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LOI GI THIEU

Viéc t6 chize bién soan va xudt ban mét s6 gido trink phuc vu cho dao
tao cdc chuyén nganh Dién - Dién ti, Co khi - Péng luc d cdc trudng
THCN - DN la mét su ¢6 gdng ldn ciia Vu Trung hoc chuyén nghiép - Day
nghé va Nha xudt ban Gido duc nhdm titng budc théng nhét néi dung day
v hoe & cde trudgng THCN trén toan quéc.

Néi dung ctia gido trinh dd duge xdy dung trén cd 50 ké thita nhitng néi
dung dudc gidng day & cdc truong, két hdp vdi nhitng néi dung mdi nhim
ddp iéng yéu cGu ndng cao chdt lugng dao tao phuc vu sy nghiép cong
nghiép héa, hién dai héa. Dé cuong ciia gido trink dd duge Vu Trung hoc
chuyén nghiép — Day nghé tham khdo y kién cia mét sé truong nhu :
Truong Cao ddng cong nghiép Ha Noi, Truong TH Viét - Hung, Truong TH
Céng nghiép 1I, Truong TH Cong nghiép I v.v... va d&@ nhén duoe nhiéu y
kién thiét thue, giup cho tdc gia bién soan tai liéu phi hap hon.

Gido trinh do cdc nha gido ¢6 nhiéu kinh nghiém gidng day 9 cdc truong
Pai hoc, Cao ddang, THCN bién soan. Gido trinh dude bién sogn ngdn gon,
dé hi€u, b6 sung nhiu kién thite mdi va bién sogn theo quan diém méd,
nghia la, dé cap nhitng néi dung co bdn, c6t yéu dé tiy theo tinh chdt cia
cde nganh nghé dao tgo ma nha truong tu dieu chinh cho thich hop va
khong trdi vdi quy dinh cua chuong trinh khung dao tao THCN.

Tuy cde tde gid d@ cé nhiéu cd gang khi bién sogn, nhung gido trinh
‘chdc khéng tranh khéi nhitng khiém khuyét. Vu Trung hoc chuyén nghiép -
Day nghé dé ngh: cde trudng sw dung nhitng gido trinh xudt bdn lén nay dé
bd sung cho nguon gido trinh dang rét thidu hién nay, nhém phuc vu cho
viée day vé hoc cia edc trudng dat chét lugng cao hon. Cdc gido trinh néy
ciing rat b6 ich déi véi déi ngii ky thugt vién, cong nhdn ky thudt dé néng
cao kién thite va tay nghé cho minh. :

Hy vong nhdn duge si gop ¥ ctia cdc truong va bgn doc dé nhing gido
trinh duge bién soan tiép hodc lén tdi bdn sau c6 chdt lugng t6t hon. Moi
£6p ¥ xin giti vé NXB Gido duc — 81 Trdn Hung Pao - Ha Néi.

VU THCN - DN



Mo dau

Gido trinh Co kY thudt duge bién sogn theo dé cuong do Vu THCN - DN, Bé
Gido duc & Ddo tao xdy dung va théng qua. Noi dung duge bién soan theo tinh
thén ngdn gon, dé hiéu. Cdc kién thie trong toan bé gido trinh 6 méi lién hé
logic chdt ché. Tuy vdy, gido trinh cing chi la mét phén trong néi dung cia
chuyén nganh dao tao cho nén ngudi day, ngudi hoc cin tham khdo thém cde tai
liéu ¢6 lién quan d6i vdi nganh hoc dé viée stz dung gido trinh cé hiéu qué hon.

Khi bién soan, chiing t6i dd cé ging c4p nhét nhitng kién thitc méi ¢6 lien
quan dén mon hoc va phit hop vdi déi tuong siz dung ciing nhu 6 ging gdn
nhiing néi dung ly thuyét vdi nhitng vdn dé thuc 1€ thuong gdp trong san xudt,
doi séng dé gido trinh cé tinh thue tién cao.

No¢i dung ctia gido trinh duge bién soan voi dung lugng 90 tiét, gom ba phén:

Phdn mgt: do GS. TS. Dé Sanh thuc hién - gém 11 chuong tit chuong 1 dén
chuong 11 bao gém cdc néi dung thuée link vue Co hoc vét ran - Co hoc ly
thuyét.

Phédn hai: do PGS. TS. Nguyén Vidn Vuong thuc hién - gém 4 chuong tir
chuong 12 dén chuong 15 bao gom cdc néi dung thude linh vie Site bén vt lidu.

Phén ba: do TS. Phan Hitu Phic thic hién - gém 13 chuong tix chuong 16
dén chuong 28 bao gém cdc ni dung thude linh vie Chi tiét mdy.

Trong qud trinh s dung, ticy theo yéu cdu cu thé c6 thé diéu chinh sé tiét
trong méi chuong. Trong gido trinh, ching t6i khong dé ra néi dung thue tép
ctia tiing chudng, vi trang thiét bi phuc vu cho thuc tdp cua cde truomg khong
dbng nhat. Vi véy, edn cit vao trang thiét bi dé c6 ciia titng truimg va khé ndng
t6 chite cho hoc sinh thuc t@p @ cdc ¥i nghiép bén ngodi ma nha truing xdy ding
thoi lugng va néi dung thuc tip cu thé — Thoi lugng thic tép t6i thiu néi chung
ciing khéng nén it han thii Ligng hoc ly thuyet cuo mo: mon.

Gido trinh dugc bién soan cho d6i tugng la hoc sinh THCN, Céng nhén Zanh
nghé béc 3/7 va né ciing la tai liéu tham khdo b6 ich cho sinh vién Cao ding ky
thugt ciing nhu Ky thudt vién dang lam viéc @ cde doanh nghiép cua nhiéu linh
vife khde nhau.

Mdec dii chiing t6i di rdt ¢ gdng dé tranh sai 56t trong liic bién soan, nhung
chéc chdn vdn con nhitng khiém khuyét. RGt mong nhén duge y kién déng gop
ctia ngudi st dung dé lan tdi ban sau duoe hoan chinh hon. Moi gop ¥ xin duoc giti
vé: Nha XBGD - 81 Tran Hung Pao, Ha Noi.

CACTACGIA



A - TINH HOC

| M3 PAU
Tinh hoc vat rin ¢6 nhiém vy nghién citu trang thai can bing ciia vat rin

(vat rin tuyét d56i) dudi tac dung ¢ia cdc lyc. Hai van dé chinh duge nghién
ctro 1a:

1. Bi¢n d6i mot he luc da cho thanh mot h¢ luc khic tuvong duong véi né
nhung don gian hon. Trén co sd d6 tim cdc dang wong duong don gian nhat
ciia hé luc dugce goi 1a cdc dang chudn ctia he luc.

2. Thi€t Iap cdc diéu kién d6i v6i hé luc ma dudi tdc dung chia né vat rén
dugc can bang, ching dugce goi 12 cdc diéu kién can bing cia heé luc. -

D¢ nghien citu cdc van dé nay trudc tién cin nghién cttu céc khai niém co
ban va cdc dinh luat cda tinh hoc.

Chuong 1
CAC KHAI NIEM CO BAN VA CAC DINH LUAT TiNH HOC

1.1. CAC KHAI NIEM CO BAN

1.1.1. Vat ran tuyét dai

Vat rin tuyét déi 14 mot tap hgp v6 han cdc chat diém ma khoang cdch
gitta hai di€ém b4t ky luon luon khong ddi. Day 12 mo6 hinh don gidn nhit ciia
vat thé, né duge xem xét khi bign dang ciia né c6 thé bé qua duge do bé qud
hoac khong ddng vai trd quan trong d6i vdi muc tieu khdo s4t. Var rén tuyét
daéi dugce goi tét 1a vat rdn.

1.1.2. Can béng

Can bang 1a trang thdi ding yén (khong dich chuyén) ciia vat rdn duge
khao sdt. Tuy nhién né c6 thé ding yen d6i véi vai nay nhung lai khong dimg
yén d6i v&i vat khdc. Do 46 cn phai chon mot vat lam chudn chung cho sy
quan sat, vat d6 dugc goi 1a hé quy chiu. Trong tinh hoc hé quy chifu dugc
chon 1a h¢ quy chifu qudn tinh, tic 12 hé quy chi€u thod man dinh luat qudn
tinh cia Galile (vi du h¢ quy chi€u ding yen tuyét ddl) can bdng nhu vay goi
12 can bing tuyet d6i.



1.1.3. Lyc

 Luc 1a.tuong téc gilta cdc vat ma két qua clia né gay nén sy bién ddi trang.
thii chuyén dong co hoc cila vat thé (tic 12 sy thay déi vi tri, bao gém ca bi¢n
dang) ma can bang chi la trudng hop riéng. Vi du, dudi tic dung cua lyc vat
dang ding yén chuyén sang chuyén dong, vat dang chuyén dong thang déu
sang chuyén dong khong déu, ... Kinh nghiém va thyc nghiém xdc nhan rang
luc duge dac trung bdi cdc y&u 8 sau:

a. Diém ddt cia lyc: 1a diém ma tai d6 vat nhan duge téc dung tir vat khic.

b. Plutong va chiéu cia lyc: 13 phuong va chiéu chuyén dong cia chat
diém (vat thé c6 kich thudc vo cung bé) tir trang thai yén nghi dudi tic dong
co hoc,

¢. Cuong d¢ cia lc: 1a s6 do 36 manh yéu cia tuong tic co hoc. Pon vj
cta lyc 1a Niuton, ky hi¢u 13 N va céc boi s6 clia né nhu: kil6 Niuton, k¥ hiéu
la KN (1kN = 10° N), mega Niuton, ky hi¢u 1& MN (IMN = 10* N). M6 hinh
_ todn hoc cla luc 1a vécto lyc, ky hiéu 1a F. Piém géc (diém dat) clia vécto lue
la diém dat cha lue.
Phuong va chiéu cla vécto
lyc 12 phuong va chiéu tic diong téc dung juc

dung luc. Mdédun cula F 7
vécto luc biéu dién cudng - -
do tdc dung cda luc (véi 1

1¢ xich dugc chon trudce).
Gid mang vécto luc duge

?l’?ilnfl'la ld;r)(mg tdc dung lyc Hink 1.1. Biéu di&n lyc tic dung lén vat thé.

1.1.4. Cac dinh nghia khac
a. Hé lyc: 1a tap hop nhidu luc

-

tdc dung léen  moét  vat ran:
@(F|,F,,...,Fy) (hinh 1.2).

Tuy thuoc dudng tic dung cla
cdic lyc ndm trong cling mot mat
phing hay khong cing mot mat - Fs
phing chiing ta c¢6 he luc phing hay
hé¢ lyc khong gian. Cing tuy thude
dudng tdc dung gip nhau hoac song Fa
song v6i nhau ta c6 heé lyc déng quy
(hinh 1.3), hay h¢ luc song song Hink 1.2. H& lyc tic dung lén vat thé.
(hinh 1.4),

6



1
Fi £

Fa

Hinh 1.3 " Hinh14
Hai he Iyc duge goi 1a twong duong khi ching gay cho cling moét vat rdn
céc trang thdi chuyén dong co hoc nhir nhau (hinh 1.5).

'Ki hiéu: o(F,F,,...Fy) = w(¢_1:tl>_2.,-~-‘17;)

—
[ —

Hinh 1.5

Hop luc cia hé: 14 mot
lyc duy nhat twong duong
véi hé Iyc. Goi R 1a hop luc
clia he yc (Fy,F,,..Fy) -
thi (hinh 1.6_).: _ :

R = ¢(Fy, Fy,.... Fy)

' Hé¢ luc can bang: 1a he s
lre ma dudi tic dung cla
né vat rin ndm & vij tr{ can :
bang: S Hink 1.6

(P(Fl ' Fz,..., FN ) =0

. Fy

b. Ngau lyc: 1a mot he luc gém hai lue song song, ngugc chiéu va cling
cudng 46 (hinh 1.7).

Mot ngau luc dac trung béi cdc yé&u 16 sau: -



- Mit phing tic dung cha ngin lyc 12 mit phing chia hai lyc thanh phin
cha nglu luc, goi tit 12 mat phing ngdu lyc.

- Chiéu quay clia ngdu luc trong mat phiang ngiu luc: hodc thuan véi chiéu
kim déng hé hoic ngugce lai.

- Cuoong do tic dung cua nglu lyc: duge dac trung bai tich s6 F.d dugce goi
12 tri s6 mOmen cla nglu luc, trong d6 F 1a trj 's& cha cdc luc thinh phén, d 1a
khodng cdch vuong géc giita hai luc thanh phin, dugc goi 1a tay don ngiu lue.
Pon vi nglu luc 1a Niuton-mét, ky hieéu Nm vi cdc boi s& cia né nhu
kiléniuton.mét (kN.m), meganiuton.mét (MN.m}).

74
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Hinh 1.7 Hinh 1.8

- Trong hé luc khOng gian ngiu lyc duoc biéu dién bing vécto mOmen ngiu
lyc, k¥ hiéu 1 m né duge xdc dinh (hinh 1.8):

- Phucmg vuéng géc vai mat phing ngdu hye.

- Chiéu: nhin tir ngon xuéng géc clia vécta thiy chiéu quay clia ngﬁu luc
nguge chiéu quay cia kim déng hé.

- Médun ciia vécto moémen ngiu luc bing tri s6 mémen nglu lyc, nic bing F.d.

Quy udc g6c clia véctio m nim trén mit phdng ngiu luc.

Trong trudng hop cdc nglu luc tdc dung trong ciing mot mat phang hoac
trong céc mat phing song song véi nhau, ngdu luc duge bidu dién qua mémen

dai s6 ngdu lyc, ky hieu m = + Fd, 14y dau “+” khi chiéu quay ngdu luc
nguge chidu kim déng hé va 14y d4u “-” trong trudng hop nguge lai. Thi du
(hinh 1.9):

m, = +F,. d;; m, =-F,.dim, =+Fdy

¢. Lién két va phdn lién két (hinh 1.10a, b)
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Hink 1.9 Hink 1.10

Lién k&t 1a nhitng diéu ki¢n rang buoc di chuyén cla vat. Trong tinh hoc
cdc diéu kién ring budc dugc thyc hién bing sy ti€p xic hodc ndi (ban 1€,
day, ...} truc ti€p gitta cdc vat. Cdc vat chiu lién két duoc goi la nhimg vat
khong ty do. Lue tic dung twong hé gitta cdc vat lien két véi nhau duge goi
la lvc lien két. Céc luc khong phai 1a lyc lien két dugc goi I luc dat vao (luc
hoat dong). D6i véi mot vat thi luc do cdc vat khdc tic dung I&n n6 duge goi
cdc phan Iyc lien két, codn cac luc do né tic dung lén vat lién két véi né
(thudmg 13 lien két tya) duge goi 1 4p luc (hinh 1.1]1a, b).

f

N} : dp e

AN AN

a)  Himhll . b

1.2. CAC DINH LUAT TINH HOC

Dinh ludt 1 (dinh luat vé hai lyc can bing):

Diéu kién cén va da d€ mot
vat rin ndm can bing dudi tac F F
dung cia hai lyc 12 hai luc ¢6 cing ~ F F
dudng tic dung, nguge chiéu va '

ciing cudmg do. )
8 g &t Hinh 1.12



- Hai lyc thod mén diéu ki¢n nay dugc goi Ia hai lyc can bing (hinh 1.12).
Binh ludt 2: (dinh luat thém bdt hai lyc can bing)

_ Tac dung cua hé luc khéng thay déi néu thém vao hoic bét di hai luc can
béng

Nhur vay néu (F, F') 1 hai lyc can bing thi (hinh 1.13a);
OF,.F,,... Fy) = @'(FLFy o By B, F)

Hoac né€u hé luc ¢6 hai luc ﬁ] va 1_52 cén bang nhau thi (hinh 1.13b):
O(F| . Fy,...Fy) = @"(F3.Fy ... Fy).

F 1 F2 F, F2 F. z

Fa F3

]

F F F
4
F3 ’ . F3 F5
a) b}

_ : Hinh 1.13
Hé¢ qua: (dinh 1y trugt lyc)

Tac dung cia lyc 1en vat ran khong thay d6i khi truot luc trén dudng tic
dung cha né (hinh 1.14).
Thyc vay, khi thém hai luc can béng (Fs, FB) tai B ¢6 cing cudng do véi
luc FA ta ¢6 (hinh 1.15):
(FA)=(Fg,Fp,Fa)

" Hai luc Fgva F'_,; 1a hai lyc can bing nhau, nén dya vao dinh luat 2 c6
thé bot hai lyc nay. Vay: F,=F, .

Hinh 1.14

Hink 1.15

10



Nhu vay trong trubng hop vat rin (va chi d&i véi vat rin) diém dit cia luc
khong cédn chi ¥. Chi c6 duﬁmg tdc dung cta luc 12 quan trong. Luc trong (inh
hoc vat rdn ¢6 tinh chét cia véctd truot.

. Dink ludt 3: (dinh luat vé quy tic hinh bmh hanh lyc¢)

Hai lyc tdc dung lén vat rdn tai mor didm twong duong véi mot. luc tac
- dung tai cling diém d6 va c6 vécto lyc bing vécto chéo cia hinh binh hanh cé
hai canh 14 hai vécto luc cha céc luc di cho (hinh 1.16).

Nho dinh luat nay cho phép sit dung phép tinh cong vécto d€ cong luc Do
he qua trugt lyc, diéu kién hai lyc dat tai mot di€m c6 thé m& rong thanh diéu
kién hai dudmng tdc dung cta hai lyc gap nhau.

Dinh ludt 4: (dinh luat tic dung va phan tic dung)

Luyc tidc dung va luc phan tdc dung giita hai vat cé ct‘mé cudng d9, ciung
duOng tic dung va hudng nguge chidu nhau (hinh 1.17).

Chi ¥ ring luc tic dung va phan luc tic dung khong phai 1a hai luc can
bang vi ching khong tic dung lén cing mét vat ran. Pinh luat tdc dung va
phdn tic dung ding cho moi hé quy chi€u (quin tinh va khong qudn tinh) va
lam co s cho viéc md rong cac két qua da khao sdt doi véi mot vat cho vat
khédc trong bai todn hé vat.

Binh ludt 5: (dinh luat hod rin)

Mot vat bién dang can bang dudi tdc dung cha mot hé luc thi khi “hod
rdn” né van cin béng, (hinh 1.18).

VAt bién dang can bing V&t réin can bing
Hinh 1.16 . Hinh 1.18

VatrdncAnbing V@t bién dang can blng trd
nén khong can bing

Hinh 1.17 Hink 1.19

Nhv vay he luc tic dung len “vat bi€n dang dd can béng” ciing thod man
cdc difu Kién cia he lyc téc dung lén vat rn can bing. Didu nay cho phép sir
dung céc diéu kién can bing cla vat rin cho vat bién dang da can bing. Tuy
nhién d6 chi la diéu ki¢n cdn chi khong phai 1a didu kién di, titc ¢6 he luc
lam cho vat ran can bing nhung lai 1am cho “vdt bién dang dd can bdng” trd

11



nén khong ¢an bing (hinh 1.19). D€ khao st bai todn can bang cla vat bién
dang, ngoai cdc diéu kién can bing cia vat rdn cin thém cédc gia thi€t vé bién
dang (vi du sir dung dinh luat Hiic trong Sic bén vat lidu).

“Pinh ludt 6: (dinh luat thay the lién két)

Vit khong tyr do can
bing c¢é thé dugc xem la .
vat tr do can bang bing B NGB
cich giai phdng tdt ca cic
lién k&€t va thay thé tdc P
dung cdc lien két duoe L Na
giai phéng bang cdc phan '
lyc lién két thich hop, A
(hinh 1.20).

Chi ¥ réng céc phan :
ll,rc lién k&t 1a do lien két sinh ra dé wing phé voi cc luc dat vao. Ching la céc
in trong bai todn tinh hoc. Trong mét s6 trudmng hop dva vao két ciu cla cic
lien két c6 thé doén nhan dugc phuong va chiéu cia céc phan luc hén két, con
trong moi trudng hgp tri s§ cia ching 1a chua biét.

s

s

77 A

Hinh 1,20

Mot s6 quy tic x4c dinh cdc dac trung (phuong va chi€u) cla phan L
lien két d6i vSi mot s& lien két thudng gip.

a. Lién kér.u_ra (khong ma sat): hai vat tryc ti€p tva lén nhau, ti€p xic theo
bé mat, hoac dudng hoic diém: phan luc tya cé6 phuong vuéng géc véi mat tua
(hodc dudng tua), c6 chiéu can trd (theo phuong phdp tuyén) di chuyén cilia
vat (hinh 1.21a, b, ¢).

a} b} c)
" Hink 1.21
b. Lién két day mém, thdng va khong dén: phin lyc clha day tdc dung lén
var khdo sét dat vao diém bu6c day va hudng vao day. Phan luc cha vat ran
tdc dung lén day duge goi la stc cang day, k¥ hiéu 1a T. Sttc cang day hudng

doc day va hudng ra d8i véi mat cat day, lam day luén & trang théi cing,
{hinh 1.22).

