu - nhan duge. Co cdu phat nhan duge
tin hiéu th€ hién & vi tr{ con trugt Ty trén bién trd BT, chang han (vi
du nhu khi con trugt gin vai truc cia rada bam muc tidu), Khuéeh dai
KD nhan duge mét lugng dien ap U, ndo dd. Néu vi trl con trugt T,
khdec véi T, nghia Ja U, # U, thi déng co DC $6 quay thist bi duge
diéu khi€n (nong phdo chdng han), d6ng thdi quay con trugt T, cta bign
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Hinh 1.15.

tré BT, Hé sé& & trang thai cin bang khi gdc quay cla cg cdu phat o
(rada) vA co cfu thu « (ndng phdo) nhu nhau.

Trong cdc hé thy dong ngudi ta khéng dung bién trd ¢d goc quay
han ché ma diung xenxin d€ thyc hién ché dod phat va thu,

Heé tuy dong thue chét 1a mot khuéch dai céng sudt : mdt luc nho
dat vao cog céu phat, diéu khién véi mét ngudn nang lugng lén dé thay
ddi vi tri ¢ha phu tai

1.2.4. Theo s6 lugng diu vao va ra

Trong cac vi du trén (hinh 1.4, 1.14, 1.15) hé chi ¢ mot ddu vao
vA mot ddu ra (la dién ap cla may phat U, nhiét do t, hodc géc quay
@, tuong ung). DS 1a hé mét vao mét
ra (SISO). O cdc hé théng lon, didu
khién déng thoi nhiéu dai lugng, ching
con c6 lien hé qua lai v6i nhau. Vi du .
& hé didu khi&n dién nang, cdn duy tri
dien ap mdy phat, tdn s, cong suft ; 7
& 1o hoi cdn duy tri myc nude, nhigt T — =

co=censt

?(/

ds, ap suft hoi (nhu ¢ hinh 1.8). Hé L
¢ mdi lién hé nhau gila céc dai lugng — —
goi 1a hé nhiéu lién hé. HE o0 nhiéu H “_Oé -

ddu vao diu ra goi 1a hé nhidu vio \ L

nhizu ra (MIMO). Trong thuc t&€ cdn -
gap hé nhidu vao mét ra (MISO).

O hinh 1.16 c6 dsi tugng diéu
chinh la b8 nude v6i hai ddu vao : vol Hinh 116

VI
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nude lanh véi hiu lugng q va vol nude néng véi luu luong q,. Dai luong
duge diéu chinh 13 chiéu cao muc nude H trong bé va nhist dd cia nuée
chdy ra ngoai t” ching han. Nhu vily & so d6 khéi tdng quat, ting véi
hinh 1.9, d6i tugng diéu chinh dugc mé ta véi tin hidu :
95 . H
u = a va y = ©
Ré rang 1a chiéu cao ctia mye meée H cing nhu nhiét dé6 § ddu ra
t" phu thuse ca dn va g Mai lién hé chéo nay doi hdi chon bs diéu
chinh thich hop d€ bao dam dai luong H va t° mong muén (sé ds cap
dén & muc VL6

1.2.5. Theo tinh xic dinh cida tin hiéu trong hé

Trong hé théng, tin hidu cd thé tién dinh hay ngiu nhién va tuong
ung voi ching la hé tien dinh va he ngdu nhién. O cac he diéu chinh
nhu diéu chinh dién ap, nhiet do, téc d¢ ~.v.. tin hiéu dat, tin higu diéu
khi¢n va tin hiéu duge didu khién cing nhu sai leéch (x, u, ¥, e thusng
la tién dinh ndu nhidu tde déng vao hé thdng cing la tién dinh. Trong
thue té, nhiéu tdc dong vae he thong (nhu f, f, & hinh 1.7) 13 ngiu
nhién, khong xac dinh trude duge & ting thsi di€ém, ma néu cd, cling chi
biét duge dac tinh théng ké cua ching nhu tri s6 trung binh, phuong sai,
phé v.v.. Trong trudng hogp phai tinh dén nhing tdc déng ngiu nhién
cia hé thong, ta cd hé ngdu nhién. O nhidy h¢ tuy dong, khong nhing
nhiéu ma tin hiéu o6 fch ma co csu phat nhan duge & diu vao cling
thay d&i mot cdch ngiu nhién.

L.2.6. Theo lugng thong tin ban diu

Phuong phap khio sit hé tién dink va ngdu nhién 6 khac nhau,
‘Trong nhiéu trusng hop, do muc d6 anh hudng cua nhiéu qua lén hay
do lugng thong tin ban diu cdn thist trong qud trinh thist k& chua du
dé€ hé luén lam viée & che dd t6i uwu, dc dS phai ding nguyén tdc thich
nghi. He thich nghi st dung lugng thong tin cd duge trong qua trinh lam
viee dé blt ddp cho lugng thong tin ban diu con thidu.

O hinh 1.10 o¢ méi quan hé giita naiét d6 t° va lﬁu Itgng khong
khi q3- Néu luu lugng va chit lugng khi d6t khong thay d6i, ta cd thé
xdac dinh trude duge luu luong t6i uwu cis khong khi q3 dé nhist do 1o

luén cuc dai. Mat khdc, néu bidt trude duge mét cdch didy du vé sy thay
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ddi luu luong va
chiat lugng khi | ¢
dot, mot hé ‘

th(‘)ng ty dong CCTN b e e
théng thudng |

cing cd thé bao
dam nhiét do 1o
lubn cuc dai

Nbhu  vay, Su }
khac vai  hé l
thong thuong, hé 4(
thich nghi tu _Z BOC p——r—={ BTHC 7 -
thay doi thong sé -4 € o

hay cdu truc cla
né khi diéu kién

bén ngoai hay
bén trong thay Hinh L17.
ddi mot  cach

khong bigt trude duge, d€ bdo dam hé ludn lam viée ¢ ch& do to1 wu.

O hinh 1.17 c¢d s3 dé cdu trdc cha mdt hé didu chinh thich nghi.
Ngoai mach vong cg ban cta mot hé diéu chinh thong thutng con cd cic
mach vong thich nghi. Co cdu thich nghi (CCTN) nhan tin hiéu tit dau
viéo, dau ra, tin hiéu didu chinh, tac dong cta nhidu do dugc (hay mot
s§ trong cdc tin hiéu ndi trén) d€ phan tich va tao nén tdc dong phu
Su che bd diéu chinh, nham giit cho hé ludn lam viéc & ché do t6i uu
thec mét nghia nac ddé [20].

1.3. NOI DUNG CO BAN CUA LY THUYET DIEU KHIEN Ty DONG

Ly thuyét diéu khién tu dong nghién ciu cdc nguyén tic chung dé
xay dung hé ty dong, cdc phuong phdp dé khao sat ching ma khong phu
thuéc vao ban chit vat ly cua cde qud trinh, Ly thuy&t diéu khién ty
dong la cu sd ly thuyst d& thiét k& cac hé tu dong trong céc linh vue
khac nhau cta k§ thuat, kinh t& cing nhu nghién ciu cic hé trong co
thé s6ng hodc trong méi quan hé xa hai.

Nhiém vu co ban cta ly thuyst diéu khién tu dong la khdo sat cdc
dac tinh tinh (& ché d6 xdc lap) va dac tinh dong cda cdc hé ty dong,
nham thist k& hé théng théa mian cdac yéu cdu ky thuat cho trudc.
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Noi dung cla Iy thuyst diéu khién tu déng bac gém :

1. Nhiém vy phan tich la khao sal nguyén Iy hoat dong ctia car
phian tt va cia hé vdi ciu tmic va thong s& da cho cing véi nhitng tic
dong khdc nhau d6i v4i hé théng. Nhiem vu phan tich bao gém vide khao
sat tinh 8n dinh cia hé, danh gia chat lugng tinh va déng, nghia 1a khao
sat qua trinh diéu khién.

2. Nhiém vy tdng hop la nhiém vu tuong doéi phiic tap hon, bao gém
viéc thiét k& hé théng : chon so d§ thue hién co cfu diéu khién d6i
tuong, chon cdc phdn tU va xdc dinh théng s& cua ching d€ bao dam
chdt lugng va yéu cdu da duge dat ra d6i véi he ty déng. Nhidm wu
tong hop gin lién véi nhiem vu t6i wu hda, nghia 1a nhiém vy tdng hop
toi uu theo moét nghia nao do d6i vai hé tu dong.

Phuong phap gidi bai toan t8i wu phu thuge vao lugng théng tin ban
dau, nghia 14 nhitng hi€u biét so bo v& dai tuang duge didu khién va cac
tdc ddng tu ngoai vao. Néu lugng thong tin ban ddu 1a xsc dinh, nhigm
vu téng hop dude thue hién theo phuong phdp tién dinh. Né&u luong thang
tin &y la ngiu nhién, ding phuong phdp xsp xi ngiu nhién.

O tap sach nay, nhiém vu tng hgp chi giéi han & viec chon cac
khau hiéu chinh, cdc bd diéu chinh cung vdi viéc xdc dinh théng s§ cua
ching d€ bao dam chit lugng dat ra.

Ly thuyét diéu khi€n tu dong lién hé chat ché v6i nhing linh vuc
khoa hoc ky thuat khac nhu ly thuyét dao dong, 1y thuyst mach, Iy thuyét
vé qua trinh ngAu nhién cing nhu nhitng kién thic vé may dién, thist
bi dién, khi nén, thuy ltc, cde thiét bi cdm bién va do luing.

Nhitng vdn dé lién quan dén ly thuyét didu khién ty dong cang nhiéu,
hé tu dong cang da dang ; cho nén viéc nghién citu ly thuyst diéu khién
ty dong bat ddu ti¥ viée lam quen véi mot 6 s¢ d6 khdc nhau clia cac
hé thong, nghién ciu nguyén téc chung d€ xAy dung chdng ciung véi tinh
ch&t chung, diac di€m va nhitng kha nang cé thé ¢é cta cac hé 4y.
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Chuong 1

CO SO TOAN HOC
CUA LY THUYET DIEU KHIEN TU DONG

I.1. PHUONG TRINH VI PHAN

Nhu da néu trén, mét phan
t¢ hay mo6t hé théng cd thé duoe % ¥
mé ta bang mot khoi chi nhat véi '
diu vao vi ddu ra nhu ¢ hinh
2.1, Phuong trinh vi phan xic Hinh 2.1
dinh mai quan hé gitta tin hidu
vao x va tin hiéu ra y cta phén

t hay hé théng. Vi du & hinh {x) (y)
22a cd bign trd voi mdi quan hé P a
cua dién ap vao U, va dién 4p ra
. nhu sau : g 2
_ R, AN

Uy = Ri = gog, Us 4

Trang thi thang bing cua

rang tnal thang bang che ) Hinh 2.2.

cdu thang bang ¢ hinh 2.2b dudc
xac dinh bdi :

ip
Q="

Néu xem U, hay Q la tin hiéu ra, U, hay P la tin hiéu vao, cA hai
trusng hgp trén duge mod ta bdi phuong trinh vi phan cia mét khau
khuéch dai vdi hé s6 khuéch dai k : :

y = kx (2-1}
R,

-

mi k = =

a
R, + R, cho truong hop a) vd k = o cho trugng hgp b). Ban
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chit vat ly coa 2 phén b

R I
t¥  nay khiac nhau ;ESH—CT]——-_L—@‘ = /
(dién va co) nhung U, R e K= L.C
g i - - 4 —
ching déu duge ms ta ‘;’_ &) Cx 4 u
badi phuong trinh vi

al b)

phan nhu nhau (2-1),
Hinh 2.3.

Mét vi du khdae, mach RC & hinh 2.3a duge xdc dinh bdi .
T, = iR + U,

1%
U, E{‘dt

Véi digu kién dau Udo) = 0 ta co .
du,
i = Oy
dU
T do ; RC—dEE + U, = U,

O hinh 2.3b v8i binh chda khi cd dung tich C ; P| va P, la ap suat
¢ ddu vio vAd & trong binh, R 1a tré khang clia van va q la luu lugng
khi qua van. Ta cd hé phuong trinh :

1:::
el

dP,
Td do : RC—&t— + P2 = P
Hai phuong trinh vi phan cia mach RC va binh chia khi ¢6 chung
dang bac mot :

g ,
T + y = kx @2 .
dt
g__..

v6i T = RC va k = 1 cho cd hai , & L .
trudng hgp. (;) ¢ T (y

Phuong trinh (2-2) 1a phuong 2 - 14
trinh vi phan bac mdt cua khau
quin tinh ma k 12 hé s6 khuéch Hinh 2.4
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dai va T la hing s5 thoi gian. Trd cang 16n, dung tich binh hay dién
dung cang lon, quén tinh cang ldn.

Mot mach dién RILC nhu & hinh 24 cho ta méi quan hé vao ra nhu
sau :

di
U, =IR+ L— + U
dt

196
U, = EJidt
)

d°u, v,
Tit dé LC— + RC~~ + Uy = U,

Hay dang tong quat :

Y+ T ok y o= ka (2-3)
L
vii Ty = R T, = RC ; k = 1. Bbd 12 khau dao dong bac hai

Tu céc vi du trén ta nhan thiy :

1. Cac phan ti khdc nhau vé ban chét vat Iy cd thé dwude mod ta
bing phuong trinh vi phan nhu nhau.

2. O cac hé thue, bac cla v& phai luon luon nhé hon hay bang bac
clia v& trai i ¢ ddu ra khong thé cd tin hiéu vugt trude tin hiéu dau vao.

Trong trudng hop chung, phuong trinh vi phan ¢ dang :

ay | a7y

Y
a + a + ..+ a5t ay =
iy Jtn ]dtn—l n-l 4q¢ Y
x4 + b, — 4+ b
= Udtm ldtm;l + o m-1 ¢ o

vi m € n

(2-4)
I1.2. BIEN DOl LAPLACE (LAPOLAXO) VA FOURIER (PHURIE)

Bién d8i Laplace 1a cong cy todn hoc trung gian d€ don gidn hda
viec tinh toan. Bién ddi Laplace ctia x(t) duge xac dinh bdi :

[+

X(s) = Lxit)} = j x(t)e = dt
[i]
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ma s la toan td Laplace ; s = o + jo la bién phic, x(t) la ham géc
va X(s) la anh. Bién déi Laplace nguge cta X(s) duge xac dinh theo :
fz+jx.
x(t) = £ Xy = L _]‘X(s')e”[ ds
2xj @ j
Néu =x(t) khd vi va x(t) = 0 khi t <« 0, bién ddi Fourier ctia x(t)
duge xdc dinh béi

XGw) = Flxn)} = J‘x(r,)e‘lf”'dt
Dé c6 bién d8i Fourier, chi can thay th€ s = Jw @ bign d6i Laplace
nén dai khi theo thdi quen ngudi ta goi la bién d8i Laplace trong "mién
tan s8", trong khi cdc tin hidu va hé nguyén thdy & mién thoi gian.
Céc dinh ly lien quan dén bién d6i Laplace c¢d thé tom tdt nhu sau :
1. Dinh Iy tré
Lxit - 1} = Xisle 7® (2-5)
2. Dinh ly vé dao ham
dx
| =1 = 3) — x( -
£l dt} s.X(s) ~ x(o) (2-6)

i
3. Dinh Iy vé tich phan

t

1
£ fx(r) dr; = —Xig) (2-7)
0 ®

4. Dinh Iy (61 han ‘néu ton taiy

Tri s6 ban diu : x(o) =Slim s.X(s) (2-8)
Tri s6 cudi : x(e) = lim sX(s) (2-9}
5§ -»0

5. Dinh ly vé didn tich

o2

[x(tyde= limXfs) = Xio) (2-10)

0
6. Dinh ly nhan dnh (dinh Iy cudn;
Xis) = X {s)Xy(s)

! 1

X0 = [x(t-Dxmdr= [x,@xyt-1ar (2-11)
&) 0
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Bién ddi Laplace cta mot s6 ham thudng gap cho & bang 2.1 sau

day.
Bdng 2.1
%[t} | X(s) x{t) X(s)
T T 1
St 1 _
) n— 1! ($+”}n
1
1t 3 Sinet 2 “ S
L 55+ w”
1 s
t — cosiut 3
52 52 + o
n nt . - 2
i g sinete 3
g (s + rz]2 +
_ 1 _ § + ¢z
e o T coswte i —_— =
BT | (s + :1)2 + "

l

Ung dung dinh ly vé dao ham, phdong trinh vi phan tong quat cd
thé viet dusi dang todn ti Laplace nhu sau :

s + a)Y( =
+ b X8 (2-12)

|

-l n-1
(a,s + as + .+ a

_ m -1
- (bns + blS + o F bm—l

I.3. HAM TRUYEN DAT

Ham truyén dat cda mot phdn tu hay
mo6t hé théng la anh theo Laplace cta tin _XQ_.. Wis) __ﬁ._..
hiéu ra trén tin hiéu vao véi diéu kién dau Xts) L1 Y8
bang 0:

. Y(s) Hinh 2.5
Wi = o
(s)

Ham truyén cta mdt bé 1a ham néi lién déu ra va ddu vho cia hé
gy. Khac voi phuong trinh vi phan, ham truyén cho phép tach rti ba
thanh phdn riéng bi¢t : tin hiéu vao, hé thong va tin hiéu ra.

Trong cdc vi du trén, theo phudng trinh (2-1) ta cg bién d6i Laplace :

Yis) = k.X(s)



va ham truyén cla khau khuéch dai la :

W) = — =

Theo phuong trinh (2-2) .
(Ts + D)Y(s) = k.X(s)

va ham truyén cia khiau qudn tinh :
_ Y(s) k
Wi = Xs)  Ts+1

Khau dao déng, theo (2-3) dng vai
(T\T;s" + Tys + DY(s) = kX(s)

va ham truyén :
Y k
Wis) = 0] = 5
X(E)  TTs  + Ty + 1

Trudng hop chung, theo (2-12) :
Y(s) bys™ +byis™ !+ 4 by-18+ by, B(s)
= — {(2-13)
A(s)

Wfs) = oo . =

X(s) as"+as" '+ . +a _s+a,

B(s), Als) 1a nhimg da thic véi s, mi bic m va n tudng ing Vi

hé thue m < n.
Tri s6 cia s ma ham truyén bang 0 goi 14 nghiém khéng, ung véi

B{s) = 0. Tri s6 cia s ma ham truyén bang vo cing 1a nghiém cue hay
gol tat 1a cwe. Cyc )a nghiém cua phuong trinh dge trung As) = 0.
Bang 2.1 cho phép tinh ham géc khi biét anh theo Laplace.

Vidu 2-1
Hé cs ham truyén dat
2(s+ 3
Wis) = ( )
(s + 1){(s + 6)
va tin hiéu vac o6 dang ham ma x(t) = e 2
Vay 4nh theo Laplace cua

Theo bang 2.1 ta xdc dinh X(s) -y

tin hidu ra 1a -
2(s + 3) K, K, K,
YO = XOWE) = e e s T szt Tad

s+ 6 ;
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Cac hé s& cia phan thic &dn gidn cd thé tinh nhu sau :

K, 2(s + 3)

[(s + 2)Y(§));—9 =

[ 2:+3) |

K, = [(s + DY)y = (s + 2)(s + 6)

s5=—1

2(s+3)
(s+2(s+1)

=
[75]
1

[(S + G)Y(S)]S=—6 =

Nhu vay :

Yie) 0.5 + 0,8 0,3
8= s+ 2 s+ 1 s+ 6

Dap dng cta hé trén theo bang 2.1 sé la :
y(t) = -0,5¢7 + 0,87 - 0,37

L(s+ Dis+6)|,__»

Il

{
o
tn

= +08

1i
1

=

[V

H

5=—0

Ham truyén cho phép két hop dai sd cdc hé con thanh moét hé lan
tuy theo phuong thdic k&t hogp. DS 1a cdc dinh Iy co ban sau day.

[1.3.1. M#c néi ti€p cde phin tu
O hinh 2.6, hé
gém hai phén td ndéi

W(s)

tiép nhau, ham truyén [

/
|

cia hé cdn xac dinh X(s). X, (s) W (s Y(s) W, (s )
1a [ XE(SJ

Y{s)

=)

Y(s)
W(S] = _T"
X() Hinh 2.6
Hai ph&n t& cd ham truyén da biét la :
W RS Wi = Yy(s)
® = 3 V=1

ma theo hinh 2.6 :
Ta do



Y Y;(S) Y(s)

Yo 2 %9 T Xe %6

= W (5)W,(s)

Suy réng ra, trong trudng hop nhidu phdn ti ndi tigp -

n

Wis) = [] Ws) (2-14)
l

1=

Ham truyén cta hé 1a tich edc ham truyén thanh phan.

I1.3.2. Mac song song cdc phan ta
Trong trudng hop hai phdn td noi song song nhu & hinh 2.7, ta
nhin thay :
Xig) = Xjis) = X,(s)
Y = Yo O Yais)
Tu do

+
W (s) (-} Wa(s)

Ve VOO YiE) .+ Ve

Y2 %e T T Xe) X® X T

Trong trudng hgp nhiéu

phian ¥ T T T W(s)
boX(s) };(s)]./
2 | | W (s) |
Wi = X W(s) (2-15) X(s)! 'Y (s)
i=1 —“-——* !
Khi méic song song, ! [

ham truyén cia hé 1A tong

W, (s)

i
. ; (s
dai 86 cac ham truyén thanh LXE (5)______};__ )

phén. Hinh 2.7

I1.3.3. Méc kidu lién hé nguge (hoi tiép, phan héi)

O hinh 2.8, hai phin tit W (s) va W,(s) duge méc theo ki€u ed lién
hé nguoe, nghia la ddu vao caa Wy(s) 12 ddu ra clla W,(s). Lién hé ngude
c6 thé duong hay am. Lién hé ngugc am cd diu (=) trong ngoac hoac

duge to den & mot phan tu hinh tron mé ta khau so sanh nhu & hinh
2.8

T hinh 28 ta nhan thiy :
Vig) = Yi(5) = X,(s)
X,(9) = Xfs) () Yy(s) hay Xis) = X,(5) (F) Yiis)
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Do do .

Wis) =

Y(s)
X)X

Y, (®)

(s) (F) Y3()

Chia td va mau s6 cho X (s) va theo didu kién Y, (s) = X,is) ta cd :

Wis) =

Ham truyén cia
hé cd lién hé ngude la
mot ty s ma ti so la
ham truyén cua mach
thuan va miu s6 bang
1 cong (n&u phdn ho
am) hoac #it (néu
phdn héi duong) véi
tich ctia ham truyén

mach thuan va mach

Y,(s)
Xi(8)
_ Y(s) Ya(s)
Y X® 56

W (s)

1 (%) W (s) Wy(s)

X(s): X(s)
—1—* v\/(s)
‘(—-J
I x.SJ
|l 'Ag(s)
l L
Hinh 2.8

Y, (s)

W)

¥es)

—

XK (s)

|
!
|
|
i

(2-16)

h6i tiép. Mach thuén la mach duge tinh tit ddu vao X(s) d&n ddu ra Y(s),
mach nguge lai 1la mach héi tiép.

Vi du 2-2

Xac dinh ham truyén cia mot
hé cd héi tiép don vi nhu & hinh

29

Héi tiép don vi la héi tiép

ma trong dé ham truyén bang 1;

ddu vao cling chinh la
dd :

X (s) o EGI—— y(s)
ﬂ—' W, (s) >
diu ra, do
Hinh 2.9
Wy = 3O - W
= X T 1T+ W)

(2-17)
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Vidu 2-3

Cing thee hink 2.9, xac dinh ham truyén déi v6i sai léch e Trong
trudng hop nay tin hidu ra 1a e(t) + E(s) do dg mach thuan khong tén
tai mot khau nao va bing 1, tit dé theo (2- 16) ta 6 :
E(s) 1
X 1+ W)

W, (s} = (2-18)

Vidu 2-4

Y(s) . . .
(=, theo hinh 2.10 va don gian hda

Xac dinh ham truyén W(s) X(s)

tdi da.

Xls) - “""“"';‘ ] .|>""" Y(s)

1 gy e
\_{5 p— L""_ﬂri‘-s

L e

Hink 2.10

St dung tdng hgp ba dinh ly trén ta o6

i 1
"o % i} (Tys + 1) (11 + Tys) . (;1'15 + 1) ATe + 1
1+ (Ts+ 1) A+Ts e+ T+ D
Wis) = 1
Vidu 2-3

Ba khau W,(s), Wy(s) va Wi(s) néi ti€p nhau, déng thdi cd hai héi
ti€p chéo nhau nhu & hinh 2.11, xsc dinh W(s) = Y(s)/X(s).

_ 0 day khéng thd don thuin dung dinh ly v& mdc kiu lén he ngude
ma phal qua moét s6 bien d6i. Cé nhiéu phuong dn dé€ loai trit méi lien
h¢ chéo. VI du dua mach héi tiép tit ddu ra cua W,(3) ra sau cung. Ta
$€é ¢ 80 d6 tuong duong néu médc vio mach héi tiép Ay mot khau nghich
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nhu & hinh 2.12.

Y(s)

dao v6i ham truyén khau thd ba

" Wiis)

Hink 2.1
Ty d6 ta cd :
W, W,
W, —
_ Y(s) P14+ W, W, W W, W,
We = X T W W, 1 LHW W+ WW, (2-19)

LW T ww,) W,

O day, dé gian don da bé qua ky hitu clla todn tu Laplace: s.

Hinh 2.12

Chit ¥ :

Khi bign ddi c6 thé thay déi vi tri cdec diém ré cling nhu cédc co
cdu so sanh vai nhau nhung khong thé hodn vi mot cdch don thuan diém
16 véi co cAu so sanh.

O hinh 2.13a va b ¢d hai cdu tric khdc nhau nhung tuong duong
nhau dé bao dam thay d&i vi tri cua X; va X; ma ludn e :

X = X + X3

3 vi du 2-5 ban doc cd th§ dung cdc phuong &n khac dé bién ddi
va xdc dinh ham truyén W(s) = Y(s)/X(s) sac cho k& qud cudi cing nhu
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¢ bi€u thic (2-19).
Vidu 2-6

Bitn d8i so d6 khsi & hinh

2.14a d&€ cd so d6 tuong duong

nhu & hinh 2.14d.

Theo phuong phép chuyén déi
vi trl cd cdu so sanh va diém ré
nhu & hinh 2.13, tU hinh 2.14a ta

cd hinh 2.14b. Hinh 2.14b tuong

duong véi 2.14c va ti & so sanh
véi hinh 2.14d ta xac dinh :

Wd = _W4

WZ
Wo = 1+ W,W, X
Vidu 2-7

Xac dinh ham @)
truyén theo so d8 khai

X
4 hinh 2.14d theo két _
qud bién d8i & vi duy
2-6.
X &)
Dé xic dinh ham
Y(s)
truyén Wis) = X(s) ta

can bién d8i so dé
khéi & hinh 2.14d4 bang
cdch dua khau W, ra
trudc mach ré nhu d
hinh 2.15.

.' Nhu vay & mach
héi ti&p c¢d  hai
khau mac song song:
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Hinh 2.13

Hinh 2,14



1
W_h va "Vd' Do dd :

T 1A WWWW, W W,

1
1+ WaWhWC(Wd + W)
Al

Thay th€ két qua ¢4 tinh & vi du 2-6 ta c6 :
WW,

W= T wWoW, + W W,

Bén canh so do

X
khéi, ngudi ta con %@% W, W,

dung bidu dé graph L—

tin hiéu. O cac nhanh i

clla graph cd ddnh

ddu mdi tén va ham

truyén tuong ung. O W E'(_

cac niit cia graph 6

Hinh 2.15

méi liéen hé gilia cdc
phdn ti. Ham truyén
baing 1 vln phai ké&
dén khi veé.

Tudng Ung vdi
hinh 2.15, ¢d bi€u db
graph tin hiéu d hinh A
2.16.

Hinh 2.16

I.4. DAC TINH CAC PHAN TU VA HE THONG

Moi tac dong vao hé théng déu gay nén sy thay ddi cua da’ luong
duge didu khifn, gy nén sy chénh léch so voi dai lugng cho trude. Tinh
chdt cua qud trinh phu thudc vio ban than hé (cdu tric va thong sb)
ciing nhu di€m dat clia tédc dong vao va dang cla tin hiéu tdc dong.
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Co haj loai tac dong tir ngoai
vao hé thong : tdc dong cda ‘tin
hieu dat va tdac Jdong cia nhidu. (i 3
Trong cac hé diéu chinh, tac dong ?
vao ma theo dé xde Ainh bd diéu 2
chinh la mot hid.g x(t) = a,
(dudng I hinh 2.17). O cac he 7
diéu khién theo chuong trinh, nd P /
la ham dinh trudc theo thoi gian.

0 cac hé tuy dong, né la mot Z

ham bat ky ti co cdu phat. Khi v Tt

anten bam muyc tiéu, mdy bay

(muc tiéu) chuyén dong déu thi Hinh 2.17
tin hiéu téc déng vao hé tiy dong
dé chuyén dong anten 1a ham tuyén tinh theo thsi gian : x(t} = at

tduong 2 trén hinh 2.17). Khi may bay tang téc déw - 1a ham bac hai
chiang han : x(t) = a-zt‘: {dudng 3),

Truong hop téng quat :

n a,
x() = > ﬁtl
i=1

Dé 4n dinh bé anten hay beé phdo trén tau thuy khi bj ldc, tdce dong
vao cua hé tuy dong cd dang song difu hoa x(t) = X sinwt + ) (dutng
4},

Tac déng cda nhidu khi thay
doi phu tai hay nhitng nguyén
nhan khic lam cho dai luong dugc A D)
diéu khi€n léch khodi tri s6 cdn
thiét. Tac dong loai nay thuong la ;
nhitng thay déi d¢t bién tang
(duong 1 hinh 2.18) hay giam
(dubng 2). Nhidu tdc dong o6 the | | 5
theo mot quy luat nhit dinh (tién /\_ . Aj
dinh) hay ngdu nhién (duong 3). NS U - T
Trong trudng hop bist duge thui

di€ém ban ddu cda nhiéu tién dinh,
cd thé xdc dinh duge nd d moi Hinh 2.18
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thai di"m k& tigp. Dsi voi nhidu nglu nhién, biét duge quy luat cia nd
5 thoi didm ban ddu cing chi xac dinh duge xac suit cda nd ¢ thoi diém
tiép theo.

Nhiem vu cua didu khién tu dong la loai trit hoac gidm nhd Aanh
hugng ctia nhiéu dén muc cd thé. D& phan tich khao sat hé thoéng ngudi
ta danh gia dap ung cia né vé tinh 6n dinh, vé chdt lugng véi cac dang
tic dong vao thudng gap ciing nhu nhitng dang khac véi muyc dich nghién
citu phan tich.

11.4.1. Dac tinh thoi gian
Moi tin hiéu tién dinh déu c6 thé xem nhu t§ hgp cia nhitng dang
tin hiéu don gidn sau day.
I. Tin hiéu bdc thung don vi
Tin hiéu bac thang don vi cd thé duge mé tad boi -
0 khit < 0
1 khit = 0O
nhv & hinh 2.19. ()

It) =

Mot tin hiéu tién dinh dang bat
ky c6 thé xem nhu t6 hop cac tin 1(t)

hiéu bac thang :

n

x(t) = AL + 2 A lt-17) (2-20)
=1

nhu & hinh 2-20.

v

Hinh 2.19

DSi voi hé tuyén tinh, nguyén Iy A ox(E)
xép chong (x€p chong nguyén nhan va
hau qua) cho phép xem dap Ung cua
mot khau hay mot he doi voi tin higu

tién dinh b&t ky nhu téng hop cha

N

Nl
K b= =1

*h

[s]

dap ng cdc thanh phdn & bigu thic
(2-20). Cang nhidu bic thang, d¢
chinh xac cang cao. Theo tich phan

Puamen ¢¢ thé tinh :
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B . - dx(T)
x(t) = xto)l(t) + | o le-nar (2~21)
o 9t '

nhu ¢ hinh 221.

Tin higu bac thang thudng
gap & cdc hé diéu chinh. Do vay, x A
néu diung dai lugng tuang ddi vai
tin hiéu vao, bac thang don vi 1(t) L gy At
c6 thé ding d& don gian héa viée
khdo sat cdc hé didu chinh Mot ;
dién 4p 220 V dit vao dong oo xoay ° 5
chiéu hay mét tin hiey dit dng 'f

|

voi 6 V mdt chiéu dua vao hé
diéu chinh nhiet do, & hé tuang I
déi déu cd thé xem la tin hidu at
bac thang don vi 1(t).

Hinh 221,

Khi tin hiéu bac thang don vi
tac dong vao mét Lhau hay mét hé, dap ing cua khau 4y hay he iy la
ham qua dé ki) Viy ham qua do 1a ddp #ng cla mét khau hay mbt
h¢ théng ma tin hitu dau vao 14 ham bac thang don vj :
x(t)

yit)

i

1(t)
h(t) } (2-22)

I

il

. , 1
Anh theo Laplace ciia tin hiéu vao x(t) I(t) Ia X(s) = S nén anh

cia tin hiéu ra hay ham quid d¢ 13

Y(s) = His) = B%(ﬂ ;

Trd lai vdi ham ghc tit Anh, ta cd ham qua do :

hit) = &?"{F—(s—)}

S

Ham qud do cd thé duge tinh theo phuong phédp todn td hay phucng
phap c8 dién. Ham qua do6 lién hé don tri véi ham truyén. Bang cach
phan tich ham truyén thanh nhitng phan thdc don gian, td anh trg vé

gbc, ta cd thé viet -

BO L3 B8 e (2-23)

A * E:I s; A'(s) e

h(t) =
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Thanh phdn xdc lap (cudng bic) cta ham qua dé duge xdc dinh bdi :
B(0)

hy = =) = oo = WO (2-24)

dac trung cho dac tinh tinh.
Thanh +hdn quda dd (thanh phan ty do) duge xdc dinh bdi -

4

no B(sy
" '2:1 B A,(si}

e’ (2-25)

O day s la nghiém cia phuong trinh dac trung Fis) = A(s) = 0

lay t¥ mAu cta ham truyén dat :

voi diéu kién 1a phuong trinh dac trung khong cd nghiém lap.

2. Tin hiéu xung don vi (ham Diric hay ham (1))

e
Xung don vi 1a xung cd d6 rong bing 0, bién
do bang vo cung va dién tich xung bang 1. Xung
don vi duge mé tA nhu & hinh 2.22,
O khit = 0
3(t) = , §ct)
o khit =0 (2-26) §
[sydt = 1 j
M ’
Xung don vi la tin hiéu ly tudng, cd thé hinh 7
] hu :
aung 1 sat Hinh 2.22
Mot xung chil nhat nhu ¢ hinh 2.23 véi
diéu kién : ¥
S =axH =1 = const 17
1 BN
thi lim—= H = . I L S=1
a—0 @ f%% s
Mot xung nhu vay cé thé xem lA xung / % _,{

don vi i € = 1, H = w. Lién he v6i ham e a —]

[

bac thang don vi ta clng co : Hink 2.23
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di(t 1
) = ) = HIm—[1(t) - 1t - a)] (2-27)
dt a—®

Cing nhu tin hisu bac thang don vi, tin hiéu tién dinh b&t ky cd
thé xem nhu tdng hop cia cdc xung don v :

3
x(t) = fx(r) 8t -7 dr (2-28)
0
x(t) 1a tich phan cta cac ham &(t)
nhan v&i x tal thoi diém 7 (hinh 2.24),
§(z)

Tin higéu nhan duge & ddu ra cua x b ' V
mét khau hay mot hé théng khi dau (0)d(t-T)
vao 14 mét xung don vi 5(t) goi la ham /
trong lugng bay ham qud do xung wit). Vi 8
bién déi Laplace cia &(t) 14 £{5() = 1
nén Yis) = Wis). 4 -
T T
Va t dg
v = wo = L) Hink 2.24

i B(s;)
wit) = e
=1 AG)

it (2-29)

Bidu thuc (2-25) va (2-29) dung d€ xdc dinh ham quid dé va ham
trong luong cua he.

I1.4.2. Psc tinh tan

Vi du, d6i tugng la mot chide thuyén buém (hinh 2.25), xem sdng la
tac déng ddu vao v6i dang :

x(t) = X_ sinwt (2-30)
Dau ra 1a dac dong cta chiec thuyén :
¥yt = Y sinlwt + o) {2-31)
Voi X, Y, — bién do song bién va bién do dao déng cla thuyén;
| ¢ - goc cham sau cta thuyén so véi sdng.

Mdi quan hé vai tdn s6 cla Alw) = ET’ plw) la cdc dac tinh tin
m
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86 bién do va tan s6 pha cta thuyén do tdc dong cua song bi€n nhu d
hinh 2.27.

Hinh 2.25 Hinh 2.26

Tri s6 cuc dai cia Af{w) dng v6i hién tugng cong hudng cua dac
dong. K&t hap ca hai dac tinh A(w) vd plw) troug hé toa d¢ gde, ta co
ddc tink tén bién pha nmhu & hinh 228 Ung voi mdi tén 83 o; cd bién
do6 Aiw) va pha ¢(w). Toan bo dac tinh cia hé md tAd sy bién d6i cua
hé s khuéch dai phuc khi tdn s6 bién déi tii 0 dén o« (hudng tang tan
56 thé hién theo chidu mii tén) Dudng cong nay con mang tén duéng
cong Nyquist (Naiquyt).

Dac tinh tdn bién pha ¢ thé vé& duge theo thue nghiém @ lay cdc
tri s6 X, Y vA ¢ t tin hiéu d4u vao va ra cla md hinh khi tan s6
thay déi tit tri s6 nhd nhit dén 16n nhdt cd the :

Y

Alw) = X—m- , plw) vd véi ba thong s6 Ay khi thay d6i w, ta vé
m .
]

dugc mot doan cong cia dac tinh tan bién pha theo mé hinh cua khau
hay cia hé

Vi bién do phic cta tin higu vao la X, = X
Y, = Y& nén :

m

L va cla tin hiéu ra :

()

L L Y " R WO 14 C) _
Wio) = g = Xmel Afw)e! (2-32)

Nhu vay, muén c6 dac tinh tdn bién pha cla mot khau hay hg, chi
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cdn thay todn t& Laplace ¢ ham truyén s bang jw. Vi ¢ he thuc m < n
nén khi w — o« thi trj 35 coa W) — 0, nhu & hinh 298

A Q)

Ples)

Hinh 2.27 Hinh 2.28

Do tink chit vecto trong hé toa d6, dac tinh tdn bién pha cdn duge
the hién qua phan thue Piw) va phin 40 Qw) ;

Wiiw) = Plw) + 1Q{w) (2-33)
va Alw) = V Pz(w) + Qz(w)
Q) (2-34)

elw) = arctg P_(w_)_

Vi pham vi bign d8 cta tin g5 cing nhu bién dé rdt lon, nén dé
thuin tién cho viéc khac sdt con dung dén dge tinkh tin s6 bitn do logarit
va ddc tinh tén s6 pha légarit, con goi la duéng cong Bode,

Theo didc tinh logarit, tdn s6 dugc tinh theo decade [dec] (decads) -
tuong ung véi su bién d&i 10 l4n tdn s§. Bien d6 duge tinh theo decibel
[db] (dexiben) :

L) = 201gA(w) (2-35)

]

Nhu vay
L) < 0 khi Alw) < 1:

FLilw) = 0 khi Alw) = i
£ 0 khi Alw) > 1,

Vi khi w — o, & cac hé thue Aw) = |WGw)] — 0 nén L) — -=.

v

G hinh 299 cd dudng cong Bode %) va plw). DO nghiéng cua dudimg
cong £ (w) duge dinh gid theo don vi * db/dec. Do nghieng + 20 dbidec
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con duge xem la do

nghiéng don vi + 1. L anp Aw)
Dudng cong lién tuc
khi thay thé& bing 60 1 1000

dudng xdp xl1 bdi hai

40 | 100

doan thing thi giao L J
diém cta ching \ng 20 hgo e _20 db/dec
v8i tdn 80 gdy. Tén ~ ‘

. A N \‘\.. | G
s6 w,. khi Lw) pye Y 1 ‘w P )
cdt truc hoanh (hay , ¢ | | w
£y = 0) goi la tan cor  |os 7 |10 100 -

ad cét. N
ﬂf:,'/
. N %
- Nhu vay, mot _—)— —

hé duge xdc dinh bdi \
ham truyén dat, dac - ]
tinh th#i gian hay Hinh 2.29
dac tinh tan.

- Ham truyén dat thyc chdt la cich viét gon cna phuong trinh vi
phan.

- Dac tinh thdi gian mdé td hanh vi cta hé theo thdi gian khi ¢
tic dong & ddu vao.

- Dac tinh tin mé ta hanh vi cta hé khi 6 tac dong diéu hda véi
tdn s6 khac nhau.

I.5. CAC KHAU DONG HOC DIEN HINH

Mot hé thong gém cd cdc phan ti néi v6i nhau theo cac phuong
thic chung nhu ndi tiép, song song va kifu hoi tiép. Tinh chdt cda qui
trink qud do toan hé théng phu thude tinh chét dong hoc cua cac phdn
t hop thanh. Trong hé théng, s6 lugng cac phdn ti cd thé rét nhiéu
va da dang v& ban chdt vat Iy, nhung s6 lugng céc phuoﬁg trinh mo ta
dong hoc cdc khau t6i gidn 12 o6 han, viée khao sit chung la cdn thiét.

Cac phén td thyc lam viéc & pham vi t8n s6 nhét dinh. Codn vigc
m6 td dong hoc cdc khau dién hinh duge thyc hién cho moi tdn 86, tu
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w = 0 dén =, nhung st dung ching dé nghién ctu sé gidn don va thuan

lgi nhiéu.

IL5.1. Khau khuéch dai (khau ty 18)

Khau khuéch dai 1a khau ma & méi thsi diém, lugng ra ty lg véi

lugng vao theo phuong trinh :
y = kx
Bién d6i Laplace cta (2-36) c5 dang :
Y(s} = kX(s)
T® d6 ham truyén dat cta khau khuéch dai la :
Y(s) _
X(s)

Néu tin hiéu vao ctia khau khuéch dai 1a -

Wis) =

k

x(t) = X, sinwt
thi ddu ra cd tin hieu :
y) = Y sinwt ma Y, = kX,
Dudi dang phic Y = kX hay Y(w) = k X(jeu).

Do dd dac tinh tdn bién pha cta khau khuéch dai 1a -

Y(jew
Wiiw) = i%n% =

Déc tinh tdn bién pha 1a mét di€m trén truc thuc nhu &

(2--36)

(2-37

(2-38)

hinh 2.30.

Trong thuc t&, khi tdn s§ lén hon mot tri s6 ty, hao dd, do cd

1 z(C-UJ
| S Qlew)
f T~
T
20(g4 ! ~
+ ! [7%]
Pl Pt i -
1S ‘ ——— T I
T 0> w0 >, Flew) }
i 7S
w,, -
Hinh 2.30 Hinh 2.31
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nhitng thong s bé d& bd qua nén hé s6 truyén sé gidm dén dén O nhu
dudng nét ddt trén hinh 230 Dic tinh tdn s6 logarit nhu & hinh 2.31
va duong nét dit tuong ung voi dic tinh thuc.

Thong s6 nho & khau khuéch dai ma ta d& khong tinh dén nhu dign
dung cia day din ¢ bién trd ; dién dung, dién cam o mach khusch dai,
do dan héi cia cAc don bdy co khi vv.. Tuy vay, tit day ta khdo sat
cac khau dong hoc nhu mot khau ly tudng va khau khuéch dai cd hé sb
truyén 1a k v6i mei gial tén 0 < w < =

Theo (2-36), ham qua do tuong tng voi ddu vao la bac thang don vi :

hit) = k.1t {2-39)
va ham trong lugng voi ddu vao la xung don vi :
wit) = k.di(t} (2-40)

Khau khuéch dai ¢ dac tinh thdi gian nhu ¢ hinh 2.32 va 2.33 véi
dudng nét dut 14 cae dac tinh thye.

Khau khuéch dai thudng gap & cac phdn tit nhu : bién trd, chiét ap
(hinh 2.2a), don bdy co khi (hinh 2.2b}, khuéch dai ban din (hinh 2.34),
khuéch dai thuat tosn (hinh 2.35), bo bién téc (hinh 2.36), may phat do
téc o (hinh 2.37), t6 hop voi phun la chin va khuéch dai khi nén (hinh
2.38a). Khi giam khe hd & giita vdi phun VP va la chin LC, 4p suidt P,
tang va clta A déng, clta B md va tang dp sudt d ddu ra P. Thuc ra,
méi quan hé P(g) la phi tuyén nhung trong pham vi bién ddi nhé ctaa
Ag, ¢ thé xem t8 hop vdi phun ]a chdn va khuéch dai 1a tuyén tinh
nhd & hink 2.38b vai hé s6 khusch dai lon. Cac van thiy ldc hay khi
nén (hinh 2.39a, b, ¢} déu dugec xem la mot khau khuéeh dai. Cap nhiét
dé do nhiét do ma tin hiéu ra la sic dién dong e cing ty 16 voi nhiét
d6 ddu vao t° (hinh 2.40).

A #ACE) oot}
|I1
Iz 4
: {
/ k7D |
! <5 1‘
kst
t \. t
Hinh 232 Hinh 2.33
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“. %
— N ()
=
A=
)%
(x)
Hinh 2.34 Hinh 2.35 Hinh 2.36
£
P
£ e A
tc A ¥
() 2w
w u A p —
(x} E‘r (¥) 8
P | | ¢
— v —ag | a1 mm
) 5) (x)
Hinh 2.37 Hinh 2.38
PCY) e
000 ”
/ gL
=
) LETT °
v /J F/ kA (X)
a) 1 R
Hinh 2.39 Hinh 2,40
X

Hinh 2.41
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Treng cdc hé ty dong
thudng dung cac khuéch dai
xoay chiéu véi cdc bd bhién
didu M va hoan diédu DM
hay tdach sdng pha ma tdn sé
sdng mang w, vt cac so vdi
tdn s6 ldn nhdt cda tin higu
vao (hinh 2.41), Nhiing mach
nay cho phép lam viéc én
dinh v&8i hé s8 khuéch dai
lan.

Trong cdc hé tuy dong
ngudi ta dang cdc xenxin
lam viéc & ché dé bign thé.
Sic dién dong & stato cla
xenxin thu U phy thudc sai
léch gde gilta roéto xenxin
phat XF va thu XT

Hinh 2.42

(Aa = a; - a,) theo bi€u thic :

= UgsinAa

Trong pham vi sai léch bé, ¢ thé xem dién dap ra U ty 1& vdi sai

léch gde :

U = UpAa véi |Aa| < a, nhu & hinh 2.42.

I1.5.2. Khau quén tinh (khau phi chu ky)

Khau quan tinh dugec mo td bdi phuong trinh vi phan :

dy

T A + ¥y = kx (2-41)

vdi T - hang s6 thoi gian ; k - hé s§ khuéch dai

Ung vai (2-41) o ham truyén dat :

k
W(s) = 1+ Ts (2-42)
Dac tinh tdn bién pha dude xac dinh theo (2-43) véi s = jow
Wijw) k k(1 = Tje) k . kTe
[47] = - = - " = -
T+ T ~ 0+ To)(I-Tw) ] +T%? 1+ Tl



Bién d§ va pha duge xde dinh theo (2-34)

, k
Alw) = \l Piw) + Q) = —=— (2-43)
TR = e
plw) = arctg g—((:—ﬁ = arctg (-Tw) {(2-44)

So sanh phin thyc Plw) véi bién d6 Alw) ta thay :
Afw) = PYw) + Q¥w) = kPw).

Sau khi thém vao hai v&€ sau cia bi€u thic trén mot dai hugng nhu

k.2 , .
nhau : (—) , ta co thé hign do6i

2

Plo) - kPw) + (5)7 + Qo) - by
hay | P - l; ' Qe = (IE{) (2-45)

k
bo 1A phuong trinh duing tron ed ban kinh B va tdm trén truc thue

k .
cich g6c toa d¢ mot dai lugng 3 nhu & hinh 2.43.

Ung vii tdn s§ thye ( > 0) dudng cong Nyquist 13 nifa dudng tron

{dudng dam nét).

46

Dac tinh logarit duge xdc dinh theo :

k { ,
L) = 201gA(w) = 2015;,—*---\“—ij = 20lgk - 20lg{ 1 + T%?
ol

Trong pham vi tin s6 b 4 Q)
rit bé, bé hon tdn s6 gay ' T
1 2 o RO \\\
@ << 5 hay Tw” << 1, ta / N
.rf )
s 5
@ == Ky P)
f(w) = 201gk, W= —72&‘ ult=0
veéi 1 W)
aL w >> T
Liw) = 20lgk - 201gTw. “
Dé la phuong trinh dudng w:--%
thang, di qua hai di€m sau : Hinh 2.43



£lw) =
£ (10w)

20lgk — 20°~T

— 20lgk - 20igT - 201g10

£ w)y - £10w) = 20 db.

Nhu vay, trong pham vi
bién ddi tdn s6 10 lan (1
dec), déac tinh bién do logarit
thay doéi 20 db va do
nghiéng 1a - 20 db/dec.

Dac tinh pha theo bidu
thiic (2-44) tiém cén vdi
tryc hoanh khi w — 0

va vdi dudng thing ‘% khi
w — o O tin 56 giy w =

1 ,
T dac tinh pha di qua

- n
diém - —.
4

Ham qua d¢ duoe xac
dinh bdi (2-41) vA ¢d dang
nhy & hinh 245 :

hit) = :f‘l{

ACEH

0632k

(Ts+ 1) s
Ham trong lugng nhu & hinh 2.46 :

1
dh kg

4.2.’@)
— ﬁ\ —200’5/’5/55
20;5% |
1 -
1
7
|
[
A Fow) |
l w
. K:
e | o T~
-7

Hinh 2.44

1
k

Hinh 2.45

1 -l
—}=k(1—e Uy 1w

(2-46)

(2-47)

Hinh 2.46

Hing s6 thdi gian duge xéc dinh theo tiép tuyén v6i cac dac tinh
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thoi gian tai t = 0 hay theo bi€u thic (2-46) khi t = T -
hT) = k(1 - ') = k(1 - 0,368 = 0,632k

Cdc phén ti thuong gap 1a khau quan tinh nhu - mach RC (hinh
2.3a) hay LR, binh chda khi nén (hinh 2.3b), may phat dién mét chidu
(hinh 2.47) véi tic dong diéu khién 1a dien dp kich tit Uy, khic v8i trudng
hop mdy phat lam dung cu do (hinh 2.37).

May dién khuéch dai (hinh 2.48) ¢6 thé xem nhu su ghép ndi caa
hai may phat (hai khau quan tinh néi tiep) voi hé s8 khuéch dai 16n nho
ting thd hai, kich tr bdi dong & cuon ngin mach;

. R — i .
[’
(y) Yt L cuzconsf(u
L) = COf?S!‘ (X) -y)
- —
Hinh 2.47 Hinh 2.48
Lo nhiét d (hinh 2.49) ¢ phuong trinh can bing nhiét -
Aq = gat + ¢ O
1= 8 € at
v8i q - nhiét lugng trong don vi thai gian ;
g — nhiét ddn cia 1 ; ¢ - nhiét dung 1o ; t°
At® - chénh léch nhiét d6 giita nhiet do ;‘;) (¥)
X
bén ngoai va nhiét dé trung binh trong 1o.
Y6i q = x, At" =y, Ug = k, ¢/g =
T, ta ¢6 phuong trinh (2-41) néu khéng
tinh dén dé tré trung binh do tinh chat
phan b6 nhiét khdc nhau trong . Hinh 2.49
1.5.3. Khau dao déng
Khau dao déng dugc mo ta bai phuong trinh vi phan bac 2 :
d%y dy
P—2 4 AT 4+ y = k. -
T 2 T AT vy = kx (2-48)

v8i k - hé s6 khuéch dai ; T - hing s6 th&i gian ; { -ty s6 tat dan.
Boi khi (2-48) ¢d dang :



a?y . dy 2
-dt_z + 20w, at + wiy =ko? x (2-49)
ma o, = 7 la t4n s6 tu nhién (tdn s6 riéng). T4 d6 ham truyén cta
khau dao dong la :
kwi
Wi} = — 2 theo (2-49) (2 - 50a)
8° + 20w 3+ w,
k .
hay : W(s) = ——5————— theo (2-48) (2-50b)

T2% + 20 Ts + 1
Tit phuong trinh dac trung :
Fls) = & + Zws + woz =0

ta cd nghiém :

vii L < 1; 8,=af juw == fw, £ jw, Y1 -8
E =18 = 8 = -w,
§>1,; 8, =%, * jwg, '\‘52 -1

Theo phian bd nghiém trén mat
phing nghiém s8 nhu & hinh
250 :

(3

cosp = Lwgw, = { nén i
p = 45° thi { = 0,707
¢ = 60" ;& = 05
Khi § = 1, ta ¢6 hai nghiém
trung nhau va dé la ty 6 tat dédn
toi han. V&i § > 1 cod hai nghiém
thue 4m va khac nhau tuong ung
v8i qua trinh la hai ham mi tit
ddn voi hang s0 thoi gian khéac
nhau {cta hai khau quéan tinh).

Ung voi (2-48) ta cd dac tinh
tin bién pha : Hinh 2.50
_ k
T (@T) + ZjeT + 1

Wjw) (2-51)

nhu 4 hinh 2.51.
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Dac tinh logarit xdp x! clia khau dao dong cd thé xdc dinh theo :

200gk ; w << —

ff!w}

20lgk - 40lgw ; w >>

nhu & hinh 252 vai & > 1 cg

tin s gay dng voi w @,

Khi ty s6 tit dan ¢ < 1 cén
hidu dinh lai tri s6 £(w) va plw)
theo dubng cong & hinh 2.53.

Theo hinh 2.53a ¢6 thé thay
ring, tdn s6 ty nhién w,, khong
dong nghia véi tan s§ cong kudng
voi mot £

Ham qua do theo 2-48 c¢6

dang :
hit) = k[1 - ™
va ham trong lugng :
' dh k.wi e
wit) = Frair T sinw t
(2-53)

Theo cac théng s6 &
ham qud d¢ cd thé tinh cac
thong s6 khac nhu

'w(, = ‘Ja2+w12

[

g a'T.
Khau dao dong cd tné
gap & cidc mach RLC nhu &

1

Ho

1=

1

1

1

WLICX Ny
k FPlw)
w=0

w = rf’_

Hinh 2,51
(cosar t + wilsinw D11(E) (2-52)
b o ()
- 48 db/de,:
eolgk <

Hinh 2.52



hinh 2.4 véi T° = LC, 2T = RC
va k = 1.

Hé co khi ¢é dan héi - trong
khéi - dém gidm xdc cd phuong
trinh vi phan :

d’y dy
alx - y) N 32 b at

vAi cac luc tac dung x va y nhu
4 hinh 2.56 la mét khau dao

— I - " | -t

Pong co mot chiéu kich ti
d6c lap nhu & hinh 2.57 co
phuong trinh can bang dién ap va

moémen nhu sau :

L. Y MRSl |
u = 1 ar cad _._._.E,__._' ] l..:—-.-J R ‘\ | |
@ OSSR

-180
dw ) ar 02 65 1o 20 sa 10
M =4 E + MC = KTI‘I]‘ b) “/wg
Trudng hop dong co lam viéc Hinh 2.53
khong tai : M, = 0, ti hai phuong trinh trén ta cd :
© JR d L, IR de 1
e, —rr & i o b ——
R KK, dt? KmKr: dt Kc

3 day K. K, - hé s6 sic dién dong phan khdng va hé s6 momen
J - moémen volang cua doéng co ; R = T4 - héng s6 thai gian dién tu

Wt
~ AJ‘
heh ~_ 4 < .
~-— //)42 4'"'-.‘_-‘_‘ 2
kil [ v\ e aeded LSRN L ":__;: E-
AN -at ,—"{““_
=T k(1-€7) LR et
——- -~
? =
Hinh 2.54 Hinh 2.55
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LI T ISP
EE}
w
o)

£

Hinh 2.56 Hinh 2.57

1
K & = Ty - hang s& thai gian dién co ; R_-._ - hé¢ s6 khuéch dai cda

Tu dd, ham truyén cua dong co mét chidu kich ti ddc lap ¢ dang :

w(s) k
Wis) = = 5 (2-54)
UU(S) leTdc‘S + Tdcs +1

Bo sdnh v&i (2-50b) ta cf :
Td

Mo o ¢
T = TdtTdc ; 4‘32 = T
dt

Néu quan tam dén ddu ra cia dong co la goc quay, ma ta bist

de |
a T @ T =)
k
thi W) = 28 _ (2-55)

Ugs — (leTde.;2 + Tys + 1)s
11.5.4. Khau tich phan

Khau tich phan e méi quan hé gitta lugng vao va ra dudi dang :

1
y = kf x(tydt +y, (2-56)
) .

voi k 1a hé s6 ty 1& va ¥, la diéu kién d4u.
T (2-56) véi y, = 0, ham truyén clia khau tich phan 1a .

k .
W(s) = = (2-57)

o2



b f Qi)
Plws)
w=e = (4]
<7
s L Plew)
24
oo -
Hinh 2.58 Hinh 2.59
va dac tinh tdn bién pha :
” k k-3
Wiw) = 5 =—e ° (2-58).

nhy & hinh 2.58.

Hinh 2.59 1a dac tinh tdn s6 logarit cd bién do L(w) = 20Igk & tén
&8 w = 1, hay khi o = k thi £{) = 0.

Ham qua d6 vA ham trong lugng cua khau tich phan duge xac dinh
tuong Ung :

hit) = kit. 1(t) (2-59)

wit) = k (2-60)
va duoec md td nhu & hinh 2.60 va 2.61.

1h(f) A w(t)

P'-w.