12



Hinh 1.22

c. Lién kér bdn Ié: hai vat ¢é lién k&t ban 1é khi ching c¢6 truc (chét)
chung, cé thé quay d8i véi nhau. Trong truong hop nay hai vat twa vao nhau

theo dudng nhung diém tuva chua duge xdc dinh. Phan Iue lign két R di qua
tam cia truc va cdé phuong, chiéu chua duge xdc dinh. Phan hre duge phan

thanh hai thanh phdn vuéng géc véi nhau (R LR ,), Ddm trong mat phing
thing géc vdi dudng truc tam ctia ban 18 (hinh 1.23).

Ay

&

Hinh 1.23

d. Lién két gor: diing dé d& cdc ddm, khung, ... C6 loai gm c6 dinh va goi
con lan. Phin lyc lién két clia g6i cd dinh duge xdc dinh nhu lién két ban 14,
con phan lyc lien két cha gi con lan ducc tim theo quy tic cla phan luc lién
két tura (hinh 1.24).

F.
1 /Fz Ng
\LB
TIITTITITTTITITIIIIISY

Hinh 1.24 Hinh 1.25

%

e. Lién két géi cdu: duge thye hién nhd mot qud ciu gin vao ddu mot vat
gay lien két. Phan luc g6i cdu di qua tam O cha vé cdu, con phuong va chiéu
chua duge xdc dinh. Thuomg phan luc gdi cdu duge phan thanh ba thanh phan

vuéng goc (R o R - R, .) (hinh 1.25),

13



Trudng hop lien ket coi (6 chén) twong tw nhu lien két g6i cau da trinh
bay trén; nghia 1a chi bigt diém dat cia phan luc lién két, con phuong chidu

Hinh 1.26 Hinh 1.27
& Lién két ngam: 1a lign ket khi vat duge ndi citng vao mot vat khdc (vi dy

truong hop haj vat dugc han cing véi nhau). Trong truong hop ngam phang
(h¢ lyc khio st 1a he lye phing), phén lyc lien ket £6m hai Iyc thing géc vai
nhau va mot ngdu luc nim trong mat phing chia hai thanh phén lyc va ciing
12 mat phing t4c dung clia he luc (hinh 1.27).

lién két gém ba thanh phén lyc vudng géc véi nhau (doc 3 truc toa do) va ba

thanh phén ngiu luc trong 3 mat phéng toa do (hinh 1.28).

Poi vdi ngam khéng gian (he luc khéo sat 1a he lyc khong gian) phan luc

I;z"
mX
,
ey
Y
m,
XA
X

Hinh 1.28 . Hink 1.29

hj Lién két thanh: duge thye hién nhéy cic thanh thod min cic didu kién sau:
chi ¢6 luc tic dung ¢ hai ddu, con doc thanh khong ¢6 luc 1dc dung va trong -
luong thanh duge bo qua (vi du cdc thanh. khong trong luong, lien ket bang cic

lién két tru hodc cdu). Phan Iuc ¢6 phueng qua hai di€m chju luc (hinh 1.29),

N6i chung lign két c6 thé c6 két ciu da dang, xdc dinh phuong chiéu cia
phan lyc lien ket trong trudng hop chung theo quy tic sau: tuwong wng véi
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huéng di chuyén thing bi ngian trd cé phin lyc nguge chiéu, twong ving véi
huéng di chuyén quay b ngan trd ¢6 ngdu phin Iuc ngugc chidu.

1.3. CAC HE QUA |

Tix céc dihh luat da néu trén ta nhin duge cic két qua sau:

1.3.1. Hap cac lyc déng quy '

Gia sir cdc luc ¢6 di€m dit tai O (truong hop dudng tic dung cic lyc gap
nhau tai O thi 4p dung h¢ qud trugt lyc dé dua vé trudng hop nay): 4p dung

tryc tiép dinh tuat vé hinh binh hanh lyc ta tim dugc hop luc R ciia he luc
(hinh 1.30). Vay:

Hop luc di qua diém déng quy O va c6 vécto lyc:

N
R=F +F +..+Fy =D F (1-1)
K=l
F A
0 ‘q
o
[ c
Hinh 1.30 : Hinh 1.31

bé x4c dinh vécto lyc cia hgp luc c6 thé sir dung phuong phdp vé
(hinh 1.31) hoac phuong phap xdc dinh hinh chi€u cia né trén ba tryc
vuong géc (hinh 1.32). '

a. Phuong phdp vé: hop lye duge biéu dién bing vécto khép kin cia da
giéé lyc, né duge xay dyng nhur sau: tir ddu miit A cta vécto bidu dién lic iil
vé vécto AB song song -v'é-bz"mg vécto luc F2, tt B v& vécto BC song song va
bang vécto ﬁs va cif thé ti€p tuc cho dén lyc cu6_i' cing FN(N =3}. Pa. gidc
OABC 1a da gidc lyc ciia h¢ ba lyc (F,,Fy, Fy). | |

V1 hop luc phdi di qua diém O nén da gidc lyc khong cdn thi€t phai vé
xuft phdt diém déng quy O ma c6 thé tir mot diém O’ tuy ¥ (hinh 1.31). Hop
lyc cha he lyc déng quy dugc biéu dién biing vécto khép kin ciia da gidc luc

dat tai diém déng quy O. Phuong phdp nay duoc goi la phuong phap v& da
gidc luc.
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b. Phsro?lg phdp hinh chiéu (hinh 1. 32).
Khi chiéu hai vé’cuadéngthttcvectd(l 1) 1én ba truc toadOvuOnggéc ta duoc:

Ry =Fjx +Fp +..+Fy, = ZFkx

k=1
N
Ry =Fy +Fy +..+Fyy = 3 By (1-2)
k =1
R, —Flz +Fyy 4.+ Fyy = Zsz
k=1

Tir day c6 thé xdc dinh trj s6, phuong va chiéu clia vécto hop luc.

N Y (N VP (N ¥
R=JR§+R§+R§ = [ZFka +[ZF,UJ + ZFKZJ (1-3)
k=1 k=1

k=1

—_ — R _
cos(Ox,R) =%;cos(0y, R) =Ty;cos(02, R) =% - (1-9)

Vécto khép kin R’ cila da gidc )z
luc xuat phat tir mot di€m O’ bat ky R
duge goi 1a vécto chinh cha hé lue,

. R
ky hieu la R’.

— N r—— ¥
=ZFk (1-5) o Ry

\‘"

Vay ta cé dinh ly: R,

Dinh 1y 1-1: Hop luc clha he
luc déng quy dugc biéu dién bang Hinh 1.32
vécto chinh ctia hé hyc dit tai diém déng quy.

1.3.2. Cac dinh Iy bién déi tuong duong ngau lyc

_ I'j,ink iy 1-2: Hai nglu lyc cing nim trén mot mat phing, c¢6 cling chidu
quay va ciing tri s6 mémen (tiic ¢ cling momen dai s6) thi twong duong nhau
(hinh 1.33).

- Ching minh dinh 1y nay c6 thé tim trong [4] Tir dinh 1y nay ¢6 thé suy ra
truc ti€p hai hé qua. '

Hé qud I: Tic dung ngdu lyc khong thay déi khi d&i tuy ¢ n6 (giit nguyén
chiéu quay v tri s6 mémen) trong mat phang ngiu lyc (hinh 1.34).
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NL(F, F) = NL(F, ) &> T, = m,
Hinh 1.33 Hinh §.34

Hé qud 2: C6 thé thay déi tay don cua ngiu lyc ma tdc dung cla né khong
thay déi néu git nguyén chiéu quay va tri s6 momen (hinh 1.35).

 Pinh Iy 1-3: Tic dung cha ngiu luc khong thay déi khi né duge d&i dén
cdc mat phang song song (hinh 1.36).

/ / ==

Hink 1.35
f m
F
/ L0
d F
P - P
Hinh 1.36 . : Hinh 1.37

Chitng minh dinh 1y nay c6 thé tim trong [4]. Tir cdc dinh 1y trén ta di dén
cic két luan sau: '

a. Vécto momen nglu luc m Ia vécto ty do (hinh 1.37)
b. Téc dung clla ngiu lyc khong thay ddi khi tic dong len n6 cdc phép
. bi&n déi khong lain thay déi vécto mémen cia né (ddi tuy ¥ nglu luc trong
mat phidng tic dung, ddi d&n cdc mit phing song song, thay d8i tay don va lue
thanh phdan, ...). _ '

c. Tac dung ngiu luc duge dac trung holn to&n bing vécto momea cla né.

Dinh 1y 1-4: Hop hai ngdu luc duge mot nglu lyc ¢6 vécto mémen bing
tdng céc véctd moémen cia hai ngdu lyc dii cho (hinh 1.38):

17
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m=m, +m,
.Suy ra cho trudng hgp hgp N nglu luc m—l, E,...,Hta duqc.ngﬁu- lyc
téng cong c6 vécto mémen m : _
S "
m=>me . (1-6)
k=1

Khi hgp cdc ngiu luc nim
trong cing mot mit phing ta
dugc mot ngdu lyc ndm trong
mit phang di cho, ¢6 moémen dai
s¢ bing téng cic momen dai s6
cha céc nglu luc di cho:

j—

N
m=3 me (1-7)
k=i

Trong tinh hoc vat rdn luc va
ngau luc Ia hai yéu t6 co ban.
Luc 1a vécto trugt con ngdu luc 1a vécto tu do.

Hinh 1.38

CAU HOI ON TAP

1) Néu céc kh4i ni¢m co ban ? Phat biu cédc dinh luat vé tinh hoc - ¥ nghia va vai trd
cha timg dinh luat ?

2) Dinh nghia vé lién két va phan luc lién két ? Néu phuong phép x4c dinh (v&) cic
phan lyc lién keét tya (khong ma sat), lién két g6i (g6i con lan va g6i ¢8 dinh), lién
ket day, lien ket ban 1€ tryc, ban 1€ cdu, lien két ngam ?

3) Neu céc phép bién ddi tuong duong vé lyc ? Tai sao lyc duge biéu dién bing vécto
frugt ? .

4) DBinh nghia ngdu lyc ? Céc y&u 1§ dic trung cho ngdu lyc ? Néu cdc phép bieén déi
tuong duong vé nglu luc: mdémen dai s& clha nglu lye; vécto moémen ngiu luc ? Tai
sao ngau lue duge biéu dién bing mot vécto tr do ?

5) Xéc dinh ngdu lyc tuong duong vdi he lyc di cho (trudng hop hé ngiu lyc phing:
hé ngau luc khong gian) ?
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Chuong 2
HE LUC PHANG

Hé¢ luc phing la tap hop cédc luc tdc dung lén cing mot vat rin va cé
dudng tdc dung cling nim trong mot mit phing (hinh 2.1).
2.1. VECTO CHINH VA MOMEN CHINH
CUA HE LUC PHANG
2.1.1. Vécto chinh cla hé lyc phing
Cho he lyc phing(F,,F,...., Fy ) (hinh 2.1)
a. Dinh nghia: Vécto chinh ciia he lyc ky hiéu R, Ia vécto téng ciia cdc
vécto lyc clia hé lwe: : '
.o _. N __
R =F +F+..+Fy = ) Fg (2-1)
. K=1
b. Xdc dinh vécto chinh: C6 thé si dung phuong phdp vé& da gidc luc
(xem phén 1.3.1a). :

Hinh 2.1 Hinh 2.2

Trong trudng hop nay da gidc lyc 1a da gidc phdng (hinh 2.2). Ciing ¢6 thé
xac dinh vécio chinh qua cic hinh chidu cia n6 trén hai truc toa do vuodng goc:

. N
Ry =Fiy +Fpy +..+Fyy = 3 Fiy

k=1 (2-2)

N
Ry =Fjy +Fpy +..+Fny = ) Fy,
k=1
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Tri s6, phuong va chiéu cia véctd chinh dugc xdc dinh theo cong thic:
: ' — R — R
R’ =,IR 2 + RY ;c0s(0x,R) = -5 008(0y.R) =?’f (2-3)

2.1.2. Mdmen chinh cia h& lyc phing ddi véi mot diém
2. Mémen ctia mét luc 461 v6i mét diém: momen ciia mét luc d6i véi diém
0, k¢ hieu m,(F) 1a mot dai luong dai s0 (binh 2.3):
mo(F) = +Fd, (2-4)
trong d6: F 1a tri s6 cita lyc, d 1a khoang cach thing géc tir O den duong
tic dung cua lwc duge goi la tay don momen, 14y dau "+" khi lyc c6 chiéu
quay quanh O nguge véi chiéu kim déng hé va 1dy dau "-" wrong trudng hop
ngugc lai. '
Trong trudng hop trén (hinh_ 2.3) thi:
mo(F) = +Fd

Momen ciia luc d6i voi diém bing khbng khi lyc di qua diém 14y momen
(d = 0). V& tri s momen cia lyc d6i vdi diém bing hai 14n dién tich ciia tam
gidc c6 dinh Ja diém 1dy momen, ¢6 canh day 1a vécto lyc:

\m—o(ﬁ)\ —2dt AOAB

i 4

*
o

Hinh 2.3 Hink 2.4 Hinh 2.5

Chit y: Momen ciia nglu lyc bing moémen ciia mot luc thanh phén d6i vai diém nim trén
dudng téc dung cia hye thanh phén kia, tic la (hinh 2.4):

m = —Fd = mo(F) = mg (F) 2-5)
O nim trén dudng tic dung cla F' ), cdn O' nim trén dudng tic dung ciia luc F.

- Momen ciia nghu hic (F.F) 061 v6i mot diém O bit ky (1ic tdng momen ciia clc e B va F i
véi diém O) chinh bing momen cita ngdu lyc (hinh 2.5%

= _ Fd = F(OH - OH") = FOH - F.OH' = F.OH-FOH' = g(F) + m(F)
b. Mémen chinh ciia hé lyc phdng doi voi diém O 1a dai lugng dai s0, k¥

hiéu M, bing tdng momen cila cic lyc ciia hé lyc ddi véi diém O:
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m° =mg(F]) + mg(Fy) +...+ Mg (Fy ) = Zmo(Fk) (2-6)
k=1 :
Nhdn xét:
- Vécto chinh 13 vécta tu do, con mdmen chinh phu thudc vio di€m 14y momen, nghia la
mémen chinh d6i véi hai diém khdc nhau s& khic nhau:

" m® =m® + my (RY) . (2-7)

lrong dé: m" vh m0 2 momen chinh ciia hé hyc d6i véi diém O vd O wong dng, cdn

—_

mu-(Ru) A mémen ddi vai diém O' cila vécio chinh dar tai O.

- Di vai he lyc déng quy thi mémen chinh cla hé lyc d6i voi diém déng quy bing 0. Dai
vdi hé ngldu hwc thi vécto chinh cha hé ngdu lyc luda tudn bing 0, cdn moémen chinh cla he
ngdu lue d6i véi didm bat k¥ nao ciling bing momen cla ngiu luc téng cong, uic bing 16ng
momen cdc ngdu lyc thinh phdn cia hé ngiu lue.

2.2. THU GON HE LUC PHANG
2.2.1. Pinh ly d3i lyc song song

Dinh 1y 2-1: Lyc F tic dung tai A tuong duong véi tac dung ctia né tai O
(luc F') va mot ngiu lic ¢6 mémen bang moémen cila lucF d6i véi diém O.

F=F va m=my(F) (2-8)

My

F

i
G
g
i

Hirh 2.6

Chitng minh: Pat tai O hai huc cin bang (-F_','F"') c6 ciing tri s6 voi lL_rcﬁ.
Theo dinh luat 2 (chucmg 1), ta cé:

F=(F.F.F=F v FF)
(F.F")1a mot ngiu luc c6 momenm = mo(F) theo (2-5).
Vay (2-8) da dugc chitng minh (hinh 2.6).
2.2.2. Thu gon hé lyc phing vé tam O
LAy mot di€ém O trong mat phing tic dung cla he luc goi 1a tAm thu gon.

Sir dung dinh 1y doi luc song song dé ddi cdc luc vé& tam O (hinh 2.7).
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I?; =F, va ngiu lucm_l=m_g(f?1.)

F

Ro

Hinh 2.7

Nhu vay thu gon he luc (Fl.,l?g’,...,l?l:)vé taim O ta dugc he luc
(F{,F},...F}) d6ng quy tai O va he ngdu luc phing (my,my...,my ).

Nhur da bi€t, he lyc déng quy c6 hop luc qua O, duge bidu dién bing vécto
chinh cua né dat tai O (vécto chinh ciia hé lyc déng quy thu vé O va vécto

chinh cia h¢ luc phéng di cho bing nhau).

N N

Rp=>F =Y F =<, (2-9)
k=1 k=1

trong d4é: R_{; la hop luc clia he luc ddng quy thu vé O, con R’ 12 vécto chinh

ctia h¢ Iuc phing da cho. Hé ngiu lyc phing (m;,my...,my ) theo dinh 1y 1.4

tuong duong véi mot ngiu lyc m ndm trong mit phing cta he lue:

- B | R—
m=my +my +..+my =mo(F)+mo(Fy) +...+ mo(Fy) = Y myB)=m® (2-10)
k=1
Khi dua vao (2-9) va (2-10) ta cé dinh 1y:

Dinh lj 2-2: He luc phing bat ky wwong duong véi mot lyc va moét ngiu
lyc dat tai mot diém tuy ¥ cing nim trong mat phing tic dung cha hé lyc.
Ching duoc goi 1a lyc va nghu lyc thu gon. Luc thu gon dat tai tam thu gon,
¢ vécto luc bing vécto chinh cia h¢ lyc, con ngdu lye thu gon cé mémen
bang moémen chinh cia hé luc d6i véi tam thu gon.

Chi y: phuong, chidu va gid trj cla luc thu gon khong phu thudc vao tam
thu gon vi vécto chinh la vécto tr do, con ngiu lye thu gon phu thude vao tam
thu gon, né dugc tinh theo cong thitc (2-7) khi tam thu gon thay déi.
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| 2.2.3. Cac dang chudn cia h$ lyc phing
Tir k&t qua thu gon hé luc phing vé mot tam ta nhan duoc cdc da_mg._chua'n

sau (la dang don gidn nhat khong thé ti€p tyc thu gon dugc nira):
a. H¢ lyc phing can bang khi vécto chinh va moémen chinh d6i véi mot
diém bt ky triet tiew: R'=0;m® =0 - (F.F..... Fy ) =0

b. H¢ lyc phing twong duong véi mét ngau luc khi vécto chinh triét tiéu,
con mémen chinh d6i véi mot di€m bat ky khong triée tiéu:

R'=0;m° :0—»(1?,",1?2',...,ﬁ)sm0

Trong hai trudng hop trén vi R'= 0 nen theo cong thic (2-7) momen
chinh d6i véi moi tam déi bing nhau. Vay trong trudng hop a) mémen chinh
d6i voi moi tam béng 0, con trong truong hgp b) mémen chinh déi v6i moi

tam bing m? .

He lyc phing c6 hop lyc: khi R'#0, m® =01thi he Iyc(F;.F5,....Fy) = K,

tic he luc cho ¢6 hgp lyc dat tai O véi vécto luc bang vécto chinh chia hé luc
(hinh 2.8).

x|

Hinh 2.8 : Hinh 2.9

~ Khi -R-; 20, m® #0, h¢ luc thu v& tam O dugc mot luc R_O- va m§t nglu luc

m® . Dua vao dinh ly dai luc éong song c6 thé dua v& mot lyc c6 phuong,
chiéu va gié tri luc nhv luc thu vé O (tic phuong, chiéu va gid tri cla vécto

4]
chinh) nhung dt 1ai diém O' khic O va cdch O mot doan h = % sao cho

momen clia hop lyc R ddi véi diém O bing m® , tic 12 (hinh 2.9):
S .
my(R)=m? = ZmO(Fk)
k=1

Vay trong trudng hop hé luc c6 hop lye, ta cé dinh 1y:
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+ Dinh Iy 2-3 (dinh ly Varinhoéng): Trong trudng ho‘p hé luc c6 hop luc,
momen cua hop luc d6i voi mot didm bat ky bing téag mémen cua cic luc
clia h¢'luc d6i vdi ciing diém d6:

mO(R)=Zm0(Fk)' (2-11) -
k=1 .
Tir ddy dé dang suy ra:
He¢ luc déng quy phidng c6 hai dang chudn:
- Can bing néu vécia chinh ciia he luc triét tieu.
- Hop lic néu vécta chinh clia hé luc khong triét tiéu.
Heé nglu luc phing c6 hai dang chuén:
- Cén bing néu mémen chinh ca hé ngiu lic triét tieu,
- Ngu Iuc néu mémen chinh clia he ngdu luc khong triét tieu.

He lue song song phing cling chiéu chi ¢6 mor dang chudn 12 hop lue vi vécto chinh
khéng triét tieu.

He luc song song phdng nguge chiéu ¢6 thé c6 ba dang chudn; can bing, ngdu luc va
hop luc,
2.3. PIEU KIEN CAN BANG VA CAC PHUONG TRINH
CAN BANG CUA HE LUC PHANG
2.3.1. Bidu kign can bing
Binh ly 2-4: Diéu kién cin va di dé h¢ luc phing can bing 1 vécto chinh
va mémen chinh cla hé lyc d6i véi mot diém bat ky phai déng thai trigt ticu.

— N _.
=Y F
(F.F, . .Fq)=06eq "11] | - (2-12)
m° = Zm—o(l_?;) , |
k=1

Chitng mmh Diéu kién cdn duge ching minh dva vio céc dang chuin
cua h¢ lyc vi néu diéu kién (2-12) khong thoa man thi hé luc phiang hodc
trong duong véi mot luc hodc mot nglu lye, ching déu khong thoa man dinh
lugt 1 (chuong 1). Didu kién di 13 hién nhién vi khi vécto chinh béng 0, he luc
thu gon vé tam 0 s& dugc mét ngau luc, tic thu gon vé hai lvc. Do ngdu luc
béng 0 thi hai lyc dé la hai luc can bang.

2.3.2. Cac dang phuong trinh can bing cia hé lyc phing

biéu kién (2-12) ¢6 thé duge viet duc‘ﬁ dang cdc phuong trinh dugc goi 12
cac phuong trinh can bing. C6 ba dang phuong trinh can bing:
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Dang I: Diéu kién cdn va di dé he lyc can bing 1a téng hinh chi€u cic
luc trén hai tryc toa do vudng géc va tdng momen cic luc d&i v6i mot di€m
bat k¥ d6ng thai triét ticu (hinh 2.10):

N N N_ .
D Fiy =0, ) Fey =0; Y mo(F) =0 (2-13)
k=1 k=1 k=t :

Hai phuong trinh ddu twong dwong véi R'=3 F, =0 con phuong trinh
k=1

. . ‘_- N o -
cudi tuong dwong vdi mo = mo(Fk)=0.
k=i

x ¥

" Hink 2._.10' ' , Hink 2.11 -
Dang 2: Diéu kien cdn va di dé he luc phing can bing A téng hinh chidu
céc luc trén mot tryc va téng moémen cédc lyc d6i v6i hai diém A va B wy y
triét tiéw vdi didu kien AB khong vudng goc vdi truc chi€u (hinh 2.11).

- N N N
D=0 YmaFr)=0 ; Y mpFr)=0 2-14)
k=1 k=1 o kel -

Chitng minh: Diéu kién cin duoc ching minh dya vio dang chudn: néu
mot trong ba diéu kié¢n trén khong dugc thod min thi hé lyc di cho tuong
duong v6i mot luc hoic mét ngdu lyc, tic khong thod man dinh luar 1
(Chuong 1). Vay he lyc khomg thé can bing. D chiimg minh diéu kién da ta
nhan xét ring néu cé ba diéu kién trén duge thod min thi he luc khong ¢6 hop
luc, ciing khong thé twong duong véi nglu lyc. Thyc vay, he luc khong thé cé
hop lyc vi néu he luc ¢6 hgp luc (R #0) thi dya vao hai diéu kién cu6i va dya
vao dinh 1y Varinhong: '

2 ma(F)=my (R)=0; ZE[;(Fk) =mg(R)=0;
tic 1a hop lyc R phai di qua hai diém A va B. diéu ndy mau thuin véi diéu
kién diu:
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YF,=R,=Rcosa=0.

_ ViR = 0; cosa # 0 (do AB khong vudng géc vdi truc chi€u x) nén R cosq
khong thé triét tiéu.

Hé luc ciing khong thé tuong duong
voi mot ngdu luc m° nao khic O vi trong
trudng hgp ndy do vécto chinh triét tiéu va
do coéng thitc bi€n thién moémen chinh
(cong thitc 2-7), ta ¢6:

N _
mo=m" = ZmA(Fk) =0
k=1
Dang 3: Diéu kién cdn va da dé he luc Hink 2.12
phing can bing 13 tdng moémen cha cic luc _
ddi v6i ba diém A, B, C khong thing hang triét t\iéu (hinh 2.12).

N —

Y ma(F)=0,> mp(F) =0 mc(F)=0; (2-15)

k=1

Chitng minh: Diéu kién can 12 hién nhién vi néu mot trong ba diéu kién

trén khong thoa min thi hé lyc twong duong v&i ngdu lyc khic 0, sé khong
thod man dinh luat 1 (chuong 1). D€ chiing minh diéu kién d& twong ty cich
chitng minh cho dang 2, n€u ba diéu kién dugc thod man thi he luc khong cé
hgp luc ciing khong thé tuong duong véi mot nglu luc khéc 0. Hé lyc khong
thé c6 hop lyc vi dya vio dinh 1y Varinhong, néu ba diéu kién trén thod man thi

hop lye phéi di qua ba diém A, B, C khong thing hang. Diéu nay vo 1y, vay R =0
titc R'= 0. He lyc ciing khong thé tuong duong véi mot ngiu luc m' nao khic 0,
vikhi R’ =0ta cé {dua vao dinh 1y bi€n thién momen chinh (2-7)):
- — N___ ‘
m®=m# =3 m4 (F)=0
k=1 :

Vi du 2.1: Mot cOt dong chdlt, ¢6 trong lugng P chidu dai 2a duge chon thing dimg (ngam).
Cot chiu tic dung lyc ndm ngang F dit tai A v ngiu luc m (hinh 2-1 3;, fim: I

- Phin lyc tai ngam 0. 3

- Trang thdi luc tai mat cdt ngang céch chan try khoing céch x.

_ Bai gidi: Dé xdc dinh phén luc tai 0 ta gidi phéng cot khdi ngiim O vi xem cot 12 vat ty do
(khong con bi ngam nda) dudi tic dung ciia céc lec dit vio (hec hoat dong) gdm (hinh 2-13) trong lwong

P, yc F. ngiu luc m vi cic phin hee lieén k&t ngim gém hai luc thanh phin vuong géc, E(’n,i"u vi
ngdu luc phan luc En-. Cot s& can biing dudi tic dung clia hé luc (iu.;{.u .EU .f’ .F ,E )=0
Sir dung ciic phueng trinh cidn bing dang 1. Dé 1a ;
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DF=X, +F=0
DF,=Y,-P -0
Z.rh-u(ﬁ) =m'-m-2Fa=90

Trong cic phuong trinh niy cic 4n 13 Xor Yo, m. Khi gidi ra ta nhén duge
x(}:-F' Y0=P,mn=m + 2aF

Nhin xét: Trong cdc két qud nhan duge thi Y, va m" 18y cdc gid i duong nén chidu d3
gid si teén (hinh 2.13) 13 chiéu ding, cdn X, 14y gid tri am nén chiéy di gid sir nhu trén
hinh 2-13 13 khong ding. Chidu diing 13.chiéu nguoc laj.

Dé_xéc dinh trang thii luc (ndi fire) tai mor et dién ngang cich chan tru mot khoang
X, ta (rong trong cit tru bing mot mit cit vudng gbe vdi truc v 1ai tidt dién x va xét mot
trong hai phdn caa try, vi dy ta xét phdn dudi (hinh 2.141). Téc dung cia phin trén lén -
phin dudi 1a meén he Iyc phing. Dwa vao két qud thu gon hé hre di trinh bay, hé lue 46 duge
thay the (uong duong) bing mot lyc va mot ngdu lye (dinh 1y 2.2). Luc duge phan tich thanh
hai thank phdn hyc: - '

- Luc theo phuong ngang, ky higu au duoc goi kA lue cir.

- Lue theo phuong doc truc, k¥ hieu N duge £0i 14 lyc kéo (néu hudng ra khodi mat cir)
hodac luc nén (néu hudng vio mit car),

m m
F yf?\m : F F
! N {2a - x}
X-X -
7 Q¢ m

2a |Gy
LY A x ;“"P{XJ X
vk Y,
iy X, x m° X ;
b/ Z 2 7 ; 74
2 ki &) Z 7
. _ a) : b) -
Hinh 2.13 : - : Hinh 2.14

Nedu lc thu gon, ky hicu M, dirge goi 1a momen udhn. Cic dai luong N.Q', M, (hinh 2.14b)
dige goi La cdc thanh phén cila ndi Iuc tai mat cit xx_ Pé tinh chiing c6 thé lap phuong trinh can bing
cho he luc tic dyng ien mot trong hai phén ¢6 duge do cit try. O day ta xét phdn du6i, phin nay nim
can bang dudi tic dung ciia hé¢ lue:

_ (Xq. Yo, m". P.Q%, N, My) =0,
trong dé: P, 13 rong lugng phén cot dudi. Neu xem €0t 12 dbng chat va c6 tigt dién khong déi
P

sudt chifu dai cot thi : Py =—
2a
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‘Phvong trinh cin bing trong dang t d6i v6i he lyc trén duge vidt nhu sau:
ZFX=——XQ+Q°=0 '
P
F, =Y, —~——x-N=0
. Z ¥ 0 7a
D mi(F)=-Xox+m -M, =
‘Gidi c4c phuong trinh nay ta duge
. P
Q¢ =Xy =F;N=Y,——x=P(1——)
2a 2a
M, =m® - Xox = m +2aF - Fx =m + F(2a ~ )
K&t qua niy d€ ding nhan duge khi xét sif ¢in bing clia phén trén dudi tic dung civa hé luc:
(F,m,N.Q° . M, Py, )= 0
trong do: P,, , 13 trong lugng ciia phén trén cia try, né bing:

P
PZa-x :E{a -x)

Cac phuong trinh can bing cia he lyc trén duge viét trong dang 1 nhu sau:

D R =F-Q°=0

Dy =N-P, =0 |

| ZE(F)= M, -F(2a—x)~m =0
Tir day ta nhan dugc: *
Q°=FEN=Py, , = 2—‘:(2a —x)=P(1 - 5";)

M, =m + F(2a-x)

V{ du 2-2: Cho mot didm AB ¢6 kich thudc va chiu luc nhu hinh 2.15. Xdc dinh cdc phan

lwe tai A vi B v trang théi noi luc tai cdc mit cit ngang cila ddm. Cho F = 100N; m = 120Nm;

q = 60N/m.

Bai gidi: Thay the g&i d& cd
dinh A bing hai thanh phin lyc
X_A- va :(: vudng gic vdi
nhau va géi dd con 1an B bing
phin lwc thing diing ?B. .
Thanh AB can bing dudi tic
dung cia h¢ luc:

—_— e —— . — —

(xAvYAvYBvaQs m)E 0

trong 46: a 13 hop luc cha he
lyc phan bd, né cing phuong,
chiéu v&i céc lyc thanh phidn,
cé gid tri bing tich giira cudng
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do phan b6 g véi chiéu dai ciia doan ddm dugc phan b6 vi dat tai diém gitta cita doan phin bo,
Theo ddu bai Q = 60.1 =60N, dit-cich g5i A mot khodng bing 0,5m.

Thanh lap phuong trinh cin bing cho he luc trong dang 1 ta nhan dugc:
) Fe=Xa =0
| D Fy=Yp+Yg-Q-F=0
D ma(F)=-05Q-m+ Y2~ F.3=0
Tit cic phuong trinh nay ta nhan duge:

Xa=0:Yg =%[m+3F+O,5Q]=%[120+ 300+ 30]=225N
Yo =Q+F~Yp =60+100~225=—65N

Chiéu ding ciia phdn lyc tai A 13 nguge lai chidu di chon,

Dé xdc dinh trang thii noi luc tai cdc mat ct ngang cia ddm ta tudng twong cit ddm
bing cic mit cit thing géc véi tryc ciia ddm.

Bdu tien xé1 mot mit cat trong khodng AK, cich A mét doan x v&i 0 < x < | (hinh 2.16).
Poan ddm AK nim can bing cia cic hec sau :
(Y4.Q,.N.Q°M,)=0,

trong dé: Q, 1a hgp luc cia he lyc phan bd, c6 gid tri Q, = gx va hudng thing ding
xudng, 4i1 cich ddu K mot kKhodng x/2.

Phuong trinh cin bing cia hé luc ndy (dang 1) ¢6 dang:

3R =N=0

ZF, =—65-Q +Q° =0

D my (F) = 65x +Qx%— M, =0

q
o Q¢
SillilioxEmN
8 K N
1m /Mu
x
Y,=65N
Hinh 2.16 Hink 2.17
Gidi cdc phuong trinh nay ta dugc: '
N=0

Q°=Q, +65=60x +65
M, =Qx%+65x=30x2 +65x(0<x <1)

Tai x = [ taeé: N(1)=0; Q°(1} = 125N; M, (1) = 95Nm.
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‘Bay pitr xét doan dim KB chiu Jyc nhu trén hinh 2,17 v6i 1< x < 2 (hinh 2.17). Khi

vi¢l phuong trinh can bing dang | cho doan nay ta c6:
Y F =N=0 '

> Ry =-65-60+Q° =0
Zm_k(§>=65:(+60(x—0.51—m-mu =0

~Tir céc phuong trinh niy ta nhan dugc
N=0
Q =125N (I=x<2)
M, =125x-30-120=125x - 150

Do dé trang thdi noi hyc tai mat cdt B (ing vdi x = 2):

N2y=0
Q“(2)=125N
M, (2)=100Nm

2.4. VE BIEU PO NOI LUC

Dé hién thi sy thay déi cia cdc n6i luc theo vi tri cia mat cit ngang ta c6 thé
st dung cdc biéu d6 noéi lyc. Pdu tién ta bi€u didn cdc thanh phén clia néi luc.

Xét mot doan ddm beén trdi (mat cét & tan cing bén phai cha doan ddm nay):

- Luc doc N duge quy udc 1a duong néu hudng ra khoi mit cit (doan dim
chiu kéo) va la am trong trudng hop nguoge lai (doan dim chiju nén).

- Lurc cat Q° duge coi 12 duong n€u phép tuyén ngoai cia mat cit ngang

quay mot géc 90° thuarn chiéu kim d6ng hé thi tran

trong truéng hop nguoc lai.

g v&i chidu cia lucva la am

- Moémen uén dugc coi 1a duong n€u né 1am cho thé dudi truc dim bi kéo,
titc 1am cidng cdc thé vé phia duong cla truc y (quy uéc né duge chon hudng

xudng dudi) va la am trong trudng hop nguoe lai.

Q>0 Q%<0
Mu>0 ’ Ml.l>0 MU(O 1
n / \ N>0 N<O 7 ) N<0
N>0 \ s
M,<0
Q>0
a) b)

Hinh 2.18.
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Trén hinh 2.18a(b) -
bi€u dién cic thanh noi luc

duong (am). St dung cic
quy tic d3 néu ta cé thé

e o

hién thi c4c két qua cilia vi
du 2-2 trén d6 thi (hinh
2.19) cic biéu dé lyc cét
Q va mOmen uén M,.

D€ vé biu d6 clia cac
ndi lyc ta dua vao biéu
thic giai tich cha cdc
thanh phidn néi lyc, ching
la ham cia bién dinh vi

Ya=65N

Bidu d6 lue cét Q°(x)

100 100

mat cit ngang cha ddm
doc tryc dim. Cé thé€ nhan
xét rang trong doan dim
‘khong ¢6 lyc phan b6 thi
luc cit ¢6 gid tri hing va
‘mémen udn la ham bac
nhat cia bién, trong doan
dam ¢6 lyc phan b8 hing
thi luc cdt a ham bac nh4t
cla bién va momen u6n la

65

125

Bidu 46 mdmen ubn M,

ham bac hai cua bi€n. Cic
quan hé nhu vady dugc
nghién cifu siu trong phdn
khao sdt trang thdi noi luc
cua ddm.

4

Hinh 2.19

2.5. BAI TOAN HE LUC PHANG VOI LIEN KET MA SAT

Trudc day cac lién két duge gia thiét
1a nhin (khong ma sit), vi du d6i véi
lién két tua ta gia thiét ring phan luc lien
két theo phurong phéap tuyén cita mit twa
hoac duong tya. Tuy nhién nhidu trudng
hop thuc t€ cho thdy rang gid thi€t nhu
vdy la khéng ding (tic két qua nhan
dugce tir gid thiét nay sai lech khd xa vdi
thuc t€). D€ 1am 18, ta xét mo hinh nhu
hinh 2.20. Trong thuc t&€ vat ti€p xiic véi
vat gay lien két khong phai tai mot diém

LTy f
me

Hinh 2.20
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md theo mot dudng, do d6 ta ¢é h¢ cac phan luc lien két. Pay 1a moét hé luc
phing, thu gon vé& diém I dugc mot lyc va mot nghu lye. Lyc thu gon clia céc -
phan lyc lién két dugc goi tat 1a phan luc, c6 thé duge phan ra thanh hai thanh
phdn vuong géc véi nhau;

- Thanh phdn phédp tuy&n mat tua ¢6 tdc dung chéng lin, ky hiéu N duge
goi 1a phin luc phdp tuyén. :

- Thanh phin uép tuyén vai mﬁt tya ¢ tinh chat can trugt duge goi Ia luc
ma sdt trugt, Ky hién Fm.,

Ngiu luc thu gon c6 tinh chit can tré chuyén dong lan, duge goi 1a nglu
lyc ma sét lan, ky hi¢u m,.

Luc ma sat truot (ngau lyc ma sdt lan) chi xuat hién khi vat truot (lin)
hodc ¢é khuynh huéng trugt (Khuynh hudng lian) d6i vl vat khdc. Ma sat
xudt hién khi vat chuyén dong duge goi 1a ma sit dong, con ma sét khi vat
chi ¢6 khuynh hudng chuyén dong nhung vdn chua chuyén déng duogc goi la
ma sdt tinh.

2.5.1. Ma sat truct

Thi nghiém Culong di chi ra ring trong trudng hop ma sdt trugt tinh c6
thé c6 gid tri bAt k¥ trong mdt mién xic dinh:

0 Fppg < FIO% | (2-16)

trong d6: Fa*1a gid tri gidi han (1én nhé4t) cha luc ma sdt ma vat cdn cé
khi nang can bang. Nhu vay khi luc ma s&t dat dén gid tri nay thi vat chuyén
tir trang thdi can bang sang trang thdi chuyén d¢ng. Bing nhiéu thi nghié¢m
Culéng da tim ra gidi han 16n nhat nay cba luc ma sit: né ti 1é véi gid tri cla
phan lire phédp tuyé€n véi he s6 ti 1& f dugc goi 1a he s6 ma sat trugt tinh:
FoX =N,

Hé s6 ma sit trugt tinh 12 mdt hu s8, né phu thuéc vao nhiéu y&u 16 nhu
vit lidu va trang thdi cla cdc bé mit (dudng) ti€p xic nhir 46 g ghé, boi tron,
nhiét,... H¢ s6 ma sdt trugt tinh duge cho trong “S8 tay cha k¥ su”. Vay diéu
Kién can bang khi c6 ma sat truot 12 :

Fpe <IN,
nd duge goi la dinh luat Culong vé ma sdt trugt.

V& mit hinh hoc dinh luat Culong chi ra ring khi can bing thi phan luc
toan phin R =N + F_m.: nam bén trong hinh nén, né cé géc & dinh bing 2¢ ., véi

tgp,, =f hay ¢, =arctgf




Theo dinh luat 1 (chuong 1) khi vit
rén can bing thi hop lyc coa cac luze dae \

vio (cdc luc hoat doog) tryc déi (can A

bing) v6i phin lyc toan phin R. Do dé Ome 1L [One

khi cdc lyc dat vao c6 hop luc cit bén :

trong nén ma st thl vit can bing, tirc 7

k'hémg Ehé chuyén dong duoc, nghia la vat 7777737 A ma
bi tu hdim. Vay: . Fons

Diéu kién dé vdt bi 1u ham 1a hop luc
cha cdc lyc dat vao (lyc hoat dong) cit

bén trong nén ma s4t (hinh 2.21). Hinh 2.21

Vi du 2-3: vat s& khong chuyén dong du lyc Q c6 gid i kon twy ¢ (ty him) néu g26¢
P < Q.= arctgf.

BE trdnh ty him cdn téc dung lyc Q theo huéng ing véi géc ¢ > Qs -

Vi du 2-4: M6t vat rin ndm uen mat phing khong nhin, c6 hé s6 ma sit Lruegt finh f,
nghiéng v6i mat ndm ngang mot géc o. Xde dinh géc o d€ vat rin can bing dudi tic dung cita
trong luc (hinh 2.22).

Bai gidi: Khio sit vat rin chiu tic dung cia trong lirc (luc dat viio). Vat rin ¢6 xu hudng

trugt xudng nen ngodi phan lyc phip tuyén N vat con chju tdc dung lyc ma sit trugt hudng
doc mit phing nghieng. Nhe vay vat rén cin bing duéi tic dung cia ba Iyc déng quy:

(P,N.Frs) = 0.
Cic phuong trinh can bing c6 dang:
ZIF, = F, ~ P sinas = 0
IF, =N -Pcosa=0
Ngoai ra tir dinh luat Culong (a c6:
F,. <N -

Tir cic phuong trinh can bing ta tim dugc:

(=
Fous = P sina; N = P cosa. 2
Thay cic gid tri ndy vao bdt ding thic
do dinh luat Culong ta cé: Hink 2.22

P sina < fP cosa
Vdy d€ vat cdn nidm can bing trén mat phidng nghiéng (ty him) thi:
tga < f
Ddu d¢ing thic dng véi trudng hop vat s:ip sita trugt (trudng hop gisi han).
C6 the gidi bli todn biing didu kien hinh hoc vé w ham. Tir diém I ta v géc ¢, = arctgf,
.k)‘f higu goc giira PviN 1a p. .
33
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Hop luc ciia fuc 43t vio chinh 1a P, Diéu kién d€ P cit bén trong hinh nén ma st 13: @ < ¢
Mait khic: @ = a. Vay didu ki¢n ty hiim cha vat tren mat phing nghiéng 1a o < @, khi a = @, vt
s& sdp sia truot,

2.5.2. Ma sat lan: 1a hién tuong cin chuyén déng lan khi mot. vat lan
{ma sit lan d¢ng) hodc cé khuynh hudng lan nhung chwa lan (ma sat lin tinh)
ddi voi mot vat khdc. Ma sat lan duge gy nén do cic vat ti€p xiic véi nhau
khong phai tai mot diém ma theo mot dudng hoic mot mat. Do d6 xu4t hién
khéng phai 1a mdt luc ma 1a moét hé cic phan luc lien két, né dugc thay thé

bing mot lyc R (duge thay th€ bing phén luc phdp tuyén N va lyc ma sit _
trugt F_'m) vd mot ngu lyc chinh 14 ngdu lyc ma sét 1an m, né cé tdc dung
can tr& chuyén déng lin (hinh 2.23). Thi nghiém chi ra ring khi con lan can
bang ngiu luc ma sit 1an c6 thé c6 mot gia tri bat ky trong khoang [0.my™*],

frong d6: m{™ ti 1¢ v6i gid tri cha phan lyc phdp tuyén N v6i he s6 ti 16 k.
Nhu vay: '

w

0<m <kN _ Q-17)
D6 1a dinh luat vé ma sét lin.