. A
Hinh 2.60 Hinh 2.61

Trong thuc t§, cdc phdn tit la khau tich phan nhu tu dién (hinh
2.62) voi dién 4p trén tu

03



1 [
u = | iftydt +u
(,j ®) v — = () oL, w
f A & .
hay cudén cam (hinh 2.63) véi i J_ L C oy l_i,
thong ¢ trén cusn day : ¢ v ()
l ] Jg__ _'g /Q‘_
¢ = ;f u(tydt + 2
v Hinh 2.62 fiinh 2.63

ma w la 34 vong day.
Gde quay cia truc d6i véi toe do quay eta nd cd phuang trinh vi
phan
!

¢ = Jodrn,

1

nhu & hinh 2.64 hoac nha & ham truyén cta ddng co (2-55) da duge

. |
thém vao khau tich phﬁn*—s*-

Muc nudc trong binh chia

H cd dién tich ddy S khong
thay doi (hinh 2.65) va luu >/€$0
lugng vao q; va luu lugng % (r/
rogy; v x = g - q; : w
(<]
1 _ — — Fy.
H =—<f(, ~apdt + H, 9
0
flinh 2.04 Hinh 2.63
Khuéch dai thay luc i mh 00
thinh 2.66) ¢6 thé xem la
mot khau tich phan : Thay X
461 vi trl X| cha pitténg lam '\(‘;)

thay d8i luu luong q trong
xylanh 8; va thay déi vi tri
caa pittong X, so v tri s6

ban dau cla né xy,.

Tu diéu kién khéng thé
nén dude cia chat 1dng. ta
co

= a.xl

Hinh 2.66



1!
Do d6 : X = g Iq,dt+x2{,
2.0
q !
X; = S_z J;xldt+x.m

[1.5.5. Khau vi phén
Khau vi phan Iy tudng dugc mé ta boi phuong trinh
=k dx (2-61)
y = gt ’

o6 nghia 1a tin higu ra ty 1& v6i téc do bign d8i cta tin hiéu vao. Diu
vao la bac thang don vi, ddu ra sé 1 xung don vi — ham &(t), D la
diéu khong od trong thuc t& nhung trong phép bisn déi so d6 khoi cd
khi phai dung dén. Tuong dng voi (2-61) cd ham truyén :
W) = ks (2 -62}
Dac tinh tdn bién pha :
W(w) = jkeo (2-63)
nhu ¢ hinh 267 trung vol phan duong cda truc 4o.
Dac tinh tdn s8 logarit nhu & hinh 2.68.

FWLeI()]
=0 W z(w)
+20 G5 fer ¥
| T
S0 .
=0 Plw) ; A
& :u / Do) ;
" e
(79
e e
Hinh 2.67 Hinh 2.68
Ham qui d6 13 ham Dirdc nhu & hinh 269 :
. di(t)
hit) = kT = kd(t) (2-64)

8o



va ham trong lugng wity =

k&ty nhu & hinh 2.70

D61 véi ty dién nhi & hinh 271, méi quan hé gilta dong dién véi

dién ap la .
. du
i = C_CE
‘h w(l)
k
t AT
kg (1) = 9¢t)
; T—=g rF ¢
At
Hinh 2.69 Hinh 2.76

I — ()’)
[
I,
() R0 :
I
5 LT
Hinh 2.71

Trong thuc t& ¢ tu dién luén tén tai dién trd R = 0.

Phuong trinh vi phan cta khau vi
tinh) od dang :

dy dx
Tag vy =ky
Ham truyén : _
ks
Wi = 1+ Ts

va dac tinh tdn bién pha nhu & hinh 2.72 :
ko

W) = 1 er

phan thyc t& (hay vi phan quén

(2-65)

(2-66)

Dac tinh tdn s6 logarit xdp xi la hai doan thdng nhu & hinh 2.73.

s G (o)
& Lo V\
Pew) E
5 e
K Pt < -
an A

w =0 G =00 /4 ~—3‘!\

Hinh 2,72 Hinh 2.73



b h(T)
L
-
¢ R
Q——I &
Y4 t, u U
R ! s 2
‘x) y) (x) (y)
@ & & 22
¢ a) b)
Hinh 2.74 Hinh 2.75
Ham qud do duge xdc dinh bdi :
1
ks 1 k -ot
_ 1 2 | _
h(t)_f{leTss}—T (2-67
nhu & hinh 2.74 va ham trong luong :
|
dh(t) k k ot
wit) = e rI,6(1;) Tze (2-68)

Khau vi phan quén tinh thudng gap 1a cdc mach RC, RL nhu ¢ hinh
2.75a, b hay hé co khi c6 phan héi mém thdy lyc nhu & hinh 2.76.
Khau cuéng bic cd phuong trinh vi phan :

y = k (x s 7E ) (2-69)

cing 14 mot dang khau 1y tudng i tin hiéu ra vugt trudc tin hiéu vao.
Ham truyén khau cudng bde :

Wis) = k(1 + sT) (2-70)

s

va dac tinh tdn bién
pha :

W(w) = k(l + jeT)

2-71) T Iy

phu & hinh 2.77. —

Dac tinh tén s6
logarit nhu & hinh 2.78.

Khiu cudng budc
gbm cd hai khau ty 18
va vi phan néi song
song v&i nhau.

V770000

X
I Hinh 2.76 57



relony b oL Ces)
+I0 dé/dec
| colgk |
A
boin
( 1
L S GO o B N >
=0
A; L
" Hinh 2.77 Hinh 2.78
Ham qua d6 va ham trong hrong tuong Ung voi
hith = k.1(t) + kSit) (2-72)
wit) = kd(t) + kTI&(t) (2-73)

O cdc khau cudng bue thyc t&, cing nhu khau vi phan, ludn cd
nhitng théng s6 nhé tac nén quan tinh va bac cia miu s6 ham truyén
lon hon & to s,

Q)
4w L)
' /2,’:0 w
Plw) A Ples)
wzﬂzgﬁ]\ wt w=%’?— :f o
, \ / _f_l.'\
Hinh 2.79 Hinh 2.80

I1.5.6. Khau tré
Khiu tré duge moé td bdi phuong trinh vi phan :
yit: = x{t - 7) (2-74)

véi T — thai gian tré
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Ham truyén cd dang :
Wig) = ¢ (2-75)
Dac tinh tAn bién pha nhu ¢ hinh 2.79
Wi(jew) = e 7 (2-76)
O hinh 2.80 1a dac tinh tdn s6 logarit :
L ey = 201gl = 0
plor) = ot (2-77)

Ham qud do, dng voi (2-74) ¢6 dang nhu & hinh 2.81 va

ham trong
lugng nhu ¢ hinh 2.82.

h(E)

7 |—~-—
X ¢
1

2 T

w it}

det-T)

o — =

Hinh 2.81 Hinlh 2.82

Cic phin wr oé thueng gip nhu cic dudng dng dan, cde bang chuyen

(hinh 2.83). & cic he thuy lyc ciing nhu ¢ cde duang day dan dien dii (hinh

2.%4) (na khong tinh dén ton that, dicn cam vi dien dung) ¢ cdc 10 nhidt

do v do e tinh theo chénh fech gitta nhict do trung binh va nhi¢t dé noi
dil vt nong.

Ngoai cic khau trén, con cd nhitng kbau dac biét khdc cd th€ gap

trong thuc t& nhu khau pha khong cuc tiéu, khau khong dn dinh, cac
khau c¢o thong s8 ral

Trong mot sd thist bi nhu mach cdu, mach vi phan, cbn gip nhing
khau ma ¢ v& phai ¢ hé s6 am (hay nghiém khong & phia phai cua truc
4o trén mat phang nghiém =d).

L. €
Q—' a2 [ \
4, 4, L
(x) ¢y) [;]Z”*’E;"
e e LRI g
Hinh 2.83 Iiinh 2.84
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I1.5.7. Khau pha khéng cue tiéu

Phuang trinh vi phan cda khau pha khong cuc ti€u, 6n dinh cd dang :

A 7, 9% 2-78)
2 T Y = k(x-T dt) (2-78)
Ham truyén tuong ing la .
k(1 — Ts)
Wi(s) = W {2-79)
Dac tinh tdn bién pha :
WU(.U) = _—IW (2-80)
} #Q ) Taa(w)
. };/Te Ak Plw)
_/f/?—é k P((.\J) W =00 CJ:;
=00 =0 o
)
@ ax
ta=jf
Hinh 2.85 Hinh 2.86
;[o?,'(w)
4 20lgk 2 Lew) 20lghk
! 2 Sl
20?5){' ‘\—L 2
E : ot l g
i “'/T2 I/T, T U E ;/;;
p ¥ w ¥ @
\ B \/ g
-x _ﬂ’/‘g L
i
Hinh 2.87 Hinh 2.88

Khau tich phan cudng bie pha cuc tidu khong cd nghiém khéng nhu
¢ trudng hop trén, cd dac tinh tAn hién pha :

W(ew) =
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Tl
phit & hinh 2.86 véi — < 1.

T2
Gde dich pha chi & phdn tu thd tu nén goi 13 phe cyc fiéu. Ca hai
Tl
truong hgp néu T, > 1, dac tinh sé nim phia trén truc hoanh v mang

tinh chdt vi phan. Dac tinh tdn s6 logarit ctia chung giéng nhau vé bién
d6 nhung khdac nhau vé pha nhu & hinh 2.87 (pha khéng cuc ti€u} va
hinh 2.88 (pha cuc ti€u).

O hinh 2.89 cd mach cdu uUng véi pha khong cuc tiu ndi trén.
Phuogng trinh vi phan cd dang :
du, dU,
Uyt (R + RO = U, - Ry - RYC (2-82)
Cdn & hinh 2.90 1A mach tich phan cudng bdc dUng vai phuong trinh
vi phan :
dU du,

2 _
U, + (R| + RZ)C—d-t— = U, + RQC *g {2-83)
ﬁ_ .
R R, g——)
2 u L Rr
U; ( ‘3 U, Rz U2
x) 5 g (x) (y)
¢ R, TC
P T & &
Hinh 2.89 Hink 2.90
JA WA
}"_ fF*+T
k
[ t
— 7 F_
)
-kE - kzdct)
Y
Hinh 2.91 Hinh 2.92
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Ham qud do va ham trong luong cia khau pha khong cuc tidu cd
dang tuong tng ;

T, . L
hit) = k[1 - (14 F)e T ‘]m}
o het)
“,-84)
[
. T, . 1+7 Tt
wit) = — k T alt) + T ke "2
{2-85)

nhu & hinh 2.91 va 2.92

Ham qua dd cla khau pha
khong cuc ti€u (hinh 2.91) ddi

s

diu trong khi khau tich phan - -
cudng buc pha cuc ti€u khong dai
ddu (hinh 2.93). Hinh 2.93

I1.5.8. Khau khong én dinh

Khau khong 6n dinh bac mot cd dang sau :

dy . dx ‘ \
y- g = kx+ Ty (2-86)
Ham truyén cia khau khéng 6n dinh :
1 +5s.T,
Wis) = k [—sT (2-87)

Cdc khau pha khong cuc ti€u (2-78), tich phan cutng bac (2-81) va
khau khong dén dinh (2-86) khac nhau & sy phan b6 nghiém tuong dng
vOl cac trudng hdp a, b, ¢ trén hinh 2.94.

Iy 44 /
(774 nahiérn O HgHiEm & nggm g !
5 t 7 e ! 4 o !
e - i b g Ranat = T i o)
-4 ; S Y - I /
7 g h A
B
a) b) ¢

Hink 2.94



Vidu 2-8

Déng cu xoay chidu (hinh v cx)
2.95a) cd dac tinh cd nhu & ——
hinh 2.95b. Khao sat ché dé E
lam viée cta déng co khi diéu
khién bing cdch thay d6i dién
ap U ta thay :

V8i w = y cé phuong
trinh vi phéan.: w w
T den . 2) J (¥)
Y+t w =k
1 dt 24 u

‘ . o Hinh 2.95
vl T, — hdng s6 thdi gian dién
co (bd qua hing s6 dién ti). Phuong trinh caAn bang moémen cd dang :

M=J 2w
- dt ¢

v0i J - moémen quan tinh cia dong od, M, — mémen can.

Dac tinh co cdt truc M, = M tal hai di€ém. Diém I (ing voi dién
gp uy) la diém lam viéc 8n dinh. Khi tang dién ap u = u, dong co sé
cé gia iie dw/dt = AMA. T6c do tang dén dén diém lam viéc 3 - digm
laly viee 8n dinh vai dién 4p u, Bay gid néu gidm dién 4p u = u;, dong
co sé gidm tbc dd dng voi AM,/J va tée d¢ giam dén w (hinh 2.96).

Ché do 6n dinh 13 ché do ma khi téc do tang, AM giam. Digm &
vd 6 la ché d6 khong 6n dinh vi két qua ngudc lai. Ung véi ham truyén :

k
Wig) = 2-88
(3) Tp -1 ( )
i
H ] i 1)0(“))
i ! ¢
| 1 -
T 1 = =
w : : L o S Plus)
' .
1 1
. | 1
! ot
z)‘ IZ
Hinh 2.94 Hinh 2.97



va dac tinh td&n bién pha :

k

Wiw) = m (2-89)

nhu & hinh 2.97, d6i xdng véi dac tinh tdn bién pha cia khau qudn tinh
(hinh 2.43) va cd bién do :
k

Alw) = m (2-90)

nén dac tinh bién d¢ logarit trung hop véi khau quan tinh, Dac tinh pha
thi khac han :

plw) = -1 + arctglwT,)) (2-91)
nhu & hinh 2.98.
4 Lcar w ()
— ~20 b/ fer Aty |
|
zoigk |
{ | -
P! -
)
1 7 : “ %
! 7
% % 7 ] .t
| 1 7
Hinh 2.98 Hinh 2.99 Hinh 2.160
~
oF g
u U, (x )
(XJ 2 2
4 (%)
o \
(y) a) _-C:) ()’) t —
b)
Hinh 2.101

Ham quda d6 va ham trong lugng :
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hit) = k[e'll - 1} | (2-92)

wit) = — ell (2-93)

tuong dng véi hinh 2.99 va 2.100.

Dong co xoay chiéu hai pha (hinh 2.10la va b) khong cd didm lam
viéc khong 6n dinh nhu trén. Khi thay ddi dien 4ap diéu khi€n, dac tinh
c6 hau nhu 13 nhitng dudng song song vdi nhau.

BAI TAP CHUONG II

Bai tap 2-1

Ung dung dinh ly t6i han d€ xdc dinh sai léch tinh e, = limelt)
t—»

cho cde trudng hop :

) E@ = 1L b) E@) = 2
ar BE= s o) +5) ¥ 5 ss+9)
45 + Bs + 6 \ 9s% + s + 1
c) E(g) = 3 " H d) Es) = — 5
8(2s” + Ts° + 13s + 2) s +28° + 3s+ 4
Dap 86

2
a)e,,zo;b]=§;c)=3;d)=0

N5
Bai tap 2-2
Dung phan thic don gian nhu & vi dy 2-1 va bang 2.1 (muyc 1.2}

xdc dinh ham qud dé déi v6i ham truyén @

W = —U0 0 g = 1w
® = Trnozs+n T
Dap dn
He o _51-049 K, B 5
: T oss+ D028+ 1) T s s+1 s+5°
. 25(1-04s) _25(1-048),
Kl_(s+1)(s+5)fso‘5’K2* s(s+5) .., 815
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25(1 — 0,4s)

s = s+ 1) las - T3
hit) = 5 - 8,75¢ + 37507
Bai tap 2-3
Ding phuong phdp trén, xdc dinh y{t) véi tin hiéu vao x(t) = e va
ham truyén :
2
+ 93+ 18
W) = 3 5_2__i__ :
§°+ 6s + 8
Dap én
X(s) = 1
= s+1
Yo = 3(s + 9s + 18) K, . K, s K,
s st D(s+2 s+ s+1 s+ 2 s+4
3(s* + 9s + 18) 3(s°+9s+18) | '
I___ﬁ__s_._,)_? =10;Kq=_(i__s__) = §
(s8+2)(s+4) . - s+Ds+4) .

K _3(52+93+18)! _ g ©
3T 5+ A1) s yit

i

10ed - g - g™

Bai tap 2-4
Xdc dinh va don gian hda ham truyén W = Y/X theo hinh 2.102 va
2103,
Bap an
YW = I _ Gle
Y T X TITGH +GC,+ G,G,H H,
Y G Gs(1 +H )
)W =9 = — 1

X © 1+H +GGH

Hinh 2.102 Hinh 2.103
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Bai tap 2-5
Xic dinh ham truyén Y/X va Y/F theo hinh 2.104.

Hinh 2.104
Béap an
Y GGGy _ Y GG,
X A 7 F A
A =1+ GH, + GGsHy + GGH, + GGGy
Bai tap 2-6

Xéc dinh ham truyén Y,/X, va Y/X, theo hinh 2.105.

Hinh 2.105 Hinh 2.106

Pép an :
a) Vai X; = 0 (xem hinh 2.106)
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G, + GGy, — GGy,

Vi, = 1+ G+ G +G,Gy, -G

G21

12

by Vai X, = 0 (xem hinh 2.107)
Yl GIZ

X, 1+ Gy + Gy + GGy — G,G,,

X
£ > Gf?

Hinh 2.107

Bai tap 2-7
Xdc dink ham truyén dong co mét R,
chiéu diéu khién disn ap kich tir -£-

kt
theo hinh 2.108.

eni

Mach kich tu : Hinh 2.108

bBap an

Momen dong co :
2
M = Kmik = J£E+Bd(p

. B K, /RB
a =

Ukl S(Tdcs + 1)(Tdts + 1)

Ty. = J/B - hing 5 thdi gian dien co (J— moémen quén tinh, B -
hang s6 giam chédn) '

le = Lk[Rk - hﬁng s6 dlén tir,

»  Ey/®RB)

Théng thutng T, << Ty Uy =~ ST+ 1)
Xt [
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Bai tap 2-8

Xac dinh ham truyén cia dong co mot chiéu cd hdi tiép dong nhu
d hinh 2.109.

Hinh 2.109
Dap dan
Phuong trinh c&n bang dién 4p vA mdmen :
U, = R, + R+ Lo, + E,
En, = Kso
M = K, = sJs + Bl
AU = U, - LR ; U, = KAU
Sg d& khéi nhy d hinh 2.110 va sau khi dua hoi tiép dong ra sau,
x4c dinh so dd tuong duong (hinh 2.111) va :

Ka ch

P

Uy

2
§ Ty Tys™ + (Tye +7Tys +r+ 1

E— J
raP L
-
Hinh 2.110
Yo K | 7 o ar | 7 v
a =M ils +R, +(1+K)R Js+8 \ | ¢
K
| e ]
Hinh 2.111
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vol I{dc = i

TR+ (1+K)R
JR, + (1 + K )R]

=3
&
i

KK

et m

BIR, + (1 + K )R]

V= KK

<M

Bai tap 2-9

Hé didu chinh nhiét d6 nhu
¢ hinh 2.112. Nhiét do dat t, va
nhiét do ty, cam bién do duge véi
quan tinh 7 dwa vao by didu
chinh ¢6 ham truyén G_. Luu
lugng dong nhiét ti thist bi tao
nhiet ty & voi tin higu ra cia bo
diéu chinh. Viét phuong trinh va
vé s0 d8 khoi véi ty nhiét ¢, khai
luong trong 16 M va khéi lugng
cua dong chay qua 1o m.

BPap én

Tdc d§ thay d8i nhist do
treng 1o :

dt()

la hang s6 dién ti
la hang sd dién co

ld hé s¢ tdt dan.

556/
CCTH
e‘x 7,

U
3

I

Hinh 2,112

Me Fal me(t; - t) + q.

I

G-
(4=

-

!
Ts+1!

Hinht 2.113
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Sau khi tuyén tinh hda tai di€m lam viée :

dt,,
MCEE— = clt, - tH,m + m, ity - t,) + q
M 1 =1
—s+1t, =t + — q+ — |m
m,, m.C m o
Y_ L M = Gt - 1) ; KM
t. Tad+1’ = Gt -ty 5 Q=

S d6 khéi nhu & hinh 2.113.
Bai tap 2-10

Do ¢6 cac lue tac dong
ma tén lia la mot hé khéng
dn dinh (hinh 2.114). Cac
luc nay tac ddéng vao trong
tam ap luc P, ty 1& v6i goe

tdn ¢, tac nén moémen Clip
quanh treng tAm C theo
husng tang ¢ {(lam mét 6n
dinh h&) ma C, 1a h¢ s6 cua luc, phu thuge téc do tén lia v va cac yéu
t& khac. Sdc ddy phan lue T didu khi€n do léch 4, nham lam cho ¢ =
0 va hé 6n dinh, Momen quéan tinh cia tén lta d6i voi C la J. Nhiéu
khi cdbn ding con quay lam phan héi téc do dé hé dn dinh. Viét phuong
trinh va vé so di khdi

Hinh 2.114

Ddap an
Phuong trinh moémen cia tén lia :

42
J‘P

= Clp + TLS

dat?

Hinh 2.115

T1



T do :
T1,/J
52 - C”lleJ

'

)

O hinh 2.115, K, la khuéch dai, ti

cd cdu thita hanh cta phan lye. K, la
hé s6 héi tiép cua con quay do téc do

w.

Bai tap 2-11

Nha du hanh va tru Bruce Mec
Candless da dung thiét bi tao xung luc
bang vdi khi nén d& di chuyén trong khéng gian (hinh 2.116). Co cau
diéu khié€n dugc thuc hién bang khuéch dai K, nhu & hinh 2.117. Quéan
tinh cta ngudi va thist bi bang J = 25 kgm?® K3 cd chic nang lam
gidm sai léch tinh e,. Céc hé s6 K), K K3 c6 tdc dung xdc dinh chat
lugng tinh va dong cta hé.

Hinh 2.116

a) Viét ham truyén cta hé kin.

b) Xdc dinh E(s) khi ddu vao la x(t) = Pot) = t.

Dap an
) W = 28 il
a A8) = =
k Po(s)  s(s + KKKy + KK,
) E(s) n l
b) Wels) = ;‘(‘)(?) Pols) = .
JS+K1K2K3
e = s{Us + KKKy + KK, = 3
CCOK
P F [ 7] @
2 Js

Hinh 2.117
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Bai tap 2-12

Kinh vién vong vi tru nhu & hinh 2.118,c6 so d6 khéi nhu & hinh
2.119 ma K va K, la nhitng hé s6 cdn chon dé dat chédt lugng tinh va
dong cho trudc.

a) Don gian hda so d6 khéi va viét ham truyén doéi voéi tin hiéu vao

x(t) va nhiéu f(t) : Y/X, Y/F
b) Xac dinh E(s) khi tin hiéu vao la 1(t) va t.

o !
@ . Trackingapd :
% datagrelay

) = i
? X ss+K)+K

L5 1

F ss+K)+K
) E s(s+Ky)
b e
y X “‘(“\"‘K-l)}K

X

K ¥ 4

Hinh 2.119
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K,
T{—;khlx(t) =t :e. = 0.

nén khi x(t) = 1(t): ey =
Bai tap 2-13
Mot ngudi mdy diéu khién moé t6 nhu & hinh 2.120 cd sd d6 khéi
nhu & hinh 2.121 va ¢, la géc nghiéng can thiét so véi phuong thing
ding. K 1a hé s6 cdn xdc dinh dé mo to6 hoat dong 6n dinh véi :
a = gh =9 ;
a’ = vihe = 2,7

ay = v/he = 1,35 v6i t6c d6 v = 2 m/sec. Hing s6 thoi gian cua
rébét 1a 7 = 0,02 sec.

c.g. = Center of gravity

Yy s

Hinh 2.120 Hinh 2.121

Viét ham truyén d6i véi tin hiéu vao va nhiéu.
Dap dan :

a; + a3

fpo =
M’ (Ts + 1)(s* — a)) + (a, + az8)(1 + 2s + K8

s + 1
C (ms+ 1) —a) + (a, + as)(l + 25 + K&

Bai tap 2-14

Chuyén dong ctia mdy bay duge diéu khién trong khong gian 3 chiéu
bdi cdnh phu, canh nang va lai nhu & hinh 2.122. O hinh 2.123 oS so d6
khéi ctia ché do lai tu déng gic xodn ¢ bdi canh phu. D§ léch qua gdc
¢ tao nén moémen xodn do 4p luc cia khong khi. Su chénh léch gitta goc
x0dn cén thiét ¢, va géc xoén ¢ duge diéu khién bdng co cdu thita hanh
thiy luc. K|, K, 12 cdc hé s6 héi tiép goc va téc do6 thuc hién bdéi cac
con quay do géc va do téc do. Hay xac dinh ham truyén plp, va Elp,.
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Dap an :

o Aileron

Rudder

o s[s(s + 1) + K. K,] + KK, _ C\, \ [m. angle 4
"
E sls(s + 1) + K K] (. -
2o sls(s + 1) + K K] + KK, Hinh 2.122
Bai tap 2-15 © 4+ it ; @ - @
Tau thay Radisson = fa 2 _>|_5_“:T K T

Diamond dung phao néi
va canh 6n dinh dé giam

> " &
va dap cuia séng cé so do K .——J

kh6i nhu & hinh 2.124. Hinh 2.123
Hay xac dinh ham truyén dat plp, va ¢/F.

F
60 + oy + 2 P

% A 4
- s+ 8 : ~ 5 +2 S
Kﬁ
KE
Hinh 2.124
Dap dn :
120
N2

Po (s + 2) [(s + 8) + 60K] + 120K,} + 120
- 2{[(+8) + 60K, + 120K,

F s{(s +2) [(s + 8) + 60K,] + 120K,} + 120
Bai tap 2-16

May bay siéu am diéu khién cédnh phu (hinh 2.125) c6 so dé6 khéi
nhu & hinh 2.126. Hai con quay diung lam héi tiép géc va téc do. Momen
M tic dong vdo truc thing ding cia médy bay bang céch lam nghiéng hai

75



cinh phu theo hai huéng ngude nhau. Xdc dinh ham truyén ?’y_’ Efp,, E/M,

{on quay
o 7é¢ o bon guay 4o gor
y Y
| P, -
j N

\ _
ﬁ_—; @ i@'@;g/j@%ﬁin <
B S\h@ / G0

g — o5

=

Lo cdis Thwa hank Phuly e

Hinh 2.125

!

Hink 2.126

Dap dén
E s(J.s + D) (Is* + R’s + 1/C)
Po s(Js + D) (I’ + R's + 1/C) + KK K1+ Ds)
o K KoK,

fo  sds+D)ds’+Rs+1/C)+ K KWKq(l + D)

E —(1+Dg)(Is* + R's +'1/C)

Me s+ D)1+ R's + 1/C) + KKK (1 + D)
Bai tap 2-17

H¢ diéu chinh mye nuéc ed so 6 nguyén Iy nhu ¢ hinh 2.127. V&
sd d6 khoi véi cac théng s da cho. Myc nuéec H duge phao do va cung
voi lugng dat x tao nén sai lech. B diéu chinh G, bign dai lugng co hoc
thanh 4p sudt P, do d€ tdc d6ng vao co cdu thita hanh dong md van
bang cach xé& dich 1 thay d8i lvu lugng q vao bé chita. V& so dé khsi
vd xdc dinh ham truyén Y/X.
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el L
b
— T, ¥,
T & - E=Con$£‘
N W Pe=
o -
_L —_ _5 —_ ==
R
Hinh 2,127
Bap dn
Véi S - dién tich b8 chia

R - trd cla van
Ry C; - trd va dung tich cla co ciu thita hanh
S; - dién tich man (3 co cdu thira hanh)
k — hé s8 dan héi cua 1o xo.
S
%) Ge i iR

X S,
RCs+ 1) RSs+ 1) + G, KRy

- e

RCs +17

a _ Sf/k_—| T’J\l}*_"

ff

N
o
i
Q: 1
| +: o | 5D
{9
i ‘
1
|
|
|
|
%
b

g —— e o

Hinh 2.128
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Chuong 11

KHAO SAT ON DINH CAC HE BIEU KHIEN TU PONG

.1, KHAI NIEM CHUNG

IILL.1. Vi du va dinh nghia vé& én dinh

Trén hinh 3.1 cho trang thai can hang cla ba vién bi & ba vi tri
khdc nhau. DE nhan thay rang a) la trang thai 8n dinh, b) trang thai
khéng dn dinh va o) trang thai trung gian gida hai trang thai 6n dinh
vad khéng 6n dinh.

Trang thai cén bang la trang thdi ding yén n&u khéng cd luc tac
doéng nao khdc lén nd.

Néu ¢6 mét tdc dong nhd dén ba vi tri khdc nhau cta vién bi (dugc
mo t4 bang dudng nét dit trén dac tinh ¥t} - chuyén dong cta vién bi &

PN

L L
\\
G{ “~_ % 4
%eor
Ve
a) b) c)

Hinh 3.1
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thoi gian trudc dé : t < 0),
ta thiy :

Truting hop a) : vién bi
sé trd lai trang thai can
bang ban dau ;

Trudng hgp b) : vién bi
$& ngay cang xa vi tri can
bang ban dau ;

Trutng hop ¢} : sau khi
chuyén déng, vién bi sé
ding yén d vi tri méi.

Vay On dinh la su
trd vé trang thai cdn bdng
ban dau khi mdat tdéc dong
kich thich,

Hink 3.2

Mot vi du khac : Mot mang 4 cuc RC cd ham truyén Wis) =

Ts ¥ 1 nhu & hinh 2.3a hay 3.2. Néu trudc dd, tal thoi difm t < t, cd

mot tac dong kich thich dang bac thang bang cdch dat vao mét dién ap
U, thi dién 4p ra 1A :

1
-l

Uity =1 -e !
Bay giv, tai thoi diém t;, lam mat tac dong kich thich &y thi dién

ap ra sé trd vé khong cia trang thai ban ddu theo biéu thic :

1
-t 1)
Uty =e 1

Vay khau quén tinh ndi trén cd qud trinh &n dinh.
I11.1.2. Diéu kién dn dinh _

() ca hai thi du trén, chuyén dong cia hé dn dinh khi mét tdc ding
_kich thich cd th€ mé tad bdi phuong trinh v = ye ™ D6 voi khau quan
tinh, @ la nghiém cua phuong trinh dac trung :

Ts + 1 = 0

1 .
Sp =~ la nghiém thue va am. O hinh 3.l1a, ddu trudc « cing la
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Trudng hop chung, he théng duge mé ta bang phuong trinh vi phan
(2-4), nghiém cuda phuong trinh la

yit) = y () + Yqalt) (3-1)

ma y.(t) 12 nghiém riéng cha (2-4) cg v& phai dac trung cho quéd trinh

xac lap, Yqaft) 12 nghiém tdng quét cua (2-4), khong cd v& phai dac trung
cho qud trinh qua de.

Qua trinh xdc lap la qua trinh luén &n dinh vi nang lugng cta mot
hé luén cd gigi han, Cho nén dinh gia tinh 6n dinh ciia hé chi cén can
ci vao qud trinh qua d6. Nhu & bidu thic (2-25), qud trinh qua do &
hé tuyén tinh duge xdc dinh bai :

n
Yoalth = X Ce¥t (3-2)

i=1
ma s la nghiém cda phuong trinh dac trung
Fis) = ausn + als”"l + ...+ a8+ a, =0 (3-3)
Dé h¢ on dinh thi qua trinh se tit dan theo thdi gian -
tl_i]nm Yoty = 0 (3-4)
hay dé€ hé &n dinh thi disu kién cdn va du la tdt ed cdc nghiém cuc
déu ¢S phan thuc am :
Re {s; } < 0 =1, n) (3-5)
O hinh 3.1a dudng 2 dng vai chuyén déng cua vién bi <6 dao déng ;

yit) = ye “coswt
vA nghiém cha phuong trinh dac trung 1a s, = ~a % ju,
Diu ctia phdn thuc la yéu t6 quyét dinh tinh 6n dinh cta hé thdng.

Diéu kién 6n dinh c¢6 th& thé hién bang phan bd nghiém trén mat
phang nghiém s6 : néw #d¢ cd cae nghiém cie phuong trinh dac trung
déu & nghiém trai (ndm & nita trai cla mat phing nghiém s6 hay nam
bén trdi truc Ao) thi hé sé on dinh.

Hinh 3.3a tuong dng véi phan bd nghiém ctia mot hé én dinh. Khi
¢d tif mot nghiém phai, hé trd nén khong 6n dinh (hinh 3.3b} va khi
nghiém cd phén thue bing 0 : hé & bisn gi6i én dinh (hinh 3.3c).

Nhu vay, giai phuong trinh dic trung (3-3), xét ddu phan. thuc cta
cdc nghiém, ta danh gid duge tinh én dinh cta hé. Trudng hop hé bac
tao, néu khong st dung cong cu tinh todn, thi viee xét én dink cta mot
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he 1a kha phic tap va khong hop ly vi chi cén biét ddu cia cdc nghiém
ma thoi, Cac tiéu chuin 6én dinh cho phép danh gid tinh 6n dinh cda hé
ma khéng phai giai phuong trinh dac trung ndi trén.

I j In /T Im

!
A
B 7 a *F
“ g NV
A 7 Re : Re ) Re
:‘ . = ..._-_.—).*O_ / — —— J P —
5 ! a* Y
* 7 (. 2
7 % )
y
Y HE O dion b) HE kxhdng dn dinn S} HE o LS it

A1 1
S LA i

Hinh 3.3
111.2. TIEU CHUAN ON DINH DAl SO

I11.2.1. Tiéu chu&n én dinh Hurwitz (Hude vit)

D& voi hé cd phuong trinh dac trung (3-3), digu kién can va di dé
hé &n dinh véi a, > 0 la cbc dinh thic Hurwitz déu duong.

Dinh thic Hurwitz lap t& ma tran hé s6 theo quy tac sau :

- Theo dudng chéo cia ma trin, viét cdc hé s6 ti a, dén a,

— Phia trén dudng chéo, cdc hé s6 ting dén, phia dudi gidm dén.

- Cac hé s6 nho hon a, vA 16n hon a, déu bing 0

Ma tran cdé dang nhu sau :

a, ay ag .. .0
a, a4 ay .. .0
0 0 0 a, |
Cac dinh thite Hurwitz duong Ung véi :
A =8 > 0
ay a3
As = a. 0, T A@ T Ay > 0
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2 B
g ay ag | = a; (aa3 —ajmy) - aja, + aaa, > 0

1 > 0 {3-7)
An - an An_ 1 > 0
Chu thich -

L. Khi khao sdt 6n dinh, véi a, > 0, néu cd hé s6 bit ki nao am
ta; < 0) thi da d€ két luan la he khong 6n dinh.

2. Véi diéu kién a; > 0 (G = 0, n) thi chi cin x&t A, > 0 véi
U= 2 n-1 vi A = a, A, = aAy,
Vi du 3-1

Ifay khao sdat &n
dinh cta hé ho va hé kin
gom ba khau qudn tinh
néi ti€p nhuv & hink 34.

100 j Y

(105 +1)}(5s +1)(s+1) ‘ ‘

a) Trudng hop hé hd

Sau khi cat héi tigp,
ta ¢d ham truyén hé hé Hinh 3.4
100

T {0s+ HBsF D+ 1)

Wis)

v6i phuong trinh dac trung :
Fs) = 50s” + 65s° + 16s + 1 = 0.
Cac hé s6 a(i = 03) > O va chi cdn xét Ay :
Ay = aja; —aa; = 65 x 16 ~ 50 = 990 > 0
Vay hé hd 8n dinh vei a, = 50 ;a = 656;a = 16 a; = 1.

Thyc ra, ta co thé danh gia gidn don hon, vi theo phuong trinh dac
trung caa hé hg

Fs) = (10s + 1) (58 + IDis+ 1) =0 .

ta e¢d ba nghidm thuc am :

Py = _011 N
P = -02
p3 = -1.



b) Triong hop hé kin

Ham truyén hé kin F(s) = 508’ + 65s° + 16s + 101

= 50 ;a = 65 ;

AZ = aa; ~-

az

[1&é kin khong On dinh.

Vi dn 3-2

16 ; a,

101.

aa, = 65 x 16 - 50 x 101 =

=0 v a,

-4010 < 0

Vi vi du trén, nhung hé s6 khuéch dai chung cta ca he¢ la k. Vay,
hay xac dinh tri s6 cha k dé hé an dinh.

Trong trudng hop nay, phuong trinh dac trung cta hé kin la :

Fos) = 50s° + 65" + 163 + (1 + K

tn dé k < 198

Ch& do dao domg dng voi k =

k

wh

A, = 65 x 16 - 50 (1 + ki > 0

= 0

&n dinb. Heé s6 khuéch dai cang bé, mic do on dinh cang cac.

[1.2.2. Tiéu chufin én dinh Routh (Rao)

= 19,8 1a dao dong g bién gidi

PGi véi he od phuong trinh dac trung (3-3), didu kién can va dn dé
hé én dinh la cdc hé s6 d c¢ét 1 cia bdng Routh déu duong.

Bang Routh (bang 3.1) dugc thanh lap theo quy tdc sau

~ Hai hang ddu tién vist cac hé s6 tdng dan tdt a, dén a, sao cho
hang thd nhat cd cic hé s6 a, va hé s6 chan, hang thu hai la cdc hé

sd 1.

-0 cot phu, hé s6 r, la ty sf cdc hé

hang bén trén nd.

g6 cua cot bén canh vdi hai

- Céc hé s6 khac (ij) la hidu cha hé s6 cOt bén canh va cva hai
hang bén trén, hé sd sau nhan véi hé s0 cdt phu cung hang

Bdng 3.1
| Hé s8 chdn Gy = 2, Coy = a, Cay = ay _l
- Hé s8 e Cyp = a, Cop = a, “C32 = ag |
f, = Cyy/Cip Cis = Cor - 13Css | C23 = Cay - 13Cao | Cas = Cur - rac:‘

C;a = Cx - 14Ca C2.4

s = CalCiy

= Csp - 140




Néu cd moét hé s6 nao & cot mot {'_C]J) < 0, j = 1nt , hé khong
6n dinh.

Vidu 3-3
Voi cung vi du trén, ta lap ban Routh dé xét 6n dinh d5i vai ha
kin.
H& s8 chin ' Cip=a, = 50 » 0 Co =a, =%
Hé 8 1& Ciy =a =650 Cop = a; = 1M
50 50
s =& C,3=16—6—5101=—61_.?<0 Copy =0
65
“ = Ca =010 Coy =0
Nhu vay, & cot I ta oo Ci3 = -617 < 0 nén hé kin khéong én dinh.

Chii thich :

1. Khi lap bang Routh, 48 gian don trong tinh toan, cé thé nhan
hay chia cac hé s trong cot véi cing mot dai lugng, két qui vin khong
thay déi.

2. Trong trudng hdp hé khong én dinh, bao nhiéu ldn d&i ddu & cot
I, thi ¢ bdy nhiéu nghiem phal.

Trong vi du trén, hé cd hai ldn ddi d&u : it Cp2 > 0sang C3 < O
va trd lai C, > 0 nén hé kin cd hai nghiém phai. Néu giai phuong trinh
dac trung cta hé kin ndi trén ta ¢ ba nghiémy nhu sau

s, = -6,6815 ;
s3 = 2,6908 + j53886
hai nghiém ed phdn thuc duong.

3. Néu tri s6 gdn cudi & cot mot bing 0 (C,, = 0), ¢6 nghia la
nghiém kép thuan ao. Tri s6 cudi cung s¢ khong tinh duge vi r,,,
Néu tri s§ cui cing bang 0 (Cins1 = O thi phuong trinh dac trung co
mot nghiém 0 vi a, = 0.

= oo,

4. Néu cdc hé s6 cha mét hang bang 0, hé cd moét nghiém phai hay
trén truc Ao.

5. Ca hai titu chudn Hurwitz vad Routh déu oS thé su dung may
tinh dé€ khdo sat nhung angorit d§ véi tibu chuin Routh gian don hon.
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6. Tiéu chuin Hurwitz va Routh cd méi lién hé nhau, vi du C;; =
ay a8, — a8, Ao

C'\! - T-;'C'm = a4, - — &y = = — = 0 chéng khac nao
2 A2 2 a, k a a

A > 05 4 > 0

L

1.3. TIEU CHUAN TAN SO

[11.3.1. Tiéu chudn én dinh Nyquist theo dac tinh tdn bién pha
1. Neuyén ¥ goe quay
Phuong trinh dac trung cia mdt hé :
Fs) = Als) = as” + as™' + .+ a_ s+ a; =0 (3-8)

cd thé dua vé dang :

As) = ays —p)s - py - -8 -py =0 (3-9)
Voi p(i = 1, n) 14 nghiém cuc. Thay s = jw ta cd :
AGw) = a o - pjw — pp) « Gw —py =0 (3-10

Hay xem gdc
quay ctia mét vectd

Im Inh _
{jo - p,} ma goc & . jo- =g,
nghiém p; va dinh l T F~.
chuyén dfng trén A - § F
truc 3o. /

fe / N f-
nghiem trai (hinh ‘ /
3. 5a}), khi w thay .
U ) a) )
doi thd —oo dén + <,

vects sé quay mét Hinh 3.5
goc

Aarg (Juw - p) = ta

— el

Nguoe lai, néu p, la nghiém phai ¢hinh 3.5b) vects (jo» — p;) quay
mor pde '

Aarg o — p) =

—o = B0

Téng bién ddi cia tit ca cac gde quay ung voi {3-10) 1a
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]
Aarg Adjuw) = Z arg (jo - p)
-l 1=l —mame
Gia st phuong trinh dac tring cd | nghiém phai, 6 nghiem trai 1a
n -1 vay :
Aarg Alje) = (n - 2Dz (3-11)

A RN

Bi¢u thie (3-11) thé hien nguyén ly gdc quay cta da thdc dac trung
Aig),
Nhu viy, dé hé &n dinh, diéu kién ecin va dd 1a s nghiém phéti
bang 0 {1 = O, nghia la :
Aarg A(jow} = nx {3-12)

T W

Nhan day cang thay ring, bang cich vé quy dao cia Ajw) ta cing
¢o thé€ danh gia kha nang &n dinh cua hé¢ théng (theo tidu chufn
Mikhailov [15] ma & day s& khong dé cap dén.

2. Khdi niém vé buo vy

Trén hinh 3.6 cd dusng cong Nyquist cia mét khau qudn tinh khi
tAn s4 thay déi trong pham
Vi o < o o< 4o (hinh
2.43). Didm M nAm trén
truc thue cd toa do -i. jol
Di€m C dich chuyén ¢« sn

dusng cong Nygquist octo

MO dude xdc dinh bai _fe
—» — w =0
MC =1+ OC = __ :
W pw)
= 1 + Wien c
Trong truong hop dudng
vong Nyquist khéng bao vay
lay diém M inhu & hinh
3.6), ta co Hink 3.6
AargMU = Aarg [1 + Wiwd] = 0 (3-13)
R T ) =R T Y - =)
Néu dudng Nyquist bao vay ldy di€m M thi :
Aarg [1 + W{w)] = 27 = 0 (3-14)

Wl %
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3. Tiéu chudn dn dinh Nyguist

A Khi hé hé én dinh

Diéu kién cdn va da d&€ cho hé kin én dinh khi h¢ hd &én dinh la
duang cong Nyquist khong bao vy lay diém cd tea do (1. jo).

Ilam truyén cta hé hd co dang :

) .
Wis) = AG) {(3-15}

Vay hé kin c6 ham truyén :

W, () = _Be__ (3-16)
KT A(s) + Bs) '
v8i hoi tidp don vi. Vects MC trén hinh 36 dng voi :
A(s) + B
Gis) = [1 + W(w)] = { %ﬂ (3-17
=

Ta s6 cta (3-17) la da thie ddc trung cia hé kin (3-16), con mau
s6 1a da thic dac trung cta hé hd (3-15). Néu A(s) c¢ bac la n, béc cua
B(s) la m thi bac cha da thdc dac trung cia hé hd hay kin déu la n wi
m < n. Ung véi (3-17) cod :

Aarg Gw) = Aarg[AGw) + Be)l - Aarg Aljw) (3-18
—oo s 09 — 530 g B0 —0e <l

Theo tidu chudn &n dinh va diéu kién (3-12)x

Né&u hé hd 8n dinh

Aarg A(jw) = nx
20 <L
D& he kin 6n dinh
Aarg [A(jw) + Bje)] = nx

— ol el W

Nhu vay, Aarg G(jw) = 0, nghia la dusng cong Nyquist khong bao

— e

vay ldy di€m cd tea do (-1, joi
O hinh 3.7 ¢6 ba trudng hop :
a) Hé kin 6n dinh
b) Hé kin khong én dinh va

¢} Hé kin & bién gi6i 6n dinh khi hé hd 6n dinh trong ci ba trudng
hop trén.
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B. Khi h¢ hd khong én
dinh

Gia sit he hd khéng on /
dinh va c¢d 1 nghiém phai,
vy s8 nghiém trai la n -l
bBéi vsi hé hé, néu chi xét
phan tin s6 duong thi (3-11)
cd dang

Aarg A{jw) =

g o

n—2].

(T )7

Hé kin 8n dinh véi digu
kién (3-12)

Aarg [Aljw) + Bijw)] =

Wi, GO
= % e o)
Do do gdc quay ctla Hinh 3.7
vectd MO sé la -
. n n — 2l )
AargGw) = g - (—5=)r = Ir = (3)2n (3-19)

e 00
nghia la :

Diéu kién can va da 48 cho hé kin 8n dinh khi hé hd khéng én
dinh 12 dudng cong Nyquist bao vay 14y di€m cd toa do (-1, j, %— lan
theo chiéu duong ma 1 1a s6 nghiém phadi cda phuong trinh dac trung
cua hé ha.

Viduy 3-4

Hé he cd ham truyén :

K

Ve = e has Ty

Vay hé hé khong 6n dinh véi phuong trinh dac trung co 2 nghiém
cuc '

1 ‘ 1
Py = — va P = - =
LT, T, .
Nht vy n = 2 va 1l = 1. D& hé kin én dinh thi dutng cong Nyquist
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vay ldy diém co toa dé (-1,

1
jol 3 ldn theo chiéu duogng

/e
khi tdn s& bién thién tit 0 )
dén <. Trén hinh 3.8 cd 3 /,’/ S
dudng cong : Jrf k>t \\\
t f{z— & f \\
Duimg I ung v k > 1, ! ~ Re
T, (~/:d0)
T = T, < 1 va vay ldy z{k“
T >
diém cdé toa do (-1, jo) theo
chiéu am. 3 k>t
>
Dudng 2 dng voi k < 1,
T > 1 va khong vay lay
digdm (-1, jo Hink 3.8

Ca hai truong hop trén,hé kin déu khéng &n dinh.
1
Dugng 3 dng voi k > 1, T > 1 va bao vay nla lén (5 2;:) digm
cd toa d6 (-1, jo) theo chiéu duong khi tdn s6 bién dGi ti O d&n o (hay
1 14n khi tdn s6 bién ddi tit —~ dén o, tinh ca dudng nét it trén hinh).
Chii thich :

1. DE si dung tieu chufin Nyquist, trudc hét cén danh gid tich 6n
dinh cta hé hdé. Thong thudng viéc nay khd gian don. Néu khéng danh
gia truc ti€p cAc nghiém, cd thé dung tiéu chudn dai sb.

2. Tiéu chuin Nyquist danh gid tinh 6n dinh cta h¢ kin trén co s
dac tinh tdn bién pha cta hé hd (hé kin cé hoi ti€p don vi).

3. Trong trudng hop hé hd cd khau tich phan ing véi hé hd ¢ bién
gi6i én dinh, c¢d thé xem khau tich phan nhu gi6i han cda kbau quan
tinh
B(s) k B(s) k B(s)

. —= = lim = lim —

W — =
®) A T, L, 6 THAG) 4 oA (és} 1 )A(s)

(3-20)

w | =

k:
Khi tin s6 w = 0, dim xudt phat s& ti fruc thuc voi tri s6 B 0
va tiéu chuin Nyquist cd thé duge dp dung nhu khi hé hd dn dinh. Trén
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hinh 3.9, dudng 7 dng
v@i trudng hgp hé ha
cé mét khau tich
phan, dudng 2 dng véi
trudng hop hai khau W gew)
tich phan.

O hinh 3.9, cdc

k[f‘!’?

..k
cung cod bdn kinh 3 vé
bang dudng nét dut
mé td phin bién do
rdt lén cha W) nsi
lién +vai truc thuc.

Vidu 3-5
IT1é¢ hd ecd ham
truyén : Hink 3.9

k
W) = s(Tis+ 1)(Ts + 1) (3-21)

Hay xac dinh k‘, d bién gidi 6n dinh (k < k h& 6n dinh). O hinh
310 co Wi(w) voi hai tri 86 k khic nhau. Disu klén bién gigi 8n dinh
duge xde dinh bdi

(Wiw)| = 1 (3-22)
va I [Wijs,)] = 0 (3-23)

D&i voi he da che, ta s6 la mét s& thue, diéu kién (3-23) tuong
duong véi -

Im[jwﬂ 1+ jwnTl)(l + ja":;Tz)] =0
hay : 1 - Tszwﬂ2 =0

1’ 1
T do W, = T,
142

O tdn sb w,, mau s6 cia W(w.,) la mot dai lugng thuc va bing
—w,“ (T, + T,) nén :

Sau khi thay th& vao (3-22) ta xde dinh duge -
. . 1 1
kg = (T, + THT|T, = T_l + ¥Z_

90



Doc gid ddnh gia vé diéu kién bao vay cua hinh 3.1la va b

Hinkh 3.10

!
Im A om

? 2 Re 7 s 3 R‘e
ku_]// o e /w ”

a) b)

Hinh 3.1

I11.3.2. Tidu chudn 8n dinh Nyquist theo dac tinh tdn s& logarit
1. Vé diic tinh tin s¢ logurit cho cd hé théng

Khi khao sat cdc khau dong hoc dién hinh, ta di bigt dac tinh tan
s0 logarit clia ting phan t&. Hé théng hd thudng gém cd nhiéu phin tu
néi tiép

Wi(s) = [1W,(s)
i=1

cho nén : Plo

= 20lg|W(jw)| = Liw)

[N ]
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n
Wiie) = [W(ud @) = TTIW, Gw)|el i@

i=1

N
va plw) = X p (o)
i=1
Nhu vay bang phuong phap cong dé thi dac tinh bién dé va pha cda
cdc phén t¥, ta cd dac tinh tdn s6 logarit cua ca he.

2. Tidu chuin &n dink Nyguist theo dwong cong Bode (Bidny)

Hé kin 8n dinh néu hé hd on dinh va khi dac tinh bién d6 logarit
Liw) duong, dac tinh pha logarit p(w) khong cat dudng thang di qua tr
s6 - hay cAt v6i s& ldn chan,

O binh 312 6 ba trusng hop khi he hd 6n dinh thi :

a) Hé kin 6n dinh ;
b) Hé kin khong 6n dinh ;

¢} Hé kin & bién gigi én dinh.

vl le) Lew)
? 4 ™
| 1 o 4
| N :
i (20(0-’) w TO(U.J) ‘A w
AN G
7
b)
Hink 3.12

BDutng nét ddt & hinh 3.12a ing véi trusng hgp & hinh 3.11a - duong
Nyquist cit truc thuc hai lan & phia trai di€m o6 toa do (-1, jg). Tai haij
diém ndy bién d6 déu 16n hon 1 nen Liw)) va Llw,) déu duong,

Vidu 3-6 _

Khao sat 6n dinh cta hé da cho & vi du 3-1 va 3-3.

Hé h& cd ham truyén :

100

W) = Ao+ (s + 1)(s + 1)
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gém ba khau quén
tinh ¢ dac tinh xdp xl
nhy & hinh 2.44 véi
tdn sO gay

wy = 0,1 sec ! ;

w; = 0,2 soc ! ;wy =

1 sec

Trong trudng hop
nay hé hd da 8n dinh,
O hinh 3.13 cd dac
tinh tdn s6 logarit cua
cd ba khiu cling nhu
efia hé thong, x4y
dung theo phuong
phap cong do thi. Ta
nhan thdy khi £) > 0,
dac tinh pha logarit
elw) cat dudng thang

Hinh 3.13

-7 tai tdn S8 w =
0,55 sec ' nén hé kin khong 6n dinh.

In.4. p& by TRO ON DINH

O vi du trén (hinh 3.18), néu gidm hé s6 khuéch dai k, dac tinh
P() s6 ha xudng ghn truc tdn s6 w hon, trong khi dac tinh p(w) khong
thay déi (vi ba khau quan tinh déu khong thay d8i hing s8 thai gian
¥ng v&i tdn s6 giy clia ching). Hé cd thé tit khong 6n dinh tién dén
bién gioi n dinh va trd thanh On dinh. Qua trinh sé dién bién nguge lai
néu tang hé s6 khuéch dai.

Nhu vay, véi ¢o dy trit 6n dinh nhé, hé cd thé tit §n dinh tré thanh
mat &n dinh khi thong s6 vi Iy do ndo d6 thay ddi dang k&. Béi vay,
khi thiét k& cin chon ¢ du trit én dinh cén thiét.

Do du trit 6n dinh duge danh gia theo khoang cach clia dac tinh
tin bién pha hé hd W(w) so v&i diém giéi han B cd toa do (-1, jo) nhu
g hinh 3.14a.

D6 du triz 6n dinh vé pha v, duge ddnh gid theo cung cua dutng
tron ban kinh bing 1, tdm & gbc toa do, tao thanh gdc gita truc hoanh
va giao diém vdi dudng Nyquist W(e ). Tai giac didm Ay, tdn s6 la t&n
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Hinh 3.14

88 cat w. vi bién dé bang 1 (Wi, | = 1), v8i y. cang lén, do dy tri &n
dink cang lén. D6 du trit 6n dinh vé pha bdo dam kha nang én dinh
khi tdng quan tinh trong giéi han da cho.

D6 du trir 6n dinh vé bien do duge xdc dinh bdi ty s8 cla hé s§
khuéch dai gisi han kg v8i hé s6 khuéch dai hién hanh. Nhu vay do du
trit 6n dinh cang l6n hé cdng 6n dinh va khoang cach BA (hinh 3-14a)
cang ldn.

pote 1
k [ W) |

Do du trit 8n dinh vé& bién do biao dam hé dn dinh khi tang he s6
khuéch dai cia hé trong pham vi nh&t dinh.

Theo dac tinh td4n s6 logarit (hinh 3.14b), d6 du trit 6n dinh theo
bién d¢ duge xdc dinh bdi -

Lo = 20ig8 = -201g|W(w,)| = -Llw,)

Do du trit 8n dinh céa hé diéu chinh ty dong khong nhitng bao dam
khd nang 6n dinh cta hé khi thong s thay déi ma con anh hudng dén
tinh chat qud trnh cua hé thdéng. Tri s6 cu thé cia d6 du trit 6n dinh
duge chon dwa theo yéu cdu cia qud trinh qua do. Thong thudng duge
chon trong pham vi :

e = 30° = 507
L =~ 8 + 12 db.
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5. DUNG MAY TINH DE KHAO SAT HE DIEU KHIEN TU DONG

May tinh duge dung dé mé hinh hda hé théng. D& khao sat dn dinh
chang han, cd thé danh gid theo phan b8 nghiém cia phudng trinh dac
tinh, theo cac tiéu chufn 6n dinh Hurwitz, Routh, ciing nhu titu chudn
Nyquist theo dudng cong Nyquist hay Bode.

Phén mém ngay cang dugc viét don gidn hon cho ngudi st dung.
Hai loai chuong trinh thinh hanh la TUTSIM va MATLAB ma mét sb
lenh thudng ding cd thé xem & phu lue C. Dudi day la moét vai vi du.

II1.5.1. M& hinh héa theo chuong trinh TUTSIM
Vi du 3-7
M6 hinh hoda hé kin gém ba khau quan tinh néi tiép nhu & céc vi
du 3-1 (hinh 3.4) 3-2 va 3-3. So d6é khdi ding dé mo hinh héa hé trén
nhu ¢ hinh 3.15.
Chuong trinh cd thé duge viét nhu sau :
a) Model structure (cfu tric md hinh)
1, CON
2, SUM, 1, -5
3, F10, 2
4 F10, 3
5, F10, 4
b) Model parameters (thong s6 mé hinh)
1,1
3, 198, 10
4, 1, 5
5 1, 1

CON SUM Eio FiO FiO

Hinht 3.15



c) Plot blocks and

Ranges (kh6i ve va giai : : 1 ey
han) TUTSHM |
X:0 0 25 4
Yi: 1,0 2 ]
Y2 : 5 0 2

d)  Timing (thsi ,
khodng, thdi gian ldy mdu)

10E-6, 25
e) Command : 8D '
(1énh) ] ,
Két qua mé hinh hda _ 03_0066 That gion 25 .00’60 -

nhu ¢ hinh 316 voi he *<. 1 1 "1 a0 1 1
s6 khuéch dai khac nhau :

- Dudng 7 : tin hiéu Hink .16
vao 1(t)

- Dubng 2 : ham qua d6 v6i k = 19,8 (bien gidi 8n dinh dng voi
Ay = aja; -aa; = 65 x6 - 50(1+ k) = 0

-Dudng 3 : k = 5

- Dudng ¢4 : k = 2

Bang cdch thay d8i hé s6 khuéch dai cua khau quan tinh thi nhat,
ta cd sai léch tinh tuong tng nhu o bang 3.3.

Bidng 3.3
B |
k 0 8 6 4 2 1 g5
S 0.09 on c14 019 033 0.50 066

II1.5.2. M6 hinh héa theo chuang trinh MATLAB
Vidu 3-8
V6i cac théng s6 nhu trong vi du 3-7.
a) Lap trinh theo ham truyén hé Ein

19,8
(10s + 1) (s + Dis+1)+ 19,8
19,8
50s° + 65¢% + 163 + 20,8

Wk(s) =




A o
num = [19.8] ; 18
den = [60 65 16 20.8] ; »
Td
t = [0 : 01 : 25] ; B2
Step (num, den, t) &
Q gg
06

O hinh 3.17 ¢ ham qua do ,.
dugc mé hinh héa theo MATLAB o2
véi k = 19,8 va k = 5. Bi€u d6

s o s 0 25
Nyquist va Bode d6i v6i hé hd : Thai gran , gidy
Hinh 3.17
19,8
W(s) = . >
50s” + 65s° + 16s + 1 15
0|
num = [19.8] ;
5 3
den = [50 65 16 1] ; S
Nyquist (num, den) 27
Bode (num, den) ad A
_m-
Pac tinh tdn bién pha W(jw) 15 . . p
B 7
nhu & hinh 3.18 va dac tinh ’ ¢ an,zc ﬁif.rc ’ ’
logarit £(w), ¢(w) nhu & hinh ‘
3.19. Hinh 3.18
50 T TTIIY
¢ MRed 11111 |
R l ] T~ |
50— ; L ! |. | o
ool LI L f
107 fo_rféﬁ 56, raa’/?gn #
0 | T
S T |
| NIz 11
~180 I A | | 4\ !“ } ..
T
27 1 s Ening
10 ;a';éf? 56, ran’/fs ’ p
Hinh 3.19
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by Lap trinh theo phuong thize ghér néi cic khéau

W1 = tf(19.8, [10 1]y

W2 = tf 01, [5 1)

W3 = tf (1, [1 1]

Wh = W1 * W2 * wa:

Wk = feedback (W,"W."W, 1)
Step (Wk)

Nyquist {Wh}

Bode (Wh)

BAI TAP CHUONG 11

Bai tap 3-1

Theo tiéu chudn Sn dinh Routh xac dink tinh 6n dinh cia hé ¢6 cde
phueng trinh ddc trung sau :

a s+ 105 + 337 + 46s + 30 = 0

by st + s+ 3¢° 4+ Zs + 5 =0
c) 88 + 268 + 3s + 6 = 0
d st + 3% + &+ 3+ o5

t
<

a)C“——-I;Cu:10;C13=28,4;Cl4=35,4;015=30:6ndinh
b)C“=1;CQ=1;CI3=1;C14 ==3; Cis = 5 : khéng 8n dinh
C)C“——-1;Cu:2;C|3=O;Cl4=6:biéngi6i6ndjnh

d)C”=1;(312:3;013=0;_C14 =-o; Cg = 5 : khong 6n dinh

Trusng hop ¢) cf hang thid ba vai Ciz va Cyy déu bing 0 : cg mét
cap nghiém trén truc 4o la
= V-3 = + 1,733.

hi tap 3-2 -
Bai tiap X p p " ¥
; Xéchinh he s8 k_hué'ch = s(s+1)(s+4) J o
dai k d¢ hé (¢ so d6 Ihéi —f
nhy & hinh 3.20) & bisn gidi J

&n dinh va vj trf nghiém cuye

N . ; Hinh 3.20
trén mat phdng nghiém so.
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Dap dn
Phuong trinh ddc trung cia hé kin :

Fis) = s° + 585+ 45 + K =0
Hé 56 & cot mot

20-K

Cll=1;012:53cm= 5

; Cy = K

Hé & bién gidi 6n dinh véi K = 20. O hang thi ba

Cis = 0; Cyy = 0 nén 55" + 20 = O cd hal nghiém p, = = .
Bai tap 3-3

K(0,5s + 1)

Thay thé K ¢ hinh 3.20 bdi ham truyén 018 + 1

, xdc dinh K ¢
bien gig#i 6n dinh va nghiém trén truc ao.
Didp an
Phuong trinh dac trung cia hé Kkin :
F.(s) = s(s + 1Ms + 4H(0,1s + 1) + K(O5s + 1) = 0
— 0,15 + 1,58 + 548’ + (4+05K»s + K = 0.

Hé =6 & cét mot .

7,7 - 0,06K

Cpy =01;C, =15;Cz= "7,
2,25K

Cig = 4+ 05K - 794Gk ¢ Cis =

Diéu kién tit cic he s6 Cj5 va Cy3 xéc dinh :
0 < K < 154
Diéu kign tw C, > 0 :
4 + 0,5KN7,7 - 0,06K) - 2,25K =
— 30,8 + 14K - 0,025K* > 0 K = 72.9
V&i diéu kien nay C;y = 0 ; Cyy = 0

77 — 0,05K 5 :
S 8+ K = 270337 + 720 = 0

by = * 5193
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Bai tap 3-4
Dau doc 4
dia ¢ may tinh
chuyén dong theo
rdnh. Dap dng

ciua hé  phaj

nhanh va chinh
xdac. So dé khéi
nhu & hinh 321, Hinh 3.21

Xac dinh diéu kién d6i véi K va a cia og cdu digu khién dé€ hé &n dinh.
Ddap an
Phuong trinh dac trung cta hé kin -
Fiie) = s* + 657 + 1182 + (K+6)s + Ka = 0
Hé s6 ¢ cot mot -

Cu=1;C, =6;Cp =

Ciyy = ;i Cyi5 = Ka
14 Cys 15

Tt Ci; o didu kien K < 60 ti Ciy = 0:
(K -60 K+ 6 + 36 Ka = 0
va K, a liéen hé nhau bdi disu kién :
(60 ~ K) (K + 6)
36K
vidu K = 40 ; a ¢ 0,639,
Kigm tra tinh 6n dinh theo MATLAB
num = [40 40'0.639],.(bién gidi 6n dinh)
den = [1 6 11 46 40°0.639] ;
t = [0:01: 20] ;
Step (num, den, t)
Bai tap 3-5

a) V& vi tri phan bS cta mot cap nghiém tréi (c6 anh hudng 16n
nhat d6i véi qud trinh) cda hé théng né&u ty s§ tit dan cog tri s6 khoang

[

¢ = 0,6 va hing s§ thai gian khoang 0,1 sec.
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b) Chi ra ving cta cic nghiém cuc ¢ hing sd thoi gian khéng qua
1 sec.

¢) Vi tri cia mot cap nghiém troi ctia hé cd tf s6 tat ddn khoang
¢ o= 07,

d) Véi diéu kién b) va ¢) chi ra ving phan bé nghiém.

Bap an

Xem hinh 3.22

r
Py

F fm
‘o im Im
7 N
“ ;' QoA
i * e 7 -1 Re Re ;%—f\ Re
7 - e
7 =
7 =
o7 =
o e
’///
G) b) C) d)
Hinh 3.22
Bai tap 3-6
$ hé théng hinh 3.23 véi :
(c*1) al =~ G(s) r .

G = G¥2)E+20 *1?—' K
Hay x4c dinh K sac cho hang

g8 thoi gian tréi nhdt T =
0,66Tsec va vl K dy, xdc dinh Hinh 3.23
nghiém cuc con lai
BPdp dn
Phuong trinh dac trung hée kin :
Fis) = s + (22 + Kis + 40+ K = 0

Fés) = 5+ 1538 + p) = £+ (1,5 + ps + 1,5p
ma p la nghiém con lai cln tim.
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22 + K
40 + K

1,5+ p ]

1,5p f ,
Ti dé K = 185 ; p = 39, vay nghiém thi hai s, = -39 va nghiém

thd nhdt s, = -~ 15 chmh la nghiém tréi.

Bai tap 3-7

So dé khéi he
diéu khi€n chuyén [ s+ @ I— K ¥
dong quay xe nhu & 5 +/ s{s+2)(s+5}
hinh 3.24. Xic dinh }
méi quan hé giga K
vi a dé hé &n dinh.

Dép an Hinh 3.24

Phuong trinh dac trung cua hé kin -
Fus) = s* + 8% + 172 + (K + 10 + Ka = 0

Cae hé s6 & cot mot -

126 - K
2 : 8
Ciy(K + 10) - 8K.a
C|4 = T o T 3 lei = K-a

TfrcécdiéukiénCB:vO;Cl_.; >0; K < 126 ; Ka > 0

Tit diéu kien C,, > 0 ; b @
(K + 10%126 - K) - 64Ka >
0. Ving &6n dinh nhu & hinh 3r
3.25.

Vi du, néu chon K = 70,

.
a = 0,6, diéu kién &n dinh s I
duge thda méin. ‘
Bii tap 3-8 |
051— ———————— -

Tau con thoi (hinh 3.26)
cd thé€ ding d€ sta chia ve ‘ N : X
tinh va kinh vién vong Hubble. ° 5070100 126 130

S0 d6 graph tin hisu nhu 4 Hinh 3.25

hinh 3.27, véi Gfs) = K = 8; G@s) = —— _ ; His) = 1
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-*/Q‘Q F(s)

N
hY
% AN -7
- ' X(s) G.(s) G(s) Y(s)
Hinh 3.26 ' Hinh 3.27

Xac dinh ham truyén Y(s)/X(s) va Y(s)/F(s).
Hé trén c6 6n dinh khong ? vi sao ?

Vé dac tinh tdn s6 logarit cia hé ho va kiém tra lai theo dudng
cong Bode theo MATLAB.
Ddp Gn Xem hinh 3.27.
1

8
YEXE) = 5 ; YO/F6) = =
s“+4s + 8 s“+4s+ 8

Hé trén 6n dinh vi phuong trinh dac trung cia hé kin F (s) = g
+4s + 8 = 0 1a
bac hai, cdac hé
s6 déu duong.

Bai tap 3-9

Mot may
bay truc thang
co tai & cudi day
cdap nhu & hinh
3.28a. Heé diéu 1o
khi€n vi tri cd * l__f_u___

i)

I — o0d
pesition

so d6 khéi nhu 6 Ri6)
hinh 3.28b. Kiém

tra 6n dinh hé e
trén theo tiéu m .15_.-

chudn Hurwitz
va ki€m tra &n
dinh theo dudng
cong Bode (dung
MATLAB). Hinh 3.28

[a) b
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Dap an

Phudgng trinh dac trung hé kin :

Fis) = 055" + 175 + 40s + 16 = 0

A2=alc2"aoa3= 1?)(40‘_0,5)(16:672 > 0

Bai tap 3-10

Hé diéu chinh miic & hinh 3.29
¢d s0 d6 kh6i nhu ¢ hinh 3.30. Do
tré tit van dén dong chdy ra 1a T =

d
;.Véﬁivz51113..fsec;d=5m; —

tist dién dudng 6ng : S = 1 m? ;
do tE T = 1 sec. V& dudng cong
Bode khi khong tinh thdi gian tré va
cd tré. Danh gid vé 6n dinh do anh

hudng cta thdi gian tré.

CCTH
thuy le

Dap an
Tai tdn 6 cit w. = 08 sec”
khi khong cd tré, y. = 40°. Sau
. ; . . Hinh 3.29
khi vé dac tinh ¢(w) cd khau tre,
Ve = =37 ; nhu vay hé trd nén mit dn dinh.
COTH BE
X 10 -sT 3,15 “ y
N 5+ 308 + 7
PHAC

7

Hinh 3.30
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Chuwong IV

ANH HUGNG CUA THONG s6 o1 vOI
TiNH ON PINH CUA HE

IV.1. KHAl NIEM CHUNG

O chuong trude, tiéu chudn 8n dinh cho phép danh gid kha nang én
dinh ctia he véi thong s6 cu thé. Nhd cdc tiéu chudn 4y ma cd th€ khao
sat Anh hudng cta mot vai thong sd dén tinh 8n dinh cia hé, vi du xéc
dinh tri s6 gi6i han ciia he s6 khuéch dai, cla hing s6 thoi gian dé dam
bao hé &n dinh. CS nhiéu phuong phap nhung & day chi dé cap tgi mot
s6 phuong phap thong dung nhu phuong phap quy dao nghiém s6, phugng
phdp chia mién &n dinh.

Tuy nhién, truéc khi xét anh hudng cia thong s6 d6i voi tinh 6n
dinh cta hé, cin dé cap dén phuong phap xdc dinh cdu tric va théng
s6 cua d6i tugng diéu khién ma ta thudng goi la nhgn dang d6i tuong
didu khién.

IV.2. PHUONG PHAP XAC DINH CAU TRUC VA THONG SO CUA DOl TUQNG
PIEVU KHIEN

Dac diém cia cic d6i tugng cong nghiép 1a ¢ quan tinh khd 16n so
véi qudn tinh cta co cfu diéu khi€n. Thong thudng doi tugng diéu khién
¢6 mot hodc hai hang s§ thdi gian 16n nhu qudn tinh dién tif, quan tinh
dién co cha cac thiét bi
quay ma tri s6 tu 0,1
dén 10 sec, trong khi thoi ’:l 1 1 %
gian tré ciua cic bd loc, ¥ o u - y
cic co cAu diéu khi€n cd BbC proc >
tri s6 tu 1 dén khodng
100" msec.

Ngoai ra, trong qua
trinh van hanh, & cac d&i _
téugng céng nghiép, cd Hinh 4.1
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mot lugng khd 16n tdc déng ctia nhibu vic dai lugng duge diéu chinh
theo cdc kénh khdc nhau ma dac tinh dong hoc cua ching ctng khac
nhau, Khi mé ta déi tugng, cdn tinh dén anh hudng cta ching. So d5
khéi tdng quat nhu & hinh 4.1, & do i 1a tdc dong cia nhidu.

Ham qud d6 cia mot dsi tugng céng nghiép thudng ed hai dang :
DOi tugng c6 tu can bang la d&i tugng ma dai lugng dude didu chinh
tién dén trj s6 xdc lap nhu & hinh 4.2a Dang tht hai la déi tuong khong
€6 fu can bang (hinh 4.2b). Ham qud 48, ban than nd khéng cd tri =6
xac 18p v & phdn ddu cta dac tinh luén thé hién tinh tré sau khi cg
tac déng vao. Ddc tinh tén bién pha tuang ung vai hinh 4.2¢ va d.

h(t) £
- . /

gy

A,
7
™ *'I Tar F
&)
L L
/__j) A’dl‘ Re ﬂ Re
G = =0 o =00
f
o) ad o)

Hinh 4.2

Nhing dic di€m trén cho phép ta xdc dinh ham truyén dat x&p xi
cho cdc d6i tugng diéu chinh thudng gap bing cac dang x4p xi dudi day.

IV.2.1. DGi tugng ¢6 qudn tinh va cé tré
‘ k

G(s) = e vii m = 1, 2, 3,.. (4-1)
' (Tjs + 1)(Ts + 1)™

Dé xdc dinh cdc théng s6 cia ham truyén x8p x1 (4-1), co sd cla
chi tiéu danh gida d6 chinh xic nhu sau :
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Ham qud d6 ti thuc nghiém duge phan tich theo chudi Taylor & lan
can difm udn ctia né nhu & hinh 4.3.

Né&u h{t) la ham qua d¢ cta d6i tugng cd duge tU thuc nghiém va
h(t) 1a ham qua do xdp xi, thi phuong phap xdp xi t5i vu ding lam chi
tieu danh gia la :

hit) = hyt,) ;
dh(t,) dh,(t,)
Tat  dt

........ 4-2)
d’ht))  d%hy(ty)

dt” dt”
voi diéu kien hiw) = hJl=) = k; = k

Trong thuc t&€ chi cin si dung hai phuong trinh déu cia (4-2) : Diéu
kién xdp xi cd thé xem la dugc théa mén néu toa do cia di€m udn va
tiép tuyén tai di€m udn cha dac
tinh thye (tit thuc nghidm) va dac _
tinh xdp xi (mé hinh) trung nhau A ht)/ kat
I da. B W —

Heé s khusch dai cua ham /
truyén xdp xi1 (4-1) duge xac dinh ]
theo ham qua d¢ thue nghiém hit) ;’H
voi didu kién la cdc ham qua d9 /
dy trung nhau khi t — =, nghia

D& xac dinh dao ham bac
mdt cta dac tinh thue nghiém
dh(t,)

dt ’ +
didm udn cho dén cac giao diém Y
vai dudng thang cd tri s0 xdc lap —>1 Ty LL— !
vA voOl truc thdl gian. Nhu vay,
theo hinh 4.2a ta ¢d :

ta vé dudng tiép tuyén tai

[

Hink 4.3

ma T, la khodng thdi gian giita hai giao diém ndi trén (hinh 4.3).
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D61 voi cde d6i tugng cd quén tinh lon, dac tinh thye nghiém cd the
vEé truc ti€p bang céch ldy dai lugng do duge & ting thoi diém
nhét dinh r6i néi chung lai thanh dudng cong lién tuc. Véi cdc déi tugng
qudn tinh bé cd thé st dung may tinh, thdong qua co cdu bién déi A/D
dé ghi lai, sau dd xdc dinh thong s§ theo dudng cong tit may tinh. Trong
mot trudng hgp déu cén chu y dén théng s6 cua dung cu do.

Theo dang clia dudng cong da x4y dung dudc ma gid thist vé ciu
tric ham truyén xdp xi (4-1).

Trudng hop gian don, d6i tuong la mot khau quin tinh va tré .

k —T%
G(s) = Ts+1 © (4-3)
Ham qua d6 tuong ing sé 1a -
h(t) = k(l - e 070Ny ¢ 5 ¢ (4-4)
Biéu kién (4-2) cd dang :
hit) = k[l - e~ ™01 (4-5)
dh(t)) k -
dtu - $ e—(lu"f)/l (4_6)
Dung ky higu :
b = hit ), (4-T)

va sau khi gidi hé phuong trinh trén ta cé:
T =(-b T, ;

T =t,-(-h Tyn (1 - by (4-8)
Khi b < 0,5, bi€u thiec xdc dinh don gidn hon va bing :
T = t, - Ty (1,025b - 0,625b°) (4-9)

Khi b < 0,05 ¢ th§ xem T = Ty vA& T = 7y,
Néu gid thist 7 = 0 va véim = 1 ta c6 :
k

Ol = (Tys + 1)(Ts + 1) (4-10)

Ham qua 46 tuong dng la : _
ht) = k(1 -~ _?L‘n+ T (4-11)

(0 = k( T, -T °© T, -7 © )

Sau khi ldy dao ham d6i v6i (4-11) hai l4n va can bang 0, ta xdac_dinh
toa do cua di€m udn h(t,) va hé s6 cla dudng tiép tuyén tai di€m udn :
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h, = hlt) = k[l - (% + 1e W]; (4-12)

T/T, T _
t, = T, m In _T—l ; (4-13)
tLl
k k-
hit,) = =— = = e | (4-14)
Tat T,

T cac bidu thic nay,
ta c6 mdi quan hé giilta cac
thong s6 cda ham truyén gia
thiét cin xdc dinh W,(s) va
thong s6 tit dac tinh thuc
nghiém h(t). Mdi quan hé &y
duge thé hién dudi dang cdc
duting cong nhu & hinh 44.
Cach st dung nhu sau :

Theo tri sé hy/k va
dudng cong hyk = f(T/T)
ta xac dinh T/T|, dong thdi
theo dudng cong T|/T, =
f2(T/T\) ta xac dinh T/Ty.
Biét T, sé xac dinh dugc
T,, bi€t T, xdc dinh duge T.

Dudng cong t,/T; =

: o 1ea a2 ) . A
f3(T/T)) chi dung dé ki€m ? 94 08 08 %
tra lai thong sé t,, Néu t,
xdc dinh theo dudng cong Hinh 44

nhd hon tri 8 t, ti thuc nghiém (hinh 4.3), thi & gid thiét can thém
moét lugng tré bang :
T =1t -t (4-15)

hoaec ding ham truyén xdp xi v6i m lon hon.

Viduy 4-1 :

O hinh 4.5 6 dac tinh thife nghiém cta mot déi tugng khi nén voi
hai phu tai khde nhau.

Dac tinh I cia d6i tugng cd cdc théng sd tif thue nghiém nhu sau :
h/k = 0213, Ty = 10,15 min, t, = 2,95 min. Theo dudng cong h/k ¢
hinh 44, XAac dinh T.I'IITI = 0,25 Vé. Tlf]:‘dl = 0,63, dO dd Tl = 0,63le =
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0,63 x 10,15 = 6,4 min va T = T x 026 = 64 x 025 = 1,6 min. Theo
dudng cong t/T) thi tri s6 nay bang 0,46 ; do dd t, = 046 x 64 =
2,95 min. Nhu vay tri s8 t, tit dudng cong v& thyc nghiém nhu nhau
nén ham truyén cta déi tugng cd dang :

G = -~ !

XS = Bas + (1,65 + 1)
Déc tinh xdp xi duge md ti bang dudng Ia & hinh 4.5.

b/ Tt =105 mrin
/*ar

{}; =728 rrriny ) ‘

Lé

a5

Hinh 4.5

Dac tinh thwe nghiém 2 ¢6 cac théng s6 nhu sau :

hyk = 0,170 ; Ty = 78 min ; t, = 22 min. Theo dudng cong
h/k, véi théng s6 x4c dinh duge bing 0,170, ta cd T/T, = 0,14 ; T\/T,
= 073 Tu dd T = 57 min ; T = 0,8 min. Theo dudng cong t/T, ta
xac dinh t, = 0,32. T, = 0,32 x 5,7 = 1,83. Nhu vay t, theo tinh toan
nhd hon tri s6 thuc nghiém t';, do d6 cdn thém vao ham truyén x4p xi
thoi gian tré .

L]
|

= 22 - 1,83 = 0,37 min

Cudi ciung :

— 1 —37%
G = B+ Th0,8s + T

vd ham qua do xdp xI theo ham truyén trén dugc mé phéng d€ so sanh
la dutng 2q¢ trén hinh 4.5.
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Cha y rang khi nhan dang, ddu vac cia d6i tuong 1a mot tin hiéu
bac thang (khéng cd eic bd diéu chinh) va hé s0 khuéch dai k & ham
truyén xdp xi G.(s) duge xdc dinh theo ty s6 ctia tri s6 xdc lap tu thuc
nghiém hy so véi bien do cua téc dong bac thang ¢ ddu vao cua ddi
tuong.

IV.2.2. Phuong phap Strejc

Theo phuong phdp niay, ham truyén cua d&i tugng duge dung véi
dang :

k
GJls) = ——— (4-16)
* (Ts + 1)"
O day T va n duge xac
dinh theo thong sd thuc Ty .
nghiém 7, Ty nhu & hinh T ot - 1008 ‘:iaw
4.2a, vda mdi quan hé giita E soo
ching vé6i T vA n duge thé a0t 1 id
hién nhu 6 hinh 4.6. oﬁz:;_g :200 g_
Vi du 4-2 : ‘ e
i dy 4- . 3 ;
Tit thuc nghiém xac aspid I
dlnh dUUC rdt = 10, le = [ E2o -__gg
s . P - a1 1z E
40, \;01 hai tri s6 T, 40, ‘ bk
{ 1 E b
va o = 025 vé dung 3 e T &
) i , (;// ] 3
thang nhu & hinh 4.6 ta xac 0zi, £
dinh n = 33 va T = 10. 0al s :ET 4
Vi du tin hidu vao la osls Fos
dign ap 10 V vA ham qud 0534 3 £
do o6 tri s xdc lap bang 30 V, 7Y, S
30
vé.yk=~1—0:3vé.hém
Hinh 4.6
truyén 4-16 cd dang :
3
Cle) = 3
(10s + 1)™

IV.2.3. Déi tugng khong cé tu can bing

Trong trudng hgp ham truyén xdp xi duge gid thiét cd moédt khéau
tich phan :
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k

Gyls) = ———— (4-17)
s(Ts + 1)"
Laplace cva tin hidu ra =& la :
k
ST
va bién d8i nguge cho ta
‘ 1
- - t
y:k.u[t-nT+e ! (nT+ _1_'_T (;P—) + +
T t n-t
mn—=1" ( T ) )]
Khi t — «, vy s& tién
dén duding tiém cén t B va b h(F)
y = ku {t - nT) ma t, =
nT va dudng thing cd do S
I s B
nghiéng k. S/
Thay th& t bdi t, ta e
cd digm M, : 7
’
M, = ku [t0 - aT + J/
. (n— 1T ¢t e/
ey n-— 0, - -«
+e 1 + —{ =)+ f g
e (T T () J s
T t’U L 4 M I i
o ) M
_ (n—l)!(T) % 1,7 t
Va thay thé t, bdi nT b
ta co Hinh 4.7
-n n-1 T n-|
= k. + + .t —
M, k.ue [nT T nT =1} n }
Bay git, ta xdc dinh ty s6 :
M() n—1 (n—2n a2
=" [1 + + +
kunT ~ ° [1 1 2 (n — 1)!]

M6i quan hé nay chi phu thude vao n. T d6 od thé xay dung todn

dé nhu ¢ hinh 4.8 d€ xdc dinh bac n.

112



Vi kunT = kut, Nhu vay kut, duge xic dinh -}
bai diém N, & hinh 4.7. Biét n sé xac dinh duge T B
t‘n I 0.4 i

iT=—".
n

Hé s& k duge xdc dinh theo duding nét ddit & hinh 4.7
véi khau tich phan don thuan (hé s6 goc), ¢6 tinh dén bién |

| I

dd cha tin hiéu vao ult). ‘ 0,3-;”

D& phan tich va téng hgp hé théng, bude ddu tién la Lao
nhin dang d8i tugng vol ndi dung la xdc dinh cdu tric va | o :
thong 8 cia d&i tugng nhu da néu trén. C6 nhiéu phuong b
phap nhu nhan dang d6i tugng theo ddc tinh tan, ding | ;
phuong phap tuong quan (15], ding moé hinh thich nghi, i R
diing phuong phdp quy hoach thuc nghiém {20} v.v.. ma ¢ |

T
bn by
L

day chi dé cap dén mot vai phuong phdp thong dung trong : F10
cong nghiép. P

Mkl

IV.3. PHUONG PHAP QUY DAO NGHIEM SO Hinh 4.8

Muc dé 6n dinh va dac tinh qua do6 cia mot hé kin lién quan trye
tigp dén vi tri phdn b6 nghiém eda phwong trinh dac trung. Thudng
thudng ngudi ta thay ddi mot hay vai thong s6 cua hé dé cd duge vi tri
phan bd nghiém thich hop. Do dé khi cdc théng s6 cta hé thay ddi can
xem cac nghiém c@a phuong trinh dac trung di chuyén nhu thé& nao trén
mat phang nghiém sé.

Phuong phap quy dao nghiém s& duge nhad bac hoe Nga K. F.
Theodorchic, dé xuit nam 1948, sau dd duge phat trién va dua vao dng
dung nhanh chéng bdi E.G. Yderman (Lién Xé cd), Evans (M) v.v.

Quy dao nghiém s6 lo quy tich cdc nghiém s6 cia phuong trinh dac
trung khi thong s6 cia hé thay doi tit O dén o

Thong thudng, théng s6 duge khdo sat 1a k vdi ham truyén hé hd

W) = k 10D
s) = k —=
Q(s)
thi phuong trinh dac trung cta hé kin la :
P(s)
1+ k 2 =
Q(s)
Alg) = Qis) + vPG) = 0 (4-18)

hay
& day P(s), Q(s) 1a da thic cda s con v la thong s6 cdn bién ddi trong
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trutng hdp chung. DE khdo sit quy dao nghiém s6, cdn xdc dinh quy
luat dich chuyén cia tit cad n nghiém khi v thay d6i : 0 < v < oo,

Trude tién ¢ bi€u thie (4-18) cdn chon v sao cho cdce hé 56 d bac
cao nhit cia P(s) va Q(s) déu bang 1 :

Pis) = s" + bis™ + b+ 4+ b (4-19)

Qs) = s" + as"! 4 azs”_2 + ..+ a (4-20)

Nghiém cia phuong trinh (4-19) : P(s) = 0 1a Z), Z3, .., Z. v nghiém

cua (4-20) @ Q) = 0 la p;, py, .. Pp Vdy phuong trinh (4-16) ¢6 thé viét -

n r
I s-pp+v -z =0 (4-21)

=1 i=]

hoac khi v = 0 :

IE-p) +v Il (s—z) = 0 (4-22)
i=1 i=1

o

vii n = r

Ung véi (4-21) khi v = 0, nghiém cua s, tring voi nghiém cuc p,,
con ung véi (4-22) khi v = o, nghiém cia s; trung v6i nghiém khéng
z;, hay tién dén vé cung.

Vi nghiém phdc cda phuong trinh dac trung déi xdng vdi truc thuc
trong mat phing nghiém s6 nén ¢S thé hinh thanh cic quy tdc xay dung
quy dao nghiém s§ nhu duéi day :

Quy tac 1. Quy dao nghiém s doi xdng v6i truc thuc va gém cé n
nhanh xudt phat t¥ n nghiém caa phuang trinh Q) = 0 khi v = 0,
trong $6 dd ¢d r nhénh két thic § r nghiém cia phuong trinh Pi(s) = 0
vd (n - r) nhanh di vé v6 tan khi v — .

Phuong trinh (4-21) cd thé vist dusi dang :

n
II{s—p)
' P(s)
IT (S - Z]')
i=1
Chia da thdc (4-20) cho (4-19) ta o -
Qs) s"+as" ! +as Tt a,
C P T g et +hs P4 ..+ b
= g™ 4 clsn_r'l+ czsn_r_2+ (4-24)
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Nhan hai v& cudi cua (4-24) v6i P(z) sau d6 cAn bang cac hé s6

cung ham mi cha s ta cd :
ap = ¢ + b e € = 8y — b

s = Lo + bZ + Clb2 B 02 = 32 _bz - b-2C|

Bifu thic (4-24) 13 t8ng cta mot chubi vé han cde thanh phén cd
ham ma cia s dén -«. Khi |s] — o, tuong dng vdi dudng tiém can cua
n - r nhanh, chl ¢6 hai thanh phdn dau cua (4-22) la c¢6 ¥y nghia nén
chi cdn khao sat mét hé s8 caa (4-24) 1a da.

¢, = a; - b =Ezi—2pi (4-25)
r n
vi al=—2pj; bl=—22.l
n r
Phuong trinh (4-24) chinh 14 phuong trinh cia (n - r) tia d8i xing

hinh sao.

That vay, vi cac tia déi xing ¢ (n - r) nhdnh hinh sac ma tam &
diém x, cd thé duge md t4 bdi phuong trinh :

-v = (s - x,)" " (4-286)
khi v thay déi ti 0 dén <.
Phan tich (4-26) thee nhi thic Newton, ta cd :
(n-rn—r-
2!
So sanh (4-24) va (4-27) ta xdc dinh duge :

v =5""T-(n-rn sn_r_lxU +

1 X
) ST+ (4-2T)

c, = —(n - 1 x, (4-28)
O hinh 49a — g c6 cdc tia hinh sao xudt phat ti x, vd la dudng
tiém cédn cta (n - r) qui dao.

Xét modun va gdéc quay cua (4-26) ta cd

mod(s - x) = " Vv (4-29)

@k + 1)

arg(s - x,) = n = 1) (4-30)

Luu y la @D = -1 ma k la s§ nguyén bat ky. Tu (4-30) ta nhan
thdy gde gilta hai tia gdn nhau bang 2x/(n - 1), con gdc gilta truc thue
vA tia gdn nhit bang mf(n - ).
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Tri s6 x, duge xdc dinh tu {(4-25) va 4-28)
E | 2 Z;
n r

X6 = T alr (4-31)

at

T dd,dd xay dung quy dao nghiém sé tiém can diung quy te sau.

Quy téc 2. Quy dao nghiém s& tiém can khi v — « la (n - 1) tia
d6i xdng, hinh sao, cé gdc gilta cac tia bing 27/(n - r) va tia gln nhat
tac v&i truc thuc mot gde m/(n - 1)

Téng hgp hai quy tdc trén cho phép vé phén ddu va phén cudi cua
quy dao pha khi v = 0 va v — «. Céc tr] s§ trung gian cua quf dao
nghiém khi v thay d8i, hoac theo truc thyc hoac ndm trong mit phang
phic.

Toan bo guy dao nghiém duge vé theo chuung trinh chudn hda trén
may vi tinh ma MATLAB la cong cu hitu hi¢u.

Vi du 4-3

V& quy dao nghiém céia hé cd ham truyén dat

k
s(1 + sT)(1 + sTy)

W) =

Khi k thay déi tit 0 dén » va T; = 0,1 sec ; T; = 0,02 sec. Phuang
trinh (4-18) cd dang :

Alg) = sf{s + =)fs + =) T =0
( Tl)( Tz) T,T,
1 1 k
voi Qie) = sfs + =) {s + &): Pl =1 v =
Nhu viy n = 3 ; r = 0 vdi :
1 _ 1 -
p:O;zs——z—lf)secl; = - — = —50 sec
I P T, P3 T,

Vin-r = 3 nén quj dao pha tiém cén 14 ba tia hinh sao nhu &
hinh 4.9¢c cd tam xdc dinh bdi (4-31) :
(~10 — 50)

o 3 = -20 sec’'

X
Quy dao nghiém s6 xudt phdt tit p; = 0, p, = ~10 sec”, py = - 50 sec”!
khi v = O va tiém cAn vdi ba tia hinh sao khi v — «. Trén hinh 4.10a

cdc tri 6 trung gian khi cdt truc hoanh dng véi vy = 1125 sec > va cét
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true tung véi v, = 30.000 sec™. G hinh 4.10b Ia quy dao nghiém s8 cda
hé tréen duge v& tren mdy tinh véi chuong trinh MATLAB nhu sau -

num = [1} ;
den = [0.002 0.12 1 Q] :
rlocus (num, den)

rlocfind (num, den)

= 30000 sec™?

Re

1125 sec”

. \

100 ——

Truc ao

L]
'
|
-Eo '
r
I
-89t :
!
_106 1 1 L L | 1 I 1
=i0g =80 -54 ~4{ =20 o 0 <48 &0 &7 108
Tree Phor
b) '
Hinh 4.10
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Vi du 4-4

Vé quy dao nghiém cua hé trén khi T, bién d6i t O dén o, v4i T, =
0,1 sec ; k = 1,6 sec ).

Trong trudng hop nay bifu thic (4-18) cé dang :

1 1

1
2 2
= 2fs + —) + —(s°+ = s + =
Als) = s°(s Tl) Tz(s T, © Tl) 0
tuong dng voi
Qis) = s°(s + :
© = s
P = &k st
(s) = 8 T—i 8 T, }
1
v = TZ
Bidu thilc P(s) ed thé viét :
Pig) = & + s+ ok = ) )
s} = s Tls T, = 8 A %) =
= s -z + z) s+ zz; = 0 (4-32)
1 -
Nhuw}yn:3;r=2;pl=p2=0;p3=—T—=—103ecl
1
16 sec” + ! 10 sec”
2,23 = o = sec ) 2 z, = - = —10 sec
%2 T1 1 Tl
td 46 z; = -2 sec ' - z, = -8 sec
Vin -r = 1 nén quy dao nghiém s3 tiém cén la mét tia duy nhét

xudt phdt tit p; voi thong s6 da cho va moi tri s§ duong cua v. Hé ludn
6n dinh vi quj dao nghiem s6 déu nam bén tral tryc 40 nhu & hinh
4.11a.
Khi (4-32) ¢6 nghiém phue, véi diéu kién z, + 2z < 4z,z; (hé bac
1 .
hai} ung véi k > aT. thi quy dao nghiém s6 di qua mién khéng on dinh
1

1 \
va cAt truc 4o & tri s6 gi6i han v, = k - T nhu & hinh 4.11b. Vi
1

nghiém cua P(s) = 0 la nghiém phic nén quy dao nghiém s8 khi v —
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@ 8¢ tién dén cAc nghim z, va
z, khéng coén nam trén true
thue.

IV.4. PHUONG PHAP CHIA MIEN
ON DINH

Chia mién én dinh {con
goi la chia mién D) 1a chia
khong gian thong s6 (hay hé
s6) ra cdc ving cd phan b
nghiém cia phudng trinh dac
trung khdc nhau. Méi ving
duge ky hidu Ia D) vai 1 la s6
nghiém phai. Nhu vay ving
Di0) la vung 6n dinh.

Vige nhan bist duwoc ving
thong s6 ma hé én dinh od y
nghia thue t& 16n cho viée thiét
k&€ he théng hay chinh dinh
théng 3 cta he.

Iu.I. Neymark dé xuat
phuong phdp nay cho trudng
hop mot va hai thong s4 Hink 4.11
(1948).

Trong trudng hop mot thong s8, phuong trinh dac trung c¢ dang :

Als) = s + vPis) = 0 {4-33)
va v 1A thong s6 cdn khio sat.

Ranh gi6i mién D tung véi (4-33) duge xdc dinh béi phuong trinh :

QUw) + v.P({w) = 0
vi ranh gi6i gita phdn trdi va phai cua mat phdng nghiéem s6 1a true ao
ing vOi s = jw (-o < w < o), Giai phuong trinh déi v&i v ta xdc dinh
dugec mién D

_ QU _ ' | -
v o= P(jor) = x + jy (4-34)

véi v 1 nghiém phic.
Khi xdc dinh mién 6n dinh chi cén ding mién tin s6 duong (0 <
& < =) nhut dudng dam nét trén hinh 4.12b. Sau dS vé dudng cd tdn
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s6 am doi xdng (nhu
dudng nét dit ¢ hinh
4.12b). Duting cong v
cd thé xem nbu két
qua bién d6i cua truc
a0 mat phing s (hinh
4.12a) tuong Ung vdi
biéu thuc (4-84). Nua
mat phing trai clia

Im

@
\& \i\\\ N

NS
o
fk

» ) » 7
bién s tugng dng vdi A Re
mot phdn méat phang v Fw=0 7
trén hinh 4.12b. Bén 7 Z

trai dudng cong mién 2 s Z
D cing ¢ danh d&u 7
gach soc khi tan sod 4

- L kY A /
bién d&i ty -o dén Z o
. b) “a a)

Trong mat phidng
v, néu chuyén dong Hinh 4.12
qua ranh giéi mién D '
vao ving gach soc (huéng mui tén 1) thi trong mat phiang s, mét nghiém
di tit niia mat phing phai sang trai. Nguge lai mii tén 2 & hinh 4.12b
tuong (ng véi mét nghiém di t¥ nita mat phang tral sang phai. Hudng
gach soc xac dinh hudng chuyén ddi nghiém qua tryc ao clng nhu s6
lan chuyén ddi. Cho nén muén danh ddu ving D() chi cén biét phan bd
nghiém d&i v6i truc 4o dng véi gia tri ndo dd cua théng s0. Bang cach
tinh s6 ldn cAt dudng ranh giéi mién D khi thay d&i thong s6 va hudng
chuyén dong d6i v6i mién gach soc, cd thé xdc dinh tri s6 1

Véi nhilng bai toan tuyén tinh, théng s6 bién déi la cac tri s6 thuc
(hé s6 khudch dai, hang s0 thai gian) nén chi cdn quan tdm dén truc x.
D6i v6i bai todn phi tuyén, thong s6 dugc khdo sat cd th€ la cad mat
phdng xy.

Vi du 4-5
He kin cd phudng trinh dac trung :
(1 + sTP(l + sTH( + sTy + k = 0 (4-35)
Dé xay dung mién &n dinh d6i véi k, ta vé duong ranh gigi mién
D trén mat phdng phic ctia théng s6 k ndi chung va chi quan tam dén

cdc tri s6 thuc.
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Theo (4-35), ta oo phuong trinh dudng ranh gi6i mién D
k= x + jy = ~(1 + JuT M1 + JoTH)1 + JuTq) (4-36)
Trén hinh 4.13, ving nam
gita A, B va dudng cong la
mién ¢d kha nang &n dinh wvi

¥
vung gach soc huéng vé do. ¢
Thue vay, moét difm tai gbe w @ f
truec ¥ng v6i k = 0 lam cho ha ﬂ\{{s\ -
. . . . LCSSN YTHT
théng &n dinh vi phuong trinh ~ . rro Ore)

dac trung lic bdy gis la -

(1 + §T1 + sToxl + sT;) = 0
Ca ba nghiém déu thuc va

&m nam bén trai cda mit

phang nghiém s6. Do d6 mién
dn dinh k dng véi doan AB :
-1 <« k « kg

Hinh 4.13

Tri s0 gidi han dude xac dinh bdi w, & bifu thic (4-34) -
Yy = 0 va x(w,) = k,

Sau khi tinh ta cd két qua :

1 1
k, = (1+ 1 Ty (1+ﬁ+r—3)‘1
3 L = = -
m T, T 2 T,

Trén hinh 4.13 ¢d céac vung D(0), D(1), D(2). Mién D(3) khéng tén
tai ¢é nghia la khi T, T, duong va k bit ky, khéng thé ci ba nghiém
cia phuong trinh dac trung (4-33) déu ndm & nita phai clta mat phang
nghiém s6. Diéu nay phit hop véi vi du (3-3) & cét I cta bang Routh,
hé s0 d3i ddu hai lan v& o6 hai nghiém phai.

1

Bay git néu chon théng s6 v = - X ta cd :

1
(1 + jwT))(1 + jwT,)(1 + jwTs)

:x+jy=

|-

Sau khi vé dudng ranh gisi mién D, gach soc phia trai dudmg cong
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khi tin s6 bien ddi ti -« dén
o, ta thay hé &n dinh néu
thong s6 —% nam ngoai dudng
cong khép kin nhu ¢ hinh 4.14.
Truding hop hai théng sb
bién d8i - v, va v; phudng
trinh (4-33) cd dang :
vP(s) + v:Q + Ris) = 0
Vai tée dé tinh toan
nhanh, may tinh s8 xac dinh

mién 6n dinh trén mat phang
v,v, nhu sau :

Sau khi chia mién cén
khdo sdt cuia bién v, va v,
mot t6 hgp thong s6 v vy Hinh 4.14
ducge st dung d€ tinh toan theo
tidu chudn 6n dinh Routh chdng han va lap bang cho n + 1 hang va

3
m = M (n + §) cot (M la s6 nguyén). S6 nghiém phai 1 duge xdc dinh
" theo s6 lan d6i ddu & cot 1, may tinh sé& in thong s§ 1. Néu 1 = 0, mdt
ddu hidu khac duge danh ddu, dd 1a vung dn dinh. Cd nhu vdy may tinh
56 "quét" trén toan :& mat phing théng s6 v, v, va d€ lai két qua da
phan ving.

Tieu chudn Hurwitz ¢d dang khép kin, tiéu chudn Routh mang tinh
chdt angorit (ting phdn & bang Routh dude xédc dinh trong qud trinh tinh
toan) nén viée lap trinh theo tidu chudn Routh gian don hoh.

BAI TAP CHUONG IV

‘Bai tap 4-1
Ding MATLAB (xem Phu lyc) d€ ki€m tra lai két qud da tich teodn
d cac bai tdp sau :

a) 3—-2 by 3—-3; c) 3—4 ; d) 3-7; ey 3-9.
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a) Fis) = s + 5% + 45 + 20 — 0 cé nghiém

Pi = -5 pp3 = % 3
b) Fis) = 0,1 s* + 1,58 + 54¢° + 40,455 + 72,9 = 0 ¢S nghiém :
Pr = 129052 ; p,3 = + 51929 ; p, = -2,0948,
¢} Fish = &' + 65 + 1152 + 46s + 2556 = 0 ¢6 nghiém :
Pi = =53805 ; p3 = + 27689 ; p, = - 0,6196.
d) Fis) = s* + 8% + 1782 + 80s + 42 = 0 ¢S nghiem :
Py = - 70767 ; p3 = - 01726 + 53,1995 ; ps = - 05781,
e Fyle) = 058 + 1762 + 40s + 16 = 0 oo nghiém :
p, = - 31,4919 ; Pz = -2 py = - 05081,
Bai tap 4-2
V& quy dao nghiém s§ cta -
\ K(2s + 1)
) s(ds + 1)(s + 3)
52+ 28 + 2
b) K 5
(s + 2)(s” + 25 + 10)
bDap dn
1 1
a) 2= -5 pp= 0 P2 = ~75 p=-38
b) Zia = -1 % j Pp = -2 py3=-1=% 3
Bai tap 4-3
Phan b8 nghiém nhu & hinh 4.15 L
voi K = 80. Xdc dinh ham truyén, P
Dap an T’"' 34
8s+ 3 | -
W(S}=(s+6)(s+20(—3J)zs+2+3J) = % 3 2 .
N 80(s + 3) %o -3}
(s +6)(s? + s + 13)
Bai tap 4-4 Hinh 4.15

Hé¢ cd ham truyén :

2(s* + 95 + 19)

W(s) = 2
5+ 6s+ 8
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a) Da thic dac trung cta he 1a g ?

b) Phuong trinh dac trung ctia hé ?

¢} Xac dinh nghiém khéng va nghiém cyc ?

{[m
-3,38 !
-562 -4 =2 1
Ot S SO
A5 A
l
|
|
Hinh 4.16

2(s” + 9s + 19)

d) V& qui dao nghiém s0.

e) Vé quy dao nghiém s6 cha Yis)
ham mia : x(t) = el

Dap én

a) Fis) = ¢* + 6s + 8 ;

b( Fis) = s* + 6s + 8 = 0

¢) z; = ~562; 2z, = -338

pp = -2 p =~ 4

d) Quy dao nghiém s6 nhu ¢
hinh 4.16.

y X(s) L Y(s) =

© T s+ , 5=

Xudt hién mét

nghiém cye p = —-1 va

quy dao nghiém so

nhu ¢ hinh 4.1

Bai tip 4
O hinh 4.1

dé khéi cua mdt hé

didu chinh, véi

ham truyén cua bd

diéu chinh.
Ve qui

7.
-5

8 co =0

G.ls) 12

dao

nghiém s6 cho cdc

trudng hop sau :

a) GAs) =

by G.(s) =

K
Kis + 0,1)
8

;e Gl =

(s + 1)(s® + 6s + 8)

Hinh 4.17

K(s + 0,111)
(s + 0,01)

Wis) X(s) v6i tin hidgu vao la
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U ¥

(5+?)(5+2)(,54—!0)

" Hinh 4.18

Bap an

K
a) Gig) = 3 3 —
8+ 13s“ + 325 + 20

v8i didu kién & bién gidi on dinh;
kg = 3408627 vai P2 = * §,2632
(s +0,1)
4

h) Gis) = K 3 5
§+ 13s” + 32s° + 20s

ky = 396,0912 véi p;, = + 56579
(s +0,111)
s+ 13,018° + 32,135 + 20,32s + 0,2

14:g =~ 377,033 véi p, = * 3,0263]

e Gig) = K

Bai tap 4-6
Mdy bay siéu am hien dai véi toe do ba l&n tiéng dong, trong tai
300 hanh khach, st dung chat liéu nhe, he diéu khign hién dai, thuan

Igi va hiéu qua kinh t& cac (hinh 4. 19a). S¢ d6 khéi clia hé didu khign
téc d6 nang ha canh nhu & hinh 4.19b vdi co cdu diéu khién

(s + 2)°K,
Gls) = ————F -
(s + 10)(s + 100)
Cd cdu thita hanh :G,(s) = 10
0 cau thia hanh :G,(s = 5710
Ki(Ts + 1)

May bay Gy(s) = —
' 2 s° + 2‘gwﬂs + wi
Ve quj dao nghiém cta hé theo K\K,, véi w, = 2,5 ;

- ¢ =03 ;
T = 0,1.

?
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X (s+2)° K, 10 K (Ts+1) y
_ (s+70)(s+100) S+ 10 s 28uy5 +wif
— 1
b)
Hinh 4.19
Dap dn

Ham truyén ciua hé hd :

K,K,10 (s + 2)* (0,1s + 1)

W(S) = GC(S)GI(S)G?_(S) = =
(s + 10) (s + 100) (s + 10) (s" + 1,58 + 15,625)

3 + 14s® + 44s + 40
= KK; 3 4 3 2
s> + 121,5s" + 2295,625s° + 15025s” + 47812,5s + 15625
vdi ba nghiém khong :

z) = 2 = -2 zy = - 10
va nam nghiém cuc :
p, = - 0,3677 ; Pry = - 40144 + j 4,0488 ;
ps = - 13,1061 ; ps = — 99,9982.
Hé luon 6n dinh va c6 hai dudng tiém can (n - r = 5 - 3 = 2)

nhu & hinh 4.20. p, — 2, ; p; — 2y ; P3 —> 23 cOn py, ps —> dudng tiem
can 1 va 2.
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hinh 4.21,
huéng gita Mat Troi va Trai
Dat d€ duy tri nang lugng va

lién
kin
ciu

128

8¢

T T L.
i
I
&0 a‘:-jérr! Fiém can l I
|
4 \ I
o P=-4,0144 /4,048
P =-33 A I
4 20 = 89582 ;_3:-< : p;——aJ’Si?
g O\
] \'_ ATt
3 Zaa
- f - - . ." \
o duidng 1iém cdn 2 // I s
\ £ =-13,7061 § s
40| pr=§5-3.2 4' i
i
p_ﬁaaruqd,owa
60 |'
I
|
_ 1 M L 1 L L L
~100 -80 -60 40 -20 o 20
Truc thuc
Hinh 4.20

Bai tap 4-7
Mot tram vd tru nhu &
cdn duy tri dijnh

Radar antenna

Solar power panels d
\

Rockets

lac. Hé dinh huéng la hée
c6 héi ti€p don vi véi: co
chdp hanh va diéu khién.
K(s + 20)

/
Adjuster
rockets

G(S) = Space shuttle
s(s? + 24s + 144)
a) Vé quy dao nghiém ; Hinh 4.21
b) Xac dinh K d€ hé dao dong vai & = 0,5.
Dap an
s+ 20
a) W(s) = 3 >
s + 24s° + 144s
r = 1,nghiém khéng : z, = =20,
n = 3, nghiém cuye : p]=0;p2=p3=-—12
n-r =

2. Dudng tiém can di qua :



>

fri=]

Frue

by Vi §

Ham qua

Biér a6

Zpl 2z

X n—r = =
40 T ' T T T
ol K=448 6238 I .
T g=as;cv=ser) :
--zazasa;zrmr
o a et :
1oF @ E i
Z,=-20 . '
of-e - Y-
e /570
-fob , i
Lhsdrng Fidem cdr '
& sV absns s
| | _
20 -15 -10 5 0 5
True thue
Hinh 4.22
= 0,56 ; K = 4496238 :
449,6238g + 8992 476
WR(S)

& + 248% + 593,6238s + 8992, 476

d6 nhu & hinh 4.23.

-2

Cdl

:

B =-28238+420.3547
P 28236 -j 21,9547
R = -18,3527

I

sl

) 15
Thdi giorn, giey
Hinh 4.23
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Bai tap 4-8

Vé quy dao nghiém coa heé :

sz(s + &)

v8i héi tiép don wvi

a) Xdc dinh K khi cA ba nghiém déu thuc va nhu nhau.

b} Xac dinh nghiém & truéng hgp a.

Dép an

K = 27,

Bai tap 4-9

Vé quy dao cua hé

= -3

Kes+2)

Gls) = s(s + 1)

a) Xdc dinh di€m ré va diém hop trén truc thue.

b) Xac dinh K va nghiém phic khi phan thue la -2.

Trye go

Bap an

a) Quy dao nghiém s6 nhu 4 hinh 4.24. Difm ré va

bang -

130

15 T
K=3 |
L Sp=—Zvjrdld
Biérrr hap
-3.47
a5t
A =0
7 S— fomrmees
o5t Lidm re”. _a59 J
ai | | _
Sy=-8-J1414 !
K= H
15 i L L ; Y
-5 -4 -2 -7 fo) T rFd
True thue
Hinh 4.24

hgp ¢d nghism



s, = - 0589 ; s, = - 3,41
b) Khi nghiém phic cé phdn thuc bang -2 :
Bai tap 4-10

M4y bay Boeing V-22 (hinh 4.25a) via la phan luc vua la truc thang
c6 kha nang quay mot géc 90° quanh truc ding khi ha canh va chay
trén mat ddt khi dau. So dé kh6i nhu 6 hinh 4.25b.

a) Vé quj dao nghiém va xac dinh K dé hé 6n dinh.

b) Xac dinh 6% va tyy theo h(t) khi K = 280 va khong cd rhiéu.

c) Xac dinh 6% va tgy theo h(t) khi K = 280 va cd bd loc ¢ déau

vao
W, (s) 0,5
g) = ——
8 & + 1,58 + 0,5
a)
p f
X K(s+1,55+05) 7 Y
- s 205+1)(105+1)(0.55+1) g
b)
Hinh 4.25
D;fip an
, s’ +1,5s + 0,5
a) W(s) = GJ(s)Gs) = K

100s* + 2158 + 30,58% + s
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& —— " ' . —— —
i B
W= i27 558
4F 5, 5=00061 % j03456
D8, =-04065 5, --17557
2k i
o . M=I327 g5m
E Zy=-ti =05 7 =0
4 Fr B T - o g el
. -
[ A=-2
-
&t B=-01
_4 Ih
i
gL I 1 L N H i " 1
-3 -L5 -2 15 uf -ad a a8 7 1.5 2

Trae thue

Hink 4.26

Quy dao nghiém nhu ¢ hinh 4.26 vai -

zp = =06, 2z, = -1

PL=203; p,=-005; py=-01;p, = -2
Dé he 8n dinh : K > 127,655,
by Vai K = 280

280(s* + 1,55 + 0,5)

100s* + 2158* + 310,5¢% + 4215 + 140
0> 085; t, = 50 sec

WK(S) =

c} Véi K = 280, oé bo loc

: 140
Wils) = —— 3 2
100s™ + 2155 + 310,58% + 421s + 140
& = 0,08 ; tyg = 25 sec.

Ham qua do nhu & hinh 4.27.
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Chuwong V

KHAO SAT CHAT LUONG
HE DIEU KHIEN TU DONG

V.1. KHAI NIEM VE CHAT LUONG

On dinh 1a diéu kitn cdn d6i vai mot hé diéu khign ty dong. Mot
hé 6n dinh cd thé chua di chinh xdc hay qua trinh qua do oS thé qua
dai. Vi vay o6 thé cd nhidu yéu ciu cung mot lic duge dat ra khi hé
lam viéc vai mot tin hisu vao nhat dinh nic ds.

Khi khao sat qud trinh diéu khi€n cta cde hé on dinh, ngudi ta dung
tin hiéu vao cd dang thuéng gap hay mot dang tdc ddéng nang né tién
dinh nac dd. D¢ 1a cde tin hiéu dang bac thang don vi, dang ham tang
dan déu hay song didu héa.

Hinh 5.1
O hinh 5.1 c6 s d6 khéi ma hé digu khién gém co ciu diéu khién
G.{s) va doi tugng diéu khién G(s) cd tdc déng vao x(t) {lugng dat cta
cdc bd diéu chinh, gdée quay cua truc phiat & cdc hé tiy déng) va nhidu
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f(t). Chat luong cha qud trinh duge danh gid truc tiép theo tin hiéu ra
y{t) hay theo sai léch &t) la chénh léch cda tin hiéu ra cda hé va cua
mé hinh méu ly tuéng W is) :

£ = ¥qu ¥
Ung véi hinh 5.1 ta o6 :
Es) = W_()X(s) - W (e)X(s) — W(s)F(s) =

GL'(S) G(S) ] 3 G(S)

- [ - Trom6m 1+ 6@0@

= W, (s)X(s} - W (s)F(s).
Ms hinh miu W, (s) bdo ddm bién d8i tuyén tinh tin hiéu vao x(v)
thanh tin hiéu mong muén cia y(t). Nhu vay, & cdc hé diéu chinh, trong
trudmg hop Iy tudng y = x
va W (s) = 1. O cac he
chép hinh v4i hé s6 ty 18 y Fei)
= ku thi W._(s) = k. O cac

m

‘ P
hé tich phan y = TJ.udt V‘»éf,('s)
Lo

1
thi W_(8) = 77~ vv (1)

m TiS R W vl
Wis) |
Khi khao sat cac heé . &

digu chinh voi héi tiép don i

vi e(ty = £(t), hinh 51 c6

thé tuong duong vdi hinh

5.2 va : Hinh 5.2
Wis) = GJUs)Gls)

£.(t) la nhidu tuong duong quy d6i vé ddu vao voi ham truyén ducge
xdc dinh bdi :
F(s)

P = WyF6 = g

Khong phai trong moi trudng hop déu dat duge chit lugng mong
mudn. Vi du véi W, is) = 1 tic la hé kin W (s) khong cé quén tinh,
Diéu nay khong thé thuc hién duge trong thyc t€ vi nhu vay phai cd
cong sudt vb6 cing 16n, hon nia, he nhu vay lai khong loc duge nhiéu.

O hinh 53 cd ham qud d6 cta mot hé didu chinh. Cac chdt lugng
duge danh gia truc tiép gbém :
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1. Lai léch Hnh

Saj lech tinh xdc dinh d6 chinh xdc tinh cia hé. Sai léch tinh duge
unh theo dinh Iy toi han (2 -9) ‘

By = elwl=limef(t) = limos.E(s)
[ -+ oo 8 —=
T,ﬁm‘)
| T
/.
hFloo) 7457 L
’ | —X T\\\\\N\\\\"\\"
l ‘_d |
|
o |
| .
t
tm s ta -
Hinh 5.3

2. Luong quéd didu chinh

Lugng qud diéu chinh duge xac dinh bdi tri s0 cuc dai cia ham qud
d6 so véi tri s6 xac lap cia no
hm.-ix ~ h(=)
0% = ‘“——h’(‘c‘;—— 100 (5-2)
3. Thai gian qué do @ Thoi gian qud db tog duge xdc dinh béi thyi
diém ma ham qud ds h(t) khéng vugt ra khéi bién gidi cia mién gidi
han A quanh tri s6 xdc lap. A = + 5% h(w) hay cd khi ding A = +
2% h(ee),

4. Thoi gian dap dng : Thii gian dap dng t xdc dinh béi thoi didm
ma ham qua do ldn dau tien dat tri s6 xdbc lap h(w) khi eg qud didu
chinh.

5. Thot gion ¢ qud didu chinh : Thai gian cd qua diéu chinh ¢,
duge xdc dinh bdi thdi difém ham qui do dat cuc dai.
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6. S6 lan dao dong : S6 lan dao dong N duge tinh boi s8 lan ma
ham qui d6 dao doéng quanh tri sd xdc lap trong thoi ky qua dé 0 <
t o<ty

Luong qud diéu chinh 6, thdi gian cd qud diéu chinh t, va s6 14n
dao déng dac trung cho tinh chdt suy gidm cia qud trink qud do. Thai
gian qua do t,y va thdi gian ddp dng ty dac trung cho tinh tac déng
nhanh cta hé.