H¢ s6 ma sét lin
k phy thudgc vao
nhiéu y&u t6 nhu vat
ligu, 46 bién dang
cna b€ mat ti€p xic
va nd cé gid tri bé
hon nhiéu so véi he
s& ma sat trugt tinh:
k << f. Cic gid tri .
ctia hé s6 ma sét lan
ciing duge cho trong Fms
sé tay cla ky su.
Vay diéu kién dé
con lan can bang la:

7

Hink 2.23

Fo. < fN; m < kN

Do k << f nén con lan thudng bj lan trude khi trugt. Trong trudng hop nay
con lan lan khong truotr. Vay diéu kién d€ con 1an 14n khong truot 1a:

F,<fN;m= kN. _
Chi ¥ ring khéc vdi he s6 ma sét trugt hé s6 ma s4t lan c6 thit nguyén do
dai, n6 chinh 12 tay don ciia phan lyc phdp tuyéa N (hinh 2.23)
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Vi du 2-5: Tren mat ndm ngang mot banh xe déng chéi, tam O, bin kynh R, trong lugmg P
chiu tic dung ngiu lte m va cha lye nam ngang Q nhur (hinh 2.24), Xic dinh tr} 58 cila momen m

—_

vi ciia lyc Q d€ binh xe can bang. Trong didu ki¢n nao banh xe c6 thé jan khong trugi. Cho
bi&t he 8 ma sit trurgt finh £ va he s6 ma sd lin k,

Bai gidi: Khio sdt con lap can bing cé khuynh huéng trugt chiu tse dung ciia he luc:

e R

d"_'_"'--\m.

Cic phuong trinh can bing s& 1a;
D F =F,, -Q=0

D Fy=N-P=0
D i (P=QR+m ~m=0
Diéu ki¢n d€ con 1an can bing 13
Fre < fN; m, < kN F I
Tir ba phuong trinh ddu ta nhan duoc:
Fm=Q;N=P;m,=m-QR.
Thay cdc gid trj ndy vio cic diéu kién can bing ta cé:
Q<fP.m- QR < kP. '
Diéu ki¢n dé con 1an can bing Ia:

Hinh 224

%{m—kPMQd‘P.
Diéu kien d€ con lan tan khong truot s¢ la:

%(m-—IkP)=Q< fP.

CAU HOI ON TAP
1} Dinh nghia vécto chinh cia h¢ lyc phing ? Phuong phdp x4c dinh vécto chinh clia
he luc phing ? : : ' ‘

2) Dinh nghia mémen chinh cla h¢ iyc phing: mémen ‘tla 'h.rc ds6i voi mot diém -
mdmen chinh ciia h¢ lyc phing d6i véi mot didm ?

3} Ket qué thu gon he Iyc phing v& mot tam cho trude ? Phuong phép x4c dinh luc thy
80n va ngdu lyc thu gon vé mét tam ?

4) Céc dang phuong trinh can biing ctia he Iyc phing ?

5) Phuong phap giai bai todn can bing cila mot vat, coa hé vac ?

6) Cic thanh phén lyc tai mat cit ngang ciia ddm théng : Iuc kéo (nén), luc cir,
mémen uén? Phuong phép x4c dinh cdc thanh phdn noi lye ?.Quy uéc dau vé cic

thanh phdn noi luc va trinh bay cdch vE biéu dé céc nei lye ?

/) Dinh luat Culong vé ma sal trugt ? Dinh luat vé ma’sét lan 2 Phuong phép giai baj
todn can bing cta vat rén khi cé ma sat (trugt va lan) ?
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Chuong 3

HE LUC KHONG GIAN

H¢ luc khong gian 1a mot tap hop nhiéu lyc tdic dung lén cliing mot vat rin
va ¢6 dudng tic dung nam b4t ki trong khong gian (hinh 3.1).

3.1. VECTO CHINH VA VECTO MOMEN CHINH
CUA HE LUC KHONG GIAN

3.1.1. Vécta chinh cda hé lyc khdng gian
Cho h¢ luc khong gian (F,,F,....Fy).

Dinh nghta: Vécto chinh cta hé¢ luc, ki hiéu R' 1a vécto téng ctia cic
vécto luc clia he luc:

- . . . N __
R'=F, +F, +..+Fy = D F 3-1)
K=1
F; 42
« R
Fs 8 D
Fy ¢
A
Ry -
Fe %) y
Ry
X
Hinh 3.1 _

Xdc dinh vecto chinh: ¢6 thé sit dung phuong phip vé& da gidc luc nhu
trong chuong 2, trong trudng hop hé luc khong gian da gisc luc 1a da gidc
ghénh (hinh 3.1).

Ciing c6 thé x4c dinh vécto chinh qua cdc hinh chiéu cda né trén ba truc
toa d vudng géc nhd cic cong thifc sau:
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. R=yRZRZ4RZ;

Ry =Fjy "‘_sz +o+ Py = ZFKX R'y .

Ry =Fyy + By +..+Fyy =) Fg, R' s

R'z = Flz + FZZ + ...+ FNZ = ZFKZ cos(Oy. ﬁ.') = %;
R
- cos(0Oz,R)=—2

Ll

cos(Ox.l_i') =

i

3.1.2. Mdmen chinh clia hé lyc khéng gian d8i véi mat didm

a. Momen ciia mét lye doi véi mét diém

Momen cha luc F d6i v6i diém O, ky hig¢u m—o(ﬁ), 12 mot vécto co:

- Phong vuéng géc v6i mat phing qua O va chita F.

- Chiéu nhin tir ngon dén géc vécto tha’yﬁquay nguoc chi¢u kim déng hé
quanh O,

- Tri s6 béng tich s& clia trj s6 lyc vdi tay don cia lyc déi véi di€m O, tifc
bing F.d (hinh 3.2). Pon vi cla
momen lyc la Niuton mét, ki
hiéu Nm.

Nhdn xét: vécto mémen cia
luc d6i v6i mot di€m khong thay
d6i khi trugt Iyc trén dudng téc
dung clia né va triét tiéu khi luc
F di qua diém 14y momen (d=0).
Tri 8 cla vécts momen bing hai
ldn dién tich tam gidc OAB,
(AB' 13 vécta lye, O 1 diém 14y
moémen). Vécto moémen cla luc
F d6i véi diém O c6 thé biéu
dién qua tich htu hudng ciia hai
vécto 1 = OA va F:

my(F)=r AF (3-3)

Hinh 3.2

b. Mémen cua mét lyc doéi véi mét truc
Mémen cha lyc F d6i voi truc A, ki hiéu R;(I?) la mémen dai s& cia Juc

F d6i véi diém O, & d6 F' 12 hinh chi€u cia lyc F trén mat phéng P vuong
goc vdi truc A, cdn O 1a giao diém cia truc A véi mit phing P
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ma(F) =mo(F) =+F'd’ (3-4)

Khi F=0 hoic khi F song song vdi truc A (F'=0) hay cét truc A (d' = 0)
(lc va truc d6ng phéng) thi momen luc d6i véi truc bing 0.
' c. Dinh ly lién hé gitta mémen cia h;c dot voi mor diém va mét truc
Bg’uh.lj 3-1: Momen cia lyc F d6i véi truyc A bing hinh chiéu trén truc
Ay cha vécto moémen cia lyc F d6i v6i didém O nim trén truc.
mA(F) = he y mg(F). | (3-5)
Néu ki hi¢u hinh chi€u ciia vécts mo(F) trén ba truc toa d6 lin luot 1a
Mox (F), ;n-w (_l-:), EOZ(E). con moémen cla fuc F d6i v6i cdc truc toa do la

‘m; (F), my (F),m (F)tuong g thi tir dinh 1§ trén ta c6:

Moy (F) = my (F)
mo (FX moy (F) = my, (F) o (3-6)
Moz (F) = m (F) I

Nhd cdc cong thic nay ta c6 thé xdc dinh dé dang vécto momen cita mot
lyc d6i véi mot diém trong khong gian.

- —0

d. Vécto momen chinh cha he luc khong gian d6i véi diém O, ki hieu m . I
mot vécta bang tdng cdc vécto momen ciia cic luc clia he lyc d6i véi diém O:

-0 — = - —  N__. _. '
m =mg(F)+mg(Fy) +...+ me(Fy) = > mo(Fy). (3-7)
k=1

Cé the xac dinh vécto momen chinh bing phuong php da gidc vécto
(tuong tr phuong phdp da gidc lyc, & d6 cic vécto luc duge thay thé bing cic
vécto momen cla lic), hodc bing phuong phdp tim hinh chiéu cua no trén cic
truc toa dé vudng géc (hinh 3.1):

m =Y my (F)=Ym, (F)
@0 m"Y =3 Moy (F) =Y my (Fy) (3-8)
m" =3 moy (F)= Y m (Fy)

Chi y: Vécto chinh 1a vécio tu do, con vécto mémen chinh phy thuOc vao
diém 14y momen:

-0l —0 — '
m =m +m01(R0) (3-9)
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3.2. THU GON HE LUC KHONG GIAN
3.2.1. Djnh Iy ddi lyc song song

Lyc F daf tai A'tmmg duong my(F)
véi tic dung clia né tai O (luc F)
va mot nglu luc, ¢6 vécto mémen

bing vécts momen cia lyc F déi

véi diém O (hinh 3.3):

— —_— —— F

F=Fvam =mp(F ) (3-10)
Chimg minh dinh 1y nay

gidong nhu ching minh cho

trudng hop h¢ luc phing & d6 momen dai s6 dugc thay bing vécto mémen.

Hinh 3.3

3.2.2. Thu gon hé lyc khéng gian vé tam O

- Ldy mot di€m O tuy ¥ duge goi 1a tam thu gon. SU dung dinh 1y doi luc
song song d€ ddi cdc luc vé tam O (hinh 3.4).

F=F va m—l = E(E)
F,=F va m; =mg(F,)
Fy = By va my =mg (Fy)
Nhu vay thu gon hé huc (fl',l_:;,..,f?;’)vé tim O ta duge mét he luc déng quy
(khong gian) tai O, (E{,g,...Fﬁ) , vamét hé ngau lyc (khong gian) (E,E,..,H) .
F; '

Hinh 3.4

H¢ luc dong quy ¢6 hop luc qua O, ki higu R_{; , duge biéu dién bing vécto
chinh ciia hé lyc d& cho @it tai O (vécto chinh cha hé lyc déng quy nay va
véctag chinh cia he lyc khOng gian da cho bing nhau):

RO—ZFk—ZFk—R' (3-11)

k=1
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trong d6: R’ 1a vécto chinh ciia he luc khong gian di cho.
Heé ngiu luc khong gian (m,,m,....my ) nhu di biét (dinh Iy hop ngiu lrc)
tuong duong vdi mot ngﬁu luc m dira vao (3-7):

. ——— —_ —— —

m= ml +mg + .. +mN mo(F1)+m0(F)+ +{Tl0(FN)

—_— 5 (3-12)
= Zmo(Fk y=m
k=1
Vay ta c6 dinh 1y.
Dinh Iy 3-2: He luc khong gian tucmg duong voi mét lyc va mot nglu lue
dit tai mot diém twy ¥, ching duge goi 1a luc thu gon va nglu lyc thu gon.
Lyc thu gon dat tai tam thu gon, ¢é vécto luc bang vécto chinh cta hé luc, con

ngiu luc thu gon cé vécto moémen bing vécto momen chinh cla hé luc d6i véi
tam thu gon.

Nitgn xér:

1) Phuong, chidu vi gid 1ri cia hec thu gon khong phu thudc tim thu gon. Sy bign thign
cia ngiu lyc thu gon theo tdm thu gon phit hop vdi cong thic (3-9).

2) D8i v6i he lyc khong gian, luc thu gon khong nim trong cing mat phing voi nglu lue
thet gon nhw trong trudmg hop he fuc phing, tic vécto chinh va vécto momen chink khong luon
lutn vudng géc vdi nhau nhu trudng hop hé luc phing. Day 12 sir khic bigt co ban gilta h¢ huc
khong gian véi hé lyc phing.

A ~ S » » N

3.3. DIEU KIEN CAN BANG VA CAC PHUONG TRINH

CAN BANG CUA HE LUC KHONG GIAN
3.3.1. Didu kién can bing

Dinh Iy 3-3: Didu ki¢n cin va di dé he lyc khong gian can bing 1a vécto
chinh va vécto momen chinh cia hé lrc d6i v6i mot di€m bt ky triet tieu.

N —
R'= ) Fg =0
(F{ ,Fyn. Fg) =0 © 4 “;1 (3-13)
°= Y meF)=0
L k=1

3.3.2. Cac phuong trinh can béing ctia hg lyc khong gian

D& vécto chinh va vécto momen chinh cha he lyc d6i v6i mot diém bat ky

triét tieu thi cdc hinh chi€u clia ching trén ba tryc toa d¢ vudng goc phai triét
tiéu, tic 1a:
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N N N
ZFkx =0; ZF'(Y =0; Zsz =0;
k=1 k=1

k=1

N_ N_ N_ (3-14)
Zm-x(FK)=O;Zmy(Fk)=O;ZmZ(FK)zo.

k=1 k=1 k=1

. Dinh Iy 3-4: Didu kien cin va di dé he lyc khong gian can bing 1a téng
hinh chi€u ciia céc lyc trén ba truc vudng géc va tédng momen clia cic luc dei
vdi ba truc &y déu triet tieu.

Céc phuong trinh (3-14) dugc 89i 14 cdc phuong trinh can béng cla hé
luc khong gian. Tir (3-14) c6 thé truc ti€p suy ra cdc phuong trinh can béng
ciia cdc he lyc dac biet, vi du phwong trinh can bing cia hé ddng quy sé la:

2 Fix =6 Y Fy =03 Fy, =0 (3-15)
Con phuong trinh can bang cia hé song song khong gian c6 dang:
2 F =03 m (F) =03 my (Fp) = 0 (3-16)
trong doé: truc Oz 14y song song vdi cdc lvc cha he luc.

L& tdt nhién ti cdc phuong trinh (3-14) cling dé dang suy ra céc phuong
trinh can bang cha he lyc phing.

Vidu 3-I: Mot truc kéo AB 6 dudng truc ndm ngang vi duoc d& wén hai 8 truc (bén 1€ try)
A va B. Hai nhinh dai cia puli c6 dudng kinh D = 0,6 m, chju cdc lyc cdng T, = 5kN, T, = 2kN.
Vit duge kéo c6 trong luong P = 5kN va lang 15 ¢6 dudmg kinh d = 0,3 m. Truc i chju tic
dung ngu lue cdn c6 mémen M. '

Xdc dinh ngéu lyc cin M cén thi€t dé truc cin bing va céc phin lyc tai cic £0i truc A va
B. Bo qua ma sdt. Cic kich thuée dugc cho trén hinh,

Bai gidi: Tl'.l=lc kéo duge can bing duéi tic dung cia hé lue
Chon h¢ truc toa do nhu trén hink 3.6, cic phuong trinh can bing clia he l‘t_rc ¢6 dang:
D E =T 4Ty 4 X, +Xg =0
D Fp=-P+Zy+2Z5=0 .
D My (Fy=aP-daZy <0
— D D _d
Fy=Ti—-Ty—-P=—-M=0
MO =TT =Ty Py
m,(F) = 34T + 34T, + 4aXy = 0
Thay cdc gid tri bdng s6 vao he phwong trinh trén va gidi ching, tz{ nhan dugc:
Xa=-175KN; Z, = 3,75 kN; X, = - 5,25 kN:
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Zg=125kN; M =0,15 kN
Trong céc két qua nhan dugc cic thinh phdn X, vd X c6 ddu am. Diéu niy c6 nghia {2

chiéu ding cia cic phin luc ndy L chidu nguge véi chiéu trén hinh 3.5.

1)

2}

3)
4)
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Hinh 3.5

CAU HOI ON TAP
Dinh nghia vécta chinh ctia hé lyc khong gian ? Cong thiic x4c dinh ba hinh chigu
clia vécta chinh trén ba toa do vudng géc ?

Dinh nghia mémen chinh d6i v6i mot di€m clia he lyc khong gian ? Cong thiic xdc
dinh ba hinh chi€u clia vécto mémen chinh d&i v6i mot diém ciia he 1én trén ba toa
46 vuong géc ? :

Cac phuong trinh can bing cla he luc khong gian ? .
Binh 1y Varinhéng 7 '



B - BPONG HOC

Chuong 4

CHUYEN DONG CUA CHAT DIEM

Pong hoc chdt di€ém cé nhi¢m vu:

- Thiét 1ap phuong trinh chuyén dong ciia chat diém tai timg thoi diém.
D6 la tap hop cdc hé thic xdc 14p m6i quan he gilta cdc thong s6 vi tri cua
chat didm (cdc thong s6 dinh vi) va thdi gian nhd ching ¢ thé xic dinh vi tri
chia ch&t diém tai timg thoi diém. '

- Tim céc dic trung dong hoc cia chét diém: van téc va gia tdc. Van t6¢
1a dai lugng cho biét phuong, chiu va t6c d¢ cha chat diém, con gia t6c cho
bi&t sy thay d6i vé phuong, chidu va t6c d¢ clia chat diém, tic sy thay d6i clia
van toc¢. '

Chuyén dong clia chit diém 12 sy thay déi vi tri clia né so vGi mot vat duge
chon trudc goi1a hé quy chiéu. Tap hop cdc vi tri clia chat diém trong kKhong
gian quy chiéu di chon dugc goi 1a quy dao clia chit diém trong he quy chi€u
d6. Tuy thudc quy daoc cha chat diém 1a dudng thing hay dudng cong ma
chuyén dong ctia né duge goi la chuyén dong thing hay chuyén dong cong.

Du6i day s& trinh bay mot s6 phuong phap thudng duge dung dé khio sdt
dong hoc clia chat diém. - '

4.1. PHUONG PHAP VECTO

4.1.1. Phuong trinh chuyén déng

Xét chat diém M chuyén dong
theo quy dao C d6i vdi he quy chiéu
(A). Vi trf cta chat diém M dugc xdc
dinh nhd vécto dinh vi r=0M, trong
dé: O 1a mot diém bat ky cha hé quy
chi€u (A). Chat diém M chuyén dong

nén r thay ddi (phuong, chiéu va tri
s8&) theo thdi gian:

r=1(t) (4-1)

Hinh 4.1
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N6 dugc goi 1a phuong trinh chuyén dong cta chét diém M dang vécld
(hinh 4.1).

4.1.2. Van t&c

Gia sk tai thoi diém t va thoi diém 1an can ' = ¢ + At, vi tri cda chat di€ém M-
dugc xdc dinh bang cac vécto dinh vi rvar tuong tmg. Qua khoang thdi gian
At vécto dinh vi cita chét diém bi€n d8i mot iong MM'=Ar =1’ —r (hinh 4.1).

-

Pai luong a = % duoc goi 12 van téc trung binh cia chét diém trong

khodng th&i gian At =1t' - 1.
Van tdc ciia chit diém tai thdi diém t dugc xdc dinh nhu sau:
v— lim v;b—l Eugsf (4-2)
MM A0 At dt

Nhu vay van tdc clia chdt diém béng dao ham bic nhdt theo thdi gian cla
vécto dinh vi cla chit diém. Vécto van t6c clia chdt diém hudng vé phia
chuyén dong theo ti€p tuy€n ciia quy dao tai diém M. Pon vi cha van t6¢c 1a
mét/giay, ki hiéu 12 m/s.

4.1.3. Gia téc

Gia sir tai thoi diém t va thdi
diém lan can t' =t + At chft diém M
c6 van t8¢ tuong ing vovav. Qua

khodng thdi gian At =t — t van téc
cha chit diém bi&€n déi mot lugng

Av=v —v (hinh 4.2).

Dai luong: ag=—v=5, Hinh 4.2
: At At :
duge goi 1a gia t6c trung binh cda chit diém trong khodng thdi gian At. Gia
t6c cha chat diém tai thai diém t duge xdc dinh nhu sau:
- AV dv .
a= lim ag = lim —=—=—=T1 4-3
At—0 tb A0 At dt g2 @-3)

Nhu viy gia t6c cla chit diém bing dao ham bac nhit theo thdi gian cla
van t6c va bing dao ham bac hai theo thdi gian cla vécto dinh vi. Vécto gia
t6c huéng vé bé 16m cla quy dao.
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4.1.4. Dau higu vé nhanh d4n vi cham din coa chuyén dong
Chuyén déng cia chat diém dugc goi 12 nhanh din (cham ddn) nén H
ho¥c tuang dirong véi né, %vz E%(;)z tang (giam) theo th&i gian.