V.2. CHAT LUQNG TINH

Ung v6i hinh 5.2, néu ddu vao cla hé thdng cd tin higu tdc dong
la x(t) thi sai léch tinh dugc xdc dinh bédi :

e, = lim e(t) = lim sKE(s) = lim s

e X{s} (56-3)
T — = s — 10 5 — {) 1+W(3) S

Nhu vay sai léch tinh phu thuoc vao tin higu vao X(s) ciing nhu céu
tric va thong s6 cua hé théng Wis).

Vidu 5-1
1
Vi tin hiéu vao 1a bac thang don vi x(t) = 1(t) va X(s) = -
f k 1 . .

a) Né&u hé 1a khau quan tinh W{s) = Ts + 1 thi sai léch tinh duge

xac dinh bai
- 1 1 1+Ts 1
Cw = MO8 ks 0 MM 1+k T 1+k
R 1+ 5
1+ Ts

Sai léch tinh hdu nhu ty 1& nghich voi hé s6 khuéch dai.
b) Néu hé 1a khau quan tinh cing v6i mot khau tich phén :

1 s(1 + Ts)
o = e s T s e vk T
' 1+ ——
s(1 + Ts)

—

Sai léch tinh bang 0 va hé duge goi 1a vo sai tinh.
Vidu 5-2
V6i tin hiéu vao 1a ham tang ddn déu x{t) = t va X(s) = é , he
cing 1a khau quan tinh va mot khau tich phan. Sai léch tinh dugc tinh
nhu trén va bang :
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_ o 1 1 . 1+ Ts 1
€y = elx} = lims % - 3 = lim K = X

8 s — 10

5 — 1) 1+

s(1 + Ts)

Hé sé khong cdn 13 v6 sai tinh va saj lech tinh ty 16 nghich vai he
s6 khuéch dai cta hé théng.

Khau tich phan va hé s§ khuéch dai ¢6 anh huéng ldn trong viec
xac dinh sai léch tinh hay sai léch & ch& d6 xac lap ; néu tach riéng haj
thanh phdn nay trong ham truyén cia hé, ta od dang chung :

m m—1
Wis) _k bns + bIS .ot bm—lS + bm o
8) = r‘ ol 11 (o-4)
as +as t.o.o.ta s+a,

=]
va r la bdc vé sai linh cta he.
Ta cd bang téng két nhu & bang 5.1 cho mét s6 trudng hgp thudng gap.

O day kp, k, k, la hé s¢ khuéch dai ing véi trudng hgp tin hidu
vao la khong ddi, téc do tin hiéu vao khéng ddi hay gia tdc cia tin hiéu
vao khong d6i.

Bdng 5.1
Bic v& sai tinh
+ =0 =1 r=2
Tin hiéu vao '
1 1 0
Xt = Y § Xis) = < Tk, 0
1 ! 1
x{t]=t.x(s}=—2 o 6 0
1 S 1
= — 2. X{s) = —~ o S —
SR o

Khi tin hiéu vao cd dang bit ky, ¢ thé mo ta bang da thic :

X0 = A+ Ap o+ o+ %-tl] (5 -5)
Anh sé cd dang :
X(s‘;=A“%+ Ats“lg+ L+ AIST{LT:%&ST)' (5 -6}
Ham truyén clta sai léch d&i v6i tin hiéu vao bang :
oL W,(s) -7

X(s) = 1+ W)
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, . . N(s)
Vay Es) = W ()X(s) = W)+ (5-8)
s

Phan tich (5-8) thanh phan thuc t4i gidn :

Wc(s) Cn Cl Cl
—s-!:_ll— = Sl"'l_ + g + .. .+ ; + Bis} (5—9}
C, Cy. .., C - cac hé s6 khong xac dinh ;

Ly

S(s) - thanh phdn con lai t¥ cac nghiém cuc Wis) (v6i gid thiét
khong c6 nghiém cue s = 0 va W0} # )
Do d¢ :

W) = C, + Cs + .. + Cs + S (5-10)
Nhu vay, theo (5-6), (5-7) va (§-10) :
Es) = [C, + Cs + .. + CsiX(s) + SEN(E) (5-11)
Theo 5-11, sai léch gém hai thanh phén :
Thanh phdn ty do (thanh phdn qua d@) :
Eqs) = S{s)N(s)
sé tat ddn khi t — o va thanh phdn xdc lap (thanh phdn cudng bide) :

Egs) = [C, + Cs + Gt + .+ Cs) X6 (5-12)
1 d¥We(s)
: Cy = = - . K = 2... (5-1
ma K 7 o oo 0, 1, (5-13)

M&i thanh phén cua biu thic (5-12) : Cys“X(s) tuong tng véi mot
thanh phén cta sai léch cudng buc, do d6 sai léch cudng bue ndi chung
s6 la

oY G-

- k

dx
e t) = Cxit) + C'E + ..+ C]EJ m
K=0

Cac hé s6 Cy xdc dinh theo (5-13) kha phic tap.
Bang cich phan tich ham truyén W.(s) theo ham mu :

m
b, +bs+... +b.s

a,tast...as

= C, + Cs + Cs? + .. = 2 Cs° (5-15)
K=0

va dung phuong phap can bang hé s8 (4-22) ta xdc dinh duge -
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bo = Cea, ;
b = Cpa, + Ceay
b2 = CZaU + Clal + Coa2 ’
............. {5—- 16)
bm = Cmao + Cm—ial o+ Cnam
0 = Cpa, + Cha, + .. + Coane
ti dg
1 k
Ce = = [~ % Cy_,a, } (5-17)
ot r=1
véibK=0khik>m;ar=0khir:>n.
Vidu 5-3
Tinh sai 36 cubng bdc cua hé tiy dong véi ham truyén hé ho -

k
s(L+ Tys)(1 + Tyg)

Wi =

vi k= 100 sec™ 5 T/ = 0,1 sec ; T, = 0,01 sec,
Tdc dong & ddu vao :
x(t) = 20 + 2t - 0,5t [rad]
Ham truyén d&i véi sai lach -
s(1 + Tys)(1 + Tys) T\ T, + (T, + Tys” + 5

Wels) = s(1+ Ts)(1+ ') +k

T\ T, + (T, + Tys? +s + k
Theo (5-17) xac dinh cac he s6 Ck :
by, b - Coay

1
C(’:e—l;:O;CI:T:T:O’OlseC
b2 - CIal + Cna” 1 1
- 2
5 = = — + + — =
C, . . (T1 T, + o ) 0,001 sec
Dao ham cta tac déng vao :
x = 2 -t radfsec ; ¥ = -1 rad/sec’.

Sai s6 cudng buc theo tic déng diéu khifn diu vao Ung véi (6-14)
1a

elt) = Cox(t) + Cix(t) + C.k(t) = 0,01(2 ~ t) + 0,001 =
= 0,019 - 0,01t rad.
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Tin hiéu ra sé 1a :

y o= x - e t) = 19,981 + 2,01t - 0,5t° rad.

Tit vi dy trén ta nhan thay :

1. Sai léch cudng bdc cta hé tiy déng d6i véi tac dong diéu khién
dsu vdao khéng phu thude thanh phin khong d0i cda téc déng diéu khién
(A, = 20 rad) vi C, = 0.

2. Thanh phdn ty l& vai thdi gian coa tin hiéu (At = 2t rad - tin
hiéu cé tdc do6 khong d8i) tac nén sai léch cudng bic khong déi va ty

= 0,01 sec.

e | vt

1é nguge voi hé s6 khuéch dai : C; =

A,

3. Thanh phdn ty 1&é v6i binh phuong cta thdi gian (?tz = 0,5t
rad - tin hicu od gia téc khong ddi) cd sai léch ngay cang tang va he
tiy dong nay cd gia toc khong theo kip vo6i tin higu diéu khién.

Ba k&t ludn @ vi du nay cd thé so sanh véi tin hidu vao 1a tdng
hgp ctia ba dang & bang 5.1 vai r = 1.

V.3. CHAT LUONG & QUA TRINH QUA B0

Chit luong & qua trinh qua d6 duge dinh gid qua céc chi tiéu nhu :
lugng qua diéu chinh 6%, thdi gian qua dd t., thdi gian dap ung tg,
thi gian o6 qua didu chinh t, v.v.

C6 hai phuong phap ddnh gid chat lugng nay : phuong phép truc
tiép va phuong phdp gidn tiép. Phuong phdp truc tidp co sd trén viée do
va xdc dinh chdt lugng ciia hé theo tin hiéw ddu ra nhu ham qud do.
Phuong phap gian tiép xdc dinh anh hudng cla ciu tréc va thong 80 cua
hé d6i v6i d6 tdc dong nhanh, lugng qua didu chinh v.v.. cla qua trinh
qua do.

V.3.1. Phuong phdp truc tiép

Noi dung ctia phuong phap tryc tiép la xay dung dac tinh cta qua
trinh nén nd la phuong phép gidi phuong trinh vi phan tuyén tinh.
Phuong phép tosn tit da don gian héa mot phdn vide tinh todn. Mot thoi
gian dai, phuong phap tdn s6 co s& trén mdéi lien hé gita ham qud dd
va dac tinh tén bién pha cho phép x4y dung bang dé thi ham qua do

h{t) cia hé theo cdc dac tink tdn s8 mau.
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Véi su phdat trién cia may tinh, ddu tién Ja nhitng mdy chuyén dung
tuong tu cho phép mé hinh hda cde hé tu doéng theo phudng trinh vi
phan hay theo ham truyén dat d¢ nghién cdu khao sat va danh gid chat
luong cta ha.

May tinh s6 phat trién nhanh chéng va véi dung luong bd nhé lén
dd khong nhing thay thé duge vai tro cua mdy tinh tugng tu ma con
cho phép khao sit vi ddnh gid cac he Ly dong véi téc do va do chinh
Xac ngay cang cao.

Trong linh vuc nghién ciu cac hé tu dgng, nhitng phan mém chuyén
dung nhu TUTSIM, MATLAB khong nhitng duge dung dé mo phéng
nghién cidu khdo sat ma con didu khign truc tiép cdc hé tu dong, khong
phai lap trinh phic tap. Céng viéc lap trinh duge thuc hién bing mot s6
thao tac ngay cang gian don hon.

V.3.2. Phuong phap gidn tiép

Dai véi hé bac 2, cac méi quan hé gita chi s6 dao dong Mp

It = WK(O\

(wp 14 tdn s6 & bien dé cuc dai) voi 0%, tw tm & Ve @, cling nhu
nhing méi lién hé giita X, T véi cde chi s6 chat lugng néi trén da duge
ddnh gia chinh xac theo dinh lugng. Nhimg méi quan hé trén cd thé duge
ap dung cho cdc dac tinh tan gin gitng nhu § bée 2 ndi trén [20].

Trong k* thuat ty dong, rat théng dung toin dé Nichols (hinh 5.4).
O truc tung ¢d cdc tri sd cia Liw) hay |W(w)| cia hé ha. Truc hoanh
12 d6 dich pha cua hé hd . Nhiing dutmg déng muc cta bien do M = W,
va pha ¢g clia hé kin cho phép xay dung dic tinh tin ctia hé kin theo
dac tinh tdn cta hé ha. Vi du, trén hinh 54 c6 dudng cong (dam nét)
cda he hé theo L(w) va p(w) cd danh ddu tdn s6 tit w = 160 sec™ den
w = 0, sec’. Theo d6 d& dang xdc dinh M = Wy va o cla hé kin
cing nhu d6 dy trir n dinh vé pha Yo va bién do X,

Thudng qud trinh qua d6 cd chat hiong chdp nhan duge dng véi :

0% = (10 +300% ; My = 1,1 = 15 ; ve = 30° = 50"

Vai hé pha cyc ti€u, dac tinh tdn sé logarit L{w) o db nghiéng

=20 db/dec ¢ hai phia cia tdn s¢ cit w. nhu ¢ hinh 55. Doan thing nay
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cang dai, do du tri 6n dinh vé pha cang J6n va chi s6 dao dong Mp
cang bé. O hinh 55 cd ddc tinh £ (w) mdu. Co thé si dung céc toan
d6 d€ thé hién méi lien hé giitla cdc thong s6 cua dac tinh tdn hé hd
véi chi s6 cua dac tinh tdn hé kin cing nhu ham qua do cua nd.

%
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Hinh 5.4

Ngoai phuong phdp gidn tiép ndi trén con cd cdc phuong phap déanh
gia theo tich phan, phuong phap quy dao nghiém s6, sé dé cap ¢ muc
V4 va VI4.
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Hinh 5.5

V.4. CHAT LUONG HON HOP

Trong thuc t& nhiéu khi baji toin dat ra la chon cdu tric va thong
s6 ctia hé thdng sao cho chéng nhitng hé &n dinh ma con ¢d chét lugng
t6t nhidt thec mot nghia nao ds. Chat lugng khong nhitng 1a & thoi gian
xdc lap ma con d thdi gian qua d6. Do dd cg nhitng chi tiéu hén hop.

O hinh 56 cd ham qua d6 h(t) va sai léch eft) = 1(t) - h{(t) cho
hai truong hop : qud trinh phi chu ky (dudng I) va dao déng (duding 2)

Chi tiéu chét luong :

I, = [e(t)dt — min (5-18;
0

bac gém chdt lugng qua do va chat lugng tinh tSt nhat : thai gian qua
dé ngadn nhat va sai lech tinh nhé nhat ting v6i J, = J

omirr

Trong trudng hop cd dao dong, e5(t) hop v4i truc thdi gian tao thanh
nhitng dién tich am va duong nén phai dung chi tiéu tich phan trji s8
tuyét doi clia sai-léch (IAE) :

I = [lew] dt (5-19)
0
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¥

Hinh 5.6

J, dat duge cuc ti€u khi lugng qua diéu chinh, thai gian qua dg, sai
lech tinh v.v... 12 nho nhdt dng véi viung gach soc trén hinh 5.6a hay tri
s6 J, tai thoi di€m ldy tich phan T. O hé bac hai, trudng hop niy tng
voi { = 0,7 (xem bang 6.1).

O c4c hé t6i uu va thich nghi, chi tiéu chdt lugng thudng ding la
tich phan ciia binh phuong sai léch (ISE} :

J, = [etyat (5-20)
0

Cuc ti€u cia J, tng vai ty s6 tat dédn C = 0,5 coa hé bac hai, cd
lugng qua diéu chinh 16n hon & J,. J, xem nhe nhitng dién tich bé vi
binh phudng mot s6 nhé hon mot bé hon tri s6 tuyét dbi cua s6 dy. Tuy
vay (5-20) cho phép tinh todn va thyc hién gidn don hon (5-19).

Bién ddi Fourier nguge cé dang :

1 7 . jed
olt) = 5 _J;E(_]w)e-' ‘e

nén n&éu nhan hai v& vai e(t) va ldy tich phan theo t ti 0 dén « ta cd
(5 -20) nhu sau :
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oo

Jy = je’:‘(t) dt= % _[E(_jw) Ie(t) &'t | de
[} = it

L

vi ety d”dt = E€jw)

0

o 1 €0
. U _ 2 _ : 2 -
nén cudi cing Jy, = J}.e t)ydt = -?E_L]E(_]w)l dw (5-21)

D6 la bi€u thdic Parceval cho phép tinh J, va théng s§ t6i wu cua
hé theo Js.

D& giam anh hudng cua sai léch ban ddu va chi trong hon sai léch
sau dd, dung chi tiéu chat luong vai hé s6 thoi gian (ITAE) :

Iy = [tle(t)| dt (5-22)
0

Chi tiéu (5 -22) thé hién 16 nét cue ti€u cla J; khi od su thay dédi
nhd cta thong s6.
Tuong ting véi (5-20) c§ chi tiéu (ITSE) :

Jy = [t.eftyat (5-23)
]

D€ so sanh, trén hinh 5.7 cd cac dudng cong cla Jy, Jy va J, phu
thudc ty s6 tat ddn
vd 1¢ s6 khuéch dai
cua hé bic hai.

Can chi y ring, T | [ I
déi véi ciung diéu kién 6 ——— ——
nhu nhau) tri s coa 5 - L ‘ _____ .

| | )
Jmin theo chi tiéu khic / 7445"[ l . Y. Vi
4 EEERYAT Sk M
nhau cing khde nhau ¥i .
va thdng s6 t6i uu 3 \ \—}/-_h »
e L

cing khong nhu nhau. 2 ’éf ]
A ¥ pa ~ ‘;‘SE
O hmh 58 vii d, (ISE) ; = : ;
o K" = 3,2 ung véi 0 L
L = 0,5; cdn vai J) 08 02 04 06 08 10 12 14 1§ 8 20
(IAE) c6 K" = 4,2 ' g
Ung v6i ¢ = 0,665
Hinh 5.7

cho cling mét vi du.

146



Nhiéu khi, ngoai e(t), d& han ché& téc do bién d6i cta sai léch, con
cé chi tiéu :

Js = _:lj[ez(t) i az(iz(tt))]h]dt (5-24)

D6 la chi tieu J, véi
diéu kién han ché téc do
bién d3i cua e(t). O day «
la trong s6, théong thudng
duge chon trong khoang :

6 3 7.5 \ l [
Co thé nhan thay y ft \AE | |
nghia vat ly cta chi tiéu 11 N 4 /é
{5-24) sau mot vai bién J gy L) . A
déi : ' Py 5y
, 0,7 ——— \; e
_ de(t) |
Js = J‘[e(t)+a dt] as 2 3 4 5 6 788910
0 K
de(t)
e [[e(t) ag 4t Hinh 5.8
véi hé ma e(w) = 0 ta cd :
T detty . €0)
I e® 3¢ & =15 = >
0
A de(t)
tit (5-24) : Js =. | [e(t) + « ——(F]Zdt - ae¥(0)
0

Js dat cyc ti€u néu e(t) 1a nghiém cta phuong trinh :

a-"d(—)+ e(t) =

v6i diéu kién dau e(0), nghia la :
1
=1

e(t) = e(0e (5-25)

Dudng cong (5-25) la dudng cuc tri cia phi€ém ham (5-24) (khac
v6i mot ham cd bign la tri s6, phiém ham cé bién 12 mét ham).
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Duimg eve tri ciua chi
tiéu tich phan binh phuong
(5-20) cd duge tit (5-25) khi
« — { tugng dng voi trudng

+c(f)

hap 1y tuéng ma duong cong elo)
¢ hink 59 trung khap vai

truc tung.
Vi du 5-4

Hay xdc dinh J, cltia he
cd ham truyén -

: 1
“';.I\'"S) = .'; b —;{
s'+As“+Bs+1
va xdc dinh thong s8 t6i wu
cua A, B d€ J, cye tidu. Hinh 5.9
Ti méi quan hé gia
ham truyén h¢ hd va he kin, theo (2-18) ta cg -
. 1 . -
Eiz = TW(S_)X(SJ = = [1 - WR(S)]X(SJ
Khi tin hiéu vac la bac thang don vi
\ 1 1 s+ As+B
E(sjz[l-z - J—: - )
g'+As“+Bs+1 18 s +As“+Bs+1
Theo Phu lue B v8i n = 3 ta cg -
%anal + (bf - anbl) a,a; + b?}aEaf’)
I = 2a.a3(8,8; — a,a3)
b”=a|=B;b|=aE=A;b2=a3=a(,=1
s B+(A2—2B)+132A_B(A.B-1)+A2_B A°
- a(AB - 1) ~ 2(AB-1) T 27 2AB-1)

Lay dac ham riéng theo A va B, can biang 0 ta cd :

o, 2AAB - 1)A’B
A 2(AB - 1)?

oy 1-AVAB-1)?
1): 2
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va xdc dinh duge A" = 1, B® = 2 tng véi Jy, = 16

Dac tinh qua d¢ cua e(t) nhu & hinh 5.10. Ro rang la theo chi titu
chat lugng J,, lugng qud diéu chinh kha 16n (theo bang 2.1 véi hé bac
hai 6% = 16,3%) Js loai trit duge nhuge diém trén cua J,.

O hinh 5.10 cd ba dutng cong cd cung mdét tri 6 J, nhu nhau
nhung duting I ed chit lugng dong x&u va dudng 3 tudng dng voi trudng
hop ¢ chiat lugng t6t nhAat,

Tﬁﬁ)
e i
L?a‘; = J5 7 s
fgdzz 12 sec
.h(()) 57,;3;5:556’6'

¥

5 20 25 [sed

Hinh 5,10
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Chuong Vi

TONG HOP HE DIEU KHIEN TU DONG

VI.1. KHAI NIEM CHUNG

Nhu da néu, phan nay chi da cdp dén viée chon cic g edu hiéu
chinh, cdc bs didu chinh vi xsc dinh thong s6 cta ching dé bao dam hé
lam viée véi chat lrang mong muén.

Thong thudng, hé cang gidn don vé cdu tric cang dé chon théng s&
mong mudn cd thé. Dsi voi he bac hai, tén tai méi quan hé dinh lugng
gita théng s6 va chat luong cia hé théng. Do dé cg mét s6 phueng phap
chon thong s6 va ciu tric cua cg cdu hiéu chinh va cna boé didu chinh
sau khi dwa he théng vé dang bic hai hay cG thé ap dung nhing méi
quan hé gin dung d6i véi he bac hai.

Néu hé kin c6 dang bac hai (? -49) v6i ham truyén

27
Wos) = —— 2

o a2
87+ 2w s+ W

.
-
Ly

(6-1)

thi nghiem duge phan b6 trén mat phang nghiém 5 nhu & hinh 2-50.
Ham qua do tuong tng véi (2-52) hoae
1

hit) = 1 - = e o costw V1 =20t + @) (6-2)
1 -2

v6i k = 1 nhu & (64). Can bang dao ham bac mét cua (6-2) véi khéng, xdc
dinh duge Ivgng qua disu chinh 6% va thyi gian ¢ qui diéu chinh t, :

t, = —p——— (6-3)
U)” 1 ===
—t ' I
6% = 100cxp | o= =) (6-4)
B EREER
Thoi gian qua do Lyt Ung vai ving gisi han A = + 99 trl 86 xdc

lap duge tinh gan dung bang :
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o tolgd « 0,02 ; E;w(,tqd = 4
Y ¥ Tw, T @ o

Chu y rang trong khi t., t,, t, phu thudc vao w, va ¢ thi lugng
qua diéu chinh 6% chi phu thuge vao ty s§ tit din { nhu ¢ bang 6.1 |

hay & hinh 6.1 cho quan hé 6 va wt,Q).

Bdnyg 6.1
C 0s « 08 07 06 |‘ 05 04 \ 03
g % ‘ 02 \ 15 46 85 \ 3 254 ‘ 372
] i

D6i vdi khau bac hai (6-1), dac tinh bién tan cta hé (kin)

1
Wi = 3 : (6-6)
(1 —w/w))" + (26w /w)
nhu & hinh 6.2 vdi cac
thong s6
i
a) Chi s6 dao déng 100 iy ls

My tai tdn s6 cong

hudng wp thé hién muc
dé 6n dinh tuong doi

ciua hé,

b) Dai thong tdn
wy, 1a thude do clha téc
do dap dng, dudge xdc
dinh bai gigi han cla

tdn s6, ma |W jw)| =

Y2 _ 4707 cia bien do P N - - 300
2 00 01 02 03 04 05 06 67 98 a9 10
khi tin s6 w = 0 : '
Wjor) = 0.70TW(0) Hinh 6.1

Ung voi dudng cong ¢ hinh 6.2 va bigu thuc (6-6) con xac dinh duge
cic mdi lien hé khac nhu :



¢ < 0,707 6 -7)

ma & hinh 6.3 mé ta cic mai lién he
ay.

Tw (6-6) c6 the xdc dinh duge mai
quan hé cda dai thong tan wypw, voi ty
s0 tdt di&n

Hinh 6.2

Wy,

oy = [1-t s V2 g2 ~ghHl2 (6-8)

18]

g

va méi quan hé &y nhu ¢
duding cong trén hinh 6.4 Ung
vai § = 0,707, wy = w, Voi
tri 6 nhat dinh cda & wy ty
18 v6i w, va khi ting w,, thoi
gian qua do6 va thai gian dap
Ung gidm. Mé&i quan hé vai §
cua tin s cit w. & dudng cong
Bode cing nhu da du triv &n
dinh vé pha thé hién & hinh
6.5.

T hinh 64 va 6.5, c6 the
x&c dinh méi quan hé giita tan

56 cat w,. va dai thong tdn o,
theo bang 6.2.

D6 véi hé bac cao, ham
qua dd cling la tdng hop cia
nhimg ham tit ddn nén yéu cdu dat ra 1a lugng qua didu chinh khong
VUt qua tri s6 cho phép va qud trinh it dao dong (nghia 1a goc ¢ &
hinh 2.52 khong qud lén va nghiém tréi khong qua gan truc 4o}

Hinh 6.3

Trong trudng hop dy, nghidi: ndo gidn truc 4o nhit o c6 anh hudng
16n hon d6i véi qua trinh, Vi vay, khi téng hgp, néu dp dat dude vj tri
thich hgp ctia mat cap nghiém tréi o6 thé su dung gin ding nhiing méi
quan hé trén ma ta ed thé tom tit nhu sau :
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100 T 1.0
O | Gl
ff “ [
a0 08
f | : | \ 1
| 60 P e i _>_<_ — 0.6
i N P W 0 / ] 04
A
[/ )74 S T ¢
! ! ! ! 20 4 — — 0.2
I .1...__:;_ _
i l } 0
L i | 0 %z 04 06 08 10
] 0.4 08 4
g
Hinh 6.4 Hinh 6.5
Bdng 6.2
¢ 0 01 02 03 04 05 06 | 0707 | 08 09 1
oclo, | 064 063 | 062 063 | 064 | 068 | 071 | 077
Ve 0 12 24 35 45 53 61 67 72 75 78

1. Lugng qua diéu chinh cang nhd khi géc ¢ bé. Theo yéu cau ky
thuat ma chon 6% thich hop.

Trong nhiéu trudng hgp thudng chon ¢ = 45° idng véi { = cosp = 0,7
¢6 lugng quéa diéu chinh khodng 5%, hoac ¢ = 60° tung véi § = 0,5 v6i
luong qua diéu chinh c¢d 16n hon nhung thuan lgi trong ky thuat thuc
hién va cd do tac dong nhanh lén hon.

2. Cang tang khoang cach ctia nghiém dén truc thuc, cang gidm thoi
gian qua do va hang s6 thdi gian tuong duong cta hé.

3. Cang tang khoang cach phan 4o cia nghiém w(,\.fl-—t7 (hay tan
s6 cong hudng), thoi gian tdc dong t, va thoi gian cd cyc dai cang giam.

4. Tén s6 riéng o, dugc xac dinh ti vi tri nghiém dén goc truc.
Khi ¢ khong ddi ( cing khong déi), nghiém cang xa gbc truc thi tg
t, t, cang giam trong khi 6% khong thay déi.
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VL2, CHON KHAU HIEU CHINH

Trong hé thing, khau hiéu chinh 6 thé dude néi ti€p vi cac phan
con lai khong bln d8i cia hé hay mdc ki€u lién hé nguge véi mét phan
nac do tao thinh phan héi cuc bo d& bao dam chat lugng cdn thiét.

V1.2.1. Hiéu chinh néi tiep

O hirh 6.6, GJs) la
ham truyém cta khau higu

chinh cin chon, néi tigp véi
thanh phdn con lai, khéng
bién d6i cua hé, dng vai
ham truyén Gig). Hinh 6.6
Né&u chon dung khau hiéu chinh, hé s& c¢d chat Mogng mong muén
voi ham truyén hé hg
Gnlsl = GUs)G(s)
Néu ding dac tinh tan s6 logarit :
:Zf;j(w) = :Q(w] + £ (w)
Do dd khau hiéu chinh duge xac dinh bai :
Ly = Lo — £ (w) (6-9)
L (w) da biét theo ciu tric va théng s§ cta d&i tugng va cde phén
td khic gan lién vai d6i tugng (IV.2). Loy 1a dac tinh mong mudn dugde
xdc dinh trén co sd cta chdt luong cho trude (sé d8 cap dén & VI.2.3.).

Bang cach xdc dinh theo dé thi Liw) va dya theo d6 ma chon khau higu
chinh cung théng s6 thich hap.

V1.2.2. Hiéu chinh & mach héi tiép cuc bb

O hinh 6.7, phdn khong bién déi cia he

Gis) = G(5)G, (s}

gom hai thanh phan ma G,(s) la thanh phan dugc khau hiéu chinh lam
Foi tigp cuc bo va G (s) 1a thanh phén khéng bi bao viy. Vay hé hé sau
khi hi¢u chinh e ham truyén :

G(s)
1+ Gi(s) G(s)

Gr'n(s']I =

G(_}(S)
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Trong pham vi tdn s6 ma :
lGlijL'.J)GCljw)l > 1
ta co :
Ga(s)
G(s)

G, (s) = (6-10)

Nhu vay, dac tinh mong muén hiu nhu khong phu thugce thanh phan
bi bao vay G(s). Tuong dng v6i (6-10} ta cd :
fli.fw) = x,(w) - r“[w) (6-11)
Viée xac dinh

khau hiéu chinh & ca

hai phuong phap 74'—)[—-.,__
N G e S
khong c¢6 gi  khac 4:?—‘2 Be (5 )

. L
nhau, O phuong phap i !

L ~ o
7 (5

Hinh 6.7

diing hoi tiép cuc bb,

truGe hét ciAn kiém tra

xem mach vdng Ay cd

thoa man diéu kién 8n dinh khong.
Phuong phdp ndi tiép gian don hon, khong cdn nhitng phén tu dé

dua phan héi cuc bd vé nhu & hinh 6.7 nhung, ti (6-10) ta nhan thay

néu G,is) 1a nhitng phan ti tinh toan khong chinh xdec, thong s6 cd thé

bién ddi trong qua trinh van hanh hoac gém nhing phdn ti phi tuyén

tinh da duge tuyén tinh héa gén diang v.v.. thi nhilng anh hudng &y s¢

khong dang k& néu ding khau hiéu chinh G (s) dé bac vay lay ching

VI.2.3. Trinh tu chon khau hiéu chinh

1. Theo cdu tric va thong s6 cta thanh phdn khong bién dbi Gis)
ma vé £{w) cho trudng hop hiéu chinh ndi tiép hay £ (w) cho trudng hop
hiéu chinh & mach héi tiép.

2. Theo chdt luong cho trudc, vé dac tinh £ (w) cia hé mong mudn
(sau khi da hiéu chinh dung).

a) Xac dinh tAn s8 cat w,

Dac tinh mong muén (dang dac tinh maAu nhu & hinh 55) cd méi
lien hé giita tdn s8 cat o, lugng qud diéu chinh 6%, thoi gian qud do

tgy va tri 88 cye dal cia phén thyc dac tinh tdn bién pha cua hé kin
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P nbu ¢ hinh 68 Do d6 theo

chat lugng da cho truge : 6% va

thoi gian qua do tyer xdc dinh

duge tidn sd cdat. Vi du vai 6% =

25% theo dugng mai tén & hinh
4T

6.8, ta xdc dinh tw = o - Bié&t

trude thoi gian qua do cdn thist
déi voi hé, xac dinh duge tin s6

cat .

b) Qua tin s§ cat w,. vé mot
doan thang c¢d do nghieng - 20
dbidec (nhu & hinh 5.5), véi do dai
khodng nilta décado vé mdi phia,

L2 13 14 1S

F=
rox

Hinh 6.8

chi y bao didm dé dy trit 6n dinh vé bién dé L;,, = 8 + 10 db.

¢) Phan ha tdn chua y khéng lam giam hé s§ khuéch dai cia hé va
sao cho khau hiéu chinh sau nay theo mau (bang 6.2) va gian don (tdn
s6 gly cla X (w) nén trung véi tin s6 gay cua L (w) hay £(w).

Phan cao tdn khong anh hudng l16n dén qud trinh cho nén wu tién
chi y dén tinh gian don cda khau hiéu chinh s chon,

3. Xac dinh khau hidu chinh theo (6-9) hay (6-11) va thec bing 6.3

dé chon théng s6 ting phan t trong khau.
4. Mdic khau higu chinh vao he théng.

Bdng 6.3
Ser i mack : fidc tinh ,f(m) Ham rruyén 1
1 2 3
L) .

"(‘}.- i at
oo RN Gelel =
4, £ = u 1=t
v [ R, | \;i" RPe R,
O— ~4—0 I 20lgk SR R, T Ry + R,
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(tiép bhdng 6.3)

Tos +1
T +1

Gl(s) =

T1 = (R1 + RQ)C] 3 T2 = HQC1

Tos +1
Ts +1

G.(s} = k

. AR,
= _— : = R
Ty=(Rs + R+ RS}Q 0 Ty =Gy
Ra

=B R,

aTs
Gels) = Ts +1

R,

T={R1+H2101;O¢=m

Ts +1

T8 + 1

T, =R, +RCi Tp = (_Ra +
RR; | R,

om0 AR

G (s} = k

+

(Tos + (T8 + 1)

Gels) = (Ts+ T,s + 1)

T T, = TTq Ta = ReCpt Ty = rR,C,
R

1
e T ma Te Te = aT
1 2

fr

fr




(tiép bdng 6.3)

1
szf.u) Gels) =

2 Iy 7 TiTos® + (T, + T, + R,.Co)s + 1
o |— % _.]‘—5_ _“.J. T, =RC, ; T, = R;C;
. ;
7 L [ c i
T I'? i VB RC, << T, + T,
o>t -4¢

thi T, =T, :7, =T,

L. ]
Vi du 6-1

Ham truyén cta hé tay déng cd dang sau -

20

Gls) = 5(0,1s + 1)(0,0136s + 1)(0,01s + 1)

Chét lugng cdn dam bao -

a) Khi téc do6 quay cla truc co cfu phit A) = 36%sec, sai s6 dong
hoc khéng qua 0,18

b) 6 s 30%.
c) tqd = 0,8 sec.
Hay chon khau hidu chinh.

a) Xac dinh hé s6 khuéch dai cia hé d& bao dam sai s6 déng da
cho.

Theo bang 5.1, khi tin hiéu vao x(t) = At thi :

k, = 36/0,18 [Ofsec ~ 0] = 200 sec’!

b) V& dac tinh ¥ (w) v4i ham truyén dd cho G(s) nhung k, = 200
nhu ¢ hinh 6.9.

c} Ve dac tinh £ (w). Tan s8 cit aw, :

. 4; 4dn _

Ung v6i 6% = 25% ta o6 bt = R hoac w, = i = 0.8 = 11 sec’’,

Véi doan thing mién tdn s6 gin tdn 6 cdt, d6 nghiéng -20 dbjdec
ddm bao do du trit vé& bién dé 16n hon 15 db.

d) Ham truyén cta khau hiéu chinh

Sau khi v& dic tinh logarit eta khau hiéu chinh theo hinh 6.9 .

Liw) = £ (w) - £iw)
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ta ¢ ham truyén tuong ung :

. (Tys + 1)(Tys + 1) (0,55 + 1)(0,1s + 1)
8 = s+ )(Ts+1) _ (8 + 1)(0,00625s + 1)
L(w) [db]
| RIRH
60 M T
w L i ' |
L
20 1w | —4—
__:_._ A
& l—-—-—““ | — ] I _i,/"“l
S e S I N S S P00 ) S SR ER S B ES SS b, gt
-20 == — | — A :
1 T
-40 | | I' R i \
- 60 t 44 i : :
: | ||y 1] oy !
01w, I oW, 10 74" 100 5/;w

Hinh 6.9

12 . T " - — . —I

a8t

06t b

0.4}

0.2}

a a2 0.4 0.6 0.8 10 12 1.4 16
Thai gian , sec

Hinh 6.10
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Dé tinh thong s6 cua khau hiéu chinh, ding bang 6.2. O day c6 4
tri s6 cdn xac dinh cho khau hiéu chinh nay : R, R, C;, C, ma thuc
chat chi ¢6 3 phuong trinh nén can cho truéc mot théng s6 nao dg, C,
chdng han. Sau khi méc khau hiéu chinh trén, ¢ thé ding mé hinh dé
ki€m tra. Trong truong hop cho tin hiéu vao la bac thang, ta cd ham
qua d6 nhu & hinh 6.10. Véi tin hiéu vao x(t) = At k6t qua mé hinh
hdéa trén may tinh la chdp nhan dugc theo yéu cdu dat ra.

Vi du 6-2

V6i vi du trén, co cdu hiéu chinh duge méc kidu héi tiép, bao vay
ldy khau c6 quan tinh l6n nhat :

200
G,(s) = Olp+1’
a) Vé dac tinh £ (w) theo phdn khéng bi bao vy cia ham truyén :
1

Gyls) =

s(0,0156s + 1)(0,01s + 1) -

| ! L r\[\& i
| [ |
(w) - | : ~!.9a‘b"“‘“--<..,_:__‘ |
BT A S RIS
Helelw) || : . : L |
I N ! H"“--.L
_!—“ JI | :: } 17 [> ™
ELCERIRIN
i |
| I b
L i
2 10 ' 74 100

Hinh 6.11
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b) V& dac tinh mong muénZ (w) dua vao két qua da tinh toan &
vi du 6-1.

¢} Xdc dinh khau hiéu chinh theo (6-11) :
Liw) = Liw -~ L)

Gis) = 2 ma 20lgeT) = - 19 db
{8 = poyy o oma 20lad) =
aT = 0,11 ma T = 0,5 sec (theo hinh 6.11).
) 0,11s
Gl 0,58 + 1

Két qua mo hinh hda cho cing hé trén véi khau hiéu chinh & mach
héi tiép cuc bd nhu & hinh 6.12.

L4

2|

&

0 @z 04 05 48 ! Lz  Le 16 14 2
Thar giarn . 3€C

Hinh 6.12

VI1.3. CHON BO DIEU CHINH

Ba diéu chinh 14 co ciu cd ciu tric nhdt dinh va théng s6 od thé
thay d8i trong pham vi nhit dinh. Khac v6i bd diéu chinh, khau hiéu
chinh duge lap rap vai thong s8 ¢ dinh sau khi tinh todn d&i vdi moét
d5i tugng cu thé, chic nang cia bd diéu chinh va khau hiéu chinh nhu
nhau. D6i khi ngudi ta con mic k& hgp ca khau hiéu chinh va bo diéu
chinh trong ciing mot hé thdng.
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VI1.3.1.
1. Theo chite ning

- Bo didu chinh

- B& diéu chinh

- Boa diéu chinh

-~ Bé didu chinh

- B& diéu chinh ty

bty 16 (P)

ty 1o

Phan loai cdc bé diéu chinh

tich phan (D)

ty lé tich phan (PI)
vi phan (PD)
é vi tich phan (PID).

Bé diéu chinh gian don nh&t 1a bo diéu chinh ty 1& (P). Tac dung
cla nd nhu mot khau khuéch dai v6i hé s thay ddi duge. Thay d8i hé
86 khudch dai ¢d the lam thay déi sai léch tinh nhung khéng thé triat
tiéu duge nd vi cang tang hé cang mat kha nang 6n dinh. Tac dung cia
phan t tich phan (I) trong bo diéu chinh la triét tidu sai léch tinh con
vai tro cta phdn td vi phan (D) la cai thién qud trinh quid d6 néu xdc

dinh dung thong s cia no.

O hinh 613 ¢6 néu (dinh
tinh) 4nh hudng cta cac bo didu
chinh khéc nhau d6i véi sai léech
et} caa hé :

a) Trudng hop khong cd bo
didu chinh.

b} B¢ diéu chinh ty l& (P)
lAm gidm sai léch nhung khéng
thé triét tieu vi hé s§ khudch dai
khong thé qua i6n.

c) Bo diéu chinh tich phan (D)
co thé triét tiéu sai léch tinh.

d) Bad diéu chinh ty lé tich
phan (PI) c¢d thé thay d6i duge
toc do gidm sai léch.

e) Bd didu chinh ty le vi
phan (PD) cai thién chit lugng
déng nhung khéng triét tieu duge
sai léch tinh.

g} B6 diéu chinh ty 18 vi tich
phan (PID) két hgp duge cac dac
di€ém ctia cA ba thanh phdn P, I
va D.
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2. Theo cdch ghép néi giita cdc phdn tu
Cac phin tlr clia bo diéu chinh c6 thé méc n6i tidp hay song song.

Vi du bo diéu chinh Pl ¢6 thé ¢6 dang néi tiép:

T.s+1
G.(s) = —p:f.?— (6-12)
hay dang song song: G(s) =k, + kifs (6-13)
hoac dang hén hgp: G.(s) = k(1 + 1/T;s) (6-14)
Bo diéu chinh PID c¢é dang ndi ti€p:
Guis) = (Tys+(T,s+ D (6-15)
T;s
hay dang song song: G.(s) =k, + ki/s + K8 (6-16)
heac dang hdén hop: G.(s) =k (I + 1/T;s +T;5) (6-17)
ciing nhu: Gs) =Kk, [ I/Ts +{Tys +1 WiaT;s + 1)) (6-18)

§ cdc biéu thic trén, k, - he s6 khuéch dai; T, - hdng so tuong quan; T -
hang s& tich phan; T,, T, - hang s6 vi phén. 3 biéu thie (6-18), néu T, = 0
hay o = 1 thi bo diéu chinh PID tr& thanh PI. Con néu T, >> 1 thi PID ¢6 téc
ding nhu PD.

Viéc chuyén doi tir bo dicu chinh dang song song sang dang ndi 1ép
tutong duong duge tinh theo bang 6.4a.

Bang 6.4a
Bo diéu chinh G.(s) T, T, T, T,
P K, - - - _
[ 1/T:s LUk, _ - _
Pl (T.s+1)/Tis 1k, | kJK, - -
PD K (1+T,s) -

(Tps + D(Tys+ 1)
T;s

PID L/,

PD2 k(T s+ 1)(Tps+1) | -
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() bang trén, véi bo diéu chinh PID, dau cong ung véi T,

vGi T, cling nhu & bo diéu chinh PD2, T, va T, tuong dag.

» Va dau trir ing

Chuyén déi nguoc lai tir b¢ dicu chinh néi tisp sang dang song song
tueng duong dugce tinh theo bang 6.4b.

Bdng 6.4b

B& diéu chinh G.(s) k, k, k, Ky,
P kp kp — - ~
I K, - T, _ _
PI K, + k/s T,/T, T, _ -
PD K, + ks K, - kT, -
PID k,+ki/s +k,s | (T+T /T |y, | TogT _

PD2 |k, +kys + Kpps Kk, - | k(T T | K,T.T,,

Hién nay, cdc bo diéu chinh ¢6 c4u tric noi ti€p 1 kha phé bi€n nhung
van ton tai cdc bo diéu chinh dien tir dang song song. Tuy nhién, cac bg diéu

chinh khi nén khong ¢6 c4u triic song song.

3. Theo bdn chdt vt ly

Theo ban

chat vat ly

¢6 cdc bo diéu chinh dieén,

dién 1k, khi nén, thiy luc

hay hén hop giita chiing.

a) Bé diéu chinl dién
ti PI nhu & hinh 6.14 tng

vl (6-12).

Céc théng s6 duogc

xac dinh bdi:
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T, = )ﬁcl 1
T; :,f)ﬁccl = mC1 ]
Dac tinh tan sd logarit
£(wy cia bd diéu chinh PI _
nhu & hinh 6.15. Déu mui V Z e
tén chi huéng dich chuyén
cna () khi thay d8i R,
hay p tuong idng v6i T, va
T. ‘ .,
Sag do mach bé didu
chinh PID dién #& nhu 0

\. - ___.[_ _____ -

(6-19)

hinh 6.16. Véi : ™~

mn

T, = RC, (6-20) |

’ «
Ti = /ﬂRCCI = /PRmCl

Hai mach R|C, va R,C, Hinh 6.15
duge chinh dinh doc lap

« .
7
Tn

Ve

nhau nho khu&ch dai trung gian. Khi tang T, T,, T, chang han, tuong
ing voi tang cac thong s6 R, R, va £ thi dac tinh L(w) dich chuyén

theo huéng mii tén & hinh 6.17.

Hinh 6.16
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V 2 (o)

/Y

Hinh 6.17

b. B¢ didu chinh khi nén kiéu xiphong

O hinh 6.18, trén thanh can bang od t8 hop voi phun lé chin VF-LC
vd khuéch dai A nhu ¢ hinh 2.38a. P, 1a dp sust dat (x) ; P, - ap suit

do duge (y) va 1a 4p sudt ¢ mach h01 tiép ; P - 4p sudt dau ra cia bd
diéu chinh (u).

e

(y) ! o |

& A E
P

|4 g’(“'f\

|
¥
|
mi@:n
e
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Nhu & vi du hinh
2.3b, binh chia khi la
khau quan tinh v6i ham

truyén :

Py(s) 1

P(s)  Ts+1
v6i T = RC, R - tr¢
khdang ctia van diéu chinh
(hinh 6.18), C — dung tich
cua xiphéng. Mémen do
cac lvc F, F , F, va F

tac dung vao thanh can bang :

Hinh 6.19

FL’ll - le] b F 12 - le)_ = MZ

Momen My nay sé tao nén khoang cich x, gita voi phun va la chéin
(hinh 6.18 va 6.19). Do d6 c6 so dé khéi tuong duong nhu & hinh 6.20,
vé6i P - ap sudt ; F - Ilyc ; M - mdémen ; S - dién tich day xiphong;

] - cdnh tay don ; s - hé s6 dan héi cia vdi phun la chan ; K - hé
s6 khuéch dai cia vdi phun ld4 chdan va khuéch dai khi nén A ; X -
khodng cach gitta voi phun va la chéan.

L'm
(7]
on

Hinh 6.20
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Theo hinh 6.20, ta ¢6 ham truyén cta bo diéu chinh :
P(s) Ts+1 Tps+1
77 AM(s)  LSTs ~  Ts
ma T, = T ;T, = L,ST. D6 Ia bo diéu chinh PI (612).

Trong quéd trinh bién d6i, vi K 1a hé s6 khuéch dai rit 16n nén da
tinh :

1
e Ts+1 . 1 1
t s + .
e L T IS R SRS gy >
L5 s+ 1
¢) Bé dieu chinh
khi nén kiéu man
3 L 777 77777777 £ 20
O hinh 6.21 ap % Cs A % R‘—?é}—
sudt P va P, qua van s Y = S, é
L N ] /] ] 4 __N__gs P
c6 tré khang R, : d ﬁ !
7, 7 R
Pb(s) i 1 ;‘JJ=0
P(s Ts + 1
o ) R, 772222 <
vi T = R,C, (6-21) 4 o B,
. I S SRS PN /R,
€u quy dinh i ZN s, 7 2
huéng mii tén trén FJ‘—% é c 5 2 l
hinh vé 1a duong, 8y Fn ér\%i’-\—f
R . o, % G %1 f
la hé s6 dan héi cua A o5 ,// —
voi phun l4 chidn bén R ,,//J 7777777077, ///%

trong dung tich C,, thi R =0 B
khodng cach x, dugc
zdc dinh bdi : Hinh 6.21
xll = S[l (_PL‘S4 + P(.SB "'PmS] Y- Pmsz + P4S4 - P Sz) )

= sy [Pe(S3 - Sy - Py(83 - 8)) + PS, - PS, (6-22)

- Bi€u thic 6-22 tuong Ung véi so d6 khéi & hinh 6.22. O day K, -
hé s6 khuéch dai ctia vdi phun 14 chin & dung tich C,.

Luu lugng di qua R, va R, nhu nhau, vi C; ¢ dung tich bé nén :
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R, R, +R,
R; R,
. = —_ = e — -2
hay : P, = P giw, - P R4E, (6-27)
Ti dd ¢ ham truyén :
s, K,
P(s) 1+5,K8, 1 R R 624
AF(s) s, K, R, 8, R ‘
T 51K5; >4 R +R;
L K, P
%
R,
R, + R,
Hinh 6.22
D&i vai khoi thd hai (vdi hai budng, dung tich Cs va Cg) ta cd
phuong trinh :
(PS8, - PsS, (6-23)

A, = St

St dung cdc bifu thic (6-21) va (6-24) cd so db tuong dugng nhu
& hinh 6.23. O day s % va K, 1a hé s6 dan hdi, khe ho giita voi phun
va la chén, va hé s6 khuéch dai cia t§ hgp vdi phun - l4 chidn thd hai.

Cusi citng ham truyén cia bé diéu chinh cd dang :

1 Ri+R;
P(s) _ S, R, N
AF(s) 1___1-,Rl +RZS R, . s, Ko . 1
S, R, ‘R +tR, 1+5,K8; Ts+1 3
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1 R +R, |“/Ts+l\‘
Sy R, \ Ts

==

(6-26),

D6 1a bo diéu chinh PI {6-12).

Bo di€u chinh kiéu mang ¢6 18 hop voi phun - 14 chan duoe bio vé tot.
nguyen Iy hoat dong khong c6 gi thay déi.

O bo didu chinh kiéu man, ¢6 thé ¢é nhimg cdch ghép ndi khdc nhau dé
¢o nhitng bo diéu chinh khac nhau.

____”?J h
| g ﬂ . _JL :

5% L—{T Lz "fﬁ
- B Ls_j{f} Li {

T

wn

Hinh 6.23

V1.3.2. Xac dinh théng s6 ciia bo diéu chinh theo thue nghiém

Bing thyc nghiém, Zicgler-Nichols dd néu cac biéu thirc xdc dinh thong
s6 ctia bo diéu chinh da chon trude.

- Trudng hop d&i tugng duoc nhin dang nhv & muc 1V.2 (ham qui <o cua
doi tugng ty can bing ¢6 dang phu & hinh 4.2), thong sd cha bo didu chinh
duge xdc dinh theo bang 6.5.
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Bdng 6.5

Bo diéu chinh Ham truyén k, T, T,
r dt - -
1 Tdt Tdt
k| 1+ — 09 . — 3.— —
Fl p[ Tis} Tdt dt
| Tdt Tdt Tdt
K| l+—+Tys 1,2, — 2. — 0,5. —
PID p[ T;s ¢ ] 1dt dt Tdt
Phuong phdp nay chi ding duge vdi diéu kién:
01< X o6 (6-27)
Tdt

Thong dung hon 1 trudng hop doi tuong duge mo phong trong mot hé
kin vdi bo diéu chinh ty 1& P, Iam viéc & bién gi6i on dinh [24). Céc thong s6
gidi han cla hé s& khuéch dai k,, va chu ky T, duge diing dé xdc dinh thong
s& cha bo diéu chinh nhu & hinh 6.24 va bang 6.6,

X > K,
ve

/

y

G(s)

a)
i
. b - Ty >
Hinh 6.24
Bdng 6.6
Bo diéu chinh Ham truyén k, T, T,
P k, 0,5k,, - -
k|1 L -
PI P? + T_lﬂ 0‘45k{_‘.|\ 0,83.’1‘3[] -
PID kp[l e+ Tes | ) 06k, 0,5.T,, | 0.,25T,
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Han ché cGa phuong phédp nay 1a & cdc hé thue, ché do lam viéc & bién
gidi on dinh vai dao dong kéo dai 1a kho duoc chap nhan. Néu ty s6 coa
hing s6 thoi gian troi va hing s6 thoi gian bé nhat cta doi wong 14 quéd 1én
thi hé c6 th¢ mat dn dinh, nhit 12 véi bo didu chinh PI.

D¢ khic phuc nhuge diém trén, ¢6 thé dung phuong phédp Tyreus - Luyben
ma théng s& clia bo diéu chinh duge xdc dinh theo bang 6.7.

Bdng 6.7
Bo6 diéu chinh Ham truyén k, T, T,
k
ch
P K E3 - -
1 K.h
kol I+ — & -
Pl p[ TjJ 2 22T,
| Kh K,.p
kjl+—+T,s LS g
PID p[ ot T ) > 22.T,, o3

VL3.3. Chon va xdc dinh théng so ciia bé diéu chinh theo “tiéu chugn
phing”

Nhir da néu & muc IV.2, cdc dsi tuong cong nghiép thudng cé mot hoac
hai hing s6 thoi gian troi, trong khi co cau diéu khidn c6 hing s6 thdi gian
rdt bé. D6 1a cdc thei gian thudn tré bé hay th&i gian tré tir cic bo loc. Hing
s0 thoi gian bé chung duge tinh theo:

(I +s Ty} (1 +5Ty) . (1+sT, }=(1 +s D Tik) (6-28)
K=1

<6 nghia la:

1]
T, = ZTbK (6-29)
K=t '

va ham truyén twong dng v6i mot khau quén tinh c6 hang sG thdi gian bing
tong cdc thai gian tré cong lai.
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Co nhicu phuong phap dé ciion va xidc dinh thong sa bo diéu chinh [6. 7.
13, 13]. mot 6 néu o muce uép theo, o diy chr d¢ ¢gp dén mot phuong phip
dan gian nhuny char legng cua hé: tinh cang nhur dong lat rat cao (101 ). '

Nhu da néu & muc 6.1, déi vai hé biac hai ¢d thé xac dinh dinh
lugng thong s6 cta né (k va ) dé cd chat lugng ti uu theo mot chi
tiéu chdt luong nhat dinh. Nhidu phuong phap chon vad xdc dinh thong
s cua bd diéu chinh co sd trén didu kién nay nhu phdong phdp gidn
tiép (V.3.2), phuong phap da thic dac trung [20-1-2-1], cdc phuong phap
diing quy dao nghiém s6 v.v.. sao cho hé bac cac hon cd chdt lugng gin
nhu & hé bac hai. "Tiéu chudn phing" la tiéu chudn t6i wu vi sau khi
chon va xac dinh ddng thong s6 cia bd diéu chinh, hé s&¢ cd dang bac
hai v6i chat lugng t8i uu theo tiéu chudn J .,

Nguyén tdc chung 1a bl di cdc hdng s6 thdi gian troi trong mach
h& va chi con lai hing s5 thdi gian bé (6-29) va chat lugng cia hé duge
xdc dinh bdi chinh mét hing s& thdi gian bé nay. Do vay, khi hé ¢ mot
hang s thoi gian trdi, chon by diéu chinh PI; khi hé cd hai hang s6 thui
gian troi, chon bd didu chinh PID. Trong trudng hgp s6 lugng cdc bang
s6 thdi gian troi 1dn hdn hai, dung phuong phdp néi ti€p cdc bd diéu
chinh bav ket hop véi cdac phuong phip khic.

Nhu vay, néu d6i tugng (phdn khong thay ddi cta hé théng (VI2.1))
¢ ham truyén :

N

(1 +sTy) KIZI (1 + sTy)

Gis) =

thi bo diéu chinh duge chon c¢d dang :

N

1
Gels) = Kr:I1 (1 +sT )

Thong s6 ctia bd didu chinh dude chon theo diéu kién :

n, = n.

TCK = TK
Sau khi da ba d0, hé hd ¢d dang :

(6-30)

k

W) = T +sTy
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Hé kin ¢ ham truyén :

1 1

L (s) = S -
Wils: Ly ] sT, (1 + 5T 6-3b
W(s) b+— k

Khau tich phan & bo didu chinh ¢6 chie nang triét tiéu sai léch tinh,
vd ¢ (6-31) chi con cdn xdc dinh hing s5 tich phan T,
Binh phuong médun dac tinh tdn hé kin duge xdc dinh bai .

5 1
“’k"(\jW) == WI\GU))\VL(_JW) =

{6-32)

w2+

k

Diéu kién d€ hé t6i wu con 1a modun cia dac tinh tdn hé kin véi
tdn s8 bé la mot hing -

Ti Tj
1+57 | - 2T,

| Wiw)| = 1 (6-33)
nghia 1a khi & — 0, médun cia dac tinh tin hé hd |W({w] — =, do
dd trong hé phai cd khau tich phan.

Vai tdn s6 cao, digu kién (6-33) khong thé théa min duge
w —= o« thi W, (je)| — 0. Do dé tdn s& cat cang 14n cang tét,
Tu diéu kién (6-33), néu khong quan tadm dén thanh phdn bic cao

cua o thi & miu s6 cta (6~32) thanh phan thd hai phai bing 0, nghia
la :

; khi

|

;‘ = 2T, hay T, = 2k1, (6-34)

Ham trayén cia hé kin sau khi da
chon b6 diéu chinh od dang ;
1 b Iy

S J:
1 + 82T, + s°2T¢ . 27,

|

]

Nghiém duge phan b§ nhu & hinh '
6.25. So sanh vé&i khau dao dong (6-1), ooase 7 Re
ta od i p =
]
|
|
1
}
|

1 1
Y. o= m——=— = YV = O 707
W, ﬁ Th 7 b ﬁ 2

la "thong s6 t6i wu theo J, véi chat 27
luong : 6% = 4,3%, ty = 4,717,

Luu y rang T, l1a téng cla céc thoi
gian tré bé trong heé, do ddé khong the Hinh 6.25

174



bl

hing s6 thdi gian bé, vi dac tinh pha cia khau quan tinh tuong duong

sé khong tuong duong v6i dac tinh pha cta mot khAu quan tinh. Mat
khac, khi khong od diéu kién bu dd, ma cing ciac hang s thdi gian bé

con
chn

lai vao T, thi do tdc doéng nhanh cia hé sé giam r6 rét va khong
la t8i uu.

"Tiéu chuidn phang" duge téng két nhu & bang 6.8,

Bdng 6.8
| ng BS diéu chinh T. T, (T2} T,
sT, +1
1 Pl - o T 2T
T T 1
2 PD ; (—s—”—:——gf“;] T, T, 2T,
(5T + T, + DT, + )
3 | (PID,) : o T, T, T, T,
1
B¢ diéu chinh PID, it diung vi
kho thuc hién.
Trong trudng hgp cd tac déng
cia nhiéu nhu d hinh 626, him f
truyén vdi nhidu la ¥ C? < G(s) G(s)
Wi = L& GO (6-35) | |
: F(s) 1 + G(s) G(s) -
. Hinh 6.2
Sau khi chon ding bd diéu chinh inh 6.26
va xdc dinh dding thong so clia nd, ta cd :
1
G.(5)Gls) = Wi(s) = (6-36)

co

(6~

vi

s2T,, (1 +5.T})
Dac tinh tdn s logarit cta W'(w) nhu & hinh 6.27. Dudng £ (w)
dang "phang" nén tiéu chudn mang tén "titu chudn phang".

Né&u déi tugng cd hai hing s6 thoi gian tréi, sau khi thay (6-36) vao
335) ta cd : .

k 52T (1 + s.T})
(A +sTH(+sTy (14827, 4 s°2TYH

Wiis) = (6-37)
vdi mot hang s8 thoi gian trdi
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W (s) =

k S2T, (1 +5.T, )

48T (1+52T, +522T2)

Khde v6i tdc dong cla
tin hicu dac x(0), d&i véi VL G
nhiéu f(1), ham truyén nay c6
bdn hodc ba nghiem cuc va
hai nghiém O (mot nghiém N
khong bang 0). Viéc tinh toan
phiic tap, két qua mo hinh

=20

(6-38)

héa d6t v6i (6-38) nhu & hinh —
6.28. Khi T, cang 1én, lugng
qud diéu chinh giam nhung
thai gian diéu chinh cang dai,
mac ddu & trang that xdc lap
(s = 0) dnh hudng cia nhiéu khong con nira (W (

ars[
6}

0,!4L

G,f2’
Q.
a!

Af it

L

L

& g5

0.08

Hinh 6.27
0) = 0).

a 1 20 50 30 50 7
Thay gran (sec) 'T;
Hinh 6.28

50

-7 c;"*[‘m

——lp

— 40

V1.3.2. Xdc dinh théng s6 ciia bo diéu chinh theo phuong phap tinh téng

hing s6 thoi gian theo Kuhn

“Tiéu chudn phing” néi trén cho phép chon va xdc dinh thong s& t6i ru
cua bd diéu chinh, ¢6 lugng qué didu chinh va thai gian qud do cuc tiu. Néu
d6i tgng ¢6 hing s6 thoi gian qud 16n ma viéc chon bo diéu chinh phl hgp
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c6 khé khan, hode s6 luong cdc hing s8 th&i gian qué 16n (nhiéu hon 4), ¢6
thé dung phuong phdp tinh tong s6 hing s& thdi gian theo Kuhn dé xdc dinh
thong s6 bo diéu chinh.

Vidu doi urng ¢ ham truyén dat:

BE) -
- 22
ma: B(s)=(1 +Tys)(1l+Tps)...... (1 +T,.8)
ma: AS)={l +Ts)l+Tys)y. .. ... (1 +T,s).

{ hinh 6.29 ¢6 ham qud d6 clia d6i tugng ma dién tich A duge xdc dinh
boi:

b h(t)A
A = J‘1:y(t—>w) ~ y(t)}d[ _
0 Uy Uy T R Tttt
A
= I]:kdt _L(‘_)] ‘I
0 Ho A !
Mat khéc, theo dinh 1§ t6i han: ’,
|
A= lim A{t) = limA(s) = '5
[ =po0 s—l} A2 : T\- t
= fim | Ror YO}
s=0| 8 Uy Hinh 6.29

ma Y(s) = G(s)U(s) va U(s) = iu(, nén:
5

A= lim kd‘ _% = lim _k_clt___kdtB(S) e | o
s=0| 8 8 s g A(s)

Als) _ BB -

= limky | +—3
5= Als)

Sau khi thay A(s) va B(s) bang cdc gi4 tri cha chiing, ta c6 két qua:

s}

ol e™™
Vi: lim [« — :l =1
s—7 5 S

. -5
A= li]n kdt {(Tl +T2 +"'+Tn)+l_(TdI +T(|2 +...+T(|m)— © jl
S 8
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néncubicing A=k, Trma Ty =T, + T, + ... + T, +t-Ty -Ty... T,
Trong truding hop thong s6 cta d6i tugng chua biét, ma ham qua do <o

duge tir nhan dang nhu & hinh 6.29, ta ¢6 thé xdc dinh T nhu sau:

2

V& dudng thing ding chia doi hai dién tich A, va A, sac cho chiing gin
bing nhau, ta cé:

o Tr
A= J.’ikd, —y—(t—)]dt _kav_ J‘[kd[ —ﬂ} U+ A
J Uy 0 Uy

vd dudng thing 4y xdc dinh Tx .

O phuong phip nay, thong s6 cia bo diéu chinh dua vio “hing s& thoi
gian trung binh™ cla ddi twgng. Vi du khi dai tugng 14 hai khau quén tinh
(hay ¢ khi nhiéu khau quén tinh) thi chon bo didu chinh PI véi thong s6
T, =Tg/2.

Bdng 6.9

Bo diéu chinh Ham truyén k, T, T, T,
(T,s+1) T Ty

k, — 0,5k = _ Xz

Pl P T'IS dt 9 5
(Tys +1XTys + 1) T Ty T

k 0,5k —Z = -z

PID p T.s d 3 3 3

Chil ¥ rang, tri s6 trung binh cia téng cic hang s6 thdi gian ma dua vao
dé dé xdc dinh thong s6 bo didu chinh (theo bang 6.9) ludn 16n hon hing s¢
thoi gian bé nhat clia d6i twong ma “tiéw chuin phing™ di tinh dén.

Mot phuong phdp khdc dung dén Ts 12 trude hét bl dii cdc hing s6 thai
gian 1roi cia doi tugng, cdn trung binh chia nhimg hing s6 thoi gian con lai
duge xem nhu hiang s§ thoi gian bé. Trong trudng hop nay, thoi gian qud do
van khdc véi két qua tinh theo “tiéu chudn phing™.

VL3.5. Diéu chinh hé cé hanh vi tich phan

Trong thyc t&€ con gip céc d6i tugng 6 hanh vi tich phan (hinh 4.2b),
ligu c6 cdn dén bo diéu chinh PI khong, hay chi bs didu chinh ty lé 1a da, vi
thanh phan tich phan cla d6i tugng triét tieu duge sai léch tinh chang.
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Vi dy d6i tugng 6 ham truyén :

1
G(S) = (1 + S-T‘h) S.rlﬂ
va bd diéu chinh :
G = K.

ma nhiéu f dat trudée khau tich phan, hoac nhu ¢ hinh 6.26
Ham truyén déi v6i sai léch

- Efs) 1

-{" - T =
Wils) = Fo) T T+sTysTTE,
Y L] - 1 M - - Y -~ = o *
Vay e, = hmﬁh(s) =g Khi nhiéu 14 bac thang hé van tén tai
5 —* C

sai léch tinh.
Mat khdc, khau tich phan ¢ d6i tugng c¢d thé xem nhu mot khau
quin tinh ¢ hing s6 th&i gian rat lén va :
1

Gis) = TETNAIETEN véi T, >> 1

Néu diung tiéu chudn phidng va chon b didu chinh PI :

1+sT, 1+sT T
G = no_ 1 ,._, 1
T T s T s2T, 2T,

Khi T, rdt lan thi tac dung cba thanh phdn tich phan ¢ bg diéu
chinh ciing khéng con nita va bd diéu chinh PI e¢d téc dung nhu bo didu
chinh P. Tuong tu nhu thé& bd didu chinh PID ¢d hiéu qua nhu PD.

O hifu thie (6-38), khi T, qua lén :

k g2T (1 +8.Ty) 2T, 1+sT,
W(S) = = " - L -
: sT) (1+2T, +s218) T (1+s2T, + 2T
T, .
v6i Ty = - O ché do xdc lap (s = 0) ham truyén W(0) khic 0.

Nhu vay, trong trudng hdp eé nhiéu téc dong, voi d6i tugng od hanh
vi tich phan, vidn phai ding d&n bd diéu chinh ¢ thanh phén tich ph#n.

Vi khau tich phan & d&i tugng, ¢ thé xem la trang thai gidi han
clia khau quéan tinh khi hdng s6 thai gian T — o, nén “tiéu chusin phing"
khong loai trit duge nhidu va phai dung dén "tieu chudn d6i xdng".

179



V1.3.6. Chon va xdc dinh Lhéng s6 ctia bo didu chinh theo "tiéu chufn
déi xing”
D& o6 tde dong nhanh déi véi nhidu, cdn o6 he s8 khuéch dai lén khi
tdn 5 bé, cd thé chon cdc hing s6 thai gian cta bd diéu chinh nhu nhau -

Tqg =Ty =...=Ty=T, (6-39)
v by diéu chinh c6 dang :
(1+sT)% '
Gls) = ———— (6-40)

1

H¢ hd s& ed ham truyén :

k(1 +s.T )"
W) = — {6-41)
nﬂ
sTi(l +s.Ty) IT (1+sTy)
K=1

Khi hing s5 thdi gian cta d6i tuong of tri s rat lon thi (6 -41) ¢o dang :

k(1 + 8.T )"

Wis) = . {6-42)
K=1
Cing nhu ¢ "tieu chudn phing’, diéu kién trude tién la @ n. = n

I 4

Dé gian don, ta ding ky hiéu :

kTS
= 6-43
K, n ( )
K=1
va (6-42) cd dang :
K, 1 +sT,
= s —44)
Wes) 8T (1 +s.T) ( s.T, ) (6-44

Dung mét s6 phép bién ddi voi (6-44) .

1+sT, 1 n,
S )nﬂ = <1+ )n-“ = 1 + —- =
8. T, 8. T, 8. T,
1+sT..
-1+ Lo = (6-45)
S.Tw 8T,



dua

voi

1
Vaoi gia thiet — << 1 va s T, »>> 1 cung nhu & (6-45) da dugc

s.T

[N

vao hang s6 thdi gian tuong duong cta bo diéu chinh :

T.,. = —

o

Biéu thic (6 -44) bay gis cd dang :
K, 1 +sT,

Wier = _
VS = T vsT,) Tl

Tuong dng vai 16-47), hé kin ¢ ham truyén :

1 +s.T,
T..T,
K,

Wk(s) =

1+sT, + s?

(1 +sT,

Binh phudng cta médun dac tinh t4n hé kin cd dang :

, 1+ w? Ti
W o (jw) = W (juW (—juw) = ————

D(wz)
s T, TE&;Ti Y
- = + 1 - - &
D) = 1 'lm( T - 2 % Jw® + K. (K“
Tcu Ti L2 ¢
+ K Ty} w
D& miu s6 cta (6-49 biang moét (Diw? = 1), ta rit ra :
rFi = 2K0Th
Ti
Toe = 25 = 4T,

Thong s6 cua bo diéu chinh duge chon theo :

T. = nT., = 4nT,

C
KT
T, = 2
ry
Ty
K =i

fF h

(6-46)

(6-47)

{6-48)

(6-49)

(6-50)

i6-51)

t6-52)

1u—53)

Sau khi thay thd (6 ~51) vao (6-47) ta cd ham truyén hé hd :
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(1 + s4T,)
W) =
s AT, *
1 1
X —_
2T, (1 +sTy)

(6-54)
va dac tinh tdn s6
logarit cia hé hd déi
xing qua 14n s6 cat

1
. = 5= nén goi la
wﬁ_ 2Th g
"tiéu chudn dai xing”
nhy & hinh 6.29. Quy
tic xdac dinh bé didu
chinh va théng s6 cla

Hinh 6.29

no theo "tiéu chudn d6i xung" nhu § bang 6.10

Bing 6.10
n, | B& didu chinh ! T T, {Ta) Ti
1 P 4T, 8 7. To
2 PID 8t 8T 28 o T
=] b T1 T2 o]
i K .
3 (PID, ) 12T, 2T, 12T, 3456 = T5
T T2 Ta

Biéu thic (6-54) chi la bi€u thic xdp xi khi hé 1a bac mét va o
hanh vi tich phan. Trong trudng hop dy (n, = 1), theo bang6.10 ta c6 :

Wis)

Heé kin v&i tin hidu dat x(t) :

Wi (s) =

182

b
1+84T, + s8 T (1 +sT)(1+sT)
!

T, 1+ 84T,
1 -
Ty 8T, (1 + s T)(1 + 5Ty (6-55)
1 + 34T,
- (6_553)
TL.



D& nhan thdy rang khi
T, »> 1 thi (6 -55a) trung

10 A
véi (6-54). O ham truyén KO0
theo (6-55a) cd ba nghiém T k#2A
cuc phu thuée T, Ty, va .
m6t nghiém khong, phu 50 10 \\ Re
thuoc T, Phan b6 nghigm P "_"
nhu & hinh 6.30. A
Theo so dé khéi & hinh w50 4z
6.26, khi d&i tugng cd mot 9
hang s6 thdi gian trol, ham
truyén d6i v&i nhiéu cd
dang : Hink 6.30
2
&k8 -:;i (1 +s.Ty)
i
W) = 12
1 + 84T, + 38 _'I‘-T (1 +s.T)(1+sT)

(6-56)

Trén hinh 6.31 oF ham qud do voi tac dong cta nhiéu bac thang.
9o sanh véi hinh 6.28, "titu chudn d&i xing" cd qua trinh qua dd ngan

a1 T — —r

i &3

-
|
!
|
|

Thar gian |, sec

Hinh 6.31
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8/ g
o k;
&

-‘“-‘H“,

—
|
|
]
]
|
]

a2 “
G L-—-—-—l-—.— N —_— ‘J
ol 5 il 15 26 t: 25
e AT,
et 9’;&2!7, FECT Frl

Hinh 6.32

han & "tiéu chudn phing”. Tuy nhién véi tin hiéu dat, tiéu chudn ddi xing
khéng phai t6i wu, lugng qud diéu chinh lén ciing véi hang s6 thai gian
tréi nhu & hinh 6.32, duge mé hinh hda theo (6-55). D€ giam lugng qua
diéu chinh, ngudi ta ding cac bd loc ¢ ddu vao c¢6 muc dich bat trit anh
hudng didm khéng & t& s5 cta ham truyén. Do dd, bo loc duge chon
trong trudng hop
trén ¢d ham truyén

42 . , . —
Ung véi h(t)
Wis) = — -
T T T,
(6-57) .

va ham qua dé khi
¢d bd loe nhu 4
hinh 6.33,

Vi du 6-3

Hé diéu chinh
téc d& déng cd nhu
¢ hinh 6.34 véi cac . gu_..__l_-__._L L . i

. L . o 5 72 A VY

thong s6 cua cac Thd; gian  gidy 7y
phin t¥ nhu sau :

Hinh 6.33
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1. Dong cd
kye = L T, =
0,327 sec, T, =
0,033 sec (vdi kich
tt ¢ = 0,5).

2. Thyristor
kp = L2 5 Ty,
0,00167 sec.

3. M4y phat do
téc do k; = L.

Hay chon va
xac dinh thong sé
bé didu chinh 4.

Thyristor l&
mot khau tré, cg
thé duge x4p xi

bang mét khau quan tinh véi
cho, ditng "tidu chu&n phing" chon bo diéu chinh PID,

cac thong s6 sau :

T, = 0,327 sec ;
T, = 0,033 sec ;
T. = 0,004 sec.

I
K& qua mao
phong nhu & hinh

6.35. Dac tinh 16¢ dd '

(ny  khi khoéong co
nhiéu {duong /) la i
vu nhung khi ¢é nhidu
{dudmg 2) thi qua trinh
qui do la1 kéo dai. £6
2 dac diém cta “ticu
chuan phang”. Ca hai
trudmg  hgp  déu oo
dong dién cua mach
phan tmg doéng co ldn
{duong y,3 cho neén.

G.(s) =

My

- +
e
-

Hinh 6.34

6Ty + 1) (5T, + 1)

Ty = T = 000167 sec

. Véi didu kién da
theo bang 6.10 cd

ST]
L& ) T T I
TUTSIM
—o,z’» 4
5.0000 Thoi gian 0.0.00C
( L | I ! ! L L

- 04

Hink 6.35
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thay vi diung mét b diéu chinh PID nhu vi du trén, thudng ding hai
bé diéu chinh PI néi tiép d€ han ché déng nhu s& dé cap d&n & phan
tiép theo.

V1.3.7. Néi tiép cédc bd diéu chinh

Trong cong nghiép thudng dung phuong phap néi tiép cdc bé didu
chinh, nhé&t 1a khi cdn han ché nhimg dai luong noi tai ; nhu & vi du
trén, can han ché dong dién mach phin Ung déng co qua 16n. Ngoai ra,
khi 80 lugng cac hang s8 thoi gian tréi cia d6i tuong lon hon hai, ba ...
thi phai ding phuong phdp néi ti€p cic bo diéu chinh thong thudng, hay
ket hop vai cdc phuong phip khic hoac ding bo diéu chinh trang thdi.

So d6 khéi cia mot hé dung hai bo didu chinh néi tiép nhu & hinh
6.36,

Hinh 6.36

Bo diéu chinh G, tham gia & mach vdng trong vdi sai lach €, = X, — ¥,
Lugng ra cia G, 1a tac dong diéu khi€n u cia hé va duge han ché& bai
tri 6 cue dai va cue tiu (U, va U,,) dudc md ti bing hai tam giac.
Dai lugng dat cia bo diu chinh nay la tin hiéu ra x, cia bo diéu chinh
Gy, ma didu vao ldy it sai léch cia hé théng : e, = x —y. O by didu
chinh G, tin hiéu ra x, ciing duge gisi han bdi x,,,, vd x,,, nén ¥a
8€ duge han ché nhimg dao dong qud l9n cla nd.

Nhu vay, didu kién cén thiét la cd thé phan chia hé théng thanh
nhiing thanh phdn ma cac héi tiép vdng trong o6 thé ldy duce tin hiéu
va thyc hién duge trong thuc té
) Khi khdi déng, qud trinh lam viée cha hé duge mé td nhu & hinh
6.37.

O thoi diém t = 0, khi dat vho hé tin hitu x, G,, nhan dai hiong
cyc dai lam cho tin hiéu dat cia bo diéu chinh G, dat tri s6 cuc dai
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X,y MOt cdch nbanh chdng & thoi diém t, Tin hidu ra y, thay d6i theo
linh chdt dong hoc ctia mach vong trong (theo W (s) = Y, (s¥X ()} o)

thii diém t,, l&n ddu tién y, dat ngudng X, = Xujinr N&u chinh dinh tét,
sau mét thdi gian, y, s€ xac l4p ¢ ¥, = Xuin voi lugng qua didu chinh
G_‘"?]ﬂ'l?lx'

Hinh 6.37

Dai luong dugc diéu chinh cta cd hé y sé thay d6i theo dang dép
ciia y, vA tinh chdt dong hoc cla thanh phdn Gyls) cla hé. O thoi difm
t,, y dat tri sd ngudng x = ¥ Trong sudt ca thoi gian nay bo diéu chinh
G., & ché d¢ nguong va khong co ¥ nghia diéu chinh,

Sau thoi di€m t, bo diéu chinh G, lai lam viéc. Lugng ra cua hé
- y, ¢6 qua diéu chinh 6., lam gidm anh hudng thanh phdn tich phau
ctia bo diéu chinh G, Cuéi cing y s tu xac lap theo lugng dat x.

Do hé lam viée & nhimg tri s& gidi han nén qua trinh qué do cd
tinh chat phi tuyén,

Heé ¢ thé lam viéc v6i cdc ché 4 khac nhau : ch& dd ihdng thuding
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(khong cd giéi han nao dat dén), gi6i han chi cd dsi vai x, hoac gidi han
doi val ca X, va u.

Cdec bd diéu chinh duge chon lin lugt, bat d4u tir mach vong trong.
Theo hinh 6.38 ta c¢g :

Y.’I(S) = “Ix::(s-\lx:a(s) + \V!-”(S)FH(S)

val
W “'?: % (S) W ) “vst'n(s)
xa(S) - 1 + Wl\:](s) ’ 1.”(5 a 1_; W'““(S)
ma W, (8) = GG, (s).
f

Hinh 6.38

Nhu vay, theo G,(s) ma xdc dinh bé diéu chinh G..(s) theo phuong
phdp thong thudng.

Anh hudng cia nhidu f, dugc gidm thifu & mach kin vbng trong.

Mach vdng ngoai k& tiép duge mo t4 & hinh 6.39, & d5 ca mach kin
vong trong duge thay th& bai W,.(s) nhu mét thanh phar cia mach vong
ngoai k& tiép.

Bo diéu chinh G, duge chon cing theo tiéu chuin phing hay dé&i
xing thy thuoc vao Gy(s) va ham truyén xdp xi clia W_(s) trén co sg
don gian hda bang cach bs di nhimg hing s¢ thei gian qud bé,

Tin hidéu ra cta hé, theo hinh 6.39 dugc xac dinh bai -

Yis) = W, (siX(s) + Wi (s)F, (s)
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vaioc
ooy e Wl
xh‘\SJ = 1+\'V“h(s) ) “1(:., = 1+th(s)

ma W (s} = G (8IW,(5)G(s)

tih

Mrp(s)

,f;(?_b, G, (s) Jli> WM(T”@,
- |

Hinh 6.39

Theo ham truyén clia W (s)Gfs) ma xac dinh bo diéu chinh Gys).
Né&u con mach vong ngoai nita thi ti€p tuc xac dinh ham truyén xdp xi
ctia mach vong W,(s) ma & dd cd hing s6 thdi gian bé tuong duong. O
cdc hinh 6.38 va 6.39, cac ham truyén W, .(s) vd Wgp(s) 1la ham truyén
quy d6i cta nhiéu f, va f, tuong dng vé ddu ra cta mach vong tdong
ung.

O hinh 6.40 c¢d tin hiéu ra cia mach vong trong y, vd mach vong
ngodi n theo vi du 6-3. Khi diing mot bo diéu chinh PID, so véi viée
dung hai bé diéu chinh PI néi tiép, ta 6 y, > Y2 O day chua dung
khau han ché & cdc bo diéu chinh,

Chat lugng ¢ dac tinh téc do khi dung hai bo diéu chinh néi tiép
{n,) eé khdc trudng hop mot bo diéu chinh vi mach vong trong da duge
don gidn hoa khi tinh.

Diéu chinh néi tiép o6 cdc dac difm sau ;

1. Céac dai lugng mach vong trong cd thé duge han ché dé& dang.

2. Nhé phan chia duge hé théng nén dé én dinh hda duge cdc mach
vong vi bac chia nd thap.
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3. Viéc chon va

xac dinh thong s4

& T 7 R r——7 |

cia céac bo didu TUTSIM

chinh, bat dau ti w[ 4,/

mach véng trong.

4. Anh hudng
cua nhidu d6i véi
cac  mach vong
trong dugc han ché
hay gidm thigu va
khéng gay nén

nhitng thay ddi Ign
doi véi dai lugng

f
-32 - . R
duge diéu chinh ' 0.0000 Thoi gion 0.04OU]:

|

-0,4L I

i I | L L 1

chinh,

2. Chat lug :
8 _ng Hinh 6.40
ddéng t6t hon vi

mach vong c¢d tdc dung lam giam hing s6 thoi gian.
6. Trong nhiéu trudng hgp o6 thé dung bd diéu chinh PI thay cho

PID nh& bac cta tiing mach vong gidm, hon nita PID nhay cam véi nhiéy
va nhitng dot bién céia tin hiéu hon la PIL

Vi du 6-4

V6i hé diéu chinh téc do dong co ¢ vi dy 6-3, thudng dung phan
héi dong va néi ti€p cdc bo didu chinh nhu & hinh 6.41.

bong co mét chidu 7 duge cung clp dién ti ba bign d6i déng 2, cén
mach kich t&, ti b bién d6i dong 9 c¢d cong suit bé hon.

O day mach diéu chinh dong dién cd co cfu 3 tao goc md «, bo
diéu chinh déng 4, bign dong va chinh Iyu 5. Trong mach didu chinh tec
do con cd bé didu chinh tée do 6, mdy phat do téc d6 7 va chist ap dat
téc d6 8. O mach diéu chinh kich t¥ c6 co cdu 10 tao géc md a,,bod
diéu chinh déng kich tit 171, bién dong va chinh ltu 12 cing chist 4p dat
déng kich tt 13. Dong kich tir khéng thay ddi va khéng phu thudc ngudn
cung cdp v nhiét d6 ctia cuén kich thich,
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Hinh 6.41

Sg d6 trén 1a so d6 don gian dé chon cdc bd diéu chinh nén khong
di sau vao chi ti&t nhu cac by bién d6i d€ dao chiéu quay dong cd v.v..

Tit phuong trinh can béng dién dp va moémen cia dong cd, viét &
hé tuong d6i ta o :

. Ugie = P-1 (6-58)
e r (1 +sT)
P-iy '
n = o (6-59)
s Ty

trong d6 : Uy, - dién dp mach phin ing dong co tu bd bign dfi ; ¢ -
tif thong kich thich ; n - t6c do dong cd ; i, — dong dién mach phén dng ;
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r, = 0,06 - téng trd mach phan tdng ; T, = 3 msec - hing s6 thes
gian dién ti¥ toan mach phdn dng : Ty, = 1,5 sec - hang 6 thsi gian
dién co cua dong co.

a’ Chon b6 didu chink dong

So d6 graph tin
higu theo hai
phuong trinh tren
nh¢ & hinh 6.49,
Qua phan tich, sic
dién doéng phan
khang e = pn
khong anh huéng

dang k& dén visc

Hinh 6.42

chon bé didu chinh
déng, do d¢ cd ham truyén don gian sau -

iy(s) _ 1 (6-60)

W) = Ygir(5)  r(l1+s.T)

TU do ta o6 so d4 graph tin hiéu d€ chon bo didu chinh dong G
nhu & hinh 6.43, trong dd

| 1
Wi = o6 o003

1,2
W) =

1+ 0,00167s

2 bo bién ddi dong, thong s6 nhu & vi du 6-3,
Theo hinh 6.38,

chon bgs diéu chinh

mach vong trong theo

tieu chudn phang :

Tys+1
G.s) = ———
4] T”S
Véi - TI"Ii = T'l =
0,003 sec ;

Ty, =2« 1,2 x 16,6 x
0,00167 = 0,067 sec. Hinh 6.43
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b) Chon bo digu chinh tic do
Ham truyén hé kin theo hinh 642 la :

Wi i‘n(s) 1
kS = 57 T 2% 0,00167s(1 + 0,00167s) + 1
_ ! 1
2% 0.00167%° + 2x 0,00167s + 1 2% 0,00167s + 1
Vi binh
phuong cua hang
s6 thol gian bé
qua nhé nén da
hd qua. Vay sd ooy CINEY. Vo, (5) Wi 05 p
d6 graph tin higu o— — O
dé chon bo diéu _
chinh tdéec d& nhu -/ o
: -
d hinh 6.44.
Tugng ung vdai
hinh 641 : Hinh 6.44
W) = —F—
nl(s) S<Tn-|

4 khau tich phan nén dung "tiéu chudn d6i xdng' (bang 6.10). Vay bo
didu chinh téc do la :

Ts + 1
Genl®) = 7775
v Ty = 4 X 2 x 0,00167 = 0,01336 sec ;
0.5 5
T, = 8-—1—5— 0,00334° = 0,0000297 sec.
véi @ =05

Phan tich dac tinh tdn cho thdy, md hirh gidn ddn trén cd thé chip
nhan duge d€ danh gia chidt lugng hé theo cic bd diéu chinh dong va
téc do da chon [2].

O hinh 6.45, nhd phan hdi dong cuc b ma dong dién mach phén
dng giam (so v&i y, @ hinh 6.35), anh hudéng cia nhiéu khong dang
ké nhung lugng quéd diéu chinh n : 6% = 55%, t, = 0,009 sec. Vdi
bo loc & déu vao sé lam gidm luong qua diéu chinh : 6% = 6,6% va
t, = 0,024 sec (dudng n” & hinh 6.46).
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Tuy nhién khi tit thong thay déi, thdi gian qua d6 kéo dai. O hinh
GG enn eo ham quda do vai tir thong khdc nhau : ¢ = | 0,5 ; 0,33,
vt thong s6 théa hiép : T,, = 40msec. Do d6 can chon bd diéu chinh
chemach kich t dé giwr cho i thong luén ¢6 dinh.

T
e f [ ’ i f T | -
TUTSIM
L/;;.aao-; Thei gron 0.1000
| | t | ! : : t
Hinh 6.45
| — v - T T
TUTSIM |
070000 Thai gran 0 2000
PRV 1 ; | | i ] 1 i

Hinh 6.46
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Vidy 6-5

Chon bo diéu chinh cho hé diéu chinh t8c d6 dong co xoay chidu
khong ddéng bd.

O hinh 647 trinh bay phuong én diéu chinh tryc tiép tir thong bang
dong stato. Dong co khong déng bd I duge cung cép dién bdi bo hién
tin 2. Nghich luu duge diéu khi€n bdi b diéu chinh dong state 3 cho
cd ba pha lam viee kifu role hai vi tri.

Theo dac tinh tinh cia dong co, can gilt cho tit théng stato khong
d8i bang cach thay d&i dong stato theo tdn s6 trugt.

Sai léch gitta tée do dat n. (& chiét ap &) va toc do do duge n 4
may phat do téc do 10) dua vdo bo diéu chinh & (PD). Tin hidu ra f _
tugng dng véi tdn s8 trugt, dugc gii han vé ca hai phia d& han ch¢ tai
cuc dai cua dong ca.

Téng cha n va f,. (dai luong tuong doi) la dai jugng dit cla tan so
ngudn cung cdp cha stato f. duge dua vac may phat dat chuéin ba pha .

Hinh 6.47



Mat khdc, tin hieu tuong tu f, . duge dua dén mot khau phi tuyen
7 %ac dinh tin hiéu dat cta dong stato i;. thee mat ham dinh truse
ko= ¢if). O ddu vao khic cia mdy phat dat chudn 4 oS dong i,, binh
thudng béng dong Uy Khi dién ap stato dat tri s6 ngudng Uiy bO didu
chinh 11 théng qua co ciu lay cuc ti€u 6 sé lam giam dong dat cha
stato i Co cdu 6 déng thyi lam chie nang tach r6i hai bd diéu chinh
& va 11. Nhd dd, khi tin s nguén f, > 1, déng co khéng déng bo se
lam vige véi Ly théong giam.

May phat dat chusn 4 cdp dong stato chudn che caA ba pha, bién do
cia né ty & véi ig. tdn s6 ty l& vai foo Cdu tao va nguyén tac hoat
dong chi tiat hon, xem cde taj lieu [2, 3]

o day, phuong phap khao sat chinh xdc phai )a khao sat hé phi
tuyén, nhung véi gid thiét 1a mach didu chinh dong stato 1a ly tudng, bo
qua nhing thdi gian tré be, i. phy thudc tdn s6 va bién d6 nhu da néu
trén. Mat khdc ta chi khac sdt vai pham vi bién ddi tin s cua stato la
0 < f, < I

Trén co sd cée phuang trinh co ban déi vai déng co khong déng bo
ba pha long sdc, sau khi tuyén tinh hda nhing phan t& phi tuyén nhu
tich cta hai bién, don gidn hda so d6 graph tin hiéu, véi didu kien gii
cho tit théng stato khong d8i, mach didu chinh t&e d0 cd s0 d6 nhu &
hinh 648, trong dg -

m. 12 mémen tai ; Wr";m(s), W'f"-(s), Wﬁr(s) la cac ham truyén ma dédu
ra la t6c dé véi dau vao la phu tai, dong dién stato, va tdn =3 stato &
dang hé kin.

Dong stato i, 1A ham cia tdn s6 trugt fo v hé s6 tuysn tinh hoa
di.

K = -df'—% phu thudc nhidu vao diém lam viée, xac dinh bdi tri s6 dat
1%

f,o nhu & hinh 6.49. Bitn d8i cac nhdnh ndi song song & hinh 648, ta
co

n

An = er‘;l-(s_‘l(Afrc t An) + K ‘.":"r“li(s)tﬁf,,c - ka(S).An‘lr =

= W )AL, - Wim(s).Am,

Wils) + KWyis) WE L (9)
trong dd Wm.(s) = —n.l_.__m__ : an{s) - nmk .
- W:;I-(s) 1- \Vnr(s)
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Hinh 6.48

Thay thé Wris)

bang théng s& cia no WKI
va khao sat phan tich j
phuong trinh dac trung |
1 - W5(s), ta thay 194
W_(s) luén 6n dinh vi 3 /
la hé bac hai ma ) L . ﬁ'c
nghiém cd phin thuc - ~0t8 -0z 00 o8 o012 01
aAm. Lién hé héi tiép
dugng cua nhianh An \ 1.0
va Af, & hinh 648 la

nguyén nhan can 6n s e
dinh hda heé.

¢ hinh 650, d& chon Hinh 6.49
bo diéu chinh téc do G (s), ham truyén W, (s) 6 clu trac phu thudc ché
déo lam viéc
Khi khong tai : f. = O

r

1

Wnls) = S T ey

fr= ll’l
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dinh mnge {f, = f =

Nguge lai v tai [m"T

Y-V s
(.‘,(]-’175} . An ales!
</ Gm('é' ; W’?f’ (%)
-\\,' 1 i ] — %— —. i S _.__(  — — -
o2y o . .
e - T : Al |
Fre- sl m e

ma T la hang s L
thoi  gian  dién ca . .

tvong duong, phu
thuge f. va i, : Hink 6.50

-
s

XS = xr
Ty = i I+ (-fr"UnTr)b w_rf\_T

- m
Xh ntr

‘Théng s6 cla dong co od cong sudt tit 15 dén 30 kVA U, = 220 v
n, = 1500 vgiph duge cho nhu sau : f,, = 50 Hz ; w, = 314 sec”' ;

X, = 250 5 x = 261 ;1 = 0,04 X, = 26l ;r. = 005 ; T, 0,166 sec ;
T = 00137 sec ; T, = 0,2 sec. T¢ dd :

T, = 0,166 sec ; véi f, = 0 : T, = 0010915 sec.

Qua dac tinh tdn, ché do khéng tai d& mat on dinh, trong trudng
hop 4y dung bo diéu chinh PID, nhu vay
{1+ S'Tnn)(l + S'Tvn) 1

s.T,, 5T (1 +sT)

G (sIW (s) =

Chi y 1d & day khong tinh dén hiang s6 thoi glan bé, do do T,, cc
thé chon dé bu cho T, (T,, = T, = 0,166 sec) sau dg chon T,, va T

in
sao cho bo diéu chinh ¢6 tac dung didu chinh nhanh he théng.

Véi bd diéu chinh PID, néu lam viée g che do dinh mude (T, = 0) :

(I+sTy(1+sT)

V\'rrm'[*':") = Gcn(s)\}\'(n!{s)I = S.T-m _’S.Tlm
Khi s —» o, dudng tiém can ung vai
T T,

TinTr,

> 1

in
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va hé dé mit 6n dinh.
Nhu vay chi xét kha nang ding bo diéu chinh PI,ta cd :

1+sT,, 1
CalWof® = —m,, o,

Theo dac tinh tdn & hinh 651, hé s6 ty lé T,,/T;, dugc chon sao
cho |G (o)W, djw)| = 1, ndm trong vung tdn s6 cat ; ta chon w, =
100 sec . Nhu vay :

i

E‘T = 1,33 nhu & hinh 651.

Néu chon Ty, = T, = 0,166 sec thi Ty, = gz = 0,125 sec

Trong trudng hop lam viéc & ché do khong tai, dac tinh tan ciling
khong c6 do6 nghiéng 16n hon - 40 db/dec & vung tdn s6 cat ; cho nén
khi tai nho, hé c6 dao dong 16n nhung khi tdn s6 f. tang, hé s6 tat dan
cing tang va bién do sé giam.

10
102 M :
-\“\*‘\ i \‘I | l
I S Gcn (a{’w) |
10 iy E |
! | | |
[ 1] ‘ E:
10" TSI
|
10710 ‘ ‘ |
.01 1

Hinh 6.51.
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Ham qua d6 déi véi tin higu dat (hinh 6.52) va nhiéu (hinh 6.53)
duge thuc hién theo so d3 graph tin hiéu hé kin & hinh 6.50, v&i hai

tdn s6 khac nhau. O tri 6 dinh mue, chat lugng t6t hon nhung vén

BM%)df

03 OJ.4 [ a6 a7
TR quan | seq

Hinh 6.52

Y o2 a3 Ta a3 ae oz
Thay qian, sec

Hinh 6.53
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chua phai 12 t6i wu vi T, = 0,166 sec khd ldn so voi tri s6 181 vu clland T, =

i = (0,02 sec.

a)

Tir dic tinh 1dn cha W, (s) vd W_ (s), ta c6 ham truyén hé kin:

W |
W,If (sy= _Waals) vl W,'fm(s)= Wam8)
" wnu(S) 1+ \Vno(s)
mﬁ Véi fr = 0‘04?5-
g
Wnn(ﬁ) - 'l_'{"O_;l_LZ‘
0,00143s
va vai f, = 0,005:
W, (s) = ﬂ_ogl;
0,00111s

Khi 1am viéc khdc véi tdn so
dinh mifc s& cé dao dong 1on. Do

viy muén hé cé chat lugng cao

f
A . s nt. ro
¢6é thé ding bo diéu chinh thich — / ———C
nghi, cé kha nang thay déi cdu Dt
. i \ n —_—
tric: lic tdn $6 bé. bo didu chinh
1a PID vi khi lam viéc dinh muc,
bo diéu chinh trd thanh PI nhu
mé ta & hinh 6.54. Dung phuong Hinh 6.54

phap diéu chinh dinh hudng ti
thong ¢6 thé Jam cho do tdc dong nhanh cla hé 161 hon nhung kha phic tap.

VI 3.8. Diing MATLAB d¢ xic dinh thong sd cia bo diéu chinh PID

Mot phuong phap dé giai bai todn (81 wu la cuc ti€u hod sai léch giira tin
hi¢u ra va tin hi¢u vdo. Trong trudng hop nay, bién 13 cdc thong sd cla b
diéu chinh PID. Néu cuc tiéu hod sai lech tai mot don vi thoi gian, ta dung
ham mot bude. Néu muc tieu la cyc tiéu hod sai léch & moi bude tir 0 dén
100 chéng han, ta ¢6 ham nhiéu bude (mot ham cho mbi budc).

Dé cy thé ta hiy xdc dinh thong s8 t6i wu cha PID, mo phong theo
Simulink v&i déi tugng sau:
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1.5

Gis) = . 5
3057 +a,s” +aps+ 1

ma cdc he s6 ay, a; s&€ duge nap vao chuong trinh trong qua trinh mé phong.

O day s& dé cap dén phuong phdp binh phuong cue ti€u phi tuyén theo
ham lsqnonlin tuong ing voi:

.1 21 2
l"I'lxlI'lEHF(XJH2 = EZFI(X}
va ham fminimax tng vdi:
min max F, (x
% {Fii({ ! )}
Phén tir phi tuyén & day 12 mo hinh clia co cdu thira hanh ¢é chiic nang
han ché tin hiéu vao trong pham vi 2 don vi va han ché t6c do cla tin hiéu

trong pham vi £ 0,8 don vi / giay ching han. Mo hinh cla d&i tugng cing co
c&u thira hanh phu & hinh 6.55.

Coniroller ‘:]

—o{pID—u y

1.5
" = ] ——————— —f  Sje
9, jC 7F‘ 505 ra st st ¥ P Plant & Actuator Scope
+2 +0.8

Out

Hinh 6.55 Hinh 6.56

B diéu chinh duge méc vio hé kin vd&i d6i tugng trén nhu & hinh 6.56.
S¢ d6 duge mo phong v6i tén goi la “fig 06_56".

VI1.3.8.1. Toi wu hod theo ham lsqnonlin

Budce 1. Mo M. file trackisq.m
function F = trackisq (pid, a1, a2
Kp = pid {1}; % dua cac bién vae mé hinh
Ki = pid (2);
Kd = pid (3):
% chon thuét toan
opt = simset (' solver '’ ode5 "' SrcWorkspace ', Current ' );
[ tout xout, yout ] = sim (' fig 06_05', [0 100 ], opt );
F = yout - 1; % Tinh sai léch,
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Budc 2. Goi chuong trinh con t6i wu hod
fig 06_05 % Map vao mo hinh
pi d0 = [ 0.63 0.054 1.9688 ] % Gia tri ban dau cua pid
a1 =3,;a2=43; % Thong s& ca dgi tugng.
options = optimset { ' LargeScale ' off *' Display ', iter , ...

Totx ', 0.001, ' TolFun', 0.001 )

pid = Isqnonlin ( ' tracklsg ', pid0 . [] . (], options , a1 , a2 )

% Xac dinh thong s6 cla bd didu chinh

Kp=pid(1);Ki=pid(2):Kd=pid(3);

Qud trinh t6i uu hod s& cho k€1 qua sau 64 udc luong:

Directional
Iteration Func-count Residual Step-size derivative Lambda
1 3 8.66531 1 -3.48
2 17 5.21602 85.4 -0.00813 0.0403059
3 24 4.54036 1 -0.0331 0.39318¢8
4 31 4.47786 0.918 -0.00467 0.201985
5 39 447552 212 0.00121 0.100992
6 46 4.47524 0.203 -0.00193 0.0718569
7 64 4.47524 -4.11e-007 -0.00157 25953
Optimizaticn terminated successfully:
Search direction less than tolX
pid =
2.9186 0.1398 12.6221
Ham qué do lelose(ri Loo‘p Rc:slponscr .
ciia he kin voi b0 j__h_i____Ji____i____i____j____
diéu chink PID P
6 thong sé 161 vu ! 1 T
nhu & hinh 6.57. gg s DS SN TS S
Cpu § ra‘ng,qthong 0.6 |- _H__*____'_____i_“_:k___j____i____i____i____
$6 ban ddu cia bo | i | l i l
diéu chinh pid0 ©4f ""“"T""""'{""i""f""}'"‘ﬂ:""f""
kha quan uong, c6 gl __l_-__T_-A___-_.:____i.___i,___i.____i____i___-
hé dwoe xde dinh T
theo phuong phip 0 10 20 30 40 50 60 70 80 90 100
ctia Ziegler Nichols  Time offset: 0
ching han. Hinh 6.57
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VI.3.8.2. T6i wu hod theo ham finimax

Bude 1. Mo M-file trackmmobj.m

function F = trackmmobj ( pid , a1, a2 )

Kp=pid(1);

Ki=pid{2):

Kd:pid{3}:

% Tinh ham

opt = simset ( ‘ solver ', * ode5 ', SrcWorkspace ', Current ' )
[ tout xout yout ] = sim (' fig 06 _56 ', {0 100] ,opt ):
F=out;

assignin (' base "' F_TRACKMMOBJ '} ;

1

Bude 2. Mo M-file trackmmcon.m dé tinh cdc gidi han phi tiuyén

function [ ¢, ceq ] = trackmmecon ( pid , a1 . a2 )

F= evalin (' base'' F TRACKMMOBJ ")

% Tinh cac gidi han
=-F{20:100)+ .95

ceq=[1],

1

Budc 3. Goi chuong trinh con 161 uu hod cé gidi han

fig 06_56
pid0 = [ 0.63 0.0504 1.9688 ]
al=3;a2=43;
options = optimset { ' Display " iter ', ...
'TolX ', 0.001, ' TolFun ‘. 0.001 } ;
pid = fminimax ( ' trackmmobj ', pid0 , [], n.0.4.0.0...
"trackmmeon ', options , a1, a2 )
% Xac dinh théng s6 cla bd diéu chinh
Kp=pid(1);Ki=pid(2);Kd=pid(3);

Qud trinh t6i uu hod cho két qua nhu sau:

Max Cirectional
lter  F-count {F constraints} Step-size derivative Procedure
1 1 1.264 1 1.18
2 17 1.055 1 -0.172
3 23 1.004 1 -0.0128 Hessian modified twice
4 28 0.9997 1 3.48e-005 Hessian modified
5 35 0.8996 1 -1.36e-006 Hessian modified twice
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Search direction less than 2" options, TolX and
maximum constraint viclation is less than options. TolCon
Active Constraints:
1
14
182
ptd =
0.5894 0.0605 5.5295

Ham qui do Closed Loop Response
cha hé vdi phuong J i | : : i | i I
1 1 1 L | | |
phap t6i uu hod  1.2|-==-k-m=demombomo b
i 1 | 1
theo minimax ]____i____J____i____i__ | L E E ':
nhu & hinh 6.58. e S R
Chd y ring cdc 0.8 H"'*:' "E""'?""J:""E'""E""'t""E'""E'""
he s6 ty 1é tich 06 "“I““‘:"“II‘““E““'jl""‘lf““:“““i“"‘i““
han, vi phan & R R R T A U
T T e S e
day ong vo1 ciu : 1| : ! : : | !
tric  song song 92 ”""“!I""T""i’""'l""*l”'_“T"“T‘“T“‘
nhu (6-16) ! | | r I i | i
K = k.- 0 10 20 30 40 50 60 70 80 S0 100
rooe Time offset: 0
K,=1/T,. .
K. <T Hinh 6.58
I

V1.3.9. Bo diéu chinh cda cdc hé 6n dinh va c6 tré 16n

Trong nhi€u qué trinh nhu qud trinh nhi¢t. ¢6 4o thuin tré 16n, cdc
phuong phdp diéu chinh ¢6 dién bi han ché€. Trong nhing truong hap 4y, 6
thé diing cdc phuong phdp khdc nhu dié¢u chinh vuot trude, diéu chinh hdn
hap.

Vi du d6i tugng ¢6 ham truyén:

K . _
G(s) = L g™ 6-61
(s) 1+5.T, © ( )

1 - thoi gian thuan tré 1dn cha dai tugng.
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Néu dung bo diéu chinh PI ta cd :
_ 1 + 8T,
Gts) = K, ~—

{6-62)

nhu & hinh 6.59.

_1 I} -7s ¥

A 7+s]

Hinh 6.59

Théng thudng, théng s6 tdi wu dude chon la T, = T, vA hé¢ hd cd
ham truyén :

K \
Wis) = Gle)G(s) = g™, vai K = KX,
[
Modun va pha dugc xdc dinh nhu & hinh 660 va bang :
. K 4 Im
|W(e)| = o i
| W (jew)

w = = wl - % . ‘I\
Néu do du trit 6n dinh vé bien do WI/ Re
duge chon la 0,5 ; ting véi goe dich pha @ -/ _g' ﬂ'

-t = - wT - 5 o iy
tr dé :  [Wiw)| = T,
2T Hinh 6.60

Vai do du trit 6n dinh trén ta cd :
T

T t

K = KK < 5 &

Thang ty 1& cla b diéu chinh phu thuge vao ty s6 ©T,. Khi do
thudn tré cang l6n, K. cia bd diéu chinh s& bi han ché. Véi T, > 1,
chdt luong & qua trinh qud d¢ cua hé sé khong thé chap nhan duge.
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L Diéu chinh vuot trirge
O hinh 6.6la cd ham truyén cia hé ma d6i tugng of thudn tré 1on :
Gi(s) = G s ™ (6-63)

va G (s) 1a bd diéu chinh can xac dinh sao cho hai so d6 (a va b) tuong
duong nhau,

A 1 . sy
Cer G € I
- B L |
) !
¥ .
_% G, G,
]
)

Hinh 6.61

O hinh 6.61b, tinh én dinh cia hé khéng phu thuéc vao khau thuan

tré vi khong nim trong mach vong kin. Vdi diéu kién tuong duong, ta
co

Y GL‘IGH e—m Gc?. Ga -
- = - = C '
X 1+ GG, e 8 1+ G, G,
hay
Gcl _ GCZ
1+ GchH e ™ 1+ GCZGH
va Gyl + G,LG (1 -e™1 = G, ;
tir dé :
G,
Gy = - | (6-64)
1+G,G,{1-e 7]
Chu y rang, mdt hé ¢d thudn tré 8n dinh (6-63) ¢6 thanh phin
K,
;. =

4 [+ sT la bac mdt nén bé didu chinh cén dude chon sé 13 loai
|



PL, nghia 1a :

I + STI X
Gor = K~ )
va chon T, = T, ; do d¢
P+ 8T, K, KK,
Cetla = K, ST, (1+sT1) T ST,

Bidu thic (6-64) s6 cd dang :
1, 1+sT, K

o (I—e ™)

1

G =

¢l

(6-65)

B¢ diéu chinh G, cdn xdc dinh gém hai thanh phdn co ban : thanh
phdn cla bé diéu chinh ¢§ dign va thanh phan bl thuin teé (hinh 6.62).
Voi ky thuit tinh hien dai, viéc thue hién khau thuin tré 16n khéng o
khd khan.

X ',
‘*QH K
_[Y _ ‘:
7
s
-5
e

Hinh 6.62

2. Diéu chinh hén hop

Khi hé cd do thudn tré lén hay hé oS bac cao thi tro ngai chinh &
hé kin 1a bd diéu chinh chi tac dong khi cd bién d8i cia dai luong dudc
d:éu chinh chi khong phai khi e tébce dong cia nhiu. D& khic phuc
nhuge di€m nay, dung bd diéu chinh thy¢ hai & mach hd nhu & hinh 6.63.
Ta c6 :
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Y = FW, + F.W, + UG

ma U =G, X -Y) - F.Gg
Ti hai phuong trinh trén ta ¢c :

Y = FW, + F,W, + XG,G - Y.G, G - FGlG

W, W, - GG G G

A T &
e Y =R 1366 T 0.6 14 G,G
7 [ i
w, "
e

Hinh 6.63

Méu ctia ba thanh phén chl phu thuée G, va G. Khi bp diéu chinh
G, duge chon ding, bo diéu chinh G, khong anh hudng dén tinh 6n
dinh cta mach vong kin va b diéu chinh G, cd tde dung loai trit anh
huéng cia nhiu F, theo didu kién :

W;(s)
Gy = G(s) '

va W,(s), W(s) 1a nhitng ham truyén quy déi d6i voi nhidu f, va f,.

Vai trdo cia bo diéu chinh G, duge giai thich ¢ hé diéu chinh nhiét
dd trong qua trinh trao d8i nhiét (hinh 6.64).

Nhiéu chinh 1a su thay d8i luu lugng qp, duge b diéu chinh G,
cim nhan va tac dong ngay dén tin hieu didu khién u d€ didu khién
van trudc khi nhiét dé ddu ra t; cAm nhan duge anh hudng cta sy thay
d8i q; Do d6 ¢ thé xem bo diéu chinh G, cd tac dung nhu by didu
chinh vugt trudc.
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c2

Hinh 6.64

VI.4. TONG HQOP HE DIEU KHIEN THEO PHUONG PHAP QUY DAO
NGHIEM SO

Phuong ph4p quy dao nghiém s6 (IV.2) chdng nhitng dang dé danh
gid kha nang én dinh cta hé trong pham vi bién d6i cla mét thong s6
nao dé ma con cho phép téng hop
hé theo mot hoac nhidu thong sé.

Trudng hop thuan lgi nhat khi

y /rn
hé kin 1a bac hai, vi trf phan bs
nghiém trén mat phang théng s6 xic ol 5
dinh chdt lugng cia hé theo dinh ;,’f\\f
luong (VL1). RN Re
Né&u hé kin 1a bac ba dang _ 1 Tt‘ ; e -
chudn hda (w, = 1) ta cf : 2 Y \.P\
1 S
WR(S} = 3
(& + 25+ 1) (Ts + 1)
(6-66)
) 1
vA nghiém cue s = - T xa truc o
vii khoang cach : Hinh 6.65
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\%l = 10/tw,] .

thi anh hudng cia nghiém cuc nay khéng con nua. Anh hudng cta nghiém’
cuc thd ba (véi { = 0,45) cho d bang 611,

Né&u hé kin c¢d mot nghiém cuc :

(wg/a)(s + a)

Wi (s) = {6-67)
K §* + Qws+ wg
Anh hudng cta nd cho & bang Bdng 6.11
6.12(véi & = 0,45). ] !
T = o t
Phuong phap quy dao T “otad
nghiém s6 c¢d dién chl khac 225 0444 0 963
st cho mdt thong sd (thudng :
la K) khi thong s6 &y thay déi 15 0666 39 63
td 0 dén o Phudng phap 09 im 123 881
dugec md roéng cho triong hgp
hai hoac nhiéu théng so. 04 250 86 867
Vai phuong trinh dac 005 20 205 837
trung dang o N 205 824
ag’ + as" '+ .+ a5+ oa;, =
Né&u a,, duge chon lam thong s6 cdn xét thi theo (4-18) ta cd :
as" + as" !+ L+ an_zs2 + a, + a, s = 0,
hay :
a,-18 Bdng 6.12
1+ — - =0 e
as'tas’ T+, .+ a_s+a,
aflw, % wolog oty
Né&u thong s8 cdn quan tdm khong
phai 14 hé sé thi : 5 231 80 30
ags" + as"l + L+ (g - vs" A 2 a7 | 78 22
+ vs"@+ .+ a s+ a, = 0;
" nf T fn 1 899 | 18
Vi dy, v6i phuong trinh béc ba :
£+ 3+ v + 3+ 6=0, S O
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vlsz
cd thé vist . 1+ 3 5 = 0
8 +3°“+3s+ 6

D6i véi thong s6 tht hai cn quan tam :
as" + as"l + .+ (ap g~ vs" 4+ v+
+ ., - vos" + vzsn_r+ ot oaps + oa, = 0.
Hai théng s6 v, va vy d& duge tdch rdi, cd th€ khao sat ching theo
‘quy dao nghiém s6. .
Vi du, xem v, va vy la hal hé s6 & phuong trinh dac trung :
s+ &%+ vis + vp =0, (6-63)
Khi v, bién d6i tir 0 dén « ta cg :
V58
1 + 3 3 - (6-69)
57 +8" + v
Mau s6 tng v&i phuong trinh dic trung (6-68) khi v, = 0. Tu do,
ta o6 th€ xét anh hudng cia v, khi bién ddi ti 0 dén « theo phuong

trinh dac trung :

hoac : 1+ - = (6-70)
si(s + 1)
b, O R
Y
\)( V!:
Ve Vi ¥ Re Ve e Re
y a
y | K Yy
¥ =
1
12 /
a) 5)
Hinh 6.66
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Trén co sd (6-70), khac sat quy dao nghiém s6 d€ xdc dinh v;. Sau
d6, theo (6-69) khao sat quf dao nghiém sé dé xac dinh v, ma nghiém
cuc cua (6-69) ldy tir quy dao nghiém s6 cua (6-T70).

Vi du quy dao nghiém s6 d6i véi v, theo (6-70) ¢6 dang nhu ¢ hinh
8.66a va ta chon tri s6 v;, ching han Vay nghiém cua (6-70) trad thanh
nghiem cyc ctia (6-69) nhu & hinh 6.66b vA theo do chon v, thich hagp.

Vi du 6-6

B4 phan quay 6 dia cla

may tinh doi hoi diéu khién

; e e & ¥ ¥
chinh xac vi tri dau doc va - 1 -
. . . \ - h - s{sg+2)
ghi. Hé diéu khi€n can thoa - i
man nhitng yéu cAu sau : @ |
1. Sai 6 g ché 40 xdc =
lap v6i tin hiéu vao ting dan T
déu (x(t) = JAlt) khong qua
35%. Hinh 6.67

2. Ty s§ tat dan ¢ = 0,707,
3. Thai gian qua d9 tga € 3 sec.

Sg d6 cdu trdc cia hé nhu & hinh 667 ma K| vad K, cin dudce xéc
dinh.

Sai s6 & ché do xac lap :

e, = lim e(t) = lim sE(s) =
1 — = 5 — ()

' 1 1 2+ KK,

= lims Al 5 = ———  |Al

s(s + 2) + K Kgs

B 2+ KK,
Vay diéu kién 1) la : = < 0,35
Y |A] K,

DE c6 sai 56 e, bé cdn chon K, < K.

Ty s6 tdt ddn { = 0,707 ing voi nghiém trén dutng thang voi do
nghiéng 45" phia trai mat phang nghiém s0 {hinh 2.52, 6.68). Thoi gian
qua dp duge xde dinh boi phdn thuc cta nghiém tréi :

4

t = — < 3 sec.
qd
] w(!

urr

213



Do d¢ phan thuc eua
4
o = g '
nghia 14 nim trong mién
gach soc 8 hinh 6.68.
Théng s§ duge chon
la v, = KI* Va = KIKZ
ing voi phuong trinh dac
trung :
1 + W) = 87 + 28 +

-~

nghitm a = { . w

+ vis + v = 0

H

Véi v, = 0, quy dao
nghié¢m cta v, nhu 4
hinh 6.6% duge x4c dinh

bai - Hinh 6.68
M
ss+3 - 0 (6-71)
v, = K, = 20

Quy dac nghiem cua vy

20K, dugc xac dinh ti phuong trinh :
st
1+ 5———— = 0 (6-72)
s°+ 2s + v
ma nghiém eyue dudge xde dinh i didu kién trude dd. Quy dac nghiém
cia (6-72) nhu & hinh 6.69b va nghiém dudgc chon voi { = 0,707 ¢ v, =
4,3, nghia la K, = 0,215. Phan thuc cta nghiém nay 1a « = fw, = 3,15

...... I R & jass Do ‘. - e jais
o | ; ] ! —
]
ity L
— 71
-6 -4 |2 7
..____._i | __
i I
— _l_l, . B r [!}—~ -jé,j‘é'
a)
Hinh 0.69
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ung voi thasi gian qui dd
4

od = T8 = 1,27 sec bé hon thdi gian qua do da cho (3 sec).

t 315

VI.5. XAC DINH THONG SO TOI UU THEO CHAT LUQNG HON HQP

O mue V4 tai liéu nay cing nhy & muc 13 tai liéu [20] da dé cap
phuong phap giai tich xdc dinh thong s8 t6i uu theo sai léch cuc tidu.
& mic 125 tai lisu [20] cing da dé cap dén viec xdc dinh thong s6 t&i
uu cia bd didu chinh theo phuong phap quy hoach thuc nghiém.