- Chat di€m chuyén dong nhanh din néu (hinh 4.3a):
d 15

a(Evz)=;;{ >0 | | (4-4)
- Chit diém chuyén dong cham dan néy (hinh 4.3b):
-2Y ~. '
i(lv ]:v.a<0 . (4-5)
dei 2

¥4

— M —
v Ve _ v
M M ;
(©) L @ |/
@ {5) y .

X / _;

™

Hinh 4.3 Hinh 4.4

4.2.PHUCNG PHAP TOA DO DECAC (hinh 4.4)
4.2.1. Phuong trinh chuyén dong

Gién vio he quy chigu (A) mot h¢ truc toa do décsc vuéng géc Oxyz. Cic
thong s6 dinh vi chat didm sé 1 3 toa d6 x, y, z bi€n d6i lien tyc theo thoi
gian. Né&u: '

X =f(1), y = (1), z = f,(1) (4-6)
trong dé: cdc ham f,(t), £,(1), £3(t) 1a cic ham lisn tuc da biét cia thoi gian thi
ching duge goi 1a phuong trinh chuyén dong cla chit diém dang toa d6 décic.
Chi y ring:
rexityj+zk | (4-7)
trong dé: IJE 1a cic vécta don vj trén céc truc toa do décic.
4.2.2. Van toc
Duva theo (4-2) va (4-7) va chd y rang:
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di _dj _dk

dt di dt
ta co: _
dt dt dt dt dt :
Tir day tim dugc céc hinh chi€u cia v trén cc truc toa 46:
dx . dy. . dz .
vV, =—=Xv, ===}V, =——=1} 4-9
X d Y a Ut N
Gi4 tri, phuong chidu cla vécio van téc duge tim theo cong thic:
v=|3|=\[v§+v§+v§ =Jx2+5;2+;~.2 ' (4-10)
o ¥x oy oYz
cos(0x,v) =—%, cos(Oy,v)=—, cos(Oz,v}=—= 4-11)
v v v

4.2.3. Gia toc

Twong ty nhu d6i v6i van toc, gia t6c cha chdt diém duge fim tr cong
thitc:

-~ dv - - - 2.0 A2u. 425 -
aodv_didxg dve dzg _4xg, s g (4-12)
Tir day tim dugc céc hinh chiéu cla gia t6¢ trén cic truc toa do:
2 2 2
ax:d—;{E“; as;=izlsj?; az=ﬂ-=-'i (4-13)
dt’ dt dt
Gid tri, phuong, chiéu ciia gia t6c dugc fim tiY cong thic:
a=|§|_=\lai+af,+a§_ =\[ii2+3'12+'i,2 (4-143
- - a - :
cos(Ox,a) = E-"—; cos(Qy,a) = . cos(Oz,a)= 82 (4-15)
a a a

. Chuyén dong thing: khi qu¥ dao cia chét diém 12 dudng thing. Chon truc
Ox hudng theo dudng thing quy dao (hinh 4.5). Chon chién duong trén quy
dao (thudng 1a thuan chiéu chuyén dong). -

Phuong trinh chuyén dong s& la: x =f(1).
Van téc cha chdt diém: huéng doc dudng thing quy dao va theo chiéu
chuyén dong. Hinh chi€u cla van téc trén qu¥ dao s la:
de dt

46



Gia 16c clia chét diém: hudng
doc dudmg thing quy dao. Hinh
chiéu cia gia t6c trén quy dao sé 1a:

_ (©) MV -

N ivi _ d2x _ d? ¢ . . x
oAt gz g2 ;
Gia t6c huéng theo chiéu Hink 4.5

chuyén dong néu chuyén déng 1a
nhanh dén (v,. a_> 0) va huéng nguge chidu chuyén dong n€u chuyén dong 1a
chim d4n (v..a < 0).

a. Chuyén dgng thing déu: chiéu duong quy dao thuan chiéu chuyén dong:
Ve =hang = vy a, =0, cdn x = vy (t - 1) +X,
trong d6: t, va x, 12 thoi diém ddu va vi trf ddu cha chat diém.

b. Chuyén déng thdng bién déi déu: chon chiéu duong qu¥ dao thuan chiéu
chuyén déng: :

ay =tag =const
v=tas(t—tg)+vy

1
x."—::t'aa(t—to)z +V0(t"’t0)+x0!

trong d6: t,, v, va X, 12 thoi diém ddu, van t6c ddu va vi trf ddu ciia chat diém.

Chuyén dong 1a nhanh d4n tng v6i ddu “+” va cham dén \ing véi dau “—
trong cic biéu thiic trén. .

Tir day ta tinh duge van t6c cha chit diém tai hai thoi di€m bét kit vat,
(t; > t,), ki hi¢u v(t)) va v(t,): .
| V)=t a, (-t +v,=v,
v(t)) = tag (5 ~t) + v, = v,

_ Do d6 lugng bién thien van t6c Av = v, — v, tuong (ng vdi khodng thai
gian At = t, — t,:

=+ag = const.

Av=v(t) - v(t) =+ a, (5, ~t,) o
tz_tl '

Vay trong chuyén dong bién d6i déu, lugng bién déi van t6c trong nhiing
khodng thoi gian bing nhau 12 bing nhau. _
¢. Chuyén déng tron; chét diém chuyén dong trong mot mat phang va luon
luén cich mot di€m O c& dinh mot khoing cdch khéong d6i OM = R duge goi
13 bén kinh quay. Quy dao clia chat diém 12 dudng tron tam O bén kinh OM.
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Gia sir chat diém chuyén dong doc quy dao theo chiéu nguac chidu kim déng
hé. Chiéu nay duoc chon lam chi€u duong trén quy dao. D€ xéc dinh vi tri ciia -
chdt di€m trén quy dao, ta c6 thé chon thong s6 s= M, trong dé: 112 mot
_diém ¢6 dinh trén quy dao dugc chon 1am géc. D€ xdc dinh vi tri cia chat
di€ém M ciing c6 thé sir dung géc 6= (Ox,aﬁ).'né dugc quy vdc 1a duong khi
truc Ox quay dén gap OM theo chiéu ngugc chi¢u kim dong hé. Véi cic quy
udc trén ta ¢é (hinh 4.6): .
s=Re¢
Chii ¥ rang khi chét diém chay
doc theo chiéu duong quy dao thi
¢ tang va do d6 ¢ >0. Néu chat
diém chay doc quy dao theo chiéu

x ¥

am thi ¢ gidm va $<0.

Phuong trinh chuyén dong
cua chit diém doc quy dao sé 1a:

E = ;(I) =R. -(I:_?([) Hinh 4.6
Van t6c cia chit diém. Nhu da biét van t6c cla chit diém c6 phuong tiép
tuyén v6i quy dao va thuan chiéu chu_yén d6éng. Trong truding hop nay van tde
s€ vudng g6c vdi ban kinh quay OM va hudéng theo chiéu s (hoic a) tang tic

© >0, con gid trj clia n6 duge xdc dinh nhu sau:
xm =Rcos@ -k =v, =—Rsingg
yM =Rsing > jy =v, =Rcos ¢y

ds

de

v= vi +v§ =Ry =

Chii ¥ rang n€u chon vécto don vi G trén phuwong ti€p tuyén véi quy dao phil
hop voi chidu duong cila quy dao va vécto don v n_O. trén phuong phdp tuyén quy

dao hudng vé mit 16m cia quy dao, titc doc OM , huémg tir M dén O, 1a c6:

- ds— Kl
v=—Tty =Rot (a
a0 = Roto | )
Chiéu déng thifc (a) 1én phuong tiép tuyén ta cé:
— ds—

Ve=gto =R¢
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& day v‘, 1a hinh chi€u ciia van 16¢ trén phuong ti€p tuyén quy dao.
Ngoai ra chi ¥ ring:

—

no =-cosPi—sin®j ; to=-singi+cosgj

dtg RN e
o =—(cos P1 + Sin @)y = ¢ng
Gia t6c cla chét diém: Theo cong thic (4-3), ta cé:
- —_ . - - -2
= dv d - - dvi — = dte dvi -  v{ -
a=s—=—(vitg)=—L1t, + vy —= lo +—n
at " a Ve dt °" V& @ TR ™

Nhur vay gia t6c cia chat diém gém hai thanh phan:

- Thanh phén hudng theo ti€p tuyén cla qu¥ dao, duge goi la gia t6c tiép,
ky hieu a:

né c6 hinh chiéu trén phuong tiép tuyén quy dao, ky hieu a, :

al _—_—— —

dt 2 de
- Thanh phédn hudng theo phuong dwong phap tuyén (huéng vé bé I16m quy
dao), dugc goi 12 gia 16¢c phép, ky hiéu a_n' :
" .

an =—n
n= R 0 . |
n6 c6 hinh chi€u trén phuong phip tuyén quy dao, k¥ hiéu ap:
_ _ - ﬁ
TR

Céc chuyén dong tron dac biet:

a. Chuyén dong tron déu: 1a chuyén dong ma van t6c cda chét diém c6 gid
tri khéng déi: .

dt

v= |vl| ='consl = VD;|;| =

a =a“;§=:tv0(l—lo)+ Sp:Sp =5(tp)

4 - GLAG TRINH CO KITHUAT :



b. Chuyén déng trén bién ddi déu: 13 chuyén dong ma gia tdc ti€p cia chat
‘diém c6 gid tri khong déi:

|;I = ag = const
Néu chon chiéu duong quy dao thuin chiéu chuyén d6ng:
v=dtag{t—ty)+vg vy =v(ty)

§= :l:%ao.(t—to)2 +vo{t — L) +5g;5g =5(tg)

Ldy d&u “+” ung v6i chuyén dong nhanh didn déu v lay ddu “-* (ng vdi
chuyén d6ng cham din déu.

Vi du 4-1' Mt vat duge ném len theo phuong thing dimg v6i van tdc ddu vy = 1000m/s taj
mot diém cdich mat dat mot khoing hy = 100m . Tim khodng thai gian T dé vat dat dugce vi i cao
nhdt. Tinh doan dutmg vat di duge. Cho bidt gia t6c trong trudmg b g = 10m/s? (hinh 4.7).

Bai gidi. Chon truc Oz hudng thing difng 1en véi didm gdc 1ai O trén mat dbt. Nhu da
biét, vat (dugc xem la chat diém) chuyén dong tr do trong trong trudng vdi gia tdc theo
phuong thing ding v huéng xufing, cé gid tri bing gia tdc trong trudng, tic la:

m,=-mg->i=-g

T day ta nhﬁn duoc: z
Z=_lgt2 +V(}t+h(|. M
2
Van téc cha chdt di€m dugc tinh theo cong thic:
o dz v,
v=—=—gt+vy. 0
a gi+vy
Khi chat diém dat dugc 46 cao nhit thi v=0, Vay T 1 z
théi gian T dé chit diém 1én den diém cao nhit s
duge tim tir hé thirc: h
V(T)— —gT + Vo —0
. _ fo]
(i
Vay: Yo 190 0.
E 10
Hinh 4.7

Quiing dudmng chit diém di dugc s& Ta:

H = 2(T)-hy = =5T2 + 1000T = 50000m = 50km

Vi du 4-2: Mot chat diém chuyén dong trén mot doan cong cda dudng tron cé bin kinh
R=1000m v&i van 16¢c ddu vy =54km/h . Sau khi di duge mot doun dudmg c6 chiéu dai 500m,

van 16c cla chét diém gidm xudng con 36km/h. Cho bi€l chit diém chuyén dong chiam din
déu. Tinh gia wdc cha chdt diém lic xudt phdt va liic van tc ¢é gid 1rj bing 36km/h.

Bai gidi: Chon chiéu duong qu¥ dao thudn chiéu chuyén dong cita chat diém va chon goc
toa do triing vai vi tri xuét phit cda chat didm.

Vi chét di€ém chuyén dong cham dén déu nén 1a ¢é:
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: R
5= —Ea{,tz +votiv=—ajt+vg,

trong d6: a} 12 gia 16c ti&p cha chit diém.
* Khi khi t tirhai phiong trinh trén, ta nhan dugc:
(vg —vXvg + v)
25

Khi thay cic gid tri vo = 15m/s (img véi 54km,-"h). v = 10m/s (ling v6i 36km/h), 5 = 500m,
ta co:

ap =

a'= 5% 25 =0,125m/s°.
000

Vi chuyén dong tron 13 cham ddn déu nén gia tSc ti€p c6 gia tri nhu nhau tai moi thoi
diém, con gia tS¢ phap duge tinh theo cong thic:

- Gia t5c phép tai thdi didm van t8c ¢é gid tri 36km/h:

n_ Y6 _10x10 _
R 1000
Vay gia t6c toan phén tai hai thoi diém nay 13;

1m.-"s2

a

g =J(ﬂ}1)2 +@f) =\’(0.125)2 +(0225)% =0258m /s>

a=y@) +@" P =025 + (0.1 =016m/s’

Vi du 4-3: Chit diém chuyén dong theo quy ludt
=Rcosoty = Rsinwt;z=pat trong d6: R,o, f
p |2 nhitng hing s5.
Tim van t8c, gia t6c ciia chit diém M. B

Bai gidi: Dat ¢=ot, phwong trinh chuyén S ——i
dong ciia chit diém M c6 the duge viét nhu sau:

\
] i ] "
/ / /
z \\ \\
L/ _

x = Rcosg; y = Rsing; -z=p¢ 5

Qu¥ dao ciia chit diém M 1 mot dudng dinh 6c )
ndm trén mat try xoay, c6 tryc d6i ximg 1a trye Oz, -
bén kinh bing R. Khi goc @ thay ddi mot luong 277 —— N
thi chat diém M di chuyén doc tryc Oz duge mot doan l y
khong d6i h=2xp . Doan h duoc goi la budc ¢iia dinh o { -
6c, con p ba thong s6 clia dudmg dinh ac (hinh 4-8). Ap X M
dung phuong phip toa 46 Décic: e A

v, =k =-Rosinot; v, = ¥ =Rocosatiy, = z=pe

Hinh 4.8
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v= -J(—Rr.usiﬂml)2 + (Rmc:osmt)z + l{pm)2 = m-.,/R2 + l:i2 = const

cos(Ox,v) = Y& = = Rosinot _ R sin ol

x m‘/R2+p2 JR2+p2
oy " .
cos(Oy. vy = ¥ = Racosat - Rcoswt
. v mJRz +p2 JRZ +P2

cos{Qz, ;} =Ye po = = const
v m-JR2+p2 JR2+p2

a, =X = -Re? cosmt;a, =y = ~Ro? sinwta, =2=0

a= 1,/(-Rm2 cosm}2 +(~Rou2 sin mt}2 =Re? = const

. 2
- & - Ro” coswt
cos(Ox,a) = =2 = ———— = -cosml
: a Rw
2 .
- a ~Rw* sin ot .
- cos(Oy,a)= L = ———y—— =-sinwt
a Ro

cos(()z.;) =2 ]
a

Tix cdc ket qua trén ta di dén k&t lugn san:

Chit diém M chuyén déng déu tren quy dao dinh 6c (v = const), van 16c [am véi truc dudmg dinh
¢ (truc Oz) mot géc khong di. Gia t6c cling c6 gid tri khong ddi, ndm trong mit phing vudng goéc
véi truc dudmg dinh Sc v cit trye Oz,

CAU HOI ON TAP

1) Khio sét chuyén dong ctia diém bing phuong phdp vécio, phuong phép toa do¢ Décic ?
2) Khao sét chuyén dong thing déu va bién ddi déu 2
3) Khdo sat chuyén dong tron déu vA bign d6i déu ?
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_ Chuong 5
CHUYEN PONG CUA VAT RAN

5.1. HAI CHUYEN PONG CO BAN CUA VAT RAN

5.1.1. Chuyén déng tinh tién cla vat rin
1. Dinh nghia

Chuyén dong clia vat ran duge goi 12 tinh ti€n khi mot doan thing bat ki
~ thu¢c vat giit phuong khong d6i trong qué trinh chuyén dong.
Vi dy: Chuyén dong clia mot thiing xe trén doan dudng thing (hinh 5.1),

chuyén dong ctia thanh truyén AB trong co ciu hinh binh hanh (hinh 5.2),
chuyén dong clia tay bién AB cia tau hoa (hinh 5.3).

Hinh 5.1 Hink 5.2 ' Hinh 5.3

2. Dinh 17 5-1: Khi vat rdn chuyén dong tinh tién, cdc diém thudc vat vé
nén nhitng quy dao déng nhat (c6 thé dat tring khit 1én nhau), tai méi thdi
diém céc diém thuodc vat c6 van t6c bing nhau va gia téc bang nhau.

Chitng minh: Liy hai : - B
diém bt ki A, B thuoc vat.
Cac vécto dinh vi caa chl.’lng'
lien hé véi nhau bang hé
thitc sau:

Qq)“ldaacf:é’mB

Quy dao didm A
]

B = Ip + AB
trong d6: AB 1a vécto
hing: c6 modun khong déi
(do tinh chdt vat rin tuyét

déi) va phuong, chiéu
khOng déi (do wvat rin Hink 5.4
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chuyén dong tinh tién). Do d6 vi trf ciia diém B c6 dugc bing céch truot diém
A trén gid cla vécto AB véi vécto hing AB. Trong phép trugt nay quy dao
diétm A s& dén tring v6i quy dao diém B, téc quy dao diém A c6 thé dat iriing
khit 1&n qu¥ dao diém B (hinh 5.4).

—_—

Do AB 1a vécto hing nén dTAtB-EO
drg dr, — —
Vay: _—=— Vg =Va,
o a @ BA
2 2
d IR d Ta —_—
— P =— sag=a,.
v dx

Nhu vay v& mat dong hoc vat ran chuyén dong tinh ti€n dugc thay thé
biang mot chat diém. P& khao sdt né ¢ thé sir dung cdc phuong phép da duge
trinh bay trong chuong 4.

' 5.1.2, Chuyén ddng cha vat rin quay quanh mét truc ¢& dinh

1. Pinh nghia |

Chuyén dong clia vat rdn cé hai diém luén Iuon c¢d dinh duge goi la
‘chuyén déng quay quanh mot truc ¢6 dinh. Dudng théng qua hai di€ém c6 dinh
dugce goi 1a truc quay (hinh 5-3).

Khi mot vat quay quanh mot truc_c§ dinh, mdi diém thuoc vat chuyén
dong trén mot dudng trdn cé tam nim trén truc quay,.c6 ban kinh bing
khoang cdch tir diém 46 dén truc quay (ban kinh quay cia diém).

Dé khao sat chuyéh dong ciia vat chi cin khio sit chuyén dong ciia mot
ti¢t dien phing bat ki vudng géc véi truc quay.

2. Khao sit chuyén dong cia vit

a. Phuong trinh chuyén déng: Géc dinh vi ¢ cda ti€t dién phing 1a goc
giita truc ¢6 dinh Ix v6i bén kinh quay IM cfia ti€t dién phing:

o =0() ' (5-1)
duoc goi 1a phuong trinh chuyén d6ng cia vat quay.

b. Van téc géc cia vde, ki hiéu ®:
o=—"=1) (5-2)

D4u clia ® biéu dién chiéu quay :
> 0 - vat quay theo chiéu duong
o <0 - vat quay theo chiéu am.
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- Gid tri cha van t6¢c géc m:F,’

biéu dién t6c d6 quay ciia vat, duge i
tinh bang rad/s (hoic 1/s): o
. x I
M . _ M
= 30 (rad/s) (5-3) _ o

trong d6: m 12 s6 vong quay
trong mét phiit clia vat,

- _?T!
c. Gia t6c géc cita vit, ki hiéu ¢ .

£E= .d_OJ_ = (T)(radfsz hoac USz) (5-4) |
t Hink 5.5

d. Dau hi¢u chuyén dong quay nhanh din, chadm din: chuyén dong quay
dugc goi nhanh din (cham dén) n&u Iq tdng theo thdi gian (gidm theo thoi
gian). Do d6 d4u hieu cta chuyén dong nhanh dan, cham din sé 1a:

| [ﬁ" =>0 (5-5)
_ oe < (.

Dau “>” (ing v6i chuyén dong nhanh ddn, con ddu “<” ing v6i chuyén
dong cham dén. _ _

e. Cdc chuyén déng quay déic b:’?t (chon chiéu.-dtrcmg thuan chiéu quay)

* Chuyén dong quay déu:

_ © =g =const;e=0;<p=mo(t—t0)+<p0 (5-6)
trong d6: @y = (P(t())-.. '

* Chuyén dong quay bi€n d6i déu:

€=1e( =constm= teq(t —to)+m0;$=%ao(t ~10)* +@p(t~tg) +@g (5-7)
trong dé: o, =5(t0);cpo =$(t0). Dau “+” {ing véi chuyén dong nhanh déin
déu, con du “-” iing v6i chuyén dong cham din déu.

3. Khéo sat chuyén dong cia cdc diém thudc vat
Khéo sat mot diém M c6 ban kinh quay R (R = IM).
a. Phuong trinh chuyén dong cia diém M doc quy dao:

s=Re(t) (5-8)
b. Vdn téc cia diém M: m = 2%4-
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- Phuong: vuéng géc véi ban kinh quay R.
- Chiéu: thuan chiéu quay (thuan vdi o).
-Gid tri: vy =Ro (5-9)

c. Gia t6¢ cua diém M
_.t,.n

trong dé: a' 1a thanh phﬁn gia tOc ti€p, con a" 12 gia t6¢ phap.

* Gia toc uép a

- Phuong vuéng géc véi ban kinh quay.

- Chiéu: thuan chidu v n&u vat quay nhanh ddn va ngugc chiéu v néu vat
quay cham din (thuan chiéu véi €).

- Gid tri: =RH | | (5-10)

* Gia t6c phédp a"
- Phuong: doc ban kinh quay,
- Chiéu: hudrig vé truc quay (gia tdc huéng tam).

.

n

- Gid tri: a"| = Rey? (5-11)

5.1.3. Truyén chuyén déng nhd céc chuyén déng co bin
a. Truyén chuyén dong tinh tién sang chuyén déng tinh tién (hinh 5.6)
Vidu 5-1: Mot lang kinh chuyén dong theo phuong ngang v6i van 6c v;, 1am cén bj ddy

theo pluong ding voi van t6c v,,

Tim ti s& truyén dong: i =

¥y

Bai gidi: Di chuyén ciia cdn
ddy: AgA=y, con di chuyén cia
laing kinh theo phuong agang
m=x.R6n‘mgy~—-x.lga.

.. a
Lay dao him theo thdi gian hai ////// ////////////////////////n
v& ctia hé thic nhan duoc:

y = Mga = vy = v iga Hinh 5.6, Truyén chuyén dong tinh tién sang chuyén
dong tinh tién
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Vay ti s6 truyén dong sé 12:

i=Y%- igo .
Vi
b. Truyén chuyén dong tinh tién sang chuyén dong quay va nguoc lgi

Truyén chuyén dong banh rang — thanh rang (hinh 5.7). Banh rang 1a mot
dia trdn déng chat, ban kinh R va
quay vdi vin t6¢ géc ©. Do van t6c

- cha diém ti€p xic thuoc banh rang o
va thanh ring bing nhau (b qua sy Q?: ®
trugt) nén: v=Ra. NN NN
Do d6 ti s6 truyén dong sé& la; = - ™
i=_=R. - Hinh 5.7
®

¢. Truyén chuyén dong quay sang chuyén déng quay

_ * Truyén dong banh rang (hinh 5-8a, b): dua vao diém ti€p xiic clia hai
bdnh rang ¢6 van téc bing nhau nén:

V=(B|R1 =(02R2.

a} '
Hinh 5.8

Ti s6 truyén dong s& 1a: =22 = Ry )
M R2
Cong thifc truyén dong nay con diing cho truyén dong dai truyén véi gia thiét bo
qua d6 dén cia dai truyén va sif trugt gifta dai truyén va bénh (hinh 5.9a, b),

Hink 5.9
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5.2. CHUYEN DONG SONG PHANG CUA VAT RAN
$.2.1. Binh nghia va mé hinh

1. Dinh nghia: Chuyén dong cla vat rin duoc goi 12 chuyén dong song
phing khi m&i diém thuoc vat luén luén di.chuyén trong mot mit phang song

song vdi mot mat phing ¢6 dinh dugc chon trude goi 12 mat phing quy chiéu
(hinh 5.10).

3

Hinh 5.10 Hinh 5.11

2. Mo hinh ciia vat rdn chuyén dong song phiing

Vigc khdo sdt chuyén dong clia vat rin duge dwa vé khio st chuyén dong
cla mot ti€t dién phing clia né trong mat phing chia tiét dien, song song vdi
mit phing quy chi€u (hinh 5.11). Trong céc co ciu phing, céc khau cia né
déu chuyén dong song phing. Vi du: co cau tay quay thanh truyén (hinh 5.12a),

co cdu bon khau (hinh 5.12b), banh xe lan khong trugt theo mot dudng cong
phing (hinh 5.12¢). '

a) ' b) )

Hinh 5.12
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5.2.2. Khio sat chuydn dong ciia hinh phing

1. Phan tich chuyén déng hinh phing S thanh chuyén déng
tinh tién va quay

Chon mot diém O thuoc vat va heé
truc OXy ¢6 truc Ox va Oy ludn luon -
§ong song v6i cic tryc Oix,, Oy,
tuong img. B6i v6i he¢ tric Oxy tam Y, 4
phing quay quanh truc qua O va géc
dinh vi @, (van téc géc o, = @), gia
téc géc .Es 235([):&5"([)). con hé truc

Oxy chuyén dong tinh tign dsi vai hé
truc ¢8 dinh O,x,y, véi cic théng s&

I
dinh vj Xg(1),y (1) (v6i van t6¢ vo(t),
gia t6c goc a:(l) ). .
" Xy

Bing cich nhu vay, chuyén dong
clia hinh phing S duge phén tich thanh
chuyén dong tinh ti¢n ciing v4i he truc
Oxy va chuyén dong quay d6i véi he tryc nay (hinh 5. 13).

Hinh 5.1

2. Céc yéu 16 dong hoc coa chuyén déng hinh phing

bé xdc dinh chuyén dong hinh phing cén x4c dinh chuyén déng tinh tién
cla h¢ truc Oxy (qua van t6¢c va gia 16¢ cuc O) va chuyén dong quay cia hinh
phéng quanh tryc qua O va thing géc véi mar phéng cia hinh phing (qua van
toc géc va gia toc géc). Cic dai lugng (hinh 5.13): E,E;',SS,ES duoc goi 1a
cdc y&u 18 dong hoc cita hinh phing chuyén dong song phing. Cic dai lugng
%,a_.; phu thudc vio viec chon cyc, con cic dai lugng 5;,:6:5 khong phu
thudc vao viee chon cuyc.

5.2.3. Khio sit chuyén déng cic didm thudc hinh phing
1. Van téc caa diém

BDinh Iy 5-2: Van t6¢ chia mot diém thuoc hinh phing bing t6ng hinh hoc
clla van t6c ciyc va van t6¢ cha né khi hinh phdng quay (d6i vei hé truc tinh
ti€n Oxy) quanh cyc:

;;=E+VM0 (5-12) -

Chitng minh: Xét diém M thugc hinh phéng, vécto dinh vi clta né 1a
1=0,M=0,0+0M. Do dé: : |
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—_—

d —— d —— d ——
VM =E?(OIM)X1Y| =a(010)xm +E;(OM)XIY1
x s d — -
R& rang 1a: ET(OIM)X'Y' =vg. 4
Con: '

d — d —  —
‘&;(OM)KIYI =5(0M)x}, =VM0.

¢6 phuong: vudng géc v6i MO, chidy:
thuan chidu w, , gid tri bing MO. o, .
Do dé (hinh 5.14):

VM = Vo + VMO - :I
- X
D€ dang suy ra cong thic lien he van O !
t8c gidra hai diém bat ky thuoc hinh phing: - Hink 5.14

VB =V +Vpa C(5-13)

trong dé: a c6 phuong: vudng géc véi BA, chiéu: thuan chiéuc;;. gid trj
bing BA. o, .
Dinh Iy 5-3: Hinh chidu van téc cha

hai di€m thuoc hinh phing len phuong
qua hai di€m dé bing nhau (hinh 5.15).

Chitng minh: Chigu hai v& caa ding
thifc (5-13) Ien dudng thing qua hai didm
AB v6i chi y ring vag vudng géc vdi
phuong chiu ta ¢é:

hcagVp =hcapVa  (5-14)

b. Su phdn b vin téc cic diém
thugc hinh phdng '

- Tam van t6¢ uic thoi: 1a mot diém
P ciia hinh phing tai thoi diém khao s4t
¢6 van t6c bing 0.

- Dink Iy 5-4: Tai thai diém t6n tai
tdm vin t6c, van t6c cdc diém thuoe
hinh phing giéng nhu trudng hop hinh
phing quay quanh tam van téc tic thoi,
(hinh 5.16). ‘

Hinh 5.16
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*

Chitng minh: Gia skt P 12 tam van téc titc thoi {vp = 0). Liy P lam cuc va
vi€t cong thitc lién he van téc ta c6:

VM = VP Vpp = Vpgp (5-15)
trong dé: -\«'—JE vmp <6 phuong vuéng géc véi MP, chidu: thuan chiéu a)—.,
gid tri bing MP. ;. Do dé dinh 1y dugc chitng minh.
- Mét 56 quy 1dc tim tdm vdn t6c (Khi né t6n tai):

* Dya vao dinh nghia:

Vp =Vg +Vpg =0.
TXd6:  vpg=—vg
Vay dé tim P, ta ldy mot diém P ueén nita dudng théng Abing cdch quay

vo quanh O mot géc n/2 theo chidu @, va cdch O mot doan (hinh 5.17a):

Hinh 5.17.

* Dua vao sy phin b§ vin t6c cdc diém cia hinh phing quanh tam van téc
tifc thai P (hinh 5.14).

Tir biéu 36 phan b van t6¢ céc diém chiing ta dé dang tim dwoc tam van
té¢ wic thoi trong mot s6 truding hop sau:
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Truong hop 1: biét van t6c diém A va phuong van t6c di€ém B cit phuo‘ng
van t6c diém A (hinh 5.17b).

Tir hai diém A va B dung hai dudmg vudng géc véi cdc phuong van téc
cia chéing. Giao diém hai dudng nay 1a tam van téc tifc thai:-

_YA_VB
S vp=—V
AP BP P AP A
Truong hgp 2: biét van 16¢ hai diém A, B va phuong van t6c cia ching
song song vdi nhau.

Néu AB vuong géc véi cdc van téc thi tam van 8¢ uic thai 12 giao diém
cia phuong chita AB v6i dudng thing qua cdc diém mit clia cdc van téc.
Trong trudng hop van t6c hai diém clng chiéu va c6 gi4 tri khong bing nhau
{hinh 5.17c¢) thi: -

, = Va Vg
§ AB .
bdéi véi tru&ng hop van t6c¢ cla hai diém nguogc chiéu (hinh 5.17d) thi:
_YatVe
7 AB

Néu AB khong vudng géc v6i phuong van té¢ cdc diém A va B thi tam
van td¢ titc thoi s€ & xa vé cing. Vay:
My =O; VM T YA = VB
. Chuyén dong cia hinh phing ing v6i trudng hop nay dugc goi 1a tinh ti€n
tdc thi (hinh 5.17e).

Truong hgp 3: Dua vao tinh chat khong trugt cla chuyén dong. Khi mot
hinh phéng lin khong trugt tréen mot dudng cong phing c6 dinh thi diém tiep
xdc giita hinh phing va dudng cong 1a tam van t8c titc thai (hinh 5.17f).

Vi du 5-2: Tay quay OA c6 chidu dai r = 0,Im quay ddu vi vin t3c goc @, =30nrad/s . Con
truct B chuyén dong theo phuong ngang. Cho chiéu dii clia thanh truyén AB 13 L= r+/3 . Tai thoi
diém tay quay OA vuong géc véi thanh truyén AB vi tay quay & vi tri thing dimg, tim:

- Van t5c con trugt B va van 16c géc thanh AB (hinh 5.18a) ?

Bai gidi:

1. Phan tich: Khau OA chuyén déng quay quanh truc c& dinh O. Thanh AB chuyén dong
song phing, con trugt B chuyén dgng tinh tién.

2. Van toc:
a) Tai thai didm tay quay \ruOng géc véi thanh Iruyén AB. COng thic lién h¢ van tdc viét
cho hai 4iém A va B s& Ia: VB —vﬁ +VBA .

_ Chiéu: thuan chiéu wg

trong d6: ¢ Phuong: vudng géc vdi tay quay OA

Gid tri: wyr
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Phuong: vuong g6c¢ voi thanh truyén AB
m: Chidu: chua bi€t {(cé chidu gid dinh nhu trén hinh 6.9a)
Gid trj: ©pL=apry3
V_B- : ¢ phuong doc séng trugt OB (doc truc Ox)

Tir hinh v& ta ¢é:

vg cos 30° =v, —¥vp =—Ya __ Mo =2-J§mi0 =243n(m/s)

cos30° J3!2

vaa = Valg30® =m[,r§= Vinim/s)

P
a) bj c)
5@ P o
- D =
Va
A
r L
@,

Ve T
Hinh 5.18
Vin 8¢ gde cha thanh AB biing:
v 3n
© AR —ﬁ—r= lOﬂ(radfs} .

phi hop véi chidu clia ;1;: , ai thii diém xét thanh AB quay theo chiéu kim déng hé (hinh 6.9a).
Dé tim vin t6c di€m B cling ¢6 thé sir dung dinh.lf hinh chi€u vén t6c:
hcwv_g. = hcABH vy cos30% = V.

K&t qui tim dugc tring véi k&t qua & trén. DE gidi bai todn weén ciing ¢6 thé sit dung
phuong phip tam van tdc tic thai. Tam van t6c titc thei cha thanh AB tai thiri diém khao sdt La
giao diém cha OA v6i dudmg ihing ditng qua B (hinh 5.18b).

v ' (1]
B AR =__.‘.'.\_=_=Ta= I{}rr(rad!s)

Van toc diém B dugc tinh theo cong thic:

Wy L _ _Zm(,l_‘ﬁ
3

Vg =£UABPB=— =2J§n(m."5)

3 cos60"
b) Tai thai-di€m tay quay OA & vi tri thing dimg (hinh 5.18¢):
Khi tay quay & vi tri thing ding: V_A.ﬁ\f_l; . Do 46 tam van toc tic thii ra xa vo cung. Vay
tai théri diém ndy thanh AR chuyén dong tinh tién tic thi:

wag =0ivg =V, =1y =3In(m/s)
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2. Gla t6c caa diém

Dinh Iy 5-5: Gia t6c cha mot diém thudc hinh phang bing téng hinh hoc

cha gia t6c cuc O vh gia t6¢ cua nd
~ khi hinh phing quay (d6i v6i he truc
Oxy) quanh cuec O.

Dinh 1y nay dugc goi 1 dinh Iy

" lien heé gia t6c gitta hai diém thudc
vat.

Chiing minkh: dua vio hé thic vé sy
lien he ciia vécto dinh vi clia diém M déi
véi he truc ¢6 dinh Oyx,y,(O,M) va
déi vai he truc dong Ox-y(a&) ,tacé:

d2 2

D& dang chi ra ring:
d2 : 2

d%t

Hinh 5.19

2

d
37, OMxy, = 5 (010

d —
+ E(OM)KIH .

*l)’l

2

——(00)y,y, =a0;'('lz_t(0M)31Yl =E(OM)xy =apMO »

rong d6: apo 12 gia t6c cua diém M trong chuyén dong quay (d6i v6i hé truc
Oxy) cia hinh phéng quanh tryc qua O, n6 gém hai thanh phén: '

- Gia t6c phép allyo : c6 phuong doc MO ,c6 chiéu huéng t M dén O gid

tri bing @?MO.

—

- Gia téc 1iép tuyén alyg : cé phuong vuong géc vdi MO ,c6 chibu thuan
chiéu &, , c6 gid tri bing £,MO. Vay (hinh 5.19):

—_—  —
.

ap =49 +aMo +alo

(5-16)

Vi de 5-3: T inh gia tdc cba con trugt B va gia 10c géc cita thanh AB trong vi dy 3-2.

Viét cOng thikc lién hé gia 18c gilta hai
diém A va B (hinh 5.20).

—_— —
—_— —

ag =as +ajs +aba (a)
trong d¢: ;\. hudng tir A de'n O ¢6 gid trj bing
waf, ; huéng tir B dén A, c6 gid tri bing
mEBA . a_'n: ¢6 phuong vudng géc vdi E\. , cb

chidu thuan chidu £g, . c6 gid tri bing egsBA.
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—_—

Trong diing thisc vécto (a) c6 hai dn: gid tri clia al, (Wc £p, ) vl phuong chiéu cla ag.

Bé 1im gid i ciia a_B-, chi€u diing thic vécia (a) tén phuang AB (phuong vubng géc véi

véclo dn apy ) ta c6:

apcos30” = —al,
-1 a 2 2 2 2 2
g = —————ap, = - wagAB = (\Grr) XO.IJ_=—0.611 (m/s°)
cos30° O cos30® A 5

Diu “-* chi rdng chidu ding ciia gia 16¢ diém B ngugc vdi chidu duge bidu dién trén hinh 5.20,

Bé tim gia t6¢c g6c cha khau AB c4n tim phuong, chidu va gid trj clu aj, . Mudn hé

+

chicu déng thitc vécto (a) lén phuong ditng (vuéng géc vdi a_B. )
O=—a, cos30" +af, cos60” +ak, cos30” .
Tir day ta nhan duoc:

L
dgs =

———ta,c0s30" —alt, cos60" = u, —a® 1g30" = wﬁr~¢n;2 BA-—Ji
A BA &, BA AB
cos 30" . 3

= (30m)%0.] - (107:)20,:\/5% = 80n%(m/s?)

Dau “+7 chi ra ring chidu ciia al, trén hinh v& 13 chidu diing. Tuong dng véi chidu aby
gis tdc géc cua khau AB (g;} nguge chiéu kim ddag hé va ¢ gid i
. 2 2
£ga —28a _ 807 =§.0_Of_‘[£(md;si)_

BA 0443 3
Vi du 5-40 Mot banh xe bdn kinh R = 0,5m lin khong trugt trén mot dudng thing c6
dinh. Tinh van téc¢ va gia t6c cia diém M trén vanh bdnh xe tai thit diém tam banh xe ¢é vin
t6c va gia tdc hudng ciing chidu vi c6 gid tri tuong dng 1a v, = Im/s v a5 =15m/s?, con
diém M ¢6 vj tri wong ting v6i OM nim ngang (hinh 5.21).

Bai gidi: Vi banh xe lan khong trugt tren mot dudng thing c& dinh nén tiép diém P 1a
tam van tdc. Dya vio dinh 1§ 5.4 ta tinh dugc van tdc géc clia bidnh xe:

w=Yo _Yo
oPr R
a, _a.m
. \r:ﬂw
4% o ™ M
e N\
gf"\ EX
Z’/AVJ/'/Z//%/J_//////[///_Z . Y/
Hinh 5.21 Hinh 5.22
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Neéu bdnh xe lan tir trdi sang phii (twong ung vdi h‘lnh chi€u cia van td¢ tam O wen truc
ngang l1a duong) thi binh xe quay quanh P (va ci quay quanh Q) theo chiéu thuin chiéu kim
dBng hé (tdc quay theo chiéu am): o= —%

Gia t6c & chia banh xe duoc tinh theo cong thic:

Vay chiéu € thudn chiéu kim déng hé, tdc ciing chiéu véi @.Dodé we>0 va tai thivi diém

nay binh x¢ quay nhanh din. Thay cdc gid tri 6 da cho ta dwge:
o =-2)(rad /8);& = -31(rad / 5% )

Vvan 16¢ diém M dua vao dinh Iy 5.4

- C6 phuong vudng géc véi MP, tic phuong van 8¢ qua didm N.

- C6 chiéu hudng tir N dén M.

- C6 gid tri bing ©MP = oR2 =14,85m /s

Gia t6c cia diém M dugc tinh theo dinh 1 5.5 (hinh 5.22)

i —
—

ap =29 +aho +ako

trong dé: aljg c6 chiéu hudng tir M dén O va c6 gid trj bing @*MO =(21)% x0,5=220,5m/s°,

—_—

ajio c6 phuong vudng géc véi MO, thusn chiéu € va 6 gid tri bing:

eMO = eR = 31x0,5 = 15,5m /2.
Giu t6c toan phén cia didm M duge tim qua hai hinh chi€u cia né trén hai truc vudng
géc. Hinh chidu cla gia 16¢ toan phén trén hai truc nim ngang va thing ding bing:
Az =Bgx +A0x + AMox = 1,5 +2205=222m /5>

Ay =8y + 3Ny + MOy = 15.5m /s

CAU HOI ON TAP
1) Dinh nghia vé& chuyén d6ng tinh tién ciia vat rén ? Tinh chat ciia chuyén dong tinh
tién cha vatran ?
2) Dinh nghia vé chuyén dong quay ciia vat rin quanh mét truc ¢6 dinh 7 Khai niém
van tdc gdc va gia tdc géc ?

3) Cong thuc tinh van tdc vi gia t6c cha mot diém thudc vat rdn cich truc mot
khoang h ?

4) Pinh nghia vé chuyén dOng song phéng cla vat rin, cdc yéu t6 dong hoc ciia vat
rin chuyén 46ng song phing: Van t6¢c va gia t6c cba cyc, van i6c géc va gia tdc
g6c cha hinh phing quay quanh cuc ?

5) Coéng thiic tinh van tdc cda mot diém khi blét véin (8¢ cyc va vin téc géc cua hinh
phing quay quanh cuc ?

6) Cong thic tih van td¢ mot diém nhiy tam van téc — Cic quy tic tim tAm van t6c ?

7) Dinh ¥ vé hinh chi€u van tdc cha hai diém thudc vat rin ? -

8) Cong thirc lién hé gia t&c gifta hai diém ?
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Chuong 6
TONG HOP CHUYEN DONG

r- 2
6.1. TONG HOP CHUYEN PONG DIEM
C6 mét chat diém M chuyén dong dsi véi he quy chi€u (B), con he quy
chi€u (B) chuyén dong dsi véi h¢ quy chiéu (A). Chuyén déng ciia chat diém M
d6i véi hé quy chigu (A) duge xem la téng hop tir hai chuyén dong: chuyén

Hinh 6.1 Hinh 6.2 .