Cac phuong phap giai tich doi hoi phai biét ddy di cdu tric va thong
s ctia hé. Bae cua hé cang cao, tinh todn cang phic tap.

Phuong phap quy hoach thuc nghiém khong doi hoi lugng thong tin
ddy di, s6 ldn lam thyc nghiém khong lén 1dm nhung 46 chinh xac khéng
cao, va cd thé roi vao cye tri cuc bd néu gidm thi€u pham vi bién ddi
ciia cdc nhan t8 nhim tang do chinh xac.

Véi cdc doi tuong cd cuc tri 10 (cd phdn phi tuyén 1a dac tinh cuc
tri) viee phuc héi mat cyc tri dé chon thong s6 t6i uu gian don nhu ¢
cdc hé cyc tri O cdc he gidi tich, chi tiéu chit lugng t6i uu do ky thuat
vien chon (ap dat) nén cén biét théng s6 t8i wu xdc dinh theo phuong
phap gial tich cd tén tai khong, dudi dang nao, la cyc tri toan bo hay
cuc b, néi chung la cdn biét mat cyc tri nhu thé nao.

N6i dung cha phuong phdp nay la dung mdy tinh véi téc d¢ tinh
todn nhanh dé phuc héi mat cyc tri trong pham vi cin khdo sat. Trén
co s8 quan sat phdn lén mat cyc tri ma chon thong s6 t8i uu cda b
diéu chinh néi rieng hay ciia hé théng ndi chung. Mat cyc tri dé quan
sat cho trudng hop mot hoac hai thong sd. Trong trudng hop chung, théng
s t6i wu duge xac dinh theo mot trong nhitng angdrit chuyén dong dén
cuc tri [20], vi du nhu chuyén dong theo phuong phdp don hinh.

Thyc chat phiong phap nay la phuong phdp thuc nghiém day du trén
hé thuc hay trén mo hinh. Chi tiéu chdt lugng cd thé riéng biét nhu
lugng qua diéu chinh, thai gian qua do, sai g8 tinh v.v... cling nhu chit
lugng hén hop.

O cac hé didu chinh, chat lugng & ham cla sai lech va thong s6
t6i wu la thong s6 cdia bo diéu chinh, Véi nhitng t6 hop théng s6 nhat
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dinh cua bé didu chinh

dd cho, may tinh 1 T={ce)
nhanh chong xdc dinh —h[E —
chi tiéu chdt lugng. -

Khi cac t3 hgp thong

; . . ]

s6 thay d6i tuan tu _ . G (s,60) G(s,ﬁ)

theo mét ma tran — Y
thong s6 thi chi tieu

|

chit lugng xdc dinh
duge mat cyc tri c4
l.;—( n:la C“C " (‘an Hinh 6.70)
thi&t va so sdanh ching
véi nhau d&€ dua ra t8 hogp thong s6 t6i wu ing v6i cyc tri cta ma tran
théng s6 da xét,

So d6 khdi téng quat nhu & hinh 6.70 véi chat lugng 1a ham cua
sai léch e chang han, duge xdc dinh cu thé & co ciu danh gida chat lugng
CL.

Trong trudng hgp ding mo hinh, d6i tuong diéu chinh phai duge biét
ddy di vé cdu tric va thong s6 (8. Bo diéu chinh thusng 1a PI hay PID
¢d thong s6 @ = (K, T, T,, T, @ T, ..). Déi tugng diéu chinh khéng
thay doi cdu tric va thong s6 trong qud trinh thuc nghiém.

Vi du 6-7a

Hay xdc dinh mat cuc tr cua chi tidu chat lugng la binh phuong
cua sai léch gilta mé hinh miu bic 1 vA md hinh o6 hai thang s8 thay
d8i K, T nhu & hinh 671a.

Dé nhgn thiy ring e(t) = O khi K = K = 1 va T = T = 1. V&
nhitng t6 hgp K, T,
khdc nhau cé két qua
la ma tran Z theo
chuong trinh MATLAB
voi cac tri s4§ 2
tuodng dng.

Thec mat cuc tri
¢ hinh 6.71b cho thay,
dé déc cia J(K) lan
hon trong khi J(T) c6
d¢ déc khong dang ké,

nhat la trong mién cd .
K nho. Hinh 6.7t
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» x=[0.01 0.5 1 1.5 2 2.5 3];

» y=[0.01 0.5 1 1.5 2 2.5 3];

» z=[6.62 9.55 32.13 74.5 74.5 74.5 74.5;
6.56 0.8 3 14 33 60 74.5;
6.67 1'% "L 0 1.6 6.7 15, 27;
6.66 2.8 0.6 0.19 1.4 4.4 9;
6.69 3.6 1.6 0.5 0.49 1.5 3.5;
6.70 4.18 2.3 1.1 0.59 0.78 1.65;
6.71 4.57 2.8 1.68 0.97 0.75 1.63];

» mesh(x,y.z)

» xi=linspace(0,3,21);

» yi=linspace(0,3,21);

» [xxi,yyi]=meshgrid(xi,yi);

» zzi=interp2(x,y,z,xxi,yyi,'cubic');

» mesh(xxi,yyi,zzi)

»

.
:

L=
[t

0=

)
[
' et
!
]
4
i

Hinh 6.71b

Vi du 6-7b

Véi mé hinh méau :
G (s) =

M6 hinh ¢ théng s thay dai :

i
i

mT - br
1 - + P
et T e

: +

:

+

s+s+1

‘
/ ’ L
RSP SRS ARS—

[}
I
i
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L 4
R |
nowou
——r
@ oo

87.75 80.
mesh(x,y,2z)

¥ Y ¥ V¥V

. b
.6
65
.75
70

.18
.52
.90

30

1 1.41.82.2};

1 1.4 1.8 2.2];

87.37 152.6 224.2
51.12 85.69 138.3
33.81 18.49 48.87
38.09 O 38.09
42.14 10 30.46

46.42 17.24 31.88
$0.72 23.13 34.83

xi=linspace(0,2.2,20);
yi=linspace(0,2.2,20); )
[xxi,yyi)=meshgrid(xi,yi);
zzi=interp2(x,y,z,xxi,yyi, 'cubic’);
meshc(xxi,yyi,zzi+50)

297.5
189.4
89.98
76.18
64,98
57..59
55.92

371.
241.
131.
114.

100

88.3
81.28

aAwNnNOoOoO;

d ™% ma ma mes wa W

.
r

__K
P +s+1

Chi tiéu chét
lugng :

JiK, ©) = [ ]e(t)|dt

cd sd d6 khéi nhu &
hinh 6.72a, ma tran Z

nhu ¢ chuong trinh
MATLAB.

G(S] =

S. £ 3 & B ¥ 8 B §
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Hinh 6.72a
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Hinh 6.72b
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Mat cuc tri nhu & hinh 672b cho thdy, d6i v&i ca hai thong s6 K
va { déu cd dd6 doc nhdt dinh cia J), viéc xdc dinh thong s6 t6i uvu thuln
losi va nhanh chéng hon. Can chi y 1a thdi gian 14y tich phan T khong
bé hon tén tai dao dong dai nhat, va T khong thay ddi trong qud trinh
md hinh hda.

Vi du 6-8
Hé diéu chinh vai d6i tugng :

1
(0,002s + 1)(0,3s + 1y(0,085s + 1)

Bo diéu chinh PID :

Gis) =

(T,s + 1) (Tys + 1)
Ts

Gls) =
Chi tiéu chat lugng :

J(Ty T, T) = [} fe)ldt

So do khai dé€
lay k&t quid thye
nghiém nhu & hinh

6.73. D& gian don, ABS Sr 4

chon T*, = 0,004. — 2

Ma tran Z = J|(T,, ] f

T, nhu & chuong — - G.(s) G(s) |—14—
trinh MATLAB. -F ¢ “ Y

Mat cuc tri
nhu & hinh 6.74.
Thong s6 toi

LIu! cia bd diéu Hinh 6.73
chinh

™, =T = 03sec; T°, = T, = 0,035 sec
véi
T, = 2KT, = 0,004 sec
nhu cach xdc dinh theo "titu chuéin phdng” & bang 68
Nhu vay, viée st dung mdy tinh cho phép nhanh chdng xdc dinh

thong s6 t8i uu ctia cdc bd diéu chinh, cdc co cdu didu khién ma cdu

219



tric da dugc xdc dinh truée ciung véi cdu tric va thong s6 cua d6i tugng.
Ca ba thong s6 T;, T, T, cia bo diéu chinh PID c6 thé thay d6i trong _
pham vi cho truéc va mdy tinh nhanh chéng xac dinh t8 hop t6i uu T,

T, T, cung chi tiéu chdt lugng J_. tuong tng

» x=[0.15 0.2 0.25 0.3 0.35 0.4 0.45];

» y=[0.05 0.045 0.04 0.035 0.03 0.025 0.02];

» z=[0.80 0.61 0.52 0.47 0.49 0.50 0.52;
0.84 0.62 0.51 0.46 0.48 0.50 0.51;
0.89 0.64 0.52 0.45 0.47 0.49 0.50;
0.98 0.68 0.53 0.44 0.47 0.48 0.50:
1.13 0.79 0.58 0.45 0.47 0.48 0.50;
1.31 0.95 0.72 0.56 0.54 0.53 0.53;
1.53 1.14 0.89 0.72 0.67 0.65 0.64];

» mesh(x,y,z)

» xi=linspace(0.15,0.45,20);

» yi=linspace(0.05,0.02,20);

» [xxi,yyi)=meshgrid(xi,yi):

» zzi=interp2(x,y,z,xxi,yyi, "'cubic');

» meshc(xxi,yyi,zzi+5)

» view(-37.5,60)

Lt

4 et vl S8
Lo age qaaened arediopey LT

Hinh 6.74



V1.6. CHON BO DIEU CHINH CHO CAC DOI TUONG NHIEU DAU VAO

VA NHIEU DAU RA

O cdc phén trén,
chi khdo sat cac hé
don gian mot dau vao °
va mbdt ddu ra. Viée
khao sat hé nhidu dau
vao va ra cung nhilng
méi lien hé chéo cia
ching phde tap hon

Mot d&i tugng cd
hai ddu vao u; va u,
cuing hai dau ra 1a y
va y, nhd & hinh 6.75
cta hai binh thdng

nhau.

=

H)' - _.—_,__
5]
| [9; —%: 1 fi
Hinh 6.75°

Dai lugng didu khién déi tugng 1a Ivu lugng q v& q; O hai dau vao.
Dai lugng duge didu khién 1a myc nude H; va H,. Luu lugng nudc ché.y
ra khoi binh la g, vad gy, con luu lugng théng nhau giita hai binh l& q5.
Hai binh ¢ ti&t dién khong ddi 8§, va 8§, D6i tugng dugc mo td bdi hai

phugng trinh sau :
S,dH,
dt
S,dH,
dt

9 ~ 81 ~ 452

(6-73)

=q; - &t a2

Lua lugng thong nhau gilta hai binh q;; = qp2 (H, - Hy) ndi chung

1a mét ham phi tuyén tinh.

ca nhidu f, = g, f; =

ra y, = H, va y

qp. Uz =

nhiédu méi lien hé nhu ¢ hinh 6-76a.

2 g2-
= H, 1a
ldgng co lién hé nhau va phu thuge ca
hai tin higu didu khign déi tugng u, =
q, nén dé la doi tugng

g, va g, trong trudng hop nay déng vai tro
Vi lugng

hai dai

co

Du¢i dang todn tu, d&i tugng duge md

t4 bsi hé phuong trinh :

Hinh 6.76a
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Hoge duéi dang vecto :

Y

G

So
4 hinh

= GU

Gy, G,
Gy G|

d6 tuong duong nhu
6.76b.

Ngoai cdc hé thay luc,
nhitng d6i tugng nhiéu ddu vao va ra con gip ¢ cdc hé diéu hda nhiét
do va do dm khong khi, hé diéu chinh téc dd va 4p suft tuabin, cdc hé
diéu chinh nhiét d6 v muc caa cdc et chung cdt v.v.

Y, = Gyu + Gpu,

6-7
Yy = Guu + Gpuy o
Y Y
fo

U
z G,, %,
Hinh 6.76b

B& duy tri cdc luong ra khéng d6i, cdn dung cdc bé didu chinh theo

sat lach. O v du trén

chénh

léCh e, ez

duge dua dén cac

bé digu chinh (cdc

khau
Gc2[=

Gczz} dé co
tin higu 4iéu khién
dsi tugng (u; va uy)
nhu & hinh 6.77.
Tuong Wng véi
6.77a 1a hinh 6.77b.
Gia st cdn xac dinh
&nh hudng cua bign
dsi x; v6i dai lugng
duge diéu khién y,

Gcl I GCIZ’

© ¥, y2 duge so sanh voi lugng dat Xy, Xp VA

hay v6i sai léch e,
ta xdéc dinh ham
truyén :
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5

Wi = (6-75)

}(_1 J—

Khi W_,; = 0, tin hiéu
dat x, khong lam anh hudng

y, va tac doéng diéu chinh
theo kénh &y la bt bién. De
tinh W, can xic dinh =0
dé tuong duong nhu & hinh
6.71c.

d day cdac diém 2, 4 va
7, 3 cdn dudc bién ddi theo
quy tdc nhu & hinh 2.13 va + +

khéng tinh dén anh hudng

cia nhiéu f| va &, (f; = f;
. “ e + + G 82
0). Sg d6 tuong duong - €2z
nht & hinh 6.78a sau khi f,

chuyén khau céng 1 va 2 ra Gz

i

sau cac didm ré 3 va 4 b

Tigp theo cd thé chuyén
ddi vi tri cac difm re va Hinh 6.77b
khau cong vdi
cac ham truyén
bén canh, theo

ddu mdi tén dé
¢é hinh 6.78b,
Cdc s6 1 + 4
ciing nhu a + 4
& hai sa do khoi
ddu gitr ddng vi

tri ctia ng dé8 dé
so sanh. Cudi

cing cac khéau
néi song song
duge thay thé Hinh 6.77¢
bang khau tuong

duong va sdg d6 khéi nhu & hinh 6.78b véi ¢
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W, = (1 + GGy + GG

Wi = (1 + GpGap + GG

We = GGy + Gy Gy s (6-76)

Wy = GG + GG
Ti do xdc dinh duge

El W:i
Weixi = X, 1= W,W.WW,
E, W, W, W,
W = o = -
et X Wa\'vhwcwd -1 .
E, W, (6=77)
Waxe = X, | 1-WWWW,
E1 Wﬂ Wh Wd
WQIXE = 5. =

X5 WWWW, -1
Diéu kién bdt bién da dat ra tuong tdng véi :

: E, E, .
Werxa = )T;; = 0 va Wy = X_1 = 0 la W, W, = 0 (6-78)

I

Thec dd xdc dinh :

Gy
Gy = -Gy Gy
- (6-79)
Gy,
Gz = -G G,
E,
va WUIXI = )_(_ = Wa
1 (6-80)
Waxz = R_: = W,

Nhu vay khi thay d6i lugng dat x, khong lam thay d8i e, (hay y.)
cling nhu thay d6i x, khong lam thay déi e, (hay y,). Hai kénh didu
chinh nay hoan toan déc l&p nhau hay con goi la dude didu chinh hdi

bién.

Trong vi dw trén hinh 6.75 néu q,, 1a tuyén tinh ta c6 :
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qi2 = boly; ~ y2 = b(H; - Hy ma

iq;; g,

b =
o E)y 1 EJy 2

thi hé phuong trinh (6 -73) ¢ dang :

85Y, = X, - b {¥, - Y,
151 ! otY) 2) (6=81)
S'ZS'YZ = X2 + bﬂ(Y] - Yz)
Giai hé phuong trinh trén ta cd :
(6-82)

Y = GpXy + GpXs
Y, = GX + GXp

G G,
12 p g c 22
Ceas 4 2 G,z

@) . b/\.‘____‘_..-

G,rz Gc 22

Gz Gear Geys Gay

¢}
Hinh 6.78
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ma

2
|

b, + Sp) {slb,(8; + 8, + 5,S.8]};

Gy = b, + Si8) {s[b,(8,; + S, + 8,8,s};
(6-83)
b,
G = Gy = —
T [sMh(S + 8y + 8,88
D€ dam bao diéu khign bat bign ndi trén, thay (6-83) vag (6-79), ta
od
a _ Gcll .G B Gc22
LT (14T T2 T T T eTy
_ S S,
voi T=g i T=gp

Trong trudng hgp bdt bign, moi tac dung d6i vdi u; déu kem theo
tdc dung nguge lai déi vai binh thd hai {(u;) v6i quan tinh phu thude vao
méi lién hé giita hai binh (b)) Tac dung nguge nay bl trit cho tdc déng
phu ¢ binh tht hai do mic H, da duge ning lén. Quan tinh cla dong
chdt long d6i véi binh thd hai bang quan tinh cha qud trinh nang mdc
H, do m&i }én quan vdi binh th¢ nhét.

D¢ tinh cdc ham truyén giita hai nat, ¢ thé diing céng thic Mezon
t1953) sau day :

.

r o
[(Z W) 11 (1 W))
V"'rmln = {6-84)

[_;11 1+ kai)] "

r
a day E Wnpk - tdng cia r ham truyén céc mach thuan t& ndt m dén
k=1

nat n ; Wpy - ham truyén cta cdc mach hd cd tinh dén diu cia héi
ti€p. Ddu nhan (IT) bao gém s mach vong kin ; ddu "*" cho phép dua ra
ngodi d&u ngoac vubng la tich ciia ham truyén céc khdu nhu nhau.

Vi du 6-9

¥
X(s)

So sdnh véi (6-84) ta thdy r = 1 vdi mach thuan W, W, ;s = 2

V&i so d6 khdi nhu & hinh 2.144, hay xdc dinh W(s) =
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véi hai mach kin WW,W.W, va W W_ d6i voi mach hd, ¢ hoi tiép am.
Do d6
[\Nawh(l + \V“WC) (1 + \Vn“rhwc\'vd)]*

Wis) = — "
(1 + W, W) (1 + W,W,W W)

T dd tinh dude :

\Vawh
Wis) = — .
[(1 + \'V'.:Wc + W:lwhwcwd)]

Két qua tinh todn trung khép véi hinh 215 ¢ vi du 2-6
Vi du 6-10
Dai tyong la mdt thung nudc ¢ voi nude lanh va ndng chay vao

nhu & hinh 679 va voi nudc &m chdy ra (u, = g ; uy = q, ; I = q,).

Dai lugng duge didu khién la mue nudc va nhiét do vy, = H y, = &)
Hé phuong trinh duge md ta nhu sau :

|
¥y = H :ﬁt\qn-‘r q!'qn)

b = 1 FJrn - go 4 §| - éo + an o
yz a ¢ S '?I an q.n au ql -cin f
p=—rs+1 |

95

Ung vai hinh 6.79a c¢ sd d6 nhu & hinh 6.7%.

O cac bidu thic trén : S la dién tich day binh khong ddi ; £ 1a hé
s6. Cac diu gach ddu tng véi tri s6 trung binh. Cac hé s6 da dudc tinh
toan theo didu kién di cho.

Pé xét anh hudng cla voi nude lanh, ta ding u, = 1(1y vai diéu kién khong
thay d6i nhimg luong vao khdc: u, = 0, (1) = f(t) = 0. K&t qua 1a myc nude
H(y,) tang tuyén tinh, trong khi nhiét do 0,(y,) gidm dan theo quén tinh nhu &
hinh 6.80a. Nguoc lai, dé xét anh hudng cha vdi nudc néng: u, = 1(t) = q, VO
didu kiep u, = 0; f(1) = f,(t) = 0 muyc nude ting tuyén tinh Hy,), trong khi 4o
nhict do 8,(y,) ting dan theo quin tinh v&i cing hing s6 thei gian T = 2 nhu ¥
truong hop dau (hinh 6.80b). Bay gio ding cic bo diéu chinh PI cho moi kénh
mi khong xét dén cic tdc dong cheo, ing véi Ky, = Ky = 0:

G, (s)=2.5 (l+ﬁ ), Gua(s)=09 (i+5114—S )
G (5)G(5)

ta cé ham truyén he kin: W (s) = m
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\’Q - =
% | 9
= T
e oy Hy)
— Ply) |
!
) 9 (£)
7(4)
7 > | 50 )
i) 0.012 B
> 041
10039
7 177 \ e —————a-ﬁ
( tiy) ’ 2547 1 ey
0.55
b)
56
Hinh 6.79

vl d6i tugng

Gii{s) Gals)
G = ':GZI(S) Gzz(SJJ ;

Ta ¢6 truomg hop hé khoang 61onom, cé dac tinh nhu & hinh 6.82.
Trudng hop hé 6tonem (bat bi€n) vai co cdu diéu k_hié'n dang (hinh 6-81):
GC(S):[GU”{S) Gun(-‘*)KlzJ
Geas)Kyp  Geaals)
Tir diéu kién bal bién:
Wii208) = [1 + GYG()] Gy ()G 15(s) + Gy (9K 3Gy (s)] = O
Wic2i(8) = [1 + G()IG($)] ' [Gan(8)K 3, Gy 1 (5) + Gaa(8)Gy ()] = 0
Tl do riit ra: K> =0,350427; K,, =325
Vi ta c6 dac tinh nhir & hinh 6.83.
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b I I T 1 | T T T
B H TUTSIM
(1.0 9{ 7
05
- |

80
-05 ) I I i I | 1
a Fia) a0
a)

T T T T T 1 T I I
L TUTSIM
[ 10 i
05 ]
- 4
L ) j
L 0.0000 fhdf'g;'an 20 .0000
=G5 | ! I ! 1 ! ! I L

b)
Hinh 6.80
O hinh 6.82, sau khi thay d&i lugng dat muc nude x; = 1(t), lugng

ra H(y,) c6 dao déng vad xdc lap O tri s§ cdn thiét, trong khi luong ra
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thd hai 12 nhiét do

B yy) trude khi trd lai

tri 8 ban diu da dao
dong de anh hudng
cua sy thay déi lugng
dat x, ¢ kénh thd
nhat.

O hinh 6.83 véi

didu kién bat bién, sau

Hinh 6.81
khi thay d&i tin hiéu dat x, = 1{t), luong ra thy nhat Hy,) sau khi két
thie quéd trinh qud d¢ dd xdc lap & tri 6 mong muén, trong khi lugng

ra thi hai 1a nhiét d6 6%y;) khong hé chiu anh hudng cuia téc dong tit
kénh thd nhat,

T T T T 1 T F T
TUTS I
N

r- -
Co [N o

o3 |
L & -
SV

| _0.0000 7hoi gran 20 0000
e SO S 1 S R T

Hinh 6.82
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T T T T T i Bt '!
[0 “I
|
1, :
50,0000 Thigen f‘_]_'“.oooj

Hink 6.83

BAI TAP CHUONG VI

Bai tap 6-1
Hée diéu khi€n bay cua vé tinh cd so d6 khéi nhu & hinh .84 isg
dé d6i voi mot trong ba toa do cia hé),

M,
1
5 }
030 M - ! : L'p ! 5()
(76 {s) J"{a L—)‘ ¥ = : ~ --TS'— ’»
_ _ EECEN L

Hinh 6.84
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Mot cdm bign do chénh léch g0c @ s0 vAl tri s6 mong muén nén &
hinh vé tin hisu dat Po = 0, con quay do t8c ¢ ¢ v6i he s phan héi .
K, lam én dinh hé va don gidn hda co ciu didu khién G.(s). Phan lic
tac nén momen didu khi€n M d8i vai vé tinh ¢ quan tinh J Maémen
nhiéu M. 1a gid mat trdi va cdc tac dong khdc. Nhu vay phuong trinh
dong h\oc cua doi tugng la :

e 1
M(S) - Mc(s) J.52

a) Hay x4c dinh Gds) = K. sao cho & = 0,7 theo phuong phap quy
dao nghiém s6. DE dé tinh todn, cho trude : K, = K =J =1

b) Véi 6% = 22% ; tqd = 2 sec, xic dinh tdn s6 cit theo dutting
cong & hinh 6.81 va chon khau hiéu chinh theo phuong phap gan dang.
Ham truyén cua dsi tuong Gis) = 10/°.

1+Ts
¢} Tinh tean chinh x4c cho khau hi¢u chinh G (s) = 5 To va ding
2
MATLAB kiém tra
lai ch&t lugng.

BDap dn

a Véi M, = 0, % P _)' & r,
s¢ d6 khéi & hinh - e TsCsr K Ko /7)) ]
6.8¢ tuong dugng
v6i hinh 6.85a. Quy a) \\L Tfm
dao nghiém s6 nhu & N 5
hinh 6.85b. Vai ¢ = P

——=
45" ¢ = 0,7 o AL //’ Re
K K? / i
K = 1~ b) 4
N 2J

Vay K. = 0,5.

C Hinh 6.85

b) Theo dé thi
+ N . . . 3:5H .

0 hinh 6.8 (trang 154) véi 6% = 29% o5 by = —5— V8 tyy = 2sec, w. = 55,
C

Qua tin s§ cit va doan thang cé do nghiéng - 20 db/dec xdc dinh
UT, = 1,7 sec! va 1T, = 17 sec’!
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Vay :

G o LT 0088
8) = 7770,0588s
5 | l
| i | | IL
\| | Pl
40 b l ! i i | | |
< 1 u
N Zeew) Bl H
N _ 1]
| \|-40 db/es | | 20 oZQw) |
20 T T
1 ~ /LT -~ : 7> |
! R~ ) _ |
0 | _:.><:f*~mlw‘ Lzzf?:. ) {
1/ I T4
| 7 Y ﬂ’\".” |0
| T 1 ‘|‘\
-20 | ! N '\d
| I ! I N
‘ : ; 4 \\\
1 N
| ! | LD
a1 i 17 55 10 17 100
Hinh 6.86

¢) Tinh todn chinh xic khau hiéu chinh :

. ) 10
Tan s6 cat cua d6i tigng G(s) = — duge tinh theo :
S

K K
—— = — =1 ung véi v = VK = V10 = 3,163.
()~ ! w*

Néu ¢ = 05 ; theo bang 6.2 cin c6 y, = 53°. Khau hiéu chinh
1+ Ts
1+ Tss
va 1/T, c6 kha nang ddp iing do du trit 8n dinh cén thiét. Chon tan s6
cit cia hé bang tan s6 giita hai tri 1/T, va 1/T, . Bién do giua hai
dudng ndm ngang cua khau hiéu chinh la 20log(T,/T;). Vay bién do tai
tan s6 cat : 10log(T,/T,) = 10logl0 = 10 (cho tdn s6 Ung véi T, bang

c6 tri s6 pha cuc dai ¢, = 53° v6i tdn s6 giita hai tri s6 1/T)

1
10 lan-ing véi T,). Con tdn s tai ¢, ban N nén :
143
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1 1

. = 1',5 — =

U, 5 ‘JT[ T, sz
Va ! 1,739 va 17,396
ay ™ = 1 v — = s

T, T,

1 +0,527s
Gls) = 13005275

Hé kin :

G(s) G(s) 5,27s + 10

ka(s) =

L+G(s)G(s) ~ 0,0527s% + s + 5,27s + 10

Két qud mo hinh hda : 6% = 22% ; teg = 1,5 sec

Bai tap 6-2

Vai may bay siéu Am diéu khién géc xodn bang cinh liéng (bai tap
2-16 va hinh 2127, 2.128) clng cdc théng s sau :

J = 3.10° lv:g.m2 ;D = 1810 N.musec ;
D, = 0,0025 rsecrad ; KK, = 24107 NmN/m® ;
I = 0,0125 Nsecm’ ; R® = 16 Nsec/m® ;
C = 1,25107" m’/N ; K, = 35107 ;
V; = 0,6 radjsec (bién d¢ cla tin hidu vao tang dan déu).
U, = 1,210° N.m (bién do cia momen nhidu bac thang).
fay xdc dinh K, v6i yéu céu vé chit lugng :
1 < 0,001 ;

¥

el

2.y, = 45",

3.8 = 3,

4 ¢ = 05 ;

5 6% = 16,3% ;
6.t < 0,008 scc ;
7

.ty € 0,026 sec ;

ot
bDap dn

Vé&i tin hidu dat o, :
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9 , 1
s(Js+D)(Is"+Rs + E)

s(J.s + D) (s’ + Rs + %) + KKK, (1+ D)

- v3i ¢, = V_!'Sz : DV

s h K'[)KWKITIC

o

= 0,001029

e = 0,001 ; |K | » 36 E7

- v3i nhiédu M,

i > 1
-(1 +Dg) Is” + Rs+ —C~)

E —
M. 5 1
s(ls+ D) (Ls” + Rs + ) + KKK (1 + D)
Ud
- vdi M, = "S— :
Y 0001143
e —1 —_— = - B
s K‘[)KWKITIC
le ] = 0001 5 [K| = = 40E +7

Do dd lay tri 0 KI‘ 16n hon va bang Kp = 4,0 E7. Ham truyén hé
hd bang :

o KpKme(l + Dgs) COKP (s + 400)
Wiz} =

., 1T 2
et Dyls + Kok my ST OO 1280s + 640.000)

voi C, = 16 ; Kp = 40E+7
Bai tap 6-3
$ hinh 8.87 ¢6 dac tinh tdn s§ cta hé thdng hd.
a) Viét ham truyén cda hé hd.
b) Xdc dinh chi s§ dao dong M, va dai thong tdn w, cbha hé kin.
Dap dn '
1,65

A W) = @B+ ) (O2s + 1)

b) Theo hinh 687, dng véi w, c6 y, = 40", theo dudng cong ()
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Hinh 6.88

i

& hinh 6.5 xac dinh
¢ = 0,35. Theo hai

s /
2 / M.
L /
S 0/ w,
7 7 i
7 @
£ - # m. ~
- =
/ / S
B 7 [
/ o 9
- e > ol
/9 N &
IIIIIIIIIIIIIII - ] - = — — = = -
Lo -]
—~ = g
3 X
NG H
/ S
! -
~ .
] b =" ¥ L \\/; Fi 1 =]
- ___- ullJ__l .4. W,\\\,/ / \H.....;.,!...rL..__ v.m
S [ \ 4 e ,/ \,)r.,. u .__Irl,.
4 /M _H = // \\V,/ . .fmm....; /
= I © D A S S
- g ............r! __.__1!,rr.|,.r|.~___.| ittt S
© 3 S = 3 X T I A ity st
~t — - ~y ! e L7 — o
| ! 1 | ) ..Hm N y S — = ® W ﬁx
gpr op usig
. - NI 8T
[+]
oy o o = © 9 g oo e @ < m @
| Q @ O . - \Q
o a0 5 © o 9 £ m S 2 = ..m o5
b o 3 w5 o, ot - g 0 = = )
ST >~ 8 & S © 4 B S g 3 o
8 o = & F D o § I
° oQ = < 943 g o .o & =
o e k=) o QD w Lo E o = o i
P o & = 5 . =05 & B & o .
b 4._ " M D - n -~ = o \ b D . M
p= © wo-~  AR>E S @ 2 "o ® % o
o] Ul O ey = ...m - = & o N
= 3 | o 3 6} = = HHN. w O = L O W p fm et s .d.-.. =
e > 313 S EH 2 > M Z 3SoxE s= i) © o o

qua

tap 6-3b khéng
khie nhau nhiéu.
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b) Giao difém cua
dudng cong W(w) va quy
dac M cho phép xay dung
dac tinh tdn coa hé kin
nhu & hinh 6.89.

Bai tap 6-5

Hé diéu chinh t6c dd
déng co déng bo cd so db
graph tin higu nhu & hinh
6.90, Thong s6 da cho :

Dong co déng bd cd
cong sudt S = 4 MVA
n, = 1500 vg/ph.

Hinh 6.89

T. = 2,71 sec ; T = 20 sec
Bo bién tan : uy, = 1,05 ; T, = 1,67 msec ;

r, = 0,132 ; T. = 87 msec ;

Z

Hinh 6.90

Hay chon b0 diéu chinh tdc do dong cd G(s) sau khi da tuyén tinh
héa nhiéu thanh phdn phi tuyén va don gian héa so db- khoi d& cd sO
dé theo hinh v& trén vd&i :

1 .
Ws) = — 7 W) = — =
1 +sT 1+s.T,

Z
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Kr[[
Wn?_(s) == s—rf; .
P Kn(.,'
WnC(S) = S'TJT] ; r Kﬂc
1 15 .
"";‘Vnm(s"J = ﬁ‘;
va T, = 4T, = 10 -
6,67 msec. x
. = 2 (Tom 05 ]
+ 2Ty = 75 msec C A
MJ' r.-'@‘f 195 o
ma Ty = 18 msec s r erg ¢ ;
14 hang s6 thyi gian . . , ) s
cua bo loc trong 10 A o5 10
mach diéu chinh
déng kich ti. T
ink 6.

G hinh 6.91 cg
mdi quan hé gitta K, = KK, + K. K. vdi dong dién stato i
Dap an
Ham truyén cia mach song song gita An va Ai. do mach dong trung
gian va dong kich tir tao nan la :
Wr:c(s) = Wm, S)Wz'(S]Kz + wnc(s)wc'(S)Kc
1 KK, KncKe
= -+ -
sTm |1+ .T, 1 +sT,
Thong thudng K, K, > K K. va xdp xi :

(1+sT )
(1+sT )
4
Ta c6 : i
Kn _Mf:rm (s)
Wpls) = ————— 4p Artg 4,
s.T(1 +s.T) o— —O— dn

/ G.Cs) Wce(s) -
Theo s 16 graph o

hinh 6.92, ta chon bo ~7
diéu chinh téc dd theo
tieu chudn d6i xing :

Hinlh 6.92
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s.T,+ 1

x.. V= —
Gt s.T;
r:[‘I"I
Méi quan hé giita T thanh phan ty lé duge chon theo :
1
T 17T
T, 2 T,°

T
aday T = K—m ; Ty = T, va K. ldy tri s0 cyc dai theo dudng’ cong g

ne

hinh 691 Vay :

E _ Tﬂ]
TI ZKﬂ{.‘ﬂL'L‘( T'J'.
va theo bang 6.5 chon :
T 4T’ KTICI'I'IHX 92
= " = msec,
" . ‘ Kncmin
T 8 T,: K‘;C!“&X 0 72
= 8" = 0,72 msec,
1 Tm Ko emin
= 0,4193.

voi Kncnmx = 1!466 ) Kncmir‘l

Bai tap 6-6
Mot d6i tugng od ham truyén ;
Gs) !
8 T G 1)(0,25s + 1)(0,1s + 1)

a) Xac dinh thong s6 cha bd diéu chinh PI sao cho w, = 2 rad/sec

va y, = b0".
b) Dung tiéu chudn phéng d€ chon vi xic dinh thong s6 t8i uu b

diéu chinh.
¢) So sanh chdt lugng hé theo mue a) va b).

Dép dan
1

l1+—s
a

a) Voi bo diéu chinh PI : G(s) = K —
~101,3°, vay dé y. =

Theo dac tinh tAn & hinh 6.88 : ¢lw)|,_, =
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50", di€m khdong phaij
nang ¢ {w) mot géc 61°,3

S tdn 88 w = 2 radfsec
vi khau tich phan cua bg
didu chinh da lam cho

pladf,—, = -101,3 ~ 90 =
1 - 2
-191"3 . tang o = 61,3,

chon a = 1.

Dé dat ton s6 it o =

w, = 2 radjsec. £ (w) da
ning lén 6 db vay K = 2 :

GC(S) = 2 L_is.l
3

b) Theo tiéu chuin
phang, chon bo diéu chinh PID (bang 68) :

Hinh 6.93

(Tes + 1)(Tys + 1)

Gle) =

Ts
Chon T, = ;
12

l sec ; T, = 0,256 sec ; T, =

2x 01 = 0,2 sec

At
f ol T T

a8l [™p)

o6+ G’)

a4t

0.2)

0 1 L 1 1

o 4.5 7 Ly 2 zls
Thor grarn , sec
Hinh 6.94

¢} So sanh hai bd diéu chinh PI va PID
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Hé kin theo a) :
2s + 2
0,025s* + 0,375s> + 1,35s° + 3s + 2
Hé kin theo b) :

WK(S) =

1
W.(s) = : (da don gian héa ham truyén)
: 0,02¢% + 0,2s + 1 = .

Theo hinh 6.94 :

a) 6% = 12,6% ; tgg = 2,4 sec.
b) 6% = 4,7% ; t . =~ 0,75 sec.

vi "tiéu chudn phéng" 1a tiéu chudn t6i uu.

qd

Bai tap 6-7

Xe trinh sat diéu khién -
tt xa (hinh 6.95) cd so do
khéi nhu & hinh 6.96. Téc
46 cén thiét duge dat theo
kénh vo6 tuyén. Nhiéu f la
mo phong ciua déi va dat da.
Muc tiéu la hé cd sai léch

. ; Hinh 6.9:
tinh va lugng qua diéu chinh WG
nho.
?L‘
it O Y
K(s+2) - 1 v
s+ 2425 +4
Hinh 6.96
a) Hay xdc dinh K dé cd sai léch tinh 0,09.
b) Xay dung méi quan hé gitta K va cac thong s6 khac nhu 6%, tyqg
ty €

¢) Chon phuong 4n t&i uu, danh gia chdt lugng va xét anh hudng
ctia nhiéu.
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Dap gn

a) Sai léch tinh véi Hn hitw ddu viao bac thang don vi :

lim S - Gim ol - 1 1, 1
ST iy ey | (3 = g
(s + 1) + 25 + 4) 2

viy K = 20.
b) Véi K = 20 .

1
10(l+§.5)
Wis) = —

l+s)(1+ags Ly
(I+s)(1+35s 15)

b

vii w = 0 + 6 ta cd bang 6.13.

18

-2rg - 18 150 ~12a =30 -&d

Hinh 6,97
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Bing 6.8

|
" 0 12 16 20 28 ‘ 4 6
L 20 184 78 16 105 27 52
¢ ‘ 0 | -65° -88° 108" -142% ‘ st -7o°
L -
Dudng cong Nichols nhu & hinh 6.97, theo dd Mp = 12 db, v, =

15°. Luong qud diéu chinh qud 16n, Gidm K tuong dng vl ha dudng

cong Wijw). Véi 6% = 25% theo
6.3 xac dinh Mp = 1,35 hay
20l0g(1,35) = 2,6 db.

Vai tadn s6 w = 2,8 vAa

duting cong hé kin 2,6 db, W{j)
da giam 13 db hay Mp = 4,5

R 20
viy © K = 15 = 4,44,
1
e, = :@ = (31
2

Vai ba tri s0
cia K : 20 ; 10,

hinh 6.1 xdec dinh { = 0,4. Theo hinh

Bing 6.14
k 444 0 20 l
% 324 484 814
toy (se0) 4,94 546 658 |
. (sec) 119 0388 067
e % 7% 91% ]

4,44, hé cd chit
Jugng nhu &
bang 6.14.

Vi K = 10,

cdn ha dudng
cong ung voi K
= 20 xuéng
20log2 = 6 db,
ta ¢ Mp = 7
db, y. = 26", §
= 0,34 va 6% =
30%..

Ham qua dé o
cua ba trudng
hgp trén nhu ¢
hinh 6.98 va dac

5

Hinh 6.98

a
Thor gian , S€C

7
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tinh tdn cta hé kin
nhu & hinh 6.99.
c) Théa hiep
cac diéu kién trén
chon K = 10, dai
thong tdn w, = 5.
Vay thoi gian

'0'

qua doé udc tinh : t
4 £

tqd = v = > “Q
5@ Lo

(0,34) (w,/1,44)

vi w, = 14w, theo i
hinh 6.4. Vay tga = . 107 | |
3,3 sec, nhung theo
dudng cong qua do _
6] hinh 6.98 co tri Hinh 6.99
s6 tyy = 54 sec.

7én sé', rad/sec 0

Déi v6i nhidu f(t) = 1(t) (Vo(t) = 0), tin hiéu ra céc dudng cong §
hinh 6.97, 6.98, 6.99 vé& theo chuong trinh MATLAB sau day.

Biéu dd Nichols :
numge = [1 2] ; denge = [1 1] ;
numg = [1] ; deng = [1 2 4] ;
[num, den] = series (numge, denge, numg, deng) ;
W = logspace (-1, 2, 200) ;
axis ([- 210, - 60, - 24, 18) ;
Kl =20 ; K2 = 10 ; K3 = 444 ;
[magl, phl, w] = nichols (K1'num, den, w) ;
[mag2, ph2, w] = nichols (K2'num, den, w) ;
[mag 3, ph3, w] = nichols (K3'num, den, w) g
plot (phl, 20°logl0 (magl), ), ph2, 20" logl0 (mag2), ) ph3,
- 20" logl0 (mag3), ), ngrid
Ham qua d¢
t=(0;01; 10 ; K = 20
fori =1:3
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numge = K'[1 2] ; denge = [1 1] ;
numg = [1] ; deng = [1 2 4] ;

[nums, dens] = series (numge, dengc, numg, deng) ;

[num, den} = cloop (nums, dens)
[y,x] = stop (num, den, t) ;
ifi==1y =y; K= 10; end

ifi==2y =y; K=444; end
ifi==23 y3 =y ; end
end

Plot (t, v t y2) t, y2 7)), grid
xlabel *(’thsi gian (sec]), ylabel Ch(t)’)
Pdc tinh tan hé kin
W = logspace (0, 1, 200) ; K = 20 ;
fori=1:3
numge = K'[1 2] ; denge = [1 1] ;
numg = [1] ; deng = [1 2 4] ;

[nums, dens] = series (numgec, denge, numg, deng) ;
[num, den] = cloop (nums, dens) ;

[mag, phase, w] = bode (num, den, w) ;

if i = = 1, magl = mag ; phasel = phase ; K
if i = = 2, mag2 = mag ; phase2 = phase ; K =
if i = = 3, magd = mag ; phase3 = phase ; end

end

log log(W, magl,(_), w, magZ,(_),w, magS,(_)}, grid
xlabel ('tanso [rad/sec]’), ylabel {’biendo’)

Bai tap 6-8

Tau con thoi Columbia (hinh 6.100a) ¢6 so dé kh&i nhu

Bs cam bién cd hée s6 H(s) = 0,5

Ham truyén cua tau :

0,3 (s + 0,05) (s* + 1600)
G(s) =
(s? + 0,055 + 16)(s + 70)

10 ;
444 ;

end

end

& hinh 6.100b.
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a) Vé biéu dé Bode
v6i G.(s) = 2 va xdc dinh
do du trit 6n dinh.

b) Vé& bi€u dé6 Bode

K2
voi Gus) = K, + — va
K,

E = 0,5

Chon K, sao cho L,
= 10 db
Dap an

a) Ly = 44,26 db ;
Ye = 83,22° ung voi w =
39,72 rad/sec va w = 843
rad/sec

et & e : 998 gy W
W(s) - G.(68)G(E)H(s) = “>O)- G, (s) | G(s) .
0,35’ + 0,0158 + 480s + 24 !
s’ + 70,05s% + 19,55 + 1120
\ —] H(s) e
b) Véi K, = 05K, ; [

Hinh 6.100

K(s + 0,5)

Gis) = -

35

0,3s" + 0,165 + 480,00755 + 264s + 12
8"+ 70,055 + 19,55 + 11208 + 0
K, =1; Ly = 44,26 db (w = 39,72 rad/sec)
Ve = 19,82° (w = 8,45 rad/sec)
cdn tang 34,36 db tng vdi K, = 51,3.
K, = 51,3 ; Ly = 10,06 db (w = 39,72 rad/sec) ;

Ye = 61,06° (w = 37,5 rad/sec).

W(s) =

Rai tap 6-9
He¢ diéu chinh néng do dung dich (hinh 6.1012a) ¢ sg dé graph tin
hiéu nhu & hinh 6.101b.

Héa chdt & binh cdp liéu co néng do khong déu, cdn duge diéu khién
td van d€ c6 noéng d6 mong muén thudn nhat. Ham truyén cta van va
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binh chua la

— == S}}?}? CC?'/E}/}E"U

G = 5t :

Bo diéu chinh PI : | [Vong 99
K-) M

Gols) = Ky j | n%%g o3

Thai glan tré clia bang \
chuyén 1a T = 1,6 sec.

a) Vé dudng cong
Bode vai K, = K, = 1
va ddnh gia heé.

a)
by Vai K = 01 ;
K, = 0,04, Theo dudng ¢ o o I
cong Bode danh gid heé. ! G.(s) e ST 6es) 1

c) Véi K; = 0. Theo
phudgng phap quy dao b)
nghiém s6 xdc dinh K, dé
hé &n dinh.

d) Chon bhg diéu Hinh 6.101
chinh vugt trudc theo
V1.3.9 va so sanh vdi b).

Pap dn

a) Voi ham Pade bac hai :

s 0,1483s* — 0,5934s + 0,7911
0,1483s> + 0,5934s + 0,7911

1 s+ 1
Gls) = 1 + < = : Gl =
5 s

0,1483s° — 0,4451s> + 0,1977s + 0,7911
0,7415s° + 3,1153s> + 4,5480s% + 0,7911s

Wi(s) = GC(S)e_l‘SS Gis) = 5

Hé trén khéng én dinh.
b) Véi K, = 0,1 ; K, = 0,04

0,074s° — 0,267s% + 0,277s + 0,1582
0,7415¢" + 3,1153s° + 4,5489s% + 0,7911s
He én dinh véi do du trir .

Wis) =
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Ly = 8567 db {w = 0,9148 radjsec)
Ye = B851° (w = 0,1664 radjsec)
¢} Vai K =20
0,7415s° — 2,967s + 3,9555
0,7415s* + 3,11535° + 4548047 + 0,7911s
num = [0.7415 - 2.967 3.9555] :
den = [0.7415 3.1153 4.5489 0.7911 0],

rlocus (num, den)

W) = K,

ricefind (num, den)
[K, P] = rloefind (num, den)
K <« 0,1356
Pi2 ~-2,0983 + j1.315
P4 -0,0024 £ j0,3434
d} Dung b6 didu chinh vugt trudc (hinh 6.57)

1 1+s5T K
G.(s) = ' [ lJ
| s.T. K

i + P -1
1 std=e™)

il

vii K| = 5,7 = 1,5 sec

Chon T, = 5 sec, K. =1

L

Ham Pade bac mot : o5 = 28— 06s
am Pade bac mot : e = 08+06s
G G - (L 5SRO0+ 08)08 - 0655
WO = G@e™ GO = pre e 0.8) + 12K](0,8 + 0,65)(5s + 1) ~
K(0,8 — 0,65) K(0,8 — 0,65)

~ s[5(0,65 + 0,8) + 1.2K] s(3s + 4 + 1.2K)
* Cung diéu kien véi b) : K. = 0,1 ; K = 0,1x5 = 0,5
0,4 — 0,3s
0,4 + 4,35 + 3s*
Trudng hop b) ciing digu kien véi o)
tss _ 0.8 06s
0,8 + 0,65
0,16 + 0,285 ~ 0,3s°
0,16 + 0,85 + 4,3s% + 3¢

Wk(s'} =

-Wk(s) =
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O hinh 6.102 dudng cong Ic¢ ung véi ding bd diéu chinh vuot trude
con dudng 16 dng véi bd digu chinh théng thuong. Ching ¢ cing thoi

14 r . r

b6 &3

i 1 1 1
5 115 20 25 30 35 40 45 S0
Thoi gion, s€¢

G2
¢

Hinh 6.102

8ién &5

e 2 < 6 &8 10 12 14 1 18 20
Thoi guan , sec

Hinh 6.103
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gian qua d6 nhung dudng Ic khéng c6 qua diéu chinh va cod bac thap
hon truong hop b).

O hinh 6.103 ¢6 céc dudng cong khac mhau ng véi K. khdac nhau :
K. =01 + 4.

c
-

O moi trudng hgp, ham qua do déu co phdn am vi la hé cé pha
khong cuc tiéu.

Bai tap 6-10

He diéu khién tit xa ngudi médy bang vo tuyén (hinh 6.104a)c6 so
d6 khéi nhu & hinh 6.104b.Véi khoang cach 238.855 dam dén Mat Trang,
do tré la T = 1,28 sec. Ngudi diéu khién dung cdn diéu khién d& diéu
khi€n manip dat ¢ Mat Trang va nhan dap dng clha manip véi hang s6

1
thaoi gian la 7 Sec

a) D€ cd sai léch tinh e, = 0,05 thi K, 1a bao nhiéu va danh gia
vé On dinh cta he.

b) Chon bd diéu chinh vugt truse dé ba hang s6 thoi gian tré lén
cua hé,

BTV display

—_—
Control 1o signal Receiving 1.
runamitling antennu anlenna [

Control stick 1 5'._-; < Scuptor

Ej 1 dampulator

TV camera

Muoon's
surfuce

a)

b)

Hinh 6.104
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Dap an

a) Ham Pade bac hai d&i véi khau tré .

~2x1.28s 0,3178s% — 0,7469s + 0,5835
=] ) = -
0,3178s° + 0,7469s + 0,5835

1
ess=1+K1:0,05;KL=19
0,3178s% — 0,7469s + 0,5835 1

(0,3178s% + 0,7469s + 0,5835) (0,258 + 1)

0,3178s* ~ 0,7469s + 0,5835
0,0794s + 0,5045s° + 0,8927s + 0,5835
Hé trén khong dn dinh.

b) Dung bd diéu chinh vuot trude :

1
K,

1+sT,
s.T;

K

K -2t
1+ S.Ti(l —e )

Chon T =T = 0,256 sec;

2r = 2 x 1,28 = 2,56 sec;

K(0,3178s% — 0,7469s + 0,5835)

Wis) = 3 >
0,0794s> + 0,1 7% + 0,1458s + 1,4938Ks
K. = K =1
0,3178s% — 0,7469s + 0,5835
Wi(s) = : -
0,0794s* + 0,1867s° + 1,6396s
, 0,3178s% — 0,7469s + 0,5835
WR(S) =

0,0794s” + 0,5045s% + 0,9072s + 0,5835

0,03178s> — 0,07469s + 0,05835
0,0794s" + 0,2184s + 0,2205s + 0,05835

O hinh 6.105 ¢ ham qua do véi K. = 0,1 va K. = 1. Cang tang
K. phdn am cua dac tinh qua do cang )én nhung thdi gian qua do cang
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ngdn. Sai léch tinh luén bing 0. Thoi gian tré dugc mé hinh hda bang

ham xdp xi lién tuc.

L2 T T T T T T T T ¥ T

g

o

Biér

o 1 Z 3 p ; 5 7 3 9 7]
Thor gian (sec)
Hink 6.105
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Chuong Vi1

PHUONG PHAP BIEN TRANG THAI
pO!1 vOI HE DIEU KHIEN TU DONG

Vil.1. PHUONG TRINH TRANG THAI DOI vOI HE DIEU KHIEN TY DPONG

Heé dong hoc ¢ thé mo td bang ham truyén hay moé hinh khong
gian trang thai. Mo hinh trang thdi ddge bi€u thi bing hé phuong trinh
vi phan bic mét va dudi dang ma trdn khi hé phic tap.

O phuong phap ham truyén, cdc phuong trinh vi phan duge bign ddi
ma khong quan tam dé&n cdc bign trang thai d€ rdt ra méi quan hé gida
ddu ra va ddu vao. O mo6 hinh trang thai, cac phuong trink 26u dua vé
dang vi phn bac mét vdi cde bién trang thdi duge chon va ddu ra ciing
duge xem la mdt trang thdi. Giita hai phuong phédp, td4t nhién cd méi lién
hé hitu co.

Vidu7-1

Dong co dién mot chiéu kich tit doc lap cd phuong trinh can bang
dién 4p vad momen & hé tuong d6i [20 - vi du 1-2-2-9] nhu sau :

di

a
U, = ri, + 17T, Gt + u;;
JQ. an
M. d& m. - m, .
v do dld Ugir — W rliu dn m,, = m,
o dt - rT, rdt T T,
udm - So.ll
Vay i, = —/——
-y @ = Tl +sT)
Néu momen tai ty 1& véi téc do : m, = kn
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Sa d& khdi nhu
d hinh 7.1, Vvéi
thong s8 ecu thé
¢ 05, r, = 5 ;
T, = 1, k 0,8 ;
T, = 0,8 thi so d8

m

khéi nhu & hinh 7.2

va sd dé tuong
duong nhu & hinh

7.3.

m,.

n =
Tm
k (1 + TS)
(Ra + Ri) Ian
r, = —“T——
dn
L, +L, JQ,
T, = R TR, va T, = M
ud’."xm

Ly
!
‘ ¢
!‘t(m-s?;) —)(:

[¢]

L

Hinh 7.1

T ;
‘k(u —£’£5)

P

Theo hinh 7.3 cd thé cd phuong trinh chinh tic sau :

m

L

n

vd dang ma trén ;

|

254

3

= 0,1 (uy, - 0,5n) - m,

1.25m_ - n

-1 =0,05 || m, ‘-‘dia]
1,25 —1}[n]'*al[

o5 | me | _ s |
S(r+35) aa(hs}J

Hinh 7.2



Téng quat, ta cd phuong trinh trang thai :
X = AX + Bu
y = ¢'X

o m, . Ydier . o
vol X = - vectd trang thdi ; u = N vects diéu khién.
n .

. -1 -0,05 T . .
v A = 1: 125 -1 jl;B =[01 01;C =[0 11

Danh tit trang thdi noi 1én rang, nhu ¢ vi du trén - & mot thai
di€ém t nhét dinh, dong co § mot trang thai nhdt dinh, xéc dinh bdi
moémen m,, téc dé n v.v. cia nd.

Mé td va phan
tich théng qua vecto
vd ma tran rdt o, :
thuan lgi, nhat la —=0O— o i L L
d6i véi cdc hé thong
lén. Né&u phuong
phdap ham truyén

ding cho diéu kién s
ddu bang 0 thi
phucgng phap bién Hink 7.3

trang thdi dung cho
trutmg hogp o didu kién ddu khac 0. Phuong phap bién trang thai con
dung cho cac hé cd thong sd bién ddi vd cd cdc phdn tu phi tuyén tinh.
VII.1.1. Cic dang phuong trinh trang thdi caa hé
1. Hé tyén tinh nhitu bién
x(t} = Af{t)x{t) + B(thu(t) (7-1a)
¥ty = Cltx(t) + D(thult) (7-1b)

vii x - n x 1 vects trang thai ; u - p x 1 vectd diu vac (vectad diéu
khifn d6i tugng) ; ¥y —q X 1 vecto ddu ra vd A, B, C, D l4 cdc ma
trdn m X n, n X p, ¢ X n, ¢ X p cd gid tri thyc md dau vao la cdc
ham litn tuc theo thdi gian xac dinh trong mién (-o, ).
Nghiém ctia phuong trinh (7-1a) véi diéu kién ddu x(i,) = x° 1a -
: 1
x() = ¢t - t)x° + [ (t, D B@O ) o7 (7-2)
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ma ¢(t, 7) JA ma tran trang thai chuyén ddi cia x(t) = A(t).x(t).
Tu phuong trinh (7-1a) va (7-2), phuong trinh diu ra la :

|
¥ty = Ct) olt, t) [x"+ [ ¢ ., v B@ u) dr} + Dithu(t)  (7-3)

{()

2. Hé¢ tuyén tinh véi hé 56 hiing
x(t) = Ax(t) + Bu) (T-4a)
y(t} = Cx(t) + D.uit) (7-4b)

A1B,C,Dlz‘1cécmatrannxn,nxp,qxn,qxpvéicéché
$6 hing. Thdi gian duge xdc dinh trong mién (0, o).
Nghiém cta phuong trinh (7-4a) vdi x(0) = x° la :

L
xt) = eMx" + [N Bu dr
0 .

= M [x“ + jle‘A(T)B.u(r) dr} (7-5)
0

Phuong trinh ddu ra :

1
y(t) = Ce [x“ + [e MO B dr] + D.ut) (7-6)
0
3. Hé tuyén tinh pidn doun
x(k + 1) = Fx® + G.ulk) (7-Ta)
vk = Clox(k) + Dik).uk) (7-Tb)

vi k = k,, k+1, k32 .. (k, la 86 nguyén) va F, G, C, D 12 cdc ma
trdn n X n, n X p, g X n, q X p 6 gid tri thyc bién d&i theo thdi gian.

Nghiem cta (7-7a) v6i x(k,) = x° 1a :
k
x(k) = ¢k k) [x“ + Y 6 'Gk)GG—- 1 uj- 1)] (7-8)
J=kytl

ma ¢(k, j) — ma trén trang thdi chuyén déi cia x(k+1) = Fk).x(k).
Phuong trinh ddu ra 13 :

k
y(&) = Clkg(k, k) [x“ + > ¢4, k)G — DyuG — 1)]+ Dkuk)  (7-9)

i=kytl



4. H¢ tuyén tinh gidn doan véi ma trin hing

Hé phudng trinh (7-7) sé cd dang :
x{(k+1) = Fx{(k) + Guk) ; (7-10a)
yik) = Cx(k} + Duk) ; {(7-10h)

vii F, G, C, D Ja cic ma trdn n X h, n X p, p X n, ¢ X p, hd 86 hing
voi k = 0, 1, 2, ..