- Chuyén dong ciia chat di€m M dsi vai hé¢ quy chi€u (B) duoc goi 1
chuyén déng tuong d6i.

- Chuyén dong cia he quy chi€u (B) d6i v6i he quy chidu c6 dinh (A) duge
goi la chuyén dong theo.

. - Chuyén dong cia chdt diém M d6i vei h¢ quy chi€u (A) duge goi 1a
chuyén dong tuyer d6i.
Vi du 6-1: Mot hat l'6ng chuyén déng trong rinh cdnh bom (chuyén déng twong déi), canh

bom chuyén dong d6i véi gid c6 dinh (chuyén dng theo), chuyén dong ciia hat long d6i v6i gid
c6 dinh (chuyén dong wyet dsi) dugc xem 13 téng hop hai chuyén dong trén (hinh 6.2).

6.2. DINH LY HOP VAN TOC |
Dinh nghia: Van 8¢ tuyét d6i cia chit diém I vén téc cla né duoc tinh
trong hé quy chi€u (A), ki hiéu Z:

— d ——
vV, =I(O[M)(A) o (6'1)
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- Van t6c tuong d6i ciia chat diém M 1a van t6c ciia né duoc tinh trong he
quy chidu (B), ki hiéu v—r. :

VI. =E;(0M)(B) (6'2)

- Van 16c theo: xét diém M~ thudc h¢ quy chiéu (B) mi tai thoi diém khao
sét trhng v6i chift diém M. Van t6c theo ciia chat diém M, ki hieu 12 v, , {2 van
t6c clia di€m M" (dugc goi 1a tring di€ém M’):

— d »
Ve =a?(01M XA) (6-3)

Dinh Iy 6-1: Tai méi thoi di€m, van 16c tuyét d6i cia chat didm M bang
tong hinh hoc cia van t6c theo va véan tdc tirong d6i:

Va SV + v, ' (6-4)

Chitng minh: D€ don gidn ta chi ching minh cho trudng hop phang. Tuy
nhien dé dang md réng céch chimg minh cho trudng hop khong gian.

Goi 1_]-,1_2' la céc vécto don vi trén cdc truc ciia hé truc OXy (gén v4i hé quy
chi€u (B)), x, y 1a cdc toa d6 cha chit diém trong hé truc toa 46 nay (hinh 6.3).
Theo cong thiic (4-2): _
— 4 — d — d —
Vv, =—(OM =—(0,0), +—(OM
2 =4 Q1M =5 (01004 ac M)
=v {i(xi_'+ i_')—v_.+xﬂ+ E‘A+d—"f'+flf'
T g Y2 =ve a7 dt ' a
dx—~ dy—
—i) + =iy,
de ' ar 2

—

d —— d ’
=—(0,0 — (DM
'dl( 1Ay + dt( )A)

M" 1a diém thuéc hé dong (B), c6
cdc toa d6 d6i voi he truc toa do Oxy la

x" va y" 1a chc dai lugng khong déi do

Hinh 6.3

68



* &
M* gan chat vao h¢ toa d¢ nay (%= ,%—=0). Vi:

* * ®x T "
OM =X I +y 13,

nén:
— 4 —— d, - — di, di,
Ve =—(0;0 +—(X*i) +y*j =vg+x*—L,ys02
C‘dt( 10)a) dt( 1Y ¥ 12)a) =vg a Y it

Tai moi thoi didm M* tring v6i M, nén x* =X;¥*=y. Do d6 khi so sdnl

cdc biéu thue van tdc d4 tinh, ta cé:
Va=Ve +v,.

Vi dy 6-2: Mot 6ng tron bdn kinh R quay déu quanh truc O vai van i8¢ géc Ap. Mot hat
16ng chuyén dong déu trong ong véi van 1o¢c khéng déi u,. Tim van (o¢ luyeét déi coa hat léng khi
né o vi tri M, va M, nhu trén hinh . Cho bigt tdm cua &ng ndm cach truc quay mét khodng 2_R.

Bai gidi: Chon dng lam he quy chi¢u dong thi: .

- Chuyén dong cda hat long theo dudng tron tam I, voi vin t8c u, k chuyén déng tuong déi,

- Chuyén dong quay déu cia éng quanh truc O véi vin t6c géc ©y 12 chuyén dong theo.

- Chuyén dong cia hat long di véi gid o6
dinh 1a chuyén déng tuyét dai.

B¢ tinh van t6c tuyét doi ciia hat léng ta vigt
cong thitc hgp van 6c: :

Khi hat [ong dén vij trf M, thi van 16c twong doi
c6 phuong thing ding hudng Ién va c6 gid trj bing
ty cdn vin t6c theo cé phuong vudng géc véi

M0, ¢6 chidu thuan chiéu ©g, ¢ gid trj bing
m"M]O = (.I)“rJg (hinh 64).

Van 1dc tuyét d6i cia hat long s& duge xde

dinh qua hai thanh phdn cia né trén hai tryc .
vuong géc Ox, Oy: Hinh 6.4

2 :
Vag = Vex + Vi =~V cOSQ = —Rmm/S_T =-2Ra,
5

Vay = Voy + ¥y = —v sina+u, = wa[,\E—L+ ug = -Rayg + u,
. V5
Tir d: v, = vfx + vfy = Jug +5R2m5 =-2Rwpuy,
cos(Ox,E) =- 2Ry

u% + SRzm% -2Rayu,
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—R(I)U + Uy

cos(Oy. v, ) =
Ju% + SRZO)(Z:; - 2Rﬂ)uu.n

Khi hat léng dén vi tri M, 1hi van 8¢ twong d6i cé phuong nim ngang hudng sang phéi, cé
gid tri bing ug, cdn van t6c theo cd ciing phuong, chidu véi van t6c tuong d6i cé gid tri bing
3Rag . Do dé van t6c tuyét déi c6 phuong ngang cing hudng sang phai va cd gid 6rj bing:

vy =V + v =1y +3Ro,

Vidu 6-3: Tay quay OA cé d6 dii b?mg R, quay déu quanh trye O véi van 8¢ géc og . Khi
©0 cfiu ¢6 vi tri nhw trén hinh.

Tim vin e twong d6i cida con trugt A d6i véi cdn 1ic O, B.

- Van tdc gde @ cia cédn lic O,B (hinh 6.5).

&

Bai gidi: xem con trugt A 1A mot chit diém; chai diém A chuyén dong doc 0B, cén OB
quay quanh O, gin v6i gid c6 dinh. Khi chon O,B lam hé quy chigu dong thi:

- Chuyén déng theo ciia chit diém A la chuyén dong cud cin lac quanh truc O, d8i voi gid
=@ dinh.

- Chuyén dong twong d6i cia chal diém A 13 chuyén dong thing ciia né doc theo cdn lic 0O,B.

- Chuyén dong tuyét 4&i cla chii difm A 13 chuyen dong tron dédu (do tay quay OA quay
déu) trén dudmg (rdn tam O, bidn kinh OA =R. _

Vi€t cong thic hop van tdc cho diém A: Ya

[ — -

Va =V + vy

B

--‘i

;':- c6 phuong vudng géc véi OA, thuin
chiéu quay cia tay quay OA (cling chiéua) v

cd gid tri bing v, = Rmu;:~ huémg doc truc
0,8, gid tri chua xdc dinh:

—_— m———

Ve =¥Wan

trong d6: A* 14 diém ciia O,B trdng véi chit

di€ém A. Viy V. c6 phuong vuéng géc véi OB, o,
gid tri chua xac dinh. -

Sir dung quy tdc hinh binh hanh trong phép ' " Hinh 6.5
tinh vécto, ta tinh duoc: '

a3

v =v, cos 30¢ = Tm(,, Vo=V, sin30" = %Rmn.

Yo _R® _ %0 s

Vii v.=va, =a,0,A" nén: o, =
[ A 11 t 01 - 2 2R 4

Tai thoi diém khao sdt cdn lic quay ngugce chidu kim ddng hd, tite quay theo chidu duong
(@ >0).
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6.3. TONG HOP CHUYEN DONG VAT RAN

Téng hop hai chuyén déng qhay quanh hai tryc song song: Xét vat C quay
dsi vai khung (B) quanh tryc A, véi van 8¢ géc (o_r, khung (B) quay dé&i véi
gid c6 dinh (A) quanh trucA, song song vdi truc A, véi van téc géc _03: Xic
dinh chuyén déng ctia vat (C) déi véi gid ¢6 dinh (A) (hinh 6.6).

Chuyén dong cia vat (C) d6i véi , =4

. [
khung (B) dugc goi 1a chuyén dong twong

d6i. Chuyén dong clia vat (C) d6i véi gid
¢6 dinh (A) duge goi 1a chuyén dong tuyet
d6i. Chuyén dong ciia khung (B) d6i véi
gid c6 dinh (A) 12 chuyén déng theo.

Dau tién ta nhan xét ring chuyén
dong tuyét déi ciia vat (C) 1 chuyén déng
song phing v6i mit phing quy chiéu
vudng géc véi cdc truc quay (vi du mat
phing O,x,;y,). Do dé thay cho viéc khio
sdt chuyén déng cla vat (C) ta khao sst
chuyén déng ctia mét hinh phing S nim
trong mat phing thing géc véi cac truc
quay (hinh 6.7). Goi 0,0 Ia khodng cdch _ ’
gilia hai truc A, va A, Hinh 6.6

Thanh 0,0 quay d6i v6i gid c6 dinh véi van toc gocw, (v6i géc dinh v
@:) con hinh phing S quay quanh tryc O d6i v6i tay quay O,0 véi van t6c géc
®; (v6i géc dinh vi g, ).

Vi chuyén dong wyet d6i cia
hinh phing S 1a chuyén dong song
phing nen c4n x4c dinh:

- Tam vin 16c e thei ciia hinh.
phéng.

- Van t6¢ géc tuyer déi Zn: clia
hinh phing.

Ddu tien ta tim van t6c gdc tuyét O
d6i @, clia hinh phing. Géc dinh vi : Hinh 6.7.
clia hinh phiing S trong chuyén dong tuyet déi, ki higu o, , s& bing :
@, -_-a + P -
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DO dé d(pd - d(pe + dq’r i

dt de dt

Vay: ©, =0, + 0, (6-5)

Dé tim tam van t6c tic thdi P ciia hinh phing S 14n luot ta xét cde trudng hop:
a. Chuyén dong quay theo va quay tuong doi cing chiéu, vi du:
0, >0,0, >0 (hinh 6.8a). Vay:

W, =0, +o, >0.
Xét diém O thuoc hinh phing S ndm tren tay quay O,0, quay quanh O, véi
Van 8¢ géc o, , nén: v =0,0,0.

Tam van t6¢ duge tim nhu sau: quay vp quath O mot goc 90 theo chidu
quay clia w—d Trén nira dudng thang vudng géc véi v_(). ta ldy diém P;
©

PO=--0-_2 0,0<0,0
v, O +O,

Vay P 1a di€m chia trong doan O,0. Ngoai ra ta cé;

PO=—"%0,0=—2¢_(0,P+PO)
We + 0, O+ 0
Tir day tim dugc (dinh chiéu duong tix O, dén O):
PO __o. (6-6)
POI 0

b. Chuyén dong quay theo vi quay twong doi nguge chidu, vi du:
E>O,m_,<0,ja;1>w_r.

Ap dung cong thirc (6-5), ta tinh duge van t6c géc tuyét dsi cia hinh phing;
By =0 +0; =0, ~0, >0 |
Vay chuyén dong tuyét d6i cé chiéu quay duong, tic cung chiéu vdi
chuyén dong thanh phén c6 van t6c géc 16n nhat vé gid tri.
Tam van t6¢ e thoi trong trudmg hop nay duge x4c dinh nhu sau (hinh 6.8b):;
o .

PO=9-_% 40500
®, e — 0,

‘Vay P nam ngoai doan 0,0 va nim gén tryc quay O, hon truc quay O, tic
ndm gén truc quay thanh phén cé van t6c g6c 16n nhét vé gid ri. Nhu vay, ta cé:
PO="0 ___®¢ 10:&‘3___(@4.%) (6-7)

0, O, -o, We — O
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(6-8)

aj b) c)
Hinh 6.8
Dinh ly 6-2: Téng hop hai chuyén déng quay quanh hai truc song song cua
vt ran, ta dugc mét chuyén dong quay cé truc quay tic thoi song song voi cac tric
quay cla hai chuyén dgng thanh phan, di qua diém P 1 diém chia doan vudng géc
gitra hai truc quay theo ti s6 (6-8) va van t6c géc tinh theo cong thitc (6-5).

c. Ngau quay: khi hai chuyén dong quay nguoc chidu va cé gid tri bang
nhau, tic: ®, =—0, . Khi dé (hinh 6.8¢):

Wy =0, +0, =0, — O, =0 (6-9)
e vat chl_lyén dong tinh tién vdi van t6c u = vb =0,0,0,.

Vi du 6-4 (truyén ddng hianh tinh - vi sai phing): Banh ring 2 lan khong trwgt trén banh
rang | nhd tay quay QA quay véi vin toc gdc @ vi bank rang 1 quay quanh truc O (d6i véi gid
cd dinh) vdi van tdc géc @ (hinh 6.9a). Tim:

1) Vén tdc gde binh rang d&i vai tay quay,
2) Vin 16c géc tuyét d6i cha banh ring 2 (46 véi gid c8 djnh).
Bai gidi: Chon tay quay OA 1am hé quy chigu dong.

Chuyén dong ciia binh ring 2 d6i véi tay quay (quanh truc A) 1a chuyén dong tuong d6i véi
vin td¢ gée tuong d6i o, . Chuyén dong ciia tay quay quanh O (d6i véi gid co diﬁh) 1d chuyén
déng theo vdi van tée géc w_(m_ = m_l) .

Cong thirc an khdp vigt cho cip bdnh rang 1-2 46i véi he quy chi€u Id tay quay OA (cong
thic an khdp tuong d6i) cho ta:
Sx_ 0 (a)

o), f
Trong d6 @y, 0, ldn lugt 13 van t6c géc tuong d6i cita cic binh ring | va 2 d6i véi tay
quay OA (dau “-* vi an khdp ngodi), r,, r, 14n luon 13 bin kinh cha cic binh rang I va 2;
@ =0y -0, =0; ~0 (b)

By =W -, =0 -0 (c)
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trong do6: m—,,?z 14 vén 10¢c gdc tuyét d6i , con 6;.5;;1:. van Wic goc hmng d6i cia cic
banh ring 1 va 2 twong ing.
Khi thay (b) va (c) vao (a) 1a nhan duoc:

g -0} T 2
. _—— = —— ; (d}
- - Oy @ fa Z;

trong d6: z,, 2, Id 80 rang clia cdc bdnh rang | vi 2 twong u‘ng

Chai ¥ réing cong thiic an khép 86t v6i trudmg hop an khép trong iing v6i ddu “+” trong cong
thiic (hinh 6.9b),

Tir cong thic (d) ta cé:

— 2 — z) - — = = =
W, =—z—'m, +(1+Lw; oy, =0y ~o=-—Lo +La,

2 Z L) Z3

b)
Hinh 6.9.
Khi banh rang | duge gilr cd dinh, tic 6} =0, co cdu trén dege goi 12 ¢co ¢du hanh tinh,
chuyén dong cia né phu thudc vie mot khau din dong 1a tay quay OA. Co cfu hinh tinh ¢é mt
bic tu do (hinh 6.10a, b). D&i vdi co cfu hanh tinh ta cé:

_ 7~ — z,-—
w0y =(+—k, 0y =—o0
z 3]

a) Hink 6.16. b)

CAU HOI ON TAP

1) Bai todn t6ng hgp chuyén dong diém ? Pinh nghia céc chuyén dong tuyet déi,
" tuong d6i, chuyén dong theo, cho v dy ?

2) Dinh 1§ hop v4n t6c trong téng hop chuyén déng diém ?

3) Bai todn 6ng hop hai chuyén dong quay quanh hai tryc song song ?
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C - PONG LUC HOC

Chuong 7

CAC DINH LUAT CO BAN cUA DONG LYC HOC-PHUONG
~ TRINH VI PHAN CHUYEN DONG CUA CHAT BIEM

7.1. CAC KHAI NIEM

7.1.1. Cac md hinh cta vat thé

a. Chdt diém: 1a mo hinh don gidn nhat cha vat thé khi kich thudc cia né
c6 thé bd qua duge do qud nhd so véi cdc vat thé khic (nhu kich thudc ciia
vién dan so v6i qua dat khi xét chuyén dong ciia vién dan so vdi qua dat) hoic
khong déng vai trd quan trong trong chuyén dong dugc khio sit (nhu chuyén

~d9ng ctia vat ran tinh tién). Trong chuyén déng chat diém c6 thé & trang thai
ty do (duoc goi la chat diém ty do) hoac khong tu do (duge goi 12 chit diém
khong ty do).

Chat diém ty do 1a chat diém
ma tai thén diém khao sat céc di
chuyén (v6 ciing bé) ciia né tir vi tri
dang xét theo bat ky phuong nio
ciing khong bi can trd. Chdt diém
khéng tu do (con dugc goi la- chat
diém chiu lien két) 12 chat diém ma M
tai thdi didm dang xét cic di
chuyén (v6 cing bé) cliané tr vitri @ - b P
dang xét bj can trd it nhit theo mot '
phuong nao d6. D&i véi chat diém
khong ty do t6n tai cdc diéu kién
rang budc vé vi tri, van t6c d6i véi chuyén dong chia chat diém, ching dugc
goi 1a nhimg lién k&t (hinh 7. 1a).

Chit diém khong ty do ¢6 thé duge thay the bing chat diém ty do (dinh
lut thay the lién keét, chuong 1) nhd gidi phéng lien két va dat thém nhitng
phén lyc lién két (hinh 7.1b).

b. Co h¢: 1a mot tap hgp hiru han hodc v6 han cic chat diém, trong d6
chuyén dong clia mot chat diém bat ky phu thudc vao chuyén dong clia cic
chit diém con lai, nic chuyén dong ciia cdc chat diém phu thudc vao nhau. Cé

Hinh 7.1
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co h¢ tr de va co hé khong ty do. Co hé tir do gom chi cdc chat diém tr do. Co
hé¢ khong tir do gém cdc chat diém khong 1y do, vi du cdc co csu mdy, céc vat
ran tuyét déi, ...

Co h¢ khong ty do ¢6 thé duge khio sit nhu co hé tr do nho dinh luat
thay thé lién két.

7.1.2. Lyc

- Khéti niém luc di duge dinh nghia trong tinh hoc. Tuy nhién trong tinh
~ hoc chi dé cap dén lyc hing (ci phuong, chiéu va gis tri). Trong dong luc hoc,
luc ndi chung 1a dai luong bién déi theo thai gian ca vé do 16n va hudng:

F=F(t,1,v)
7.1.3. H& quy chi&u quan tinh

Hé¢ quy chigu quan tinh 12 hé quy chigu trong dé dinh fuat quan tinh duge
nghi¢m ding. Trong k¥ thuat hé quy chiéu gn lién véi trdi dat duge xem Ia
h¢ quy chi€u quan tinh (hé quy chiéu quén tinh gin ding).

7.2. CAC DINH LUAT CG BAN CUA DONG LUC HOC

Dinh ludt qudn tinh: chat diém khong chiu tic dung ciéia lyc nao s&
chuyén dong thing déu. :

Trang thai ding yén hoac chuyén dong thing déu ciia chat diém duge goi
1a trang thdi qudn tinh cda né.

Nhu vay theo dinh luat nay néu khéng c6 luc tic dung lén chat diém (chat
di€m nhu vay dugc goi la chat diém co 1ap) thi né ¢6 trang thii quén tinh. Néi
khdc di, chdt diém co 1ap s& bio toan trang thdi quin tinh cla minh cho dén
khi chua ¢é luc budc né thay déi trang th4i quédn tinh cla né. Do d6 dinh luat
quén tinh cho mot tiéu chudn vé he quy chiéu quén tinh va khing dinh luc Ia
nguyén nhan lam bi¢n ddi trang thdi chuyén dong.

Dinh ludgt co bdn ciia dong luc hoc: trong hé quy chi€u qudn tinh, d‘uc'ti
tic dung ciia lyc chit diém chuyén dong vdi gia toc cung hudng véi luc va cé
gid tri ti & vdi cudng do clia Iuc (hinh 7.2):

F=ma (7-1)

trong do: he sd ti 1& m c6 gid trj khong ddi, né

F
la s6 do qudn tinh cta chit diém duge goi 1a : M(.n/
khéi luong cia chat di€m. Dinh luat nay con —
dugc goi 12 dinh luat 2 Niuton. a .

Né&u F=0 thi a=0 (bao gém cé trudng Hinh 7.2
hgp v= 6'). tic chat diém ¢6 trang théi qudn tinh.
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Khi chat diém roi ty do trong trong trudng, ta cé:
P=mg - (7-2)
Tir day ta nhan dugc m6i quan hé giita khéi lugng va trong lugng chat

diém, trong d¢ g = 9.81m/s?, duoge goi 1a gia t8c trong trudng (gia t6c cha roi
tu do).

b€ khao sit bai todn dong luc hoc ngoai hai dinh luat neu trén, ta con sir
dung cdc dinh luat da néu trong tinh hoc nhu Pinh luat tac dung va phan tdc
dung, Binh luat thay the tuong duong lién két.