Nghiém cia (7-10a) vai x(@) = x" la :

k
xk) = F'" + > FHGug - 1) (7-11)
i=1

va phuong trinh ddu ra :

k
yk)y = CFF[x" + 2 FJ Gu(j-1] + Duk (7-12)
j=t
Vi du 7-2

Quan hé gita ddu vao va dau ra

1L
cta mach dién & hinh 7.4 duge xdec dinh L
0 p e D ——
bdi phuong trinh : + <
| v "D ¥
u=1IR+ 5 [ide -
Chen bién trang thaj la x = e, ,
ta cd :
d
R.Cd—):-k X = u; Hinh 7.4
t 4 1 t
Re &% R X ke U
& T % Re T ® URC
1 I
d { re ] Re U
hay: — ( ) = —
Y a \® %/ T ° “RC
Ldy tich phan hai vé& tit t, dén t :
P
e 1
R . _ = (v _t/RC
e "~ x(t) . = RO Ilne . u{ndt
==t )/ RC 1 o
cho ta: x(t) = ¢t t,x"uw = e . x°+ T ﬂ o LT ORE yindr,
0

y = ult) — x(t)
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VIL.1.2. Méi lién hé gitta phuong trinh trang thdi va ham truyén
I Ham truyén o6 bac & tir s6 bing 0
Vidu 7-3

5

83+652+95+3’

ba
u

hay dang phuong trinh vi phan :
a* d? d
—~+ 6T+ 0% 45 5
dt dt dt

Chon bién trang thai :

e Y dy
xl=y3x2=dt)x3=dt23
hay)'(l:xz;)}z=x3;§c3=—3x1-9x2—6x3+5u
vl
X 0 1 0 0
% = X5 DX = 0 Q 1 x + 0 [u;
-3 -9 -8 5

y=0[1 0 0]1x

2. Ham truyén c6 bic & 0 s6 khdc 0
Vidu 74

y P +2+2
u 8 +6s°+9s+3
hay dang phuong trinh vi phan ;

d’y d%y dy d%u du
— — + 9 = + = + 2 =
" 2 95+ 3y =5 = 2 5+ 2u

Néu dat Y = (6s° + 2s + 2)V thi :

_\_7__ 1
U™ $+682+9s+3
v 0 1 0 0
va véi : x = v ;ta ed x = 0 0 1 X + 0
v -3 -9 -6 1
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,J+2—‘t'+2v=[2 2 5 Ix

Tu dé ta cd : y = Cx w3 C = [2 2 5]

3. Trirrng hop bac & tiv 56 bing & mbu s&

Vidu7-5
y Ks+a) KiEsta 1
u s+b 1 g+b
Phuong trinh vi phan cd dang :
dy du
= 3 = u + -
3t by K.a.u K it
Nhu & vi du tre hi tfhy—— !
u & vi du trén, phan tich & = A
dv
—— = -bwv + u v&i bién v.
dt

Sau dé dat ¥ = K(s + a)V thi :

K. ox
y = at av

vA v bay gitv khong phai bién trang thii.

Khi bac cia td s8 va maAu s6 nhu nhau, ta c¢d :

-b
YzK(1+S+h)U=K,U+X
méizm Tu do :
U s+b '
dx
a=—bx+ Kia - bju ;
y = Ku + x

So sdnh (7-4a) va (7-4b) v6i két qua 4 ba vi du trén ta thdy, khi
bac & tu sG bang bdc & méu s§, ma tran D khac 0. Truding hgp bac &
td s6 lén hon bac & mau s§ 1a khéng phi hgp véi thuc té&.

4. Vi du ding chuong trinh MATLAB d¢ chuyérn doi
V&i vi du 7-4

5s® + 28 + 2

Wis) =
s 4 652 + 9s + 3
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a) T ham truyén sang phuong trinh trgng théai

num = [5, 2, 2] ; den = [I, 6, 9, 3] ;
[a, b, ¢, d] = tf2ss (num, den)

Két qua
-6 -9 -3 1

a = 1 1] 0 b = 0;c=[522];d=0
0 1 0 0

b} Tit trang théi trd vé ham truyén

[num, den] = ss2tf (a, b, ¢ d)

Két qua
nimm = 0 5 2 2
den = 1 6 9 3

¢) T ham truyén sang nghiém 0 va cuc

[z, p, k] = tf2zp {num, den)

Két qua :
z = - 02000 + 0.6000i ; p =-38794 ; k=5
- 0,2000 - 0.6000i = -1.6527
= ~0.4697

d) Nghiém khong va cuc trd vé ham truyén

[num, den] = zp2tf (z, p, k)

Két qua
nuim = 0 5 2 2
den = 1 6 9 3

e). Nghiém khong va cuc tré v trang thai

la, b, ¢, dl = zp2ss (2, p, k)

Két qua
-0.4679 0 o
a = [ 1 -565321 -25321 | ;b = ! 0
0 2.5321 0
¢c =15 -25.6604 -11.8706 ]
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i Ti trang thai vé nghiém Rhéng va cye :

{z, p, k] = ss2zp (a, b, ¢, d}

Két quad :

Il

2 = -02000 + 0.6000i ; p = -16527 ; k = 5
~(.2000 - 0.6000i — -3.8794
' -0.4679

So sdnh a) va e) thdy ma tran A cd thé mo ta trang thai he mot
cach khéac nhau.

VII.1.3. Vdn dé chon bién trang thdi ¢ mit hé vat 1y

Céc bién trang thdi tir bién thd hai trd di cd thé khong hoac it co
¥ nghia vat ly, ¢6 thé khong hoac khd do duge. D6 la nhuge di€m quan
trong cta phugng phdp bién trang thai

Cac bién trang thai cén duge chon sao cho ching cd thé do duge va
e y nghia vat ly. Didu dé c6 nghia la m6 hinh trang thai khong duge
chon ti hée kin ma truc tiép tit cdc phuong trinh vi phan nguyén thay
(bac mot) va loai trdt cac bién trung gian khong cdn thiét. Vi du nhu
sau :

Vidu 7-6
2 N . . . VOIS IIIIIIIIIIII4
TS hgp 10 xo - trong khéi - giam xdc
nhu ¢ hinh 7.5. Theo dinh luat Newion 2,
mX bing téng cdc luc bén ngoai kéo trong ¢

khéi m =xudng tli trang thai can bang ban &
didu : x = 0. Ld xo bi din nén o6 luc kéo
len ~kx. Trong khéi cd luc di xubng, lyc
giam x6c sé huéng lén -cx. Luc bén ngoai \
f(t) tao nén gia toéc hudng xudng, tu do :

1,
x(H)

mx = ~kx - cx + f(t) lf(f)
hay mx + cx + kx = f{t)
Véi diéu kien ddu bing 0, ta cd ham Hink 7.5
truyén : -
£_ 1
F - ms’+cs+k

Vi tri cta trong khoi va téc do cha né cd th€ duge chon lam bién
trang thai :
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tir dad
0 1 0
x = | ke oix+ 1 |u,
m m m
v=1[1 0] x

Vi du 7-7

Déng co mot chidu diéu khién kich tit nhu & hinh 7.6. Ta cg phuong
trinh can bing dién 4p va mémen sau :

f
Ugis) = (R + fsl[(s}]

,_
M = k:nif ] X
Ms) = K Iis) ; —!1:8
Mat khac
Mt = Jt) + B 1),
Mis} = s(Js + Bif (s
. Hink 7.6

Ty do

8,,(8) K, /R.B

ukl(s) - (TlICS t 1) (Tglls + 1)5

véi Ty = J/B - hang s6 dién co (J -~ momen quén tinh, B - hé s8 gidm
xoch ; Ty = HR - hang 6 dién tit mach kich thich.

Vi tri déng co, téc d¢ va dong kich tit cd thé duge chon lam bién
trang thai va diau vae, ddu ra la

uo= U y = H(:
vil
[0 1 0 ] .
b.]” -J -B Km
6 .o 0 — — . 0
X = o |y ta co x = J J x + ) u
0 0 -% £

y =1100] x

So d6 khdi tuong ung v&i ham truyén trén nhu & hinh 7.7,
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Uk(‘ 7 { Km ﬁp 7 ﬁo
R+Ls J‘s + 8 J S
Hinh 7.7
Vidu 7-8

Véi vi du trén va cdc thong s cu thé
B=dJd=%=1;R=26; K, = 30, ta ¢c6 ham truyén :
6,(8) 30 _ 30

U5 | G+ DE+6)s P47+ 6s

Tuong dng v6i phuong trinh vi phan :

4’6, d* 6, R
e + 7 2 + 6 el 30u,, ,
o 0 1 0 0
vai cx = | % |itaecsx =0 0 1(x+ | 0 [u,
0 -6 -7 30

vaiy =6,=1100Jk
Ta ciing cd thé bién d6i ham
treyén trén sang dang tucng - S

dudng sau :

9”(8) 1 | + 5
. = 5__6 + Ygt § % z%;y
u,(8) s s+l s+ 6 g B >

So d6 khoi gém ba khau ndi o
song song nhu & hinh 7.8, tudng

ing véi phuong trinh : s
5+ 6
0 0 0 5 R
x = |0 -1 Olx + 6 |u ;
0 0 -6 1 Hinh 7.8
X
y = [1 4 1l vix = | %2
X3
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O day, trong khi ma trarn A la ma trdn chéo thi bién trang thai
khong cd y nghia vat Iy,
VIL.1.4. Hé¢ nhiéu bién trang thdi (hai vao, haij ra)

Dau vao 1a hai vdi nude néng va lanh nhu & hinh 6.75, c6 van digu
khién lvu luong va nhist ds. Phuong trinh ddu ra d¢ng véi hink 7.9 la -

_ (Y 1t 1000
TS nl T loo 11 |7
Tt hé phuong trinh :
.“(] =-- X‘] +'L11 . izﬁ—a.‘(z +5U.2 N 5(‘-12---0,53(3+0,4L1] N
=Ky -y, ) Wy =Kylry —xy5-x4) 0 %y =—2x,4 +4u, .

=K {r —x; Xy b
suy ra cde phuong trinh khéc va ta ¢6 he phuong trinh trang thdi:

-1-K, -K, 0 0
x = 0 -5 -BK, “SK, ix +
—04K, -04K ~-0,5 0
0 0 —4K, ~2-4K,
K, 0
T
+ 0 oK, ju ; ma u = v
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VIL.2. MA TRAN HAM TRUYEN DAT VA VAN DE ON DINH

Ma trdn ctia cdc ham truyén hay ma tr4n ham truyén dat duge xdc
dinh theo phuong trinh trang thai. Bign d6i Laplace clia vecto 1a bién déi
Laplace cua cdc thanh phén :

Xz} = £ {x(t)}

£ifal
L)
ma JZ{x (1)) = sX(s) - x(0), do d :
X = AX + Bu (1-19)
o6 sX(s) - x, = AX(s) + B.U{(s) ; (7-14)
(sI - A)X(s) = BU@E) + x, (7-15)

s 1a dai lugng vd hudng, A 12 ma tran nén I 12 ma trdn don vi. Dap
tng trang thdai X(s) v6i diéu kien ddu duy nh&t (Ul(s) = 0) va dap uing
dau ra vai didu kién ddu va tin hidu vao cd dang :

Xs) = I - A%, ; (7-16)
Y& = Welis) + Csl - Ak, (7-17

Ma tran ham truyén sé& la :
Wis) = CsI - A)'B. (7-18)

Ma tran lién hé gitta ddu vao va déu ra theo Laplace vdi diéu kign
ddu bang 0.

O bidu thic (7-17) thanh phén thd nhit 14 dap dng ddu vao véi x, =
0 va thanh phdn thi hai 1a dip dng ddu ra v6i didu kién ddu (u = 0).
Vdi he r ddu vac vd m ddu ra ta cé :
Yy(s) W) .o Wids) || wy(s)

Y_(s) W_,(s) ... W_(s)| | us)
Yij(s] = W,](S)UJ(S)
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Vidu 7-9

Vol hé haj vao hai ra
r) u
r = ;U=
1 5]
. s+1 s+5
W = | 4 4
s+05 s+2

So dé khéi nhu & hinh 7.10.

K|
0

0
KZ

L
:

Hink 7.10

ta co

D& hé on dinh, moi nghiem t ham truyén dat déu ]a nghiém trai.
Nghich d2c cta (s - A) bang ma tran lién hop chia cho dinh thic tuong

ing nén :
Wi(

Bink I vé &n dinh

§) =

Cadj (sI- A)B
[s.I—A|

Hé dugec md tad bang phuong trinh trang thai :

6n dinh khi va chi khi cac gia

X

It

AX 4+ Bu,
CX + Du

Y

(7-19)

{7-20)
(7-21)

tri riéng cla ma tr4n hay nghiém cta

phuong trinh dac trung |sI - A} = 0 déu nim & nia trai cia mat phing s,

Vidu 7-10

Kiém tra 8n dinh hé (7-20) vgi -

C =11 0}
) -1
sh=A =145 3
Wis) = CisI - AY'B =
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0 1 1
} T A = 1 { s+3
g+ 3s+ 2 —2
[1 0] s+3 1 |[ 1] _
s+ 1(s+2) -2 s 0! -

s+_3_
s+ 1)(s+2)



|sI - Al = s + 3s + 2.
Gia tri riéng 12 -1 vd -2 nén h& dn dinh,

Vidu 7-11
Kigm tra dn dinh hé (7-20) vdi :

-1 0 B s+1 0
Az[o_zi\;[a.I—A)—{O S+2:l

sl - Al = + 3+ 2 = (5 + (s + 2)
Gia tri riéng la -} v -2 nén h¢ &n dinh.

Chd y 1a & vi dy nay A la ma tran chéo va gid tri riéng duge xdc
dinh bdi cdc thanh phdn ¢ dudng chéo coa ma trin.

VII.3. NGHIEM CUA PHUONG TRINH TRANG THAI

Cing nhu d6i véi phuong phdp ham truyén, md hinh trang thai cho
phép danh gia vé 6n dinh va chdt lugng theo ham qua do. O day s& dé cap
d&n mot s6 phuong phap gidl phuong trinh trang thal X = AX + B.u.
VIL.3.1. Phuong phdp dung bién ddi Laplace

Phuong phap nay thudng dung cho ciac hé khong 16n l4m hoac hé
cd mot s6 it mdi quan hé vao ra cdn xdc dinh.

Vidu 7-12

0 1 0 -1

5 -1 1 §+3 1
sl - A = | | sl - AT = ;
[2 5"'3} ° g+ 3s+ 2 \:—2 S}

vi [sI-A| = s + 35+ 2 = (s+1)(st2) nén (7-18) cd dang :
W) = Cel-ar'B = _ LLO1 [s¥3 Lpfop 2
' ' s+ 1(s+2)f 2 s |21 TG+ D(+2)

D6 1a ham truyén théng thudng, néu hé cd mot vao mét ra cd thé
xdc dinh dap dng véi tin hiéu vao thco phuong phédp théng thuong. Tu
(7-16) ¢6 thé xdc dinh dap ung cia hé vai diéu kién dau x,,.
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2 1
s+ 1 s+ 2
2 2

s+ 1 s+ 2

X() = (I - A)! { _01 J ~

O day dung phuong phap khai trién thanh phan thic don gian, ti
do

© e | =21
X =
29[ - 2e 2

Vidu 7-13

Ddp dng ddu ra cia x, véi ddu vao I bac thang don vi.

1
— 0
_ _ A B s+ 1 01 2
Y =CX = Cl - AYBU + X, = | [l: 1 } . + _3
s+ 2
. _ s+l 0
vi 8] - A) = ’: 0 s+2]
Sau khi dung phan thue don gian
1 2
Y = s+1 0 21 _ s+ 1
- 1 -3+- - 1-3s
s+ 2 s s(s + 2)

ta cd

© = i 2!
= 0,5(1 —7e™2y |’

VIL.3.2. Phuong phdp diing ma tran chuyén tiép

Déi véi phuong trinh vo huéng x = ax + bu, x(Q) = X, 6 nghiém
[
la x(t) = eaixo'+ J.ea(‘_r)b.u(r}dr ma :
0
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. 1 5 1
e = 1 + at + Ea‘t2+ §a3t3+
Tuong tu nhu th& cho truong hop ma tran: X = AX (phuong trinh
thuan nhat) :

Xty = MK, 3 (7-22a)

1
X = AX + Bu: Xt) = ¢"Xo + jeA("T)B.u(r)dr... (7-22b)
4]

vii

M = 1 + At + (%)Aztz + (%)A%ﬁ + o (7-23)

D& chding minh (7-22a), ldy dao ham (7-23) :
de™ d

e S () O A () AE )

_ A+ (5 )Ah () 8¢+

1
= A1+ At + (5) AR +
= AN = eMA
Lay daoc ham cua nghiém (7-22a) :
. d
X =45 MY, = AeMX, = AX,

odn didu kien diu X(©) = "X, = I + A0 + X, = X,

Nhu vay, cd phuong trinh vi phan va diéu kién ddu cing duge théa
man.

Ma tran e™ ndi tiép trang thai ¢ thdi diém t voi trang thai & digm
0 nén goi la ma itran chuyén tiép :
pt) = e

D& ching minh (7-22b) ta ding dén mot s6 dac difm tuong ty véi
trudng hgp vé hudng.

VL ox(t, + t) = M2t Ux hay x(t, + t) = eM2x(tp = eM2efMx
nén :

AU 1) oM gAL

Pt + t) = Plt)glty). (7-24)

269



Vai ;
by = -t; = ¢t

ki
-

Gia thiét nghiem :

x(t) = eMfit) ; x = AeMf + oM = Ax + &Mf

D& théa mén x = Ax + Bu thi eMf = Bu

T (7-25) : I = ¢™Bu. Bay giv 14y tich phan ta c5 :

1
fit) = £0) + [ Buydr.
]

Sau khi thay th€ f(t) vao nghiém da gia thiét trén, ta o6 (7-

x(0) = &Ny = f0).

: I = e—/\l er\l; (e:’\l)“l = e—:’\l‘

(7T—-25

22b), vi

Mot dang khac clia ma trin chuyén tiép nit ra tir phuong trinh X(s) =
(5.1 - A)"%, & (7-16) vi dap ting trang thai cia diéu kien ddu. Néu so

sanh x(t) = eMx, véi (7-16) ta thdy

eM = "Y(sI - AYY,
VIL.3.3. Nghiém gidn doan

Nhuy & hinh 7.11, truc thai
gian duge gidan doan hda véi chu
ky T va u(t) duge xdp xi hoa bidng A uct)
dudng bic thang Nhu vay (7-22b)
v8i t = T cd dang :

X(T) = X0 +
(T) Te (0) /m

+ M fe"“dr. B.u(0)
o

hay X(T) = ¢X0) + Au(0) 5
AT 1

S

vii ¢ = e,
. _
A = eM|e™MarB  (7-26) — -
{ — 7 e t
V6i thoi khodng T tigp theo,
X(T) la diéu kien dau : Hink 7.11
X@2T) = ¢X(T) + Auw(T).
O thdi khoang k, biéu thic chung la :



D& tinh toin ¢, diung chudi (7-23) v&i 6 lugng cdc thanh phén sao

T rn
cho du chinh xdac. Xem ¢(T) nhu {gf)(;)} fma n la mot s duong) sao

cho da nho.

X4c dinh A theo tich phan (7-26) :

A = o (™A + ADB = (¢ - DATB. (7-28)
Né&u A suy bign, e™!™D & (7-26) cd dang chudi va :
AwJ.E B_g ——~—(k+1)!B. (7-29)
k=0 k=10

VIL.3.4. Nghiém giar. doan x8p xi
Vects xdp xi cua X c6 thé duge mo ta bdi
: 1
X = 5 Xt + - X)), (7-30)
va phuong trinh X = AX + Bua duge x8p =i bdi :
Xt + T) = (¢ + ATX(®) + TBult).
D6 la phuong trinh (7-27) véi : '
¢ =1+ A.T ;A =TB,

ma ¢ va A chi ¢d mot thanh phin cia chudi cho nén T cén chon du
nhd, thudng la 1/10 cta hing s6 thdi gian bé nhit cta he.

Vidu7-14
-3 -1 .3 i
-1 s 43 1
4 4 4
A= L I - A) 1 2
4 4 4 Ty

lsl1-A| = .<s + % )2 - (%)2 = (s + IMs + 0,5) ;

+3 -1
s+ = =
sl - A" = . ! :
' s+ s+ 0) 1 3
4 4
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Sau khi dung phan thie do

pt) =5 ((sI - A

Két qua tinh toan theo (7-26) va {(7-80) cho T = 1

n gidn d6i' voi e ta og -
1 e ' 4 e—{J.St P e‘U._Sr
2 PR ) e+ o085 |°

vi T = 0,1 nhu

54U
T = 1 T = 01
N 04872 -0,1193] 0,9280  —0,0232 |
Véi (7-26) {—0,1193 0,4872J’ {—0,0232 0,9280
3 0,25  -025] 0,9250  —0,0250 |
VoL T30 = | o 025 -0,0250  0.9250

Ta két qud trén, v6i T =
vi rdng hang s§ thoi gian cda h

bang 1/10 cia hing s6 thoi gian bé (T,

thé chdp nhan duge.

Céc phuong phap dang chuagn
phitang phap du bso - higu dinh

dol hdéi nhidu thdi gian tinh.

1, bifu thic x4p xi (7-30) ¢ sai s6 lén
¢1a T =1, T, =2 Chi khi T = 0,1
1} thi dd chinh xdc méi cg

g trinh chufin nhv Runge - Kutta hay
théa man véi cac hé bé ; véi he lon

VIL4. DIEU KHIEN DUOC VA QUAN SAT pUGQC

Céc bién trang thai xudt hie

bién trang thdi thudng lén hon s3

Co phai tdt ¢4 cdc bien
trang thai déu od thé diéu
khién duge hay khéng ? Cs
th€ xdc dinh duge tdt ca cde
trang thdi ti cde ddu ra do
duge hay khong ? Theo hinh
7.12 va 7.13 ¢d thé cd rnhan
xét truc quan vé kha nang
diéu khién dugec va quan sat.
dudge,

G hinh 7.12, diéu khign
u(t) chi tic dong duge bisn
trang thai x,(t) chd khéng
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lugng céc bign ddu ra od thé do dugce.
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tac déng dugc dén
trang thai x,{t) nén
bién trang thai & hinh
7.12 1la khong diéu
khién duge hoan toan.
O hinh 7.13 trang thai
x,>(t) khéng thé tac
déng dén dau ra y(t)

ddu bing cich nao di
nida, nén bién trang 3
thdi & hinh 7.13 la
khong quan sat duge

Hinh 7.13

hoan toan.

Khéng phai moi trucng hop vé& diéu khi€n duge va quan sat duge
ddu d& nhan thiy nhu & vi du trén nén cén xét dén diéu kién didu khién
dude vAa quan sat dugc mot cach ddy da hon.

{. Dink nghia
Hé didu khién :
X = AX + Bu
y = CX + Du
hay cdn goi la mét cip ma tran (A, B) la didu khién duge néu va chi

néu tén tai diéu khin u cdé thé dua trang thdi x(0) cta hé dén trang
thai x(T) trong mot thoi gian hitu han T.

(7T-31)

Heé digu khién (7-31) hay mét cip ma tran (C,A) Ia quan sét duoc
néu bién trang thai x(0) duge xdc dinh khi bigt dugc u va y trong théi
khoang hitu han 0 < t < T.

2. Xde dinh ditu kién diew khién diwec va quan sdt tduoc
Né&u dung bign d6i trung gian X = Uz, biéu thic (7-31) cd dang :
7 = A.z + (VBu
y = (CUz + Du
Gia st & hang thd i cia (V'B) chi o6 cdc phdn ti bang 0, z = Az,
thi trang thai 8y sé khéng diéu khién duge boi u. Ciing. nhu vay, néu
cot thi j cua (CU) chi cd cdc phdn tit bang 0 thi "'mot" (mode) dy sé
khéng quan sat duge & dau ra.

3

Dinh Iy 1.
Hé (7-1) la didu khién duge néu va chi néu V'B khéng cdé hang chda
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cdc phdn ti déu bing 0. He¢ l1a quan sat dude néu va chi u.éu CU khéng
€6 ¢dt chda cdc phdn ti déu bang 0.

binh Iy 2.
Cap ma tran (A, B) 1a diéu khign dude néu va chi néu ma tran -
C, = [B AB A’B . . . AVB] (1-32)
cé s6 hang.bdng n, tic 1A n x n ma tran C, khéng suy bigén hoac cé n
cGt tuyén tinh doc lap, hay dinh thde cua C, khac 0,
Cap ma tran (C’A) 14 quan sat duge néu va chi néu ma tran
O, = [C AC AYC . Al (7-33)
c6 56 hang bang n hay khi dinh thdc cta O, khac 0. Dau ™" la ddu cua
ma trdn chuyén vi tuong tng.
Vidu7-15

O hinh 7.14 c6 bé trén véi q), ¢ va g,
¢; 14 luu lugng va nong do hai vai ¢ ddu
vio ; g, ¢ 14 huu lugng va néng do voi chay
ra cua dung dich ; V la dung tich cla binh
chta ; H 1a chiéu cao ctia dung dich trong
binh.

Phudng trinh can bang khdi lugng 1a :

Vi) = qt) + gt} - qit) ;

a H
@t [eOVID] = c\q;(t) + coga(t) - cltiqit).
Luu tugng qit) duge dac trung béi dong Hinh 7.14
chdy réi:
Vit
at) = kVHQD = k —é—l (7-34)

ma S 1a dién tich binh chda (S = const) ; k la hé s6 ty e
¢ trang thdi can béng

Dt = Qo 5 R= qp ;5 qt) = q, ;.

Vit) = V, ; ct) = ¢

Do d6 tit hé phuong trinh trén ta co E

i1

¢ = qu* ap - q;
0 = Sy + CEQZH - ¢



v

3]

va 9o = k E
Tuyén tinh hoa (7-34) theo chudi Taylor ¢ lan can {q, V,) ta cd :
Xy

q(t_) -q, = \Ig ” V(t?a .vzvﬂ (V(t) - V“:}

- k Vo o
hay qlt) = V. —-— . Vi

ma At = qit) — qq 5 Vi) = V) -V,

qQit) = qp + Q5 qlt) = gy + Q)
Ci't) = ¢. + C(t)

11
Cudi cing tit cac bifu thic trén ta cd dao dong quanh trang thai
can bang :

T 4, + Q) Lo 9
(t)—ch\) q; g Vu L
- ~ ~ - Collyy, ~ -
)V, + ¢ V&) = cq(t) + cqit) - 3 Vit — gq.clt)
VE)
Dung t = a-— vA cAc bién trang thai :
Ly
x (1) = V@) ; ut) = g0 ; vt = Q) ;
Xt = &b u(t) = Gt ; yolt) = Tt .
ta cd
Fo1
—5 0 1 1
x(t) = x(ty + %7 % ¢~ S| ult)
L 0 -T V(‘ VL}
1
vty = | 21 x(t) .
0 1
L

Véi cac thong s6 cho trude sau déay

Q9 = 10 Isec ; ¢, = 9 gmoll ; V,= 1500 1

[$]
qay = 20 Usec ; c, = 18 gmoll

-
i

Tit d6 tinh ra 7 = 50 vA ¢, = 15 gmoll



Do do ;

o | o0t o] 1 1 ‘
V=g ooz X ~0,004 0,002 |

001 0
yity = 0 1 x(t}).
Vai diéu kién cac néng do c; va ¢; déu phu nhau thi ¢ = ¢, = ¢,
nén :

1

-5 0

: 2T L1
x(t) = ] x(t) + ]io 0 Ju(t).
¢ -7

va s0 d6 graph tin hiéu nhu & hinh 7.12.

Vay khi néng d6 nhu nhau thi bien X;(t) (su thay d6i cla néng do
ddu ra c,) khéng c6 lien quan gi dén disu khign u (su thay d6i luu lugng
¢ hai ddu vaoc). N6i cach khac 1a ta khéng thé dua trang thai X(t) tir
x2(t,) dén x,(t;) trong thoi khoang hitu han (t, - t,). Néu ¢ ¥ ¢y thi hé
théng hoan toan diu khién duge. Trong vi du trén, viée phan tdch bién
trang thai x,(t) khéi diéu khi€n u(t) nhu & hinh 7.12 trén chi la didu
kién di. Hiy xem mot trudng hgp khac.

Vidu 7-16

Mot mach dién nhu & hinh 7.15a, voi ;

Xty = e((t) ;
x5(t) e5(t).

Phuong trinh vi phan déi
vii hé trén la -

9.10%, + x, +
+ 9.10°G, -i) -u = 0 ;
9.10% + x, +
+ 9.10%G, - i) - x, = 0.
dx,

——( - -
37.10)HT =1 - 13,
- dx;
37 .10 a - k2
‘ Phuong trinh trang thai Hinh 7.15a
cd dang ;
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80 d6 graph tin hiéu
nhu ¢ hinh 7.16b voi diéu
kién ban ddu bang khong,
x() = 0 :

|

xty = [eM bumdr =
()

= [ i } (i e~y dr)

Nhu vay x,(t} = x;(t)
cho nén khong thé cd diéu
khién u(t) nao c¢d thé Hinh 7.15b
chuyén trang thai x(0) dén trang thai x,(t) # x,(t}. Hé trd nén khong
diéu khién ducge mac di ca hai bign trang thai x, va x; déu lién hé vai
diéu khi€n u(t) nhu & hinh 7.15b.
Vidu 7-17
Néu luat disu khién 1a u(t) = kx(t) thi diéu kién diéu khi€n duge
duge théa man nhung chua di dé o6 bd diéu khi€n thich hgp, Dé cd
diéu nay phai dang héi tiép cia mei trang thai. Trong thuc t€ khong
phai moi bién trang thai déu do duge cho nén ta cdn b6 gquan sdt xay
dung trén co s3 tinh chdt quan sdt duge - co sd cla khd nang udc lugng
trang thai x(t) ti ddu ra. D&i tuong la quan sat dudc néu moi bién cla
x(t) cd thé duge quan sit bing cach do ddu vio va ddu ra. O hinh 7.13
viec phan tich trang thai x,(t) so voi didu ra y(t) cing chi 13 didu kién
da. Xét mach dién & hinh 7.16 véi trang thai dudc chon :
x(t) = i(t) ;
x,(t) i5(t).
Phudng trinh vi phén cd dang :

]

:;((l}-’- xl+"’¢,‘+x2—u=0,

(x; - %) - % ~ x; = 0.

L
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Phuong trinh trang thai nhu

Ca hai bign trang thai déu

lien he @i yith. Voi uit) = 0
ta co
yit) = CeVMx = (X“l _ x“,)e"“:

S d6 graph tin hiéu nhu
¢ hinh 7.17. Nhu vay tin hiéu
ra tdy thudc vao x°) - x”, nén
ban ddu nhu

nhau, hé trén sa khéng quan

vai trang thai
sat dude vi sé khong tao nén

tin hiéu ra.

Trén day Ia
nhing vi dy minh
hoa didu kién diéy
khién duge vi quan
sdt duge dua trén
cg s¢ phan tich ha
theo diéu kién vat
Iy. Duéi day la céc
vi du ap dung cde
bi€u thie (7-32) va
(733 ma trin
diéu khi€n duge va
quan sit duge.

va

Yidu 7-18

INSRINE N
-2| | x, o
X

_I] !
*2

[ 1L

7 i ‘E—‘

Hink 7.16

Hink 7.17

Ilé gém khéi luong - 15 xo — giam xéc nhu & hinh 718, Hai mat

bang lien hé nhau va v6i mat dat bang cdac hé 16 xo va dém giam xdc.
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Vi tri ban ddu la vi tri can bang cta 1o xo va giam xdc (bd qua luc hit

cia Trai DAat).

la

CS bén dai lugng tich liy nang lugng nén chon bdn bién trang thai

x,(t) = y,(t) - do dich chuyén

cia mal bang I
x,t) = ya{t) - do dich chuyén f
cla mat bang 2 0
X4(t) = v {t} ~ téc do di chuyén ’__ M, L l
cia mat bang I - L v,
x,{t) = v,(t) - téc dé di chuyén
cha mit bang 2 - LIJ
L - YRR BN
Bign ddu vac : u = fit) 1a luc 2 ¥
tac dung. % %
Phuong trinh vi phan mo ta 1_]_‘
dong hoc cia hé ngdi trén nhu sau : HTITTTTT 7T T T 77T 7772 777777 777
5(| = )(_r,’ . X‘Z = X4.
+ Kix; - x3) = u;
M25(4 + BI(X4 - X';) + Kl(xE - Xl) + BEX_I_ - sz‘} = 0
Phuong trinh trang thai tuong ung la .
[ o 0 1 0 ] )
X, 0 0 0 1 %, 0
k; &K BB ) ‘1)
x| M, M, M, M, T R
5 oM
ol s memom meem ][
M, M, M, M, i
L :
Xy
A 10 0 0 Xz
yal T 101 0 0 |x
Xy



D& gian don trong tinh todn, bé qua khéi lugng ctia hai mat bang

M; = M; = 0), gia thist K, = B,

Kz = 1 con B; 1a théng 6 bin

déi duge. Vay, dob dich chuyén cta hai mat béng duge ms ta béi phuong

trinh
Xit) = Ax(t) + h.aft)
Lo B,
vai A = " b = ;
0 L
B, B,
Mz tran diéu khign duge la
2 B2
= {b Ab] = 2
1 1
B, _"B.‘:‘ J

Néu B, # 1 thi det (C,) # 0, hé la didu khién duge vA ta cing cd

h = 2.

Vidu 7-19

He con trd va ban truot AN
nhy & hinh 7.19. Ban truot '
duge didu khién bang dong co
con va tao nén lyc uft). Néu
khéng cd su tham gia caa lyc
diéu khi€n thi con tré s& &
trang thai khéng 8n dinh. Nhu
vidy, hé khong &n dinh cd thé
diéu khi€n duge khong ?

Trong tam cta con tré va

ban trugt duge xac dinh theo Hinh 7.19
hé toa db sau :

exe trugt : ~ vi trl ndm ngang = z

ecCOn tré : - vi tri ndm ngang = z + Lsing

— vi tri thing ding = Leosg
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Mé td déng hoc cta hé trén duge xdc dinh bdi vi tri va t8c d¢ coa
xe trugt cing nhu vi tri gde va téc d gde cua con tré. Do ddé chon cac
bién trang thai sau : '

- vi tri xe trugt : x,(t) = z(t)

- toc do xe truct : x,(t) = z(t)

1
1

@(t)

- téc d6 gde cha con trd @ xylt) = @ (t)

vi tri (gde) cva con trd : xy(t)

Vai m - trong khdi con tré ; J -
momen qudn tinh con tré quy vé trong
tam : M - trong kh6i xe trugt. Tac dung
lén con trd ¢d ldc m.g, phan lyc ngang H-
va phan luc doc V. Mémen d6i vai trong -

tam la ?\

d?.
? v ising(t) - HLcosp(t) (7-35)

dt*
Téng luc tdc dong lén con trd theo ca
hai huéng la Hinh 7.20

J

d2
V-mg = md—i (Licosp(t)) {7-36)
t

2

d
H = m.
dt

5
£

[ z(t) + Lsing(t) ] . (1-37)

Téng lvc tiac dong lén xe lan :

az(t)

. {7T-38}
dt?

u - H =

Muc tieu dé giif cho con tr* & vi tri thing ding nén cd thé gid
thist 12 ¢ rdt bé va sing = ¢, cosp = 1. Tit dd cdc bi€u thue (7-35)
+ (7-38) cho ta :

mLy + (m + Mz = u ; (7-39)
J + mLH + mLz - mgL¢ = 0. (7-40)
Véi cac thong s6 sau day : M = 1 kg ; m = 0,16 kg ; L = 1 m 3

g = 9,81 mfsec’ ; J = ml? = 02 kg,mz‘ Cic phuong trinh (7-39)

oo | W

va (7-40) ¢é dang :
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| 0 0 0
0 0 -05809 0 0,9211
=14 o 0 1| X 0 v
0 0 44537 0 - 0,3947
vyv= [0010]X = CX
Ma tran quan sat la :
c 0 0 1 0
o - | Al _ o 0o o 1
b= cat | T 0 0 44537 0
CAS 0 0 0 4,4537
Dinh thic nay bang 0 (dettO,) = ) nén hé khéng quan sat duge.

Néu lay do dich chuyén cua ban trugt zit) lam tin hiéu ra, luc dy
C=[1000];

thi ma trin quan sit 1a :

1 0 0 0
0 1 0 0
Oh =
0 0 -0,5809 0
I
L O 0 0 -0,5809

va det(O) = 0,3374 # 0, hé trd nén quan sit duge. Céc dai lugng z(t),

Pit) va p(t) déu 6 thé x&c dinh duoc bang cach quan st z(t) trong thdi
khodng bat ky.

J. Dang chuwong trinh MATLAB d¢ ddnh gid hé théng
Vai vi du 7-17

a=1[-21;1 -2];

b =1[1;0;¢=1{1,-1];
O, = obsv (a,¢)

rank (O}

det (O)

ta ¢d k&t qua rank(Q,) = | hay d&i v@i he mét diu ra thi det(0,) = 0 thi h¢ 1a
kKhong quan sdt duoc.
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C, = ctrb (a, b}

rank (C))
det (C)

Két quit 1 rank(Cy) =2 hay déi voi he mot ddu viao det(C) = 1+ ki
he trén §a diéu khién duge.

VIl.5. TONG HOP HE KIN THEO BIEN TRANG THAI

Theo bién trang thai, thutng dung cac phuong phdp téng hgp sau :
- Phuaong phap dp dat nghiém s6 ;

- Phuong phdp xdc dinh diéu khién t6i uu ;

-~ Phuong phap dung mé hinh tich phan.

VIL.5.1. Téng hgp theo phuong phap 4ap dit nghiém

Néi dung cua phudng
phap la diung cdc phan

haéi trang thdi véi cdc hé o o - X
Xe=AX+Ba [ T

s6 K, sac cho phan bd

nghiém cGa hé kin la téi
yu. ay, déi val hé —

1.-1 Nhu vay, d6i vdi hé o P |
X = AX + Bu (7-41) L]

Diédu khién t&1 uu
la Hinh 7.21

u = -KX (7-42)
ma vects K duge tinh theo phan bd t&i vu cia nghiém 38 hé kin (hinh 7.21).
Vi du 7-20a
Hé didu chinh gdc quay cua dong cd cd graph tin hiéu nhu & hinh
7.22. Ham truyén cua doi tugng cd uang @
30 30

Gis)y = = ,
(s +6)(s + 1)s s*+ Ts* + 6s

Néu ding bg diéu chinh PD théng thutng, vi du : Gls) = K. + Kg
thi phuong trinh dac trung cia hé kin cd dang :
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L+ GGl = * + 77 + (6 + 30Kps + 30K, = 0 (7-43)
K. va K, dudgc chon theo phan bd nghiém coa hé kin. D8I vai vi du
trén, hé bac ba o phuong trinh dac trung v6i ba nghiem p|, p,, Py la:
G-p)E-PIGE P =~ (p+p+pys® + . = 0 (7-44)
Téng cia cie nghiem ndy, so sanh vai (7-43)
Py + pp + py = -7
Do do K. va K, cd thé thay déi dugc trong pham vi han ché

Hinh 7.22

Bay git néu dung bo didu chink trang thai véi he s phan hai K,
K; nhu ¢ hinh 7.23. Ba héi ti€p trén c¢d thé duge thay the bang héi tigp
tuogng dugng :

K

30

K3
1 + Ky + m -%)s + 1

)
s+ 1) = |[—=|s% + (K2+

(l_)C:.

Hinh 7.23
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Phuong trinh dac trung cta hé kin la :

Ksl , K,

— s + L+ s + =
301° (Ké 30)5 1

= &+ (T + GEK? + (68 + 30Gs)Ks+

55 + 7s° + 65 + 30G.s) {

+G 9Ky + 30G(s) = 0 (7-45)
Cac hé s6 cha Gus), K, Ky cé th€ duge xac dinh trong pham vi
rong hon dé cd phan b6 nghiém thich hap.
Vi du ba nghiém &y la -7, -3 = 3j. Vay phuong trinh ddc trung
mong mudn la :

(s+T)(s+3-8)(s+3+3) = +13s°+60s+126 = 0 (7-46)

Can bang cdc hé s6 & (7-45) va (7-46) -
T+ G K, = 13 6 + 830G K, + G K; = 60; 30G(s) = 126

ta cd :
G —-42-K—L‘K—0’8 (7-47)
dsh = 425 By = 43 B2 T 54
Phuong trinh trang thai cia hé la -
0O 1 0 0
X =]0-1 3 [XxX+ |0[u (7-48)
0 0 -6 1

Theo hinh 7.23 va (7-47), didu khién u 1 cdc hé s6 ti moi bién
trang thai :
4= G, + Kb, + Kb = (G GE; GKIX =
= -[42 1,6 61 X (7-49)
O hinh 7.23 vA 7.21, ddu vao cia hé 1a 0 vi muc tiéu diéu khién

la thay d8i trang thai ban ddu tif x, trd thanh x = 0. Phan héi trang

thdi (7-49) duge thuc hién boi phan hoi nhw & hinh 7.23 ma K 1a mot ma
tran thé hién nhu & hinh 7.21 vd bo diéu chinh G_(s) dd ¢6 & mach

thuén.
Tuong tng v6i (7-41) va (7-42) phudng trinh cla hé kin }a :

X = (A-BKX (7-50)
ma ma trAn cla mach vong kin 1la (A - BXK) vad phuong trinh dac trung

ciua hé kin :

"
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|sI - (A -BK)| = 0 (7-61)
V&i vi du trén vé dong co, néu thay th& (7-49) vao (7-48) ¢6 thé
e6 duge phuong trinh dac trung (7-45). Phuong trinh dac trung mong

muén duge xdc dinh tu dai lugng riéng cta hé kin mong mudn nhu &

(7-46). Néu ching la B o p, thi phuong trinh dac trung mong mudn
la
(5 =B =B o (s - B = s" + a, "+ L+
+ oaps + oay =0 (7-52)

Cac phdn td cia K duge xac dinh tu diéu kién can bing cic hé s§
cing bae & (7-51) va (7-52). Chi y la diéu kién diéu khién duge phai
duge théa mian hay cap ma tran (A, B) 1a diéu khién duoe.

Vidu 7-26b

Mét phuong dn khac 1a hé trén c6 thé mo ta bang so dé tuong
ducng nhu & hinh 724 ma mach héi ti€p tuong tng vai (7.45) -

| Ky 30K, 30
His) = %[S-F(l'i' K3 )5+ K—Sj],
A 30
M{s“+ Qs+ —)
A G (s)G(s)H(s) — -
va L“b) (8] (S. - (S + 6)(S + I)S
ma M = GK, ; Q =
__ 30 K,
(1 + R ) i Ky va

K, e¢d thé duge chon
theo vi tri ctia nghiém

coextsens |

oo 2 2
) & el
30 [52+ (r+ X, J5+ Kj}

khong mong mudn. Vi
du ¢d thé chon nghiém
khong sao cho bit hoan
toan dudgec cdc nghiém
cuc, Ta chon da thic o

Hinh 7.24
td s6
Hi K c o+ -+30 K3(+6)(+1
8) = 30 J:S Qs K_;] =35 E 3

Tu dd Ky = 5; Q = 7, nghia la K. = 1
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Ms+6)s+1) _ _1\4

Do doé : G(s)G(s)H(s) =
0 6 : Gs)GITS) (s +6)s+ 1)s $

Nhu vay ham truyén he kin bang :
G .{(s)G(s) _ G.(s)30
1+ G (8)G(s)H(s) (s +6)s+1)s+M)

WK(S) -

Né&u 14y ciing tri s6 G(s) = 42 nhu vi du trén. ta cO6 M = 4.2 x 5 = 21.

Vay: '
126
s? + 282 + 1535+ 126
wong ing vaéi dudng b) & hinh 7.25 véi ba nghiém déu thyc:
p,=-21;p,=-6:p=-L
Con dudng a) ing v (7-45) va nghiém la:
P = _7'-Pz=_3+3j?133='3_3j-

1.4 , R ‘..._.___.__'_...—_\

s Gad2 K m 1428 Ky2038

127 (pe-7 g}:-::_y‘

WK(S) =

0 1 ] s 5
Tha! gian , sec

Hinh 7.25
P&i véi hée mot vio mot ra (S1S0), cong thitc Ackerman cho phép xac
dinh tuong d6i gidn don ma tran trang thdi héi tiép K:
K={k.k; .. k!
mia u=Kx

Theo phuong phédp nay, nhu nhimg phuong phap khic, trude tién can chon
phuong trinh dac trung ciia hé kin dya theo chat lugng cho trudc durdl dang:
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F(s)=s"+o;s"" + ... +0q

Ma trdn trang thdi héi ti€p cdn tim duoc xdc dinh bai:
K=[0,0,..,1} Cy'F(A)

ma C3'[B AB A’B... A"'B] 12 ma tran diéu khién duge (7-32),
VaF(A)= A"+ o, A" + .+ ]

Trong trudng hop dung may tinh va chuong trinh MATLAR dé xac dmh K
thi K = acker (A, B, P) ma P 1a cdc nghiém cla phuong trinh dic trimg F(s) =

Vi du 7.20c: Hé bac hai ¢6 ham truyén dat:

G(s) = 1/s

Chon phuong trinh ddc trung véi nght¢ms=1+j;

Nhuv3y=F(s)=sz+25+2:a, =a,=2.

Hé da cho c6 phuong trinh trang thdi:

BT

Ma tran diéu khién :

2
e[ oy i) o3 -

Do dé: K = [ 0 1][8 H [3 §]=[0 1][0 2]:[2 21.

Néu diing MATLAB 1a ¢é:
A=[01]1;B=[0; 1]; P=[-1+i,-1-1i7];
K = acker(A, B, P)
tacting ¢cé két qua : K =[2 2 ] nhu trén.
VII 5.2. Tong hop theo phuong phap diéu khién 167 wu

Chit luong cha hé diéu khién c6 thé dugc ddnh gid bing chi tiéu hén
hop (V.4), vi du:

T
T= [G(x.u,t)dt (7-56)
it
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ma x - vecto trang thai ; u - vects diéu khién ; T - thai diém cudi.
Vi ta quan tidm dén cuc ti€u

cta sail léch, khi trang thal mong

muén x; = O thi sai léch la dai

lugng x ctGa vecto trang thai. Khi v, e - ¥

A . 2 L, —o WS

h¢ & trang thai can bang x = x4 * 7| géL khién : 7
Ly . - X

= (0 thi moi chénh léch khoi trang
thai cdn bidng 14 sai léch. Viéc
téng hgp diéu khi€n tdi wu cd thé
ding bién trang thai phan héi va chi tiéu chdt lugng 12 binh phuong cla
sai léch.

Hinh 7.26

Hé didu khi€n duge mé td nhu & hinh 7.26 v6i phuong trinh vi
phan :
X = AX + Bu (1-5T)
Bé didu chinh trang thai duge chon sac chu u la ham cta trang thai
cd thé do duge X
u = -KX (7-58)
Vidu:u = -kx;; uy = -kpxg ;oo ouy = ckexg
hay : u, = “kilxFxy) 5 vy = -kylxpthxa) o
Viéc chon tin higu diéu khién 1a thy ¥ va mot phan tly thudc vao chét
lugng mong mudn cy thé€ cing ohu tly thudc vao mue dd phic tap cia ciu
tric phan hdi, bdi khéng phai trang thai nao cing do duwge. Thong

thudng ham héi tiép 1a tuyén tinh : u = -KX ma K 12 ma trin mX n:
[ ul 1 ~ - 2]
koo K, xl-l
u;
=—| . , 1 {7-59)
kml o kmn Xn
up, L B

Thay (7- 59) vao (7-57) ta o6
X = (A - BRKX. (1-60)
Chi tiéu chat lugng (7- 58) trong trudng hop mot bién trang thdl o
dang :
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T i

J= [xl(t)]zdt (7-61)

0
V&i hai bién trang thai -
.
J = [od+xdat (7-62)
u

Trong trudng hop chung :

X
s *2 P 2
XX = Ix; %3 . ., %] : = (x;j+...x3) (7-63)
X,
Dau ™" la ddu chuyén vi coa ma tran.

Chi tiéu chat lugng thudng dung cd dang chung :

1 ¢,
I =3 _ll;(xx)dt (7-64)

Thoi difm cudi c6 thé ldy T = w. DE J <6 cuc tidu, ta gia dinh
ton tai dao ham :

d
a (XPX) = -X'X, (7-65)
ma P 12 ma tran déi xing (F‘ij = pjl-). Ldy dac ham cta v& trai (7- 65) :
d
a@ (XPX) = XPX + XPX

Thay X tit (7-60) ;

d
aG (X'P.X) [(A -BEKXIPX + XP[{A - BK)X]

X'A -BKYPX + XP(A -BK)X
X'[fA - EXYP + P(A - BK)IX
Néu [{A - BK)'P + P{A - BK) I thi:

]

d
a&t X'PX) -X’X. ('7-66)

vd (7-66) la bifu thidc chinh xdc cha (7-65).
Thay (7-66) vao (7-64) ta cd :
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J = Lrd X'P.X)dt= ~Lvpx® -
“*2£dt( Kydt= -5 AEA, =

1 1

— - 2 X(o)PX(e) + = X(0) PX(0)
2 2
1

va : § = X OPXO. (7-67)
voi - (A - BKYP + P(A -BK) = -1 (7-68)

Nhu vay, cd hai budc d& tdng hgp hé la :
1. Xac dinh ma tran P thoéa min (7-68) ma (A - B.K) da hiét.

2. Cuc ti€u hda J bang cach xdc dinh cyc ti€u cta (7-67) theo mdot
hay vai théng sd cua hé.

Trong trudng hgp chi tiéu chat lugng (7-56) cd tinh dén ton thét
nang lugng cyc tiéu thi :

1 20
I=3 J ®MX + w Nu)dt (7-69)
0

ma M, N 1a cdc ma tran trong luong va la ma trdn chéo. X’MX va
w' Nu cd dang binh phuong, dénh gid chit lugng cing nhu tén thit cla
didu khién.

r -

ml - 0 xl nllxl
- n
X’M.Xz‘:xl...xn] o=k x| - = mixiz
0 my, X, ' =1
MeXp (7-700
) L ]
wNu = ), njuj2 (7-71)
=1
1 =fn r \
J = 5 J E 1nix-|2+2 n; uj2 dt. (7-12)
0 li=1 j=0
Néu thay th§ u= -KX vao (7-69) ta c6 :
1 o
J =5 [ XM + K.NK)X]dt. (7-73)
0

Nhu vAy, néu he kin 13 6n dinh [x(w) = 0], s& ton tal ma trén
hing P, thuc, déi xing va xdc dinh duong sao cho :
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d
at XPX) = -X'M + K.NKX P = {pij}, (7-74)

P xdc dinh duong néu moi dinh thic con déu duong :

—Pu Pz ... pln-
Piy Pi2 “ '
p“>0;p2Ip22>0;... : . > 0 (7-75)
hpln Pao - - - pnnJ
S0 sanh (7-64) voi (7-74) ta o6 .
(A - BKYP + P(A- BK) = -M - K'NK, (7-76)
vii moi X. Phuong trinh (7-76) la phuong trinh Liapunov,
Cyc ti€u cda (7- 67) duge xac dinh tit diéu kién :
Ll = 0. (7-77)
dkyy

1
Heé s6 5 @ cac chi titu chdt lugng - & (7-69) chdng han - lam cho

tinh todn thém don gidn, khong anh hudng dén didu kién téi wu.

Khi s6 lugng cic hé s8 ki 16n, cén diung cdc chuong trinh may tinh
dd co san d€ giai

Digu kién t6i uu 12 héi ti€p trang thai voi hé s6 hang :

u' = -KX ; K = N'B'P. (7-78)
ma P la ma trin ddi xding xdc dinh duong, nghiém cua phuong trinh ma
frén doi s6 Riccati :

PA+ AP -PBN'BP+ M =0 (7-79)
Phuong phdp hinh thanh
phudng trinh Riceati cén cd thé
xem ¢ muc I1.24 [20]. V4i bai todn
téng hogp bo diéu chinh ma thei
diém cudi T = o« (7-66, 7-69) thi
P = 0. Nghiém t6i vu khong phu
thuge didu kién dau.

Vidu 7-21
Hé diéu khién vi tri ¢ sg d8
graph nhu & hinh 7.27. Hink 7.27
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Ham truyén cta doi tugng :

c6 phuodng trinh trang thai :

X, 0 1] 0
[31 = [0 -—ajl X" |aM™ (7-80)
J

vdi phdn hoi cha tin hiéu diéu khi€n duy nhat tuong duong véi phan héi
trang thdi téng quat :

u = KX = - [k kX {7-81)
Ma tran trong s6 M, N cing nhu P od dang :

Mo 1o
T 0 m

a; Diing phuong trinh Liapunov (7-76)

P, P2 )
P = {"1-82)
Pz P3

1

Ma tran hé kin :

_ 0 1 0 0 i
“o- BiS = {0 —aji - ]:Ajl ey kel = | Ak, —A‘kjl
a
vwoi Ak = a+ Ak k =k + +
Phugng trinh Liapunov cd dang :
—Akp —Akp; -Akps p;—Akp; 1+ kfn kk,n
+ = - -
Py~ Akpy py - Akp —Akip; p;—Akpy kk,n m+kin

Hé phatong trinh trén tuong ung voi ba phuong trinh khdc nhau sau :
2Akp, = 1 + k%,n ;
B - Akpl - Ak1p3 = —klkz.n 3 rAk = a + Ankz)
2p, - 2Akpy; = -m - k%.n.

p> xdc dinh theo phuong trinh thd nhét, p; theo phuong trinh thi
ba va p, theo phuong trinh thi hai sau khi thay th& vao phuong trinh
nay cdc nghiém p,, p;. Cudi cung ta co :
kym klk‘gn i kfn k akn  kkn
= + + + + —— + - ;
Pr= "ok 2k | 2Ak  2Ak = 2k 2A 2
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1 k,n
P2 = 3%, © 9a s
m kgn 1 k.n

= [ + _— + _ T + E _,,_ .
P3 2Ak 24k 2A%k k, 2A°%k

Tri s6 61 uu cda k|, k, xdc dinh ti¥ diéu kién (7-77). D& gi
vii k = Ik = k,, a = 0, A =

An don,
1. V6i diéu kién dau X', = [1 0], bd

1
5 bigu thite (7- 67) co dang :

1 1 1 i
J=[10]P[0}=p|—l‘ll+ ¥ o+ > kn

Digu kién t6i wu (7-77) la .

qua hé s8

dJ dp, 1 1 0
dk, —dk, 27T 52 T
1
va ky = k, =

b. Ding phuong trinh Riccati

Véi vi du trén, phuong trinh Riccati (7-79) o dang :

0 1 0 9 1 0 07 _
P {0 —3}4_ {l —a]P+ [0 111:'&P{AJH [0 ATP = 0;

hay

0

P, — ap; 1 0] [A% A'pypy 0 0
PI~apy Zp; — 2ap, ' ]io m} ) Azpzp-_; A2p§ B [0 0}
Hé¢ phuong trinh trén dng véi ba phuang trinh khac nhau

1 - An?, = 0
Py — ap; - Azn_lpzpj = 0
2p; ~ 2ap,; - Azn_Jpz_g = 0.

Nghiém cta phuong trinh Riceati la -
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2 12
an Vn an 2n"-
,, il
rS

P = ~ A A-z A

& day chi tinh dén cdc nghiém duong theo didu kién (7-75).
Theo (7- 78) :

_ ohp B
K =u'BP == [P P

Diéu khién t6] wu 1A

. 1 a _l'\}azn on"2
u-——K.XZ‘V—H*—K'i'ﬁ E-FT-FI‘H,X

Phuong phap héi ti6p bién trang thai ed nhilng han ché cia né vdi
nhitng Jy do sau : Hai tiép bién trang thai tuong dng véi cdic bé diéu
chinh PD, PD, (biéu thic 1-86 & [20]) hay PID cd dai tan vo tan, khdc
v8i cac bo diéu chinh thue vai dai tAn hdu han. Mat khédc, d cdc hé thuc,
chi ¢6 mét s6 it trang thai 1a cd th& do duge.

VI1.5.3. Diéu khién tich phan

) day sé néu lén phuung phap téng hop hé v6i mé hinh bam tin
hicu vao ma sai léch tinh bang 0. Tin hiéu dinh huéng ddu vao cd the
bic thang, dang tang ddn déu, séng diéu hoa hay nhitng dang khac. Vi
dang bac thang, dé trd thanh vo sai tinh, phai 12 hé cd tich phan bac
moét ching han,

Mo hinh bién trang thai cta déi tugng :
x = Ax + bu ; y = CX , {7T-83)
X — vectd trang thai ; u - tin hidu vao ddi tugng ; y - tin hidu ra.
Tin hiéu vac dinh hudng duge hinh thanh dudi dang tdng quét :
X, = Ax,; 1= Cx, (7-84)

Vi didu kien ddu chua biét, md hinh cda tin hiéu vao dinh hudng
tuong dugng rity la

AN = g AT aq ™+ L et oagn (7-85)
#" 1a dago ham bac n zha rit).

Vi du, bai toan dat ra la tdng hop co cdu diu khi€n o6 kha nang

bam tin hidu vao 13 bac thang v¢i sal léch tinh bang 0. Trong trudng
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hop nay, tin hiéu vao dinh huéng =& Ia :

ir:O;r=xr; (7-86)
hoae
r=10 (7-87)
Sai léch bam e duge xac dinh bai .
e =y-r (7-88)
Liy dao ham - e = ¥ = ¢ex

ma ¢ diy da ding mé hinh cna tin hiéu vac dinh hudng tit (7-87). va
mé hinh cta ddi tugng (7-83). Néu ding hai bién trung gian :

Z = X ; w = u°:

e 0 ¢ e 0
HE IR
Né&u hé théng duge mé ta bai (7-89) 1a didu khién duge, ¢6 thé Him
duge héi tisp dang :

ta g

w = -Ke - Kyz. {(7-90)
ma hé (7-89) 4n dinh. Diéu &y cg nghia 1a sai léch bam e(t) 8n dinh va
mue tiéu ctta viéc bam tiém can voi sai léch tinh bing 0 s& dat duge.
Tin hiéu diu khién & diu vio cua d6i tuong duge xac dinh theo tich
phan cia (7-90)

i
wy = K| [e@mdr - Kx(t).
0
So d6 khdi nhu & hinh 7.28. Cg cdu diéu khién o6 mo6t khau tich
phén d6i véi tin hidu dau vao dang bac thang
Néu tin hiéu vao dang tang dan déu rit) = My t 2 0, ma M 14 hé
s6 md hinh cia tin hiéu vac dinh hudng la

X, = Ax, = [g (1} X, ; (7-91)
r=cx = [1 0x,. | (7-91)
Trong trudng hop nay ' = 0 va sai s6 bam la -
e =y —r;
€ =y - c¢cxXx
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! Y(s)

524 28 +2 7—‘

| x
v6i bién trung gian z = x ; w = u ; ta ¢
e 01 0 0
e = 0 0 ¢ + 0 |w (7-92)
z 0 0 A b

Néu (7-92) diéu khign duge, ¢ thé€ xdc dinh X; (i = 1, 2, 3) sao
cho véi

m-

w = - K, K Ky (7-93)

z
thi hé duge mo ta bai (7-92) dn dinh tiém can, vi vay sai s6 bim
elt) — 0 khi t — . Diéu khién u(t) duge xdc dinh bdi (7-93) sau khi
l4y tich phan hai i&n, thé hién ¢ hai khau tich phan nhu & hinh 7.29.
Phuong phap nay c6 th€ md rong cho nhitng tin hidu vao khéc cling
nhu dé loai trit anh hudng cta nhifu bing cach ding md hinh cia nhiéu
trong mach bu. Didu khién tich phan con la dieu khién bén ving vi ng
lué+ o6 hidu luc khi thong s8 d6i tugng thay déi

Fem————— e s s e _‘I
R{s) | e i .
Ll K, R - RN N I A
Ny S 5 _ ’l
| l X
| ]
K K, =t
\ccox L2 3
___________________________________ |
Hinh 7.29
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Vidu 7-22
béi tugng cd dang:

i 0 11 0
X =0 _, _ Jx + 1123y =110]x; (7T-94)

Hay xdc dinh co cdu diéu khi€n dé bsm tin hiéu vio dang bac thang
voi sai léch tinh bang 0. T (7-89) ta c§ -

; 0 1 o : 0

P N S T I (U (S R (7-95)
“ 0 -2 -2 ||° 1

Kiem tra cho thiy diéu kien didu khign duge thdéa méin. Ta chgn
Ky =20; K, =[20 10],

dé nghiém cda phuong
trinh dac trung caa

(7-95) 1a : s = -] = j
-10. Véi w theo (7-93)

[ ' ! 7 T T T ; i —|
i 3 4 i : Tur
thi (7-95) la &n dinh Ih; UTSIM
tiébm can. V4i moi tri so |

ban ddu cta sai léch e(0), A
eit) — 0 khi t = « nhu !

¢ hinh 730. Vi du wen | \ect) |
tugng dng véi hinh 7.28 _!l_ﬂ? |
ma doi tugng : Gis) va 7
co cdu diéu khién : Gs) - —

K, . ‘ ;_-a;z 4
= _:,_ ¢ chia Ris) thi | s i
yit) sé bdm r(t) mot edch Li_o??f:ﬂm 9"?’_?__ 1 ,TO'OIODO}

tiém can. Trong trudng

hop dy Ris) = lis va Hinh 7.30
ham truyén cuaa G(s)Gis)

cd chia Ris).

VIL.5.4. Bd quan sat dong

Phudng phdp héi tidp hing u = - KX doi hdi moi trang thai cia
X phai do duge. Trong thyc t&, vOi cdc hé tuyén tinh quan sat dugce,
thuong chi ¢6 tin hicu ra y 1a cd thé dung lam héi tiép. Mot gidi phap
deé thiet k& hé thong la ding cic by quan sit dong (bo udc lugng). Dsi
vOi cdc hé quan sat duge, bé quan sit xde dinh udce lugng X cua cac
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trang thai X tit ddu ra do dudgc y. H&i tiép hang sé sd dung ubc lugng
X dé thiét k& theo phuong phap ap dat nghiém hay diéu khién t6i uu.
Usc iuclng X cua trang thai X duge xdc dinh bang md phdéng tuon
ty hay so £ = A% + Bu cla déi tugng X = AX + Bau. Tuy nhién
khong thé phi hop voi X & moi thdl diém cta t vi né doi hoi X(0) =
X(0) ma X(0) thi khong biét duge. Néu ldy hiéu cia hai phuong trinkr
trén, X, 1& sai léch clha udc lugng ta o
X.=X—§(;XC=AX-

LS T

g
X

] ~
X0 = X(0) - X(0)

Néu A on dinh thi X.t) — 0 va udc lugng ¥ — X. Yeu ciu dat ra
1a A cta d6i tuong cing la cia udc lugng, nghia la dap dng cda déi
tugng va cha udc lugng ¢S téc do nhu nhau. Vi udc lugng la dé didu
khién cho nén dong hoc ctia bd quan sat phai nhanh hon dong hoc cua
bo diéu khién. Do viy phai thém vao phuong trinh mé hinh mot thanh

A
phdn cuéing bic ty l&¢ voi chénh léch gitta y = CX va CX :
€ - A% + Bu+ Ly - X (7-96)

S¢ dé cfu tric cua bo guan sat nhu ¢ hinh 731 ma L la ma tran
hang.

Tu (7-96) ta cd :

L =4-LOX+ Bu+ Ly (7-97)
Sai léch ciua ude lugng &
X =X - )? :

.= (A - LO X

Néu (A - LC) la 6n
dinh thi X, — 0 va X —
X. L &6 day ddng vai trd
thic dday qua trinh dong
hoc cua ubc lugng.

Phuong phap x4c dinh

L cing nhu xdc dinh K.
Vi du L ed thé duge chon
theo phuong phap 4p dat >
nghiém sac cho cac i
nghiém déu & bén trai cda \
'.

[

cac nghiém cua K, vi rang ) - A r‘

nghiém cta bé diéu chinh 86 gosn sl L) . ]
phai la nghiém troi, quyét

dinh doéng hoc ciéa hé. Hinh 7.31
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Vidu 7-23
Déi tuong duge md tad bai -

. -3 2 1 0
X=[4 _5:‘X+':0 1}1;
y =1[0 11X
Hoi tiép trang thdi u = -K.X duoe chon sac cho nghiém cua phuong
trinh déc trung hé kin 1a -4 va -9, Vj du x, khoéng do dude va can ude
lugng. Ma tran L cén tim la :
L
1,

=

L =

Phuong trinh dac trung cua bo quan sat :

s+ 3 —2+lI

ISI_’(A"'LC)[ = det ~4 S+5+12

="+ 8+ s+ (T+ 4, + 31,

Ta cd the ldy nghiém cta bé quan sat cg gia tri khoang 3 lan lon
hon bg diu chinh, vi du -12 va -15. Vay phuong trinh ddc trung mong
mudn la :

(8 + 12)s + 15) = §® + 27s + 18,
T d6 ta cd :
, = 29 va 1, = 19,
Chu y rang b6 quan sdt duge xdc dinh chi khi he la quan sat duogc

{nghia 14 khi s6 hang cta ma tran quan sat (7-33) bang thd nguyén bac
n cda A).

B0 quan sat ndi trén la bs quan sit o6 bac dday du. Néu chi uée
lugng nhitng trang thai nao khong do duge, ta ¢ bd quan sdt gidm bac.

Dau vao cua bs quan sit (u va y) thudng cd nhiéu, ¢d khi rdt dang
k& (tu cde dung cu bién d6i) ma "Iy thuyét loc" cd ¥ nghia rat lén. Ba
loc Kalman d€ xac dinh diéu khién t§i uu trong k¥ thuat cho ta ude
lugng tdi uwu trong didu kién cd nhiéu.

VIL5.5. Héi tiép tir tin hiéu ra

B¢ quan sat dong néi trén cing cd thé xem nhu mét dang hoi tiép
ti tin hiéu ra nhung c6 phdn dac biét va phic tap. Trong nhiéu truong
hgp ung dung thi sy phic tap &y la khong cdn thiét.
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D&l voi he
X =AX + Bu;y=CX (7-99)
C6 thé cd nhitng dang hdi tiép ti ddu ra nhu sau :
1. Hai tiép hang tu dau ra
u=-Ky=-KCX; X = (A -BKGCX (7-100)
2. Héi tiep dgng tit dau ra :
u=Hz+ Ny,;z=Fz+ Gy (7-101)
Céac vecte X, y, U, z ¢ thd nguyén n, m, r va p.

Co thé két hop cac phudng trinh trén nhu sau

HE G ER AR R
- [s S - 5 0

&= Cv; 1 = P§ (7-102b)
Thay (7-102b) vao (7-102a) ta cé phuong trinh kin :
vV = A+ Brdwv (7-102¢)

So sanh (7-99) va (7-100) ta thay bai todn dudc két hop thanh mot
phuong trinh kin v8i hél tiép hang tit dau ra. O hsi tiép dong ti dau
ra, cac ma tran chua bigt nhu N, H, G vAa F dugc k&t hgp thanh ma
tran P dé€ thiét k& cho hé ¢ bac (n + p). Phuong phdp tinh todn doi
voi héi tip bang tit diu ra cing duge ap dung cho héi tigp dong

D& xac dinh héi tiép hang t&i uu ti dau ra (7-100), ta cuc ti€u hda
chi tiéu chdt hugng (7-69), ching han :

J = (X’ MX + v Nu)dt (7-103)

bo | —
o e, B

Cd thé thdy rdng, ti phuong trinh ma trdn Liapunov {7-76) nguyén
thiy, K duge thay th& bing K.C voi héi tifp ddu ra :

(A - BKCYV + V(A - BKC) = -M - CK.NKC. (7-104)
Cac bi€u thie (7-67), (7-76) va (7-77) cing nhu d vi du 7-2la, diéu
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1
khi€n *5i wu cuc ti€u hda J = 3 X'(0)V.X(0) va duge xac dinh t¥ diéu
kien t6i wu dJ/dk; = 0 véi K = {kjj}. Bai toan cuc ti€u hoéa J ti (7-104)
1a bai todn t6i uu thong sé. Cac chuong trinh chuidn dé xac dinh théng

$6 t6i uu theo phuong phdp Newton - Raphson hay Rosenbrock cho phép
phan tich va téng hop cac heé théng 16n.

BAI TAP CHUONG VII

Bai tap 7-1

Hé diéu khién vi tri ¢ héi tiép trang thai d6i véi déng co mot chiéu
diéu khién kich tit nhu & hinh 7.32a va sg dé graph & hinh 7.32b ciing
nhu & vi du 7-7, 7-8 va hinh 7-7.

Hinh 7.32
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Ham truyén cd dang :

véi K = KK, JL.

Gia thiét BJ = 1, RL = 5, phan héi vi tri bang don vi. Héy xdc
dinh K,, K, theo phuong phip bu dd nhu & vi du 7-20b.

Dép dn
V&i cac digu kign da cho
_ K
Gl = s(s+ 1) (s +5) '
\ K+ K, 1
Hisy = Ky s+ i ——is + — |;
3 [ K, K, ]
1
2
M[s + Qs+ K-;:l
Gi{s)H(s) =

s{s+ 1}(s+ )

4 1
His) = Kys® + Qs + f) = Kiyis + lits + B)
3

1

vii K3=~5;Q=6;K2=1

M

G{siH(s) = —

8

Vay hé kin :
G(s K
Wiis) = ®

1+G)H(s) (G+DE+5)E+M)

Véi M = 10 hé vdn bao dam duge dn dinh vi dap dng ciia hé kin
duge quyét dinh bdi hai nghiém khéc p; = -1 va p3 = -5, M = KK; = 10,
viv K = &

Bai tap 7-2 _

V&i bai tap 7-1 chon nghiém khong cia hé had z) = -4 + J, va 2,
= -4 — jz‘ Xac dlnh :

a) Chat lugng cta hé khi M = KK; = 10 va

b)TriséKz,K3saochong‘}ﬁémm’lahéldnbéngs=—10,s=—5+j
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-2 M=o

-3
_4|~—J—_A_
-7 -8
Truc Mhue
Hinh 7.33
va 8 = -5 - j.

Dap an

Véi diéu kién dd che

) 1
His) = Kifs* + Qs + —- = Kils + 4+ j2)s + 4 - j2) =
3 3

K3
= Ki(s* + 8 + 20)
- 1 7

2
) ~ ) ‘ . B s+ 8s + 20
Quy dao nghiém s6 cda Ge)H(s) = M m

nbu ¢ hinh 7.33. Hé 8n dinh veoi moi M.
a} M = 10, nghiém phitc cta he kin Ung vai ¢ = 0,73 ma lugng
qua diéu chinh 6 = 5%. Thai gian qud do khoang 1 sec, He kin :

200

R Y LT Y Py =332 (s +9])

O hinh 7.33 c6 phan b6 nghiem khi M = 5

b) Khi phudng trinh dac trung cua hé kin cd ﬁghiém da cho
Fis) = (s + 10Ms* + 10s + 26) = s* + 2082 + 1268 1 260 = 0 vi

2 1
L+ G(HG) = ss + 1)s + 5) + M + Qs + —I-{—) = 0 nén cd thé

3
cAn bang hai phuong trinh tren, tir do -
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M =14 ; Q@ = 121/14 : K; = 14/260 va K, = 04l

Bai tap 7-3

Thigt bi thd va
kiem tra chit lugng Thanh dén
cac bang phan phéi
duge diéu khién
bang dong co méot
chiéu ed ngdn do
kiém tra nhu 4
hinh 7.34. Viéc
ki€ém tra bidng tay

sé cham vai sai s0

l6n. Kiém tra tu
. . Hinkh 7.34
dong, ti co chu

diéu khién, dat cac ngdn do dung ché va danh gia lién tyc dién trd (hay
kha nang lam viée) cua cdc bang phan phdi, Hé sd dung dong co véi dia
ma héa dé do vi tri va téc do. So dé graph nhu & hinh 7.35 véi K -
khuéch dai cong sudt mach kich ti : K, K, K; la théng s6 cdn xac

dinh ecta bo diéu chinh trang thai.

Hay xdc dinh K va u = [-K| - K; = K;]X sao cho 6% < 4%;

taa < 2 sec

Hinh 7.35
Bap dn
'V6i hé phuong trinh hd va kin :
[0 1 o0 0
X=AX+bu=|0-1 1 X+ 0 lu ;

0 0 -5 K



1 0
X =| 0 K 1 X.
-K  -KK, -6+ KK

ma K, = 1, ta ¢d cdc ham truyén :
K
W= T e
, Ki+K, K
H(s) = K, + sK, + Kys + 1)s = K, [s‘ R % ]
Vé quy dao nghiém s6 theo chuong trinh MATLAB d&i véi M = KK,
cha
Kl
s+ Qs + —
K3
Gi(s)His) = M S(S—Hm .
K,

Vi K =1;Q =8 = 20 ta ¢d nghiém khong z = -4 + j2

'K
va K; = 0,35 ; Ky = 0,05. Theo quy dao nghiém, néu M = KKy = 12,
nghiém kép hé kin ndm trén dudng thdng c6 { = 0,76 ung vai
0% = 3% va ty = 1,8 sec 1a ddp dng yéu cdu.

Vi Ky = 0,05 nén K = 240 1ng v6i cac nghiém :

SI = —10,62 ¥ 52.3 = "3,69 + j3,00<
Bai tap 7-4
Chn mét hé

-1 1 0 1

-6 8 10 -1

y=[1 2 11X
Kiém tra kha nang didu khién dugec va quan sit duge cta hé trén
theo chuong trinh MATLAB.

a) Heé diéu khién duge : rank(C) = 3
b) Hé quan sdt duge : rank{(OQy) = 3.
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Bai tap 7-5

Hé¢ didu khién chuyén dong déu clia tén la od dang

0 1 o 0 0] 01
~01 -05 06 0 O 1

X = 0,5 0 0 0 01X+ |01u;
0 0 10 0 0 0
0,5 1 0 0 0 0

y=(0 0 0 1 0X

a) Kiém tra diéu khi€n dudc ctia hg.

b) Chuyén sang ham truyén td phuong trinh trang thai, don gian
héa t& va maiu cia ham truyén, sau dd trd vé phuong trinh trang thai.

¢) Ki€m tra kha nang diéu khién duge tu muc b.

d) Hé trén cé 8n dinh khong ?

Bap an

a) Hé khong diéu khién duge : rank(C,)) = 4

b) [num, den] = ss2tf (a, b, ¢, d) cho két qua

s 5

s + 0,5'3,'4 + 0,133 st + 0,553 + 0,152

la, b, ¢, d] = tf2ss (num, den)

05 -01 0 O 1
1 0 0 0f L _ |0
a = 0 1 o of’> " 1o "
0 0 1 0 0
c=(0 0 0 51;d4=20
¢} He didu khién duge véi rank(C,) = 4.
d) Hé & bién gisi 6n dinh :
s, =0 sy = -0.25 % j 0,1936.

Bai tap 7-6
V& tinh bay quanh Trai D&t theo quy dao cd dd cao 250 dam nhu
d hinh 7.36

Phudng trinh chuyén déng cia vé& tinh nhu sau :
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1 0 o0 0 0
3w? 0 0 1 1 0

X = 5 0 0 0 X + 0 u, + o | W
0 20 0 0 0 1

d day X - trang thai cta vé tinh theo quy dao xich dao ; u, - phan luc
theo tiép tuyén ; u. - phan luc theo ban kinh ; w = 0,0011 rad/sec (gin
mot vong trong 90 phit). Nhiém vu la thiét k& co ciu diéu khién dé gitt
cho vé tinh bay theo quy dao khi cd nhiéu vi tru tdc dong.

Truée hét can ki€m tra kha nang diéu khi€n dugc ctia hé bang cach
ki€m tra doc lap cho ting luc tdc dong u, va u, riéng biét.

Quy dao vé tinh

Hinh 7.36
Dap dn
Theo chuong trinh MATLAB.

a) Khi u, = 0, vé tinh khong diéu khién duge theo huéng ban kinh
vi rank(C)) = 3, (n = 4).

b) Khi u, = 0 vé tinh diéu khién duge theo huéng ti€p tuyén vi
rank(C)) = 4, (n = 4).

Bai tap 7-7

D& quan sit phia sau Mat Trang ngudi ta dung vé tinh véi "quy dao
chi€u sang” nhu ¢ hinh 7.37. Nhiem vu la gilt cho vé tinh cd vi tri luén
quan sat duge Mat Trang va ti Trai D4t ludon lién lac duge v6i vé tinh.

Céc phuong trinh tuyén tinh héa va chufn hda cia vé tinh quanh vi tri
can bang v6i Mat Triang nhu sau :
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0 0 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1
X = 1 73809 0 0 0 g g Xt
0 ~2,1904 0 -2 0 0
0 0 ~31904 0 0 0
[0 ] [0 | [0 |
0 0 0
0 0 0
+ 1 111 + 0 'I.lz + 0 U3 §
0 1 0
0 0 1

ma vecto trang thai X 1a vi trl, téc do va cac tin hiéu vao u (i = 1, 2, 3)
la gia téc phan lyc theo cdc hudng
§, n va {. Hay xdc dinh :

a) Vi tri can bang voi Mat
Trang c¢d On dinh khéng ?

b) Hé c6 diéu khién duge tit u, UGt 4
duy nhat khong ? \%

q/\O/
¢) Hé cd diéu khién duge tit u, ) ;;;;,,:/ i WA
duy nhédt khong ? @ '
:

rai Dérf

d) Hé cd diéu khi€n duge tit u,
duy nhit khong ? oy e Tl 2T
e) Gia thiét theo hudéng n hé la

£
f&uydao conlau
quan sat duge, xac dinh ham truyén : N

G (s) = ﬁ .!”)Mg“r Trang
uy(s)
véiy =[0 1 0 0 0 0)X Hinh 7.37

f) Mo ta trang thai d6i véi muc e) voi lénh tf2ss. Kiém tra lai hé
la diéu . khién duge. '

Déap dn
a) Vi trl cAn bang 1a khong &én dinh vi s;, = £ 21587 ; 83, = 0
+ j1,8626 ; ss; = 0 * j1,7862
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b) Hé khong didu khién ducc ti u; : rank(C)) = 4

c) Hé khong diéu khi€n duge tir u; : rank(C) = 4

d) Hé khéng diéu khién duge tir uy ¢ rank(C) = 2
' — 4,1905s% — 23,548

s+ 1,9999" ~ 19,9653s° — 51,5796

el G,(s) =

f) He la didu khién duge vi rank(C) = 6 hay det(C)) = 1 = 0o,
ung voi :

[0 ~1.9999 0 199653 0 51,5796 |
1 0 0 0 0 0
| o 1 0 0 0 0
R ' 0 1 0 0 0
0 0 0 1 0 0
0 0 0 0 1 0 |
.
0
0
b= o |; c=10 1 0 -4195 0 -23548 ].
0
0
Bai tap 7-8

Hé cd so d6 graph tin hiéu nhu & hinh 7.38a. Hay xdc dinh digu
khign t6i wu :
ult) = —-k;x; - kox,
theo chi tiéu chat lugng (7-61) :
J = [(XX)dt — min,
0

vai X(0) = [1 1] va k, = L

Bap dn
0 1 0
X = 0 OJX+[1}u=A,X+b.u,
u = -KX,
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Thee (7-68)

:

Theo

Hinh 7.38

. (A -bK'P + PA -bK) = -1;
-1||P11 Pz N Py P2|| O 1| -1 0
kil lp2 P2 P2 Pn||7! "k T 0 -1

~ P2 ~ P2 =15
pi — kb2 ~ P22 = 0 ;
P2 - Kap + P2 - Koppp = L
1 1 k%+2
Pi2 = 5> P22=f3P11:_"2'1?

(7-67) J = XMOPX(D) )

p P12 1 Pt OPi2

T 11 1“ 01 1+1 _

P2 P2 { 1 Pz T P2
]
= (p, + p2) * pp+ p) =vyt 2Pzt P2
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kS + 2k, + 4

2k, ;
18] N L . .
ok = 0 ky =2 v J,, = 3 nhu & hinh 7.38b va 7.38c.
Bai tap 7-9
Voi bai tap 7-8 va diéu kién ki, =k, = k va X0 = [1 0]
Dap an
0 1
[A - bK] = “k -k
Thee (7-68) : (A ~bKVP + P(A - bK) = -I
_ 1 _ k+ 1 _ {1 +2k
Pz = ok ' Pz = YR Py = 2% '
Theo (7-69) : J = X'(OP X(0) = P11
Jd =1+ R J 1 khi k
= ST — i —
. . 7
Tin higéu phan héj : [
ult) = -kix,(t) + x,(t)) ! T
cdn duge han ché& vi du lutt)| = 50 : P ]
I i
|u|1']1fl.‘i i
kmax 0 = 90 ; 7 \‘_‘_—‘_‘_'_,'L‘_::t
x,(0) | |
vay J,. 1 + = 1,01. '
min 2k o / 2 3 4
Hinh 7.39
Bai tap 7-10 .

Trong nhiéu trudng hop cin quan tam dén tén hao nang Iugng diéu

khi€n, vi dy [u(t))? tuong Ung v6i t8n hao nang lugng diéu khign phuong

tién van tai trén 16 trinh.

V6i bai tap 7-8 va chi titu chat lugng :

0

J o= [(XIX+wud

0

[ - ma tran don vi; 1 trong sé.
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kO

Hiy xdc dinh dicu khién tdivu u = -K.X = _{O K

}x d6i véi he da cho
g bai tap 7-9.

Pdp an

Ung véi (7-73):

= .[[X'(I+7LKTK)X]dt ;
0
biéu kién (7-68) trd thanh (7-76):
(A - BK)YP + P(A - BK) = —(I + 2K'K) = =(1 + A1

- 1
J=p, =+ A+ =)
P = ¢ 2k)

3 2
LRSS S B 7% S8 Sl
dk S 2k?
Nghiém ctia phuong trinh trén dugc
giai theo Newton - Raphson.

=0

J ] 1 1 1
e 3 .2 1 b 1 1
Vi A=1:4k" +k°-1=0, i | \ )
. P 5 VR S N R
| ]
Cuc tiéu clia J nhu & hinh 7.40. 3 |--r--A - R TIEEE
Khi & = 0 thi 6 lai bAi todn & oo
R & (RSVPRR. WE deeee e Lommemd o
trudng hgp Khong tinh dén ton hao nang | I E 3 = O-E
lugng (bai tap 7-9). R - IS SO S
] 1 | 1
Bai tap 7-11 A
Xé&c dinh ma tran chuyén ti€p (1) 05 1 15 2 Kk
cta hé sau: Hinh 7.40
-1 0 0
x=]0 -4 4|x
0 -1 0
Pap dn
Thee (7- 23 ):
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Al 100] [1 o o0] 20 o
D) =e' =1+ At + —Il?'...z 010[(+10 -4t 4 0 6t =8t +....
2! 001 ]0 -t 0| | 0 212 _2¢2
Bien ddi:
4, .
[~ 4t + 617 = (1= 20 + 7= 20 (1= 20) = (1= 20) (1~ 2¢ + %r):(x-zt)e‘z‘
et 0 0
Cudi clipg ®(1) = |10 (I1-2n)e™ " 4e™

0 -t (1+20e7%

Bai tap 7-12
Xdc dinh ma tran chuyén ti€p ®(t) cta hé sau:

MBI

bDap an

21 11
(SI—A)_I:—.I___.__S+3 1 _| s+l s+2 s+1 s+2
G+DE+2¥| =2 ) 2 —~1 2

+ +
s+1 s+2 s+1 s+2

_ _ 2 -1 _ -2 -1 + -2
G)(I) - e.f\l. - :‘/ |{(g:[ _ “\) l} - { = . € . € - 5] )
e P+ 2 —e T4 2eH

Vi &7 '(1) = O(-1) nén:

(D_]([) ) e_m ) [26‘ _ e2l 61 _ ez:
—2e' + 2e*  —g'— 2e

Bai tap 7-13
Xéc dinh ham qud do clia hé sau day:

R

Theo (7-22b), cling nhu bai tap 7-12;

= ahl _ 2e71"T gm0 T -2 0
)=e¢e X(O) = J‘|:_ 28-{1-—1! + 2e—2(l—‘r); _e—(|_f] + 28_2“_1) ! [l]d'[
0

1
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Néun diéu kién dau x(0) = 0 th
x;0]_los-e +05e72 |
Xz(t) e-t _6—21 J

Piu méy chay diézen c6 so dé khdi nhu ¢ hinh 7.41a v so d6 graph tin
hiéu nhu & hinh 7.41b, cdn thong s6 cho & bang 7.1

Hay xdc dinh K, va K:

Bai tap 7-14

K=[K, K, K;]

sao cho sai léch tinh bé hon 2%. lugng qua diéu chinh bé hon 10% vi thoi
gian qud do t, < I sec.

Hinh 7.41a

Pap an
Chon trang thdi x, =
Xa

Mo ta hé thong:

f K
X, = }xl+ M x,- =
K R
}t;z——"ix1 - —L X, + — X,
L, L
_ Ry 1
Xa=-y % ¥ 7 Hinh 7.41b
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K, K, X J f L R R L K K, L R
10 100 062 1 1 02 1 1 01 1 1 01 1

mid  uw=KKo -KKx,: Li=L,+L,; R =R, +R,.

Gia sir chon K, = K, = I; & hé ¢6 héi ti€p thong thudng, sai s tinh xdc
dinh bdi:

l !
T KGO | 1+12195K

bicu kién én dinh Huocvir:

- 0,008 < K < 0,0468

s€ khong thod man sai s tinh da cho nén phai chon K, K,, K;. Chon K = | vi;

u=Kyw, - K x; - K)x, - Kixq;

ess

H¢ kin cé dang:
X = (A - BK)x + Bv
y =Cx
v=K,
He da dugc ki€m tra kha nang diéu khién duge v6i det C, = 0.

Theo phurong phdp qu§ dao nghiém s6 chon phuong trinh dic trung voi
nghiém:

s; = =50 (nghiém 16n dé hé cé 8 =sin"'(0.51)
dic tinh bac hai theo s, va s,). Tm
=-4-3] 7 Re
Vi cdc thong s6 nay: 6% < 10%; f,’/ i -
lu<1ls:&£>059vatm, >4,
Nghiém ndm trong mién gach soc > Lon je—
& hinh 7-42. K&t qua tinh; 5 =4

K=[-0,0041 0,0035 4,0333].

Ham truyén clia hé kin:
W (s} =C{sl - A+ BK)B.
Ky=1/ W (0)=1;vaW0)=1.

Hinh 7.42
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Bai tap 7-15
Vién bi sit duge treo trong khong gian nhd tir trudng nam cham nhu -
hinh 7.43. Nhiém vu 12 didu chinh i d¢ giit vién bi & khodng cdch y.
Phuong trinh dong hoc cia hé nhu sau:

2 :2
MEXOD = g 0 R L
dt x(t) d —— YV e
a() = R.i(0) + L dit)/dt . C\D P
v6ik=1;L=001H;R=1Q: ~ Citly
M=1kg;g=2322 m/sec M
Chon : x,() = (D) = ¥ : v o
X,(t) = dx(t)/ dt 5 x; = i(1). Hinh 7.43
Sau khi tuyén tinh hod ta ¢6 mo hinh:
dAX(D _ A xAx(t) + B*Au(n)
dt
0 1 0 0
A¥= (644 0 16 |; B*=| O
0 0 -100 100

D6i tugng trén 12 khong 6n dinh (s = - 100; - 8,025 ; 8,025).

Hiy x4c dinh K sao cho:

- Hé 6n dinh.

- Khi thay déi vi tri c4n bing clia vién bi, né s& rd vé vi tri ban dau
khong sai s9.

- Thoi gian qua do t, < 0,5 sec (khi thay ddi 5% vi tri),

- Xédc dinh K = [k, ks k, } nhu & hinh 7.44.

Hinh 7.44
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Bdp dn
Chon phwong trinh dac trung véi cdc nghiém: s = =20, -6 + j4.,9:
s' + 3257+ 300s + 1200 = 0
Phuong trinh déac trung cha hé kin, mit khic duge xdc dinh béi:
5 -1 0
[SI - A* 4 B*K] =| —04,4 s 16
100k, 100k, s+ 100 + 100k,
=5"+ 100(k, + 1)s? - (64,4 + F00k,)s — 1600k, — 6440(k, + 1) = 0
Tir d6 xdc dinh: K = [ - 2,038 - 0,22775 - 0.68 ]
Bai tap 7-16

He diéu khién bam Mat trdi ¢6 so d6 nhu & hinh 7.45a va he kin v6i ma
tran K = [ k, k, ] nhu & hinh 7.45b,

FT

Tia Mat traj

Truc guwong

: 4

a)

Hinh 7.45



. oA 10 1] o _101, _ o _
HqchoIrUUC.A—[O _25} : B—L]. a () =Cx(t); C=[1 O

Yeu cdu doi véi hé:
- C6 sai 16ch tinh bang khong vdi tin hiéu bac thang & dau vao.
- Véi didu khién trang thdi hoi ti€p, thoi gian qud do ty, . luong qué diéu
chinh o%, thai gian dap ng t,, la cuc tiéu.
Pap dn
o, (s) 2500

Ham truyén cua hé kin: = —
a, () s+ (25+ky)s+k

Dé sai lech bang khong, chon k, = 2500, bing cich chen nghiém cua
phuong trinh dic trung $, =8, = —50, tir d6 k, = 75. Vdi céc thong s6 trén dat
duoc:

6% =0,t,y= 0,09467 sec , t,, = 0,06717 sec.

Tuy nhién dé hé bam dwge Mat trdi v&i sai lech bang O thi phai dung
didu khién tich phan hay ding hé bac cao. Hay x4c dinh ma tran héi ti€p K
theo diéu khién tich phan sao cho:

- Sai léch tinh bang khong;

- Thoji gian qua d¢ va thdi gian dap ung déu bé hon 0,05 sec;

- Lugng qué diéu chinh 6% < 5%.

Phuong trinh dong hoc cia hé:

A=[P- 1]; B=[0];C=[2500 0]: D=0.

6 -25 1

Sg dé graph tin hiéu nhu & hinh 7.46.

Hinh 7.46
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bap dn

Do ¢6 thém khau tich phan va he s k, = kK., . diéu khién sé 1a:
u(t) = - Kx(t) - kyx, ,maK = [ k; k; 1.

Nhu vay cdc ma tran trén sé bién déi:

A=|A 0.5 _[B]. =_, ..
A—{_CO},B—[O], C=[C-DK DK}

o 1 0] _ TJo
A= 0 -25 0|; B=]1
~2500 0 0 0

Chon phuong trinh dac trung mong mudn vdi:
§ = —200; =50 + j50; —50 - j50;

tir 46: s* + 300s” + 2500s + 1.000.000 = 0
Phuong trinh dic trung clia hé kin tuong dng:
S -1 0
[sl—?&~ﬁ]= ki, s+25+k, Kk,
~2500 0 5

$'+ (25 + ky)s® + ks + 2500 K, = 0
Vay k, = 25.000 ; k, = 275 ; k, = 400.

]

Baj tap 7-18

He¢ ¢6 phuong trinh:

Y 1 0
X = [_03 _5} X+ [1 } u
y=[1 0]X;
Hay xdc dinh ma tran héi ti€p K sao cho 6% = 10% va L, = 0,5 sec.
Pdp dn
Theo yéu cdu vé chat Juong, chon vi tri cdc nghiém trén mit phang
nghiém sé tuong ting vdi phuong trinh dac trung:
s+ 165 + 183,137 =0 :
Mat khdc phuong trinh dac trung cia hé kin khi tinh dén céc hoi tiép:
ST+ (5+k)s+(3+k)=0
(tr do: K=1{180,137 11}
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Bai tap 7-19

Xac dinh sai lech tinh theo bai tap 7-18 va diéu khién tich phan dé he
tr& thanh vo sai tinh.

Pap dn

Khi tin hiéu vao I bae thang don vi r(t) = 1, vecto trang thai xdc lap:

| Yilovya= 4. V=X =
XHN—{VZ}—V—COHH,V—XM—O

O trang thai x4c l4ap cha hé kin:
0=[A-BK]V+B
Y., =CV
e(o)=1-Y,_ =1-CV=1+C{A-BK]'B
0 117 o
=1+l 0][—183,13? NRE

Dung diéu khién tich phan (x; . ky) v6i tin hi¢u vao bic thang r(t):

} = 0,995

X, [0 1]_[0}}(“[0}( [x, 0
X, |= ] =3 =50 Lid "L x| +p 0| r
Xs -[1 0] 0 | X, 1
0 1 0]lx] [o
= | -(3+k,) —(5+k;) ki (%, [+ 0
-1 o 0] lx] LI
X
y=[10 0]]|x;
X3

Vé&i hé bic ba, them nghiém cuc —100 (rdt 16n so v&i nghiém troi nhil) dé
c6 phuong trinh dac trung:
(s + 100) (s? + 165 + 183,137y =" + 116s” + 1783,1375 + 183,137 =0

va can bang vdi da thie dac trung cia hé kin:
s' 4+ (5 kst + (3 ks +k;
K=[1780,137 111 18313,7]

0 | 0 ~-1{9
efy=1+[10 0][-1783,137 -116 18313,7 D=0
-1 0 0] i



Bai tap 7-20
H¢ diéu khién dp sudt cia 6ng din hoi néng ¢é ham truyén dar;
Y8/ U(s) =1/ +3s + 4
Nghi¢m cua he 1a s = 1,5 + j1,3. Cin tang do tdc dong nhanh va giam

qud diéu chink béng hdi tiép trang thdi, tuy nhrén x, khong do duge nén cin
dung dén bo quan sit dong,

Ddp dn

or g N 0 1 0
V§i dSi tuong trén: A = [_4 &,J i B= [l } :C=[1 0]
Theo (7-97):

A-LC= {-04 -13} - {H Jto] - L{A—iz 1—3}

|sl—(A—LC)|=52+(3—!l)5—3!,—!2=0
Chon phuong trinh didc trung: (s + 15) = 52 + 305 + 225 = 0
Vay: fy =27 ,1,=140.
Bai tap 7-21
Dung MATLAB dé kiém tra lai ket qua & bai tap 7-14 va v& dac tinh cla x{t)
Dép én '
Chuong trinh dé xdc dinh K theo Ackerman vi v& x(1) nhu sau;
f=1; J=1; Km=10;Kb=0.62; Lt=0.2+0.1:
Rt=I+1; Kt=1;Kg=100; Rf=1; Lt=0.1:
A=[-f1J Km/d 0; -KbiLt -Rt/Lt KgiLt; 0 0 -RfiLf];
B=[0,0;1/Lf); C=[1 0 0]; D=[0];
P=[-50,-4+3"i-4-3*]];
K=acker{A,B,P)
[num denj=ss2tf(A-B"K,B,C.D):
Ko=numi{4)/den(4):
t=[0:0.05:2];
ly.xt}=step(A-B*K B/Ko,C,D,1.1);
plot(t,x:,T),t.x(:.2),'--'.l,x(:.3),'-.').grid
xlabel("Thoi gian{sec)' ylabel('Bien trang thai'}
Iegend('-','w‘,'--',’ia,'-.'.'if',-1)




Pic tinh cia x(t) nhu & hinh 7.47.

1.4 r T : T
K= [0 0041 00035 403?3]} i : :
] B St MAE DS EEbit bt et Mt
I 1 I ] | 1 | 1 1
] | 1 1 1 | ] 1 1
— J R N N L e 1 ! L
: [ T
oy 0.8 --mF---t-- T e R Rt
5 : =woo
R AT s RS
3 1 b : X2 =ia | ! !
R A et S i S S A R
0.2} ‘.""I*L‘“"::”‘—r"-"—.lr'_'.'.;l".i.'_‘_t'.__':"_"'*I.__"'
; _i_x_?'_f_lf_:t:-_-..__l.__J___L___L__l____L___
0 02 04 06 08 1 1.2 14 16 18
Théi gian {(sec)
Hink 7.47
Bai tap 7-22
Cho mdt hé sau:
x| _[-1 =1l [x] |1 1] [y,
%1165 0f x|t o]y,
¥, 1 071 [x,]1 [0 0]y
vy, |0 1][x o oy,

Ding mdy tinh dé v& cdc dédp ting cla ham bic thang.

Pp an
Vi X(s) = (s1 — A)' BU(s)
Y(s)=[(Cl-A)'B+DJUG)
nén Gs)=Csi-A) 'B+D
=\
G(s)z[l 0 l:s+l 1 [1 1}
0 11]-65 s 1 0
N i s —1][1 1
Cslisa6s 65 sl 0

2
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_ 1 s—1 5
45465 (S+75 65

T do
s—1 $
Y, (s) S+5465 s 45465 U, (s)
[YE(S)J - s+7.3 6.5 [Uz(s)]
52+s+6,5 sz+s+6,5
Vay:

Y, (s} s-l 0 Yoy 5475

U, (s) sz+s+6,5‘ U, (s) 52+s+6,5‘
Y](S} 5 i YE(S) _ (],S .
U, (s) s 45465 U, (s} Sz+5+6’5‘

Dép ing cia ham /(1) duge thie hign theo chuong trinh sau:

,:r- [-1-1;650) :_]
B=[11;10]:
C={10;01)
D={0000;;
step{A.B,C.D)

bdp ung tvong tmg nhu & hinh 7.48.
0.6 Tir: U(1) Tir: U(2)

= 04}
0.2
0
-0.2}
~0.4

Den; Y

Bién do

0 4 8 12 0 4 8 12
Thei gian (x)

Hinh 7.48

324



Trong trudng hop cin dudng dac tinh ing v&i ddu vao u, hay u, thi thém
vio lenh v& ham qué do chi s8 1 hay 2. Vidu:
step(A,B.C.D,1)
step(A,B.C,D.2)
Co thé dang bién trung gian z trong phuong trinh trang thdi dé ¢6 dip
ing véi didu kién ddu: Z = Az + Bu
x=Az+ Bu
v B = x(0), u=1(t)
Chuong trinh duge viét véi vi du sau:

A=[0 1;-10 -5]; B=[2; 1]

(x, z, t] =step(A,B,AB);

=1 0

x2=[0 1]"x"

plot(t, x1, ™=, t, X2, *--)

grid

title( 'Dap Ung c6 diéu kien dau' )
text (0.55.1.2,'x1")

text (0.35, -2.5, 'x2'}

3
2
X
1 TN
b9 \ \
0 'lll e —— e e = = — —
\ -
K| \ //
1 |-k L
\\ //
\ //
i, T \ Y
\\ Xs //
DN
-3
0 0.5 1 1,5 2 25 s
Hinh 7.49
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PHU LUC

A. PHU LUC VE MA TRAN

A.1. Dinh nghia

Ma tran A = {aj} 12 mdt bing dang chit nhat ma cac phéan tu a;
la 86 hay ham s6, vi du :

a4 4y, 2,
A1 8y ... Ay
A= {a} = (A-1)

At Amy Ay

Ma trdan m X n la ma tran ¢§ bac (m, n} hay ¢6 m hang va n cot.
Khi m = n, ¢d ma tran vuéng hay ma trdn bac n. Ma tran cd mot cot
m X 1 goi la ma trgn cot hay vecto cot, vi dy :

X

Xq

L

X = . {A-2)

Xn

Tuong tu, ma tran cé mot hang : 1 x n goi 1a vecto hang, i
du :

y =1y y2 -yl (A-3)
Mot s6 dinh nghia quan trong :

1. Ma trgn chéo la ma tran vuéng cd cac phan ti déu bang 0, tri
cidc phan ti & dudng chéo chinh, vi du :

b, 0 0
b = 0 by O (A-4)
0 b;;'_z
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9. Ma tran don vi la ma tedn chéo c¢6 cdc phan td § dudng chéo
chinh bang 1, vi du :
-

1 0 0
0 1 0

I__- - - - ) (A_“r))
0 0 1

3. Ma trgn khong 13 ma trdn ¢ meoi phén tli bing 0.
4. Ma trén doi xung cd cdc phdn t¥ d6i xing nhau bang nhau a;

= a; vol moi i = ), vi du :

3 -2 1
H = -2 6 4 (A-0)
1 4 8

5. Ma tran chuyén vi A’ hay A' cta A cd duge bang cach thay déi
hang thanh cot, cot thanh hang Chuyén vi cla vecto cot X & (A-2) la
vectd hang X' = [x; % .. %l

(A’Y = A vAa ma tran d6i xing néu A’ = A

6. Vét cta ma trgn vuéng A la tOng cia nhitng phan tid J dudng

chéo chinh : :

trA = a;; + a; + L+ oA, (A-T)

7. Ma trén phan rd thanh ma trdn con hay vecto :

A = [a .. a] : B = |° ca = | . (A-8)
b’i = [b“ b]l‘l] b,

Phuong trinh (A-8) ndi rhng m X n ma trén A = {ay} va B = {by}
dugc phan ra thanh vects cdt vi vectd hang tudng dng.

A.2. Céac phép tinh

¢6 cdc tinh chat vA phép tinh sau day :

1. A= B X = y) nfu va chi néu a, = b; X

i i = y;) cho mai i,

1
j. Cac ma trdn Ay (vecto dy) bang nhau.

2. Khi nhan cho moét dai lugng vé hudng h, méi phén td déu nhan
cho dai lugng dy : '

h(A) = f{ha;} ; hX = {hx}.



3. Hai ma tran ¢d thé cong hode trit nhau khi ching ¢ cung bac
va duadgc thuc hién bing cach cong hoac trir cae phan t¥ tudgng vng -
C=A+B;Z=X=+y nghia Ia :
Mét s6 tinh chat
A+ B=B+ A;A+ B +C=A+ B+ C) ;
A+ 0 =A;A-A=0;
A+ BY = A + B
4. Ma trgn nhan véi nhau khi s8 cot cia A bang s§ hang cua B.
Néu A cd bac (m, n) va B c¢6 bac (n, p) thi bac cia C la (m, p)-
Véi C = {C,-j}
n .
Cy = 2 ayby (A-9)
k=1
Phén tt k 3 hang i clla A nhan vdi phin t& k & cot j cta B va
tich &y dugc eong lai cho moi k trong hang i va cot j d& o Cij. Hay
ding ma tran phan ra cing ¢ két qua tudng ty :

a’
C =AB = | . [b; . . . by
a'
5 n
Cj = aby = [ay . a1 | . = 2 ayby -
: k=1
b

Mot s6 tinh chit ;
N6i chung AB = BA ;
Al = JA = A ; (AB)C = A(BC) = ABC ;
AB + C) = AB + AC ; AO = OA = 0.

Néu AB = 0 khong nhdt thist A hay B phai bang 0, vi du :

SN

B’A’ : Chuyén vi cla mot tich bing tich cta chuyén +i

5. (ABY
theo thd ty nguge lai

328



6. Bign d6i tuyén tinh va phuong trinh dai s6

agx; + o+ ax, =y 5y = Zaijxj- i =1, ., m

X * o T anX, = yp 3 ¥ = Ax ;A = {ay) (A-10)

Dd 1a hé phuong trinh cdn gidi d6i vai X. Néu y = 0 hé trén la
thudn nhat va didu kién cdn d€ X co nghiém {khong phai tat cid déu
bang 0) la dinh thdc cla ma trdn A bdng khong.

7. Dang binh phuong X'AX :

n
XAX =[x, .. x;]1 |- .. ... ]{... | = Xxy . (A-11)
i=1

ma y, nhu di xdc dinh theo (A-10). Cha ¥ tich coa ching 14 mét dai
ludng v& hudng.
8. Tich cia vecto va tinh truc gico

Tich cia hai vecto la mat dai lugng vd hudng :

Y n
Xy =[x .. x,] = inyi = ¥yX ;
i=1

¥n (A-12)

XX =« ; |X| = Y+ .. +x2 = XX |
Vectg duge goi la chudr néu |X| = 1.

Hal vecto truc giac nhau néu X'y = y’X = 0.

A.3. Dinh thite, nghich dao va s6 hang cua ma tran

Dinh thde cia ma tran A b&e n (det A hay |A[) la dal lugng vo
hudéng hay mét ham. Dinh thic cia A duge xac dinh bdi dinh thic con
va phan phu dai ¢0 cia ma tran A.

1. Binh thiuc con m; cua phan tu a; la dinh thdc cta ma tran nhd
hon mot bic ldy tit ma trin A sau khi gach boé hang va cét chia a, Vi
du : '

A a2 43

Véi n = 3 A = 81 apn an |,
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ax

d; an;
nll'\ = '
3 A3
Vi n = 2
a a
i1 12
A =
&y A
My = 83 5 My = a; ; My = a); ; My = a;
2. Phan phy dai sé cj cua a; la Cij = (1™ m;, (A-13)
" 2
Vain = 3 ¢ = 1ymy = my
Vain = 2 Cp = my = ay ;
CJ"\ = —nl} _ _a‘ll )
€ = "Iy = -a); |
Cax = Mz = ap.
3. Dinh thie cla A dude x4c dinh bdi
n n
il .
det A = Zalj ¢ = Eag‘ ¢ (A-14)
j=i
Véi n = 2
a a9
A 11 12
detA = 1 anl T R toapc; = ajay - oapay =
21 22
= ape toayc; = apay - a;ag;.
Vdin = 3
det A = ayc + ape;y + oajpe; = apfapag - A32833) —
- applazagy - ayaxn) +oajpiasag, - aga,)).
Tinh chdt cia dinh thic : |A'| = |A[ ; |hA[ = h"|A] vai h la dai

lugng vé huéng ; [AB|

|ALIB.

Khi thay d6i hal hang hay hai cot cia A thi ddu cua dinh thoe A
thay doi. Néu A cd hai hang hay hai cét nhu nhau thi |A] = 0.
4. Ma tran nghich ddo clia A dudc xéc dinh béi
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_ di (A
f_ 3-1JA(|) , (A=15)

ma adj(A) 14 ma tran lien hgp cia A cd duge bang cdch thay thé méi
phan td ajj bdi phdan phu dai sb G
duge hinh thanh. '

Véin = 2

sau d6 chuydn vi lai ma tréan da

Ty 6 ar; ‘3111

iz Fn2 —a2  2n

a- a-
-

-+
i

ay  ap j\ {ajjay — aya)

Tit (A-14) nhan thiy : A adj(A) = adj(AA = [A|L

Néu |A] = 0 ma tran A la suy bién, khong tén tai ma tran nghich
dho AL

Mot s6 tinh chdt cua A7

A = A Ay = Ayt ARl = BT A (nghich ddo cta mot
tich bang tich cta cac nghich dao theo thd tu dao ngyge).

5. S6 hang ctia ma trgn A — rank{A) la bac 16n nhdt cia ma trin

khéng suy bién A, nghia la véi dinh thic khac 0. D¢ 1a s6 lugng cuc dai
. X, 1A
phu thude tuyén tinh néu cd céc héng ¢, ., ¢, (ma khong phai tat ca
bang 0) sao cho ¢X; + ¢ X; + .. + ¢ X; = 0 hay AC = 0 ma A =
X, .. X} va C = [e; & ¢l

clia cac cot hay hang tuyén tinh déc lap cia A Cée vecto X,

Tinh chdt ctia rank (A) :
rank (A’) = rank{A) ; rank (A} = rank{A'A).
A.4. Ma tran va nghiém dic trung
Hé phuong trinh (A-10) :
y = Ax.

ma vectd y dugc xem nhu phép bién ddi cia X. Néu vecto y la mot tich
vo hudng vai X, vi du y = 4X, vay :

iX = AX
AX-AX = 1 -AX =0
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ma I la ma trén don vi. Vay nghiem cta X tén tai “éu va chi néu :
det (iI ~ A) = 0 (A-16)
Dinh thidc trén la dinh thdc dac trung. Khai irién cia (A -15) 1a phuong
trinh dac trung - 1a da thue dac trung ba n ~ia 1. Nghiém cia phuong
trinh dac trung la nghiém dac trung. Vo mao nghiém 4 (G = 1, 2. . n)
co thé viet .
Al - A)X, = 0.

ma vects X; 1a vects dac trung cta nghiém A, Vi du :

2 1 1
A = 2 3 4
-1 -1-2
Phudng trinh dac trung duge xac dinh bai
@-2 -1 -1
det -2 (-3 -4 =+ 32+ 1-3 =9
1 I (@d+2
=d-DAd+ It -3 =0
Nghiém dic trung la : 44 = 1,1 = -1, iy = 8.
Voi 4 = 1) = 1, vecto dac trung thd nhdt duge xde dinh tir :
2 X', =k [1, -1, 0] = 1, -1, 01 ; k la s6 bat ky
Tuong tu cd X, =101, -1] ;
X’3 = [2, 3, _]-]

B. BANG TINH TICH PHAN Jz (voi n = 1, 2, 3, 4, 5)
1 1% b(s) b(~s)
= 5 ) aracs

-

: - -2
bis) = b _ ;"' + b8+ .+ b, ;
n n-1

as) = ays" + a "+ 4 a,.

by
J, = vii n = 1 ;

Zaa,

bfau“-biz:a':
dy = ~—(————— i n = 2

22,83,
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3 ¥ L
5 bsaa, + (bf — 2b byaas + biaa; 5
= vdi n = .
: 23033 (_anal + alaz)

7 il T
b5(—asay + aaa;) + (b — 2bbyyaaa, +

JZ = 2 3
2aa, (—a a3 — 2j3y + a,8,8;)
b?. 2 2
(by — 2b by) aasa, + bf, (—aya) + aaza,)
3 S vii n = 4,
23“34 (_ana} Tapdy + alalal)
1 2 : . 42
o . 2 .
+ (" = 2bby) my + bymy] v6i n = 5
. 1
ma m, = — {(a;m; - am;) ;
ag - -
m = -aa; t aay;
mz = _anas + ala_l '
1
my = — f(a.m; - am)) ;
- a(] ~
|
my; = — (a,my - a;my) ;
0
A = afam, - aym; + agmy).

C. PHY LUC VE CHUONG TRINH TUTSIM VA MATLAB

TUTSIM tir chit Twente - University — Simulation, la chudng trinh
mé phong ¢d xudt xd tif truang Dai hoc Téng hop Twente (Ha Lan) Mb
hinh hda theo cdc khau co ban tuong ty cling nhu s&, tuyén tinh cing
nhu phi tuyén tinh. Cé tit cad 999 khoi.

MATLAB tit chit Matrix — Laboratory. DAu tién chuong trinh MATLAB
duge viét cho cdc phép tinh ma tran, vé sau MATLAB dugc diung cho
cdc bai toan k§ thuat cung cac chuong trinh chuyén dung ngay cang hoan
thien va st dung don gian hon

TUTSIM va MATLAB déu ¢ nhimg dac diém riéng [6, 7] va con
ding dé diéu khi€n cac déi tugng ihyc.

Sau day la tom tat mot s6 khoi va lénh da dung trong tai liéu nay.
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C.1. TUTSIM

Bdng C.1.1.

Mot vai khéi thong dung

TT Ky ty I Théng sd Chi thich
1 2 3 4
1 CON A Tri 50 (bién d6) cua hing
2 PLS 1oty A Xung chi nhdt vai thdi diém bat diu 1, thdi
_ didm ket thic t,, va bign do A
3 GAl K | Khdu khuéch dai (gain)
1 u
4 ATT < Tri 88 nghich dao (attenuator)
5 FIO K T Khau quén tinh {tirst order)
6 INT of Khau tich phan {integrator)
G, - digu kign ddu
7 DEL T Khau tré {datay)
8 REL p Khiu rdle (Relay) vdi 4 diu vac
Yy =u;nuu >p
=u; nduu, =p
=uy néuu, <p
9 PID K T, T« | BG dlibu chibh ty 18 vi tich phan
W « 1 1+ 8T,
AU N e
10 FINC No. X,y Khdi tao ham (Funetion Generator) y = fix)
11 SUmM Khéi edng
2 MUL Khéi nhidn (Multiply)
13 DIv Khdi chia {Divide)
14 SPL At L8y mdu va duy tn ham {Sampled and Hold)
15 LM min, max Khéi han ch& (Limit function)
B SGN Khéi 18y ddu (sign) '
y = { 1khi x = Q
—1khix <0
7 TIM Khéi tao ham thdi gian {Time)
18 SIN ‘. .
Khdi tac ham lugng giae
9 cos } ; 99
- 20 NOI Khdi tao nhidu ngdu nhién
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Bdng C.I1.2.
Mot s¢ lénh thing dung

TT Lénh Chii thich
1 2 3
i H Lénh trg gitp (Help). Trén man anh cb céc lanh cén thiét.
2 L Xern md hinh trén man hinh (List)
3 LP Xemn va in lai mé& hinh vdi théng =8
4 CL X6a man hinh (Clear)
5 SD Bit dau mé phong va hién hinh (Start and Display)
6 v Thé hién tri s8 tinh cudl cung cda khiu tugng tng
7 cs Thay déi cdu tric (Change Structure)
B cP Thay déi théng sd (Change Parameters)
g CB Thay d8i cac khéi ra (Change output Blocks)
10 CT Thay ddi thdi gian 1@y méu (Change Timing)
11 DF Luu gid m@ hinh da mé phéng vac mot tép
L‘l2 A Thoat khéi TUTSIM {Abort)

C.2. MATLAB

Bing C.2.1.
Cic ham thing dung

TT Ky tu Chi gidi
1 2 3

1 sin(X) Ham sine td céc phén ti cta X
2 cos{X) Ham cosine tU céc phén td cda X
3 asin(X) Arcsine ti cdc phén td coa X

4 acos(X) Arccosine td cac phén tf cda X
5 tan({X) Tangent ti céc phén W cia X

6 atan{X) Arctangent tU cac phdn td cia X
7 abs(X) Tri 88 tuyét dbi cua X

8 sorifx) Nghiém béc 2 cua X

9 imag(X) Phin 4o cta X

10 real(X] Phan thyc cha X

! conjiX) Phic lign hgp cla X

12 logiX) Logarit 1) nhign cta X (InX}

13 log1GiX) Logarit thip phan cua X

14 exp{X) Ham mi cda X
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Bdng €C.2.2,
Cdc Iénh (ham} théng dung

T

Ky tu Chi gidi

1 2 3

1 bode V& dic tinh tén sé logarit {dutng cong Bode)

2 c2dm Chuy&n tU hién trang thai hé lign tyc sang gidn dean

3 cloop Tinh hé kin véi héi tidp don vi

4 conv Nhin hai da thdc vdi nhau

5 cteb Tinh ma tran didu khién dudc

8 d2cm Chuyén U bién trang thai hé gian doan sang lién tuc

7 dstep Tinh ham qua d@ cua hé gian doan

8 eig Tinh gid tri réng va vectd riéng

9 feedback Lién két kin hai hé

10 impulse Tinh ham trong kidng cua hé

1l linspace Tac vectd khéng gian tuy&n tinh

12 isirm Tinh dap Ung cda hé c6 tin hidu vao bét ky va cé didu kién diy

13 margin Tinh g6 dy trd 8n dinh vé bién dé va pha

o) mesh Tao m&t cong ba chiby

1% ngrid V& dudng ké mang trén bidu d8 Nichols

18 nichols Tinh dudng cong Nichols

17 nyquist Tioh dudng cong Nyquist

8 obsy Tinh ma trin quan sat dude

19 pade Tinh ham xdp xf bic n Pade cho phan I tré

20 paralel N3i song song

21 poly Tinh da thie td nghiém

22 rank Tinh s8 hang cia ma tran

23 residue Duv s8

24 rlocfing Xac dinh hg s6 K d quy dao nghigm

25 rlocus Tinh qu§ dao nghiém s&

26 0015 Xac dinh nghigm cua da thic

27 roots 1 Nhu roots nhung chinh xac hon khi cé nghiém ap

28 series Tinh ndi tigp

28 552t Chuy&n déi 10 rang thai sang ham truyédn dat

30 step Tinh ham qud dd cla ha

1| titte Thém dau dé vao dé thi hién hanh

32 tf2ss Chuyén til ham truyén sang trang thai

33 H2zp Chuyén 1 ham truyén sang nghiém cuc va nghiém khang
Ia4 who Thé nién cic bién & bé nha
‘ 35 whos ThE hién cac bién cing kich thude cia ching

36 2103 Tac ma tran khong

a7 Zp2ss i Chuy8n tJ nghidm khéng va cyc sang trang thai

38 zp2tf Chuygn td nghiém khéng va cuc sang ham truyén dat
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