7.3. PHUONG TRINH VI PHAN CHUYEN DONG
CUA CHAT PIEM

7.3.1. Phudng trinh vi phan chuyén déng cua chit di€m dang vécto
Nhu di biét, rong he quy chiéu quin tinh chuyén dong cla chat diégm
tuan theo dinh luat co ban coa dong luc hoc. Né&u goi rla vécto dinh vi cla

chdt di€m trong hé quy chi€u quén tinh, ta c6:
mr = F(t, 1, 7) (7-3)

Phuong trinh (7-3) dugc goi la phuong trinh vi phén chuyén dong ciia chat
diém dang vécto.

7.3.2. Phuong trinh vi phan chuyén déng cta chiat diém

dang toa dd Pé cac

Chon hé truc toa 46 Pé cac vudéng gdc gin vao hé quy chidu quén tinh.
. Khi chi€u hai v€ coa dang thic vécto (7-3) 1én céc tryc toa do, ta duoc:
mX =F, (4,%,y,2,%,v,2), - _
m'}} = Fy ([':x.’ y- zn Xy Y! 2)9 (?'4)
mZ=F,(t,X,y,7,X,¥,%). '

D6 Ia phuong trinh vi phan chuyén dong cha chat diém dang toa do Dé

cde. Khi chat di€m chuyén déng trong mit phing hogc doc theo dudng thing
thi s6 phuong trinh giam xXudng con tuong tng hai hodc mot.

7.4. HE DON VI CG HOC

Céc dai Iuong co ban trong co hoc Ia"do dai, khéi lugng va thoi gian,
Tuong ng cé cic don vi co ban 1a mét, ky higu 1a m; kil¢ gam, ky hi¢u I3 kg
va gidy, ky hi¢u Ia s. Ung véi cdc don vi co'ban nay, don vi clia luc 1a Niuton,

ky hi¢u 13 N: Niuton 1a luc gdy cho chat diém cé khéi lugng mét kilégam gia
toc bing mot mét trén gidy binh phuong,
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7.5. HAI BAI TOAN CO BAN CUA
DONG LUC HOC CHAT BIEM

Bai todn thtt nh4t - bai todn thuan: Cho biét chuyén dong ciia chat diém,
hay xdc dinh luc tic dung lén chat diém.

' Vidy 7-1: Thang mdy di 1én véi gia t6c a. Hiy xdc dinh phan luc cia san

thang mdy lén ngudi (hinh 7.3) :

Bai gidi: Xem ngudi 12 mot chat diém chuyén dong cling gia t6c a cla
thang mdy dudi tdc dung clia trong luc (siic hit cia qua dat) va phan luc cla
san thang mdy. Gia t6¢ a da cho, con phan luc chua biét, nén bai toin thudc
bai todn thd nhat. Chon phuong duong huéng thing ding lén. Ap dung dinh
luat 2 Niuton ta ¢6: :

ma=P+N
Chi€u hai v& clia ding thic vécto Ién tryc thing ding, ta c6 (hinh 7.3b):
ma=N-P,
Tir day: N=ma+P=P(l+3).
4
a=0 a
a
| - N,
o N
M . M l M
N=N=P N>p N<p
Hinh 7.3 '

- Khi a=0 (ttc thang mdy diing yen hoac chuyén dong thing déu) thi N=P,
tie bang phan lyc do mat dat tic dung Ién ngudi. Phan luc nay duoc goi 1a
phan lyc tinh, ki hieu N, (hinh 7.3a).

Viy phin luc khi thang mdy chuyén dong len véi gia toc a & bing (hinh 7.3b):
N=N,(1+23) |
2

Tie 1a phén lyc tang so véi phan luc tinh, do dé con ngudi cam thay kho
chiu khi di thang may ¢6 gia téc nguge véi trong trudng hay khi mdy bay tang
téc dé chi€ém do cuo.
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Khi thang mdy di xuéng ta c¢6 (hinh 7.3¢c):
N=N(1-2,
g

Tic 1a phan lyc gidm so véi phan luc tinh va diéu nay 1am cho con ngudi
- cam thdy nhu bi hing hut. Cam gidc nay ciing xuit hién cho hanh khédch dj
mdy bay khi mdy bay ha c4nh.

Bai todn thit hai — bai todn ngugc: Cho biét luc tic dung lén chat diém va
cic diéu kién ddu clia chuyén dong (vi tri ban ddu va van téc ban dau). Hay
xac dinh chuyén dong cla chat diém. '

Nhu di biét tir phuong trinh co ban ciia déng luc hoc chat diém, gia t6c c6
thé dugc xdc dinh tir phuong trinh vi phin chuyén déng chit diém. Do d6 dé
tim chuyén déng ciia chat diém cén phii tich phan phuong trinh vi phan
chuyén dong. Néu tim dwoc cdc tich phin chiing s& chita cdc hing s6 tich
phin. D€ xdc dinh cic hang s& tich phan chiing ta thay cdc vi tri ddu va van
t6c diu vao biéu thirc nghiem.

Vidu 7-2: Mot qui ciu khdi lugng m roi e do tir diém O khéng van 8¢ ddu dudi tdc dung
cba trong lyc trong moi truong khong can. Tim quy luat chuyén dong cia qui ciu (hinh 7.4).

Bai gidi: xem qua cdu nhu mot chét didm chuyén dong theo phuong thing ding hudng
xudng. Phuong trinh vi phan chuyén dong ciia qui cdu Ia; 4o

—_ r0
mi=P=mg—)5€=g. r—

X

. dx .
Do dé: X=—=gdi=pdt.

Tir phuong trinh nay ta nhén dwge:

x=gt+C, —>«‘:|—:=gt+C,.

1 P=mg
Do d6: dx = gide + Cdt | _ I
|

Vay: : X='l—gl2 +C|I+C2 . : :
2 IS ITTFTITT77777 7

Hink 7 4

B¢ xic dinh C, va C, ta thay diéu ki¢n ddn
. (x(0) =0, % (0) =0) vio cdc bidu thic cia van tdc va
quing dudmng di, ta cé:

C, =0 Cp=0;

I 2
Vay: =—pt
dy X 23

Trong moi truding khong cdn qud ciu roi nhanh d4n déi. véi gia thc a=g=9 8m/s.
Vidu 7-3: Gidi vi dy 7-2 khi k€ dén sic cin moi truang ti 1¢ bac nhit v6i van 8¢ voi he
s& ti 1& B khong déi, e hue cin c6 biéu thic F_wn_=—|3)'( .
Bai gidi: Phuong trinh vi phan chuyén déng ciia qua cdu 1a:
mX = mg - px. . '
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Tir day: 5{=d—x=g—m'c vai n=£‘

dt m ' — « O
Phuong trinh niy c6 thé vigt trong dang:
dx " X Fean
g-nx . . B
Hay: e =m0 | o
£—nx
Trong bi€u thdc nhan duge & v& tedi o 13 vi b P=mg

phan ciia mau va vig - nx > 0 nén:

|

l L l
n—{g-nx)=-nt. : j
Lof) i

LSS

<, T -t
Do dé: g-ni=Cpe ™. Hink 7.5
Gidi phuong trinh ndy d6i véi x , ta cd:

‘\:Exsﬂ——(g—c e™"y,

(2)

Khi 1dy tich phan hai v&, chiing ta nhan duoc:
C

X =Ei+——2'-e
n n

gy (b

B¢ xde dinh cic hing 56 tich phan ta thay cdc didu kién ddu X (0) = 0 x(0} = 0 vio cic
biéu thirc (b) vi (a) tuong ¥ng, ta ¢6;

1
0=_(E—C1)
n

0=E‘2I—+C2
) n

Tit day ta tinh duge: C,=gvd C; = -%:—-%—,
. n n

" Vay phuong irinh chuyén dong ciia qui cdu s& la:

g, B -mt B
X==tI+—¢ " ——
n n2 n2

Con van tdc cila qui cdu duge tinh theo bidu thic:
v=k=E(_e™
n

Khi towthi v > £ = const » tic qud cdu 5¢ ti€n dén trang thdi chuyén dong déu vai van
n

tdc duge goi la vin 18¢ tGi han, ki hicu v, hoic Veh! Voo =

o

= e

Day la mot tinh chat rdt quan trong: lwc cin nhét (luc cdn ti l& voi van 16c0) lam dén
chuyén dong.
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. Vidu 7-4: MOt vat nang ¢6 khoi lugng m dugc treo vio ddu mot 1d xo c6 do cting ¢ ndm
. cin bang ti vj tri O. Kéo val ning ra khoi vi trf can bing v6i ¢ léch x,, va cho né van t6c ban
. ddu v, hudng vé vj tri can bing O, hiy. tim chuyén dong ciia vat (hinh 7.6).
Bai gidi: Vai ning dugc xem nhu mot chit diém chuyén dong thing dudi tic dung cia
trong lwe va lyc dan héi 1d xo: ' _
le =¢d, & ddy c=const duge oi 14 he s6 ciing ciia 18 xo0, &- d6 din {co) ciia 1 xo dugc
k& tir vi tri khong bign dang. Chon truc Ox huéng thing xuéng,
Phuong trinh vi phan chuyén dong ciia chat diém la:
mi=P-cd= P-c(x+3,)
8y 12 49 ddn cia 1d Xo dng voi vi trf can bing, x la toa do cilia chat diém k€ tir vi tri can
bang tinh O. Khi chii ¥ ring tai vi trf can bing trong lyc P duge triét tiéu véi luc dan héi ciia
Jo.x0 1ai vj tri nay, titc P =cd,. Do dé phuong trinh duge rit gon thiinh:

i=—k%x (a) . . .
trong dé: k= | dugc goi 13 tin s6
m
riéng cla dao dong.
Phuong trinh (a) ¢é the vigt trong dang: c5,
. . . ] -
;E'izﬁ_d_".gii’i=_k2x Sy (8]
di  dx dt dx Fo
x
Tir day ta nhan ducc: tp
kdi = —k 2xdx .
Bing cich 4y nguyen him hai v& ta c6: tp
.2 z Hinhk 7.6
2 -ri (6)
2 2

Khi thay cdc diéu ki¢n ddu X(0) = v;x(0) = §, vao (b) ta tinh dugc hing 56 C,:

2 P
. Cl _—_l(l.'.ﬁ]_
2 2
vil thay né vio (b), ta dugc:

2= K%k +vE k282

2
Do dé: k=P AT v A= 52 4+ Y0
Ldt k?

Tir day ta ohan duge:

X

X
A2 g2
Bing phép bi¢n déi bi¢n: x = Asinu, dx = Acosudu, fa cé:
o du=kat
A?.x?

Khi 14y nguyén ham hai v& cia ding thirc trén, 1a nhin duge: u=kt +C,
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Bé xdc dinh hing 56 C, ta thay diéu kién diu vio. D& dang tinh duge:

Cy=uw(0) = arcsin%o) = aresin 8
55 + \r_(z,
k

Viy qud cau s€ chuyén dong theo luat (hink 7.7):

v 8
x = Asinu = 8(2,+—-‘§'—sin kt + arcsin —=——t=—
2
k 2 My

50+k—2

13 ham diéu hoa theo thdi gian. Day 1A tinh chat chung cda chuyén dong cia chat dlém dudi
tdc dung cla lyc hudng tam ti 1¢ voi khodng cich tir didm d6 d&n.1am hiit,

27
X 7=
A
! b
8] t
A
\\. . . 2 Vg . 50
Asina vdi A=\l8;+—5 ; a=arcsin ——
. ok z vg
K
Hinh 7.7
CAU HOI ON TAP

1) Dinh nghia vé co hé : Co hé ty do, co h¢ khdng tu do, cdc luc tic dung 12n co he ?
Phan loai Iue, dac diém cia céc loai lyc ?

2) Céc dinh fuat v& dong luc hoc — Hai bii todn ¢d ban ¢ia dong luc hoc ?
3) Phuong trinh vi phan chuyén déng cia chat diém ?

4) Chuyén déng thing ctia chat diém du6i téc dong cha luc bing, luc phu thude vio
van 16¢, vio vi tri ?
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Chuong 8
CAC KHAI NIEM VA DAC TRUNG CUA CO HE

8.1. DINH NGHIA €O HE

Co he ty do va co hé chiu lién két: Co he tyr do 1 tap hop (hitu han hoic vo
han) cdc chat diém ma tuong tic co hoc gitta chiing duoc biéu hién chi thuin
wy qua lyc tic dung. Vé mat dong hoc né gom cédc chat diém s do, Ix nhitng
chat di€ém ma di chuyén (vé cung bé) cia chidng tir vi tri dang xét theo bat ky
phuong nao ciing khong bi can trd, vi du thdi duong he 1a mét ca he ty do. Co
hé khong tv do con dugc goi 1a co he chiu lien két, 1a co hé ma ngodai tuong tic
Iuc, vi tri va van t8c cha céc chit diém thugc co he bi rang budc bai moét s6 didu
kién hinh hoc va déng hoc cho trude, duge goi 1a nhing lien két. Trong k¥ thuat
céc lién ket nhu vay duge thuc hién bang su n6i ket giira cdc phén tir cia co he,
thudng 13 cic vat. Co cdu may hodc mot két cdu cha céng trinh x4y dung la
nhitg vi du vé co he chiu lien két. Vit ran tuyet d6i ciing 1a mét co hé chiu lién
két. Néu cdc didu kien rang budc chi d6i véi vi tri cdc phdn tir (chat di€m) cia
co h¢ thi lien k&t duge goi 1a lien ket hinh hoc.

8.2. KHOI TAM

a. Khoi tam ciia co hé: Xét mot co be gém N chét di€ém M, (k=1, 2,3...., N),

c6 khéi lugng m,, vécto dinh vi H(. . Diém hinh hoc C dugce goi la khéi tam co
he néu vi tri'chia né duge x4c dinh theo cong thic sau (hinh 8. 1):

N —
2mgr ' o
o =kl {XC =kaxk_yC=kaYk 2 zkazk
2 my Tmg T Xmy 2 my
b. Khoi 'tam ciia vdr rdn: Xét mét vas rhn va chia né thanh nhiéu phin r
nhé M, (s phin tir tién dén v6 tan), c6 khoi luong Am,, vécto dinh vi 1y .

(8-1)

biém hinh hoc C ma vi tri ctia n6 duge xdc dinh theo cong thic:

N —_
lim 3 Am,r, -

-— N — - !

e =222kl =—;&- rdm, - 8-2)
lim ZAmk v.
N_mk-?-'l
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N .
dugce goi 12 kh6i tam cia vat ran (hinh 8.2), rong d6: M= léim > Amy la khéi
o k=l

lugng vat rin.

Tir dé ta nhan duge cic coéng thitc xdc dinh kh6i tam cia vat rin:

N
lim ZxkAmk
Xe = N2 ket =— dem
c- M M
N
]Jﬁl 2. YAmy
= 27k=1 =— {ydm (8-3)
N
lim szAmk
Zom = N—)wk=l __l-szm
c- M M
z -
Z;
: M. (Am,)}
M(Am,) c : KK
M,(Am,) c
MiAm Z | Mamy T
q €
[ T _
M1yl
o NN Y - O -
¥ Yy
Xp | x
~
Hinh 8.1 - Hink 8.2

" Trong trm’mg hcrp vat rin ndm gdn trai dat thi kh6i tam tring vdi trong tam
(12 diém dat clia hop luc clia he trong luc do trdi dat tac dung 1én vat ran).

Néu vat 1a mot khéi ddng chat ¢é thé tich V va c6 kh6i lugng rieng (kh6i
llrorng cha mot don vi thé tich) 1a p thi M=pV, dm= pdV. Do dé ta c6:

L ffav

(V)

XC =V{}de\f:yc =—\I;{}[_[de:zC =%gjzdv

(8-4)
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Déc biet d6i v6i mot tdm phing déng chét c6 tiet dién F thi:

Xc —HdeF-——-- ——-Hy =?" : | (8-5)

trong dé: 47

Sx = [JyaE;sy = [fxaF (8-6)

(F) . (F)

dugc goi 1a moémen tinh cihia tiét
dién F d6i véi truc x va y tuo‘ng ing
(hinh 8.3).

Dua vao dinh nghia c6 thé suy
trire ti€p cdc dinh 1y sau:

Dinh Iy 8-1I. Néu vat rin déng
chat cé tam (truc, mat phing) dsi Hinh 8.3.
xung thi khoi tam (trong tam) cha no nam tai tam (truc, mat phang) d6i Xing.

Binh Iy 8-2: Néu vat rén gém céc phin ma khéi tam (trong tam) cla ching

nam trén mot dudng thang (mat phing) thi khéi tam (trong tam) cia vat cling
ndm trén du&mg thing (mat phdng) dé.

= ¥

Ap dung cic dinh 1y trén ta tim ngay dugc:
- Khdi tam (trong tam) ctia mot thanh thing ddng chat tai diém giita clia thanh.

- Khéi tam (trong tam) ctia tam gidc dong chat la giao diém cia cdc trung
tuyén (hinh 8.4).

- Khéi tam (trong tam) ciia cung tron déng chat AB ¢6 ban kinh R va goc
tai tim £OAB =2a duge tinh theo cong thic (hinh 8.5a):

- Rsina
XC =

87

o

Hinh 8.4 | Hink 8.5

Néu cung AB la ntra dudng tron (o ——) thi khdi tam (trong tam) tinh theo
cong thirc (hinh 8.5b);
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xc=2 o @

Khdi tam (trong tdm) clia mot quat tron déng chit AOB tam O, ¢6 bédn kinh
R va géc tai tam £AOB = 2o duoc tinh theo cong thic (hinh 8.6a):

Xg = —2R531na (8-9) B8 ‘ B '?
Né&u quat AOB 1a nira mat tron //
=2) thi knoi ‘- : /ﬁ
(o= 5 y thi khéi tam (trong tam) 0 o 7 A
tinh theo cong thiic (hinh 8.6b): /
4R /
Xc=—0 8-10 "
¢ 3n ( ) A A
a) b)
- Khéi tam (trong tdm) cia vat '
Hinh 8.6

ghép: ta c6 dinh ly sau:
Dinh Iy 8-3: N&éu tim phing d6ng chit dugc ghép tir m phan, mbi phin c6

dién tich F,, c6 mémen tinh d6i véi cdc tryc x, y tuong ting 1a S,;, S,; thi khéi

tAm (trong tAm) cia né duqc tinh theo cong thic:

m om

Zsyi sti

i=

Z .

tye =12
F, Y'F
' i=l1

Vi du 811 Tim khdi tdm (trong tam) clia t8m déng chil hink chir L c6 kich thude cho trén
hinh 8.7.

xc =42 (8-11)

—

Bai gidi: Chia tdm hinh chit L thanh hai tdm hinh ¢h&f nhat ¢6 khoi tam (trong tam) C, va

Cy, ta c6:x; = lem; ¥, =5cm;xy = 3em; vy = lem, y
[
F, =20cm?:F; = 4em?; 2em

Theo cong thic 8.11 ta dé dang tinh duge:
S, = Ry, = 20x 5 = 100cm?

Sy = Fix; = 20x 1 = 20cm?
10cm fol

Sy = Fayz = 4x1=4cm’
Sy2 = Fpxy = 4x3 =12cm’

4,3cm C

5, +8
- Vay: x¢ = ¥l y2=20+12=£=icm; . |
F+F 20+4 24 3

2cm

=Y

Q
4/3cm 2Zem

ve = S. *+ 35,2 - 100+ 4 =ﬁ=4‘3cm
" FR+F 2044 24

Hinh 8.7

86



Vi du 8-2: Tim khSi tam {trong
tam) cila t8m trdon dbng chit tam O,

bin kinh R, bi khuy&t minh tron tam By
A.binkinhr. Bist OA=a,a+r <R
(hinh 8.8). j
Bai gidi: Xem tém bj khuyét 12 */4 a N\ S
k€t qua clla viéc ghép tdm tron ”
nguyén cé khéi.tam (trong taim) tai O 7z /% -
(0,0), dién tich F, =nR? véi minh c-0 x

trdn 6 khdi tam (trong tam) 13 A(0,0)
véi di¢n tich am F, = -nR?,

Do tdm c6 truc Ox d6i xing neén
khdi tam (trong tam) ndm trén truc

: inh 8.8
nay (y. = 0), con: Hink &
xC = SYI +Sy2 = Flyl +F2y2 = ﬂRz XO"THZ =d - ar2
Fi +F, F+F AR2 - qe? RZ .2

Dau "-" chiing t6 C ndm beén tr4i tam O.

8.3. MOMEN QUAN TINH CUA VAT RAN
a. Cdc dg'nk nghia: _
- M6men quén tinh cia vat rin d6i véi truc z, ki hieu L, 1a dai lugng vo
hudng duge xdc dinh theo cong thic (hinh 8.9);
5 2 2 )
1, _I&anAmkpk = [[fp?dm (8-12)
V)
trong d6: py 1a khoang céch clia phén tir M, d46i véi truc z.

- Mémen quén tinh cia vat rin d6i véi céc tryc toa dg: ching duoc tinh
theo cong thic :

I = ”"[(x2 +y2)dm ‘ 2
V)
Iy = [[f? +x%)dm (®-13) 2eh B \am
) | -
I, = _[H(yz +2%)dm b )
(V) 0 .
- Momen quén tinh tich 1a cdc dai luong sau: X y

N
Ixy = lim ZkakAmk =-_[nydm
e v Hink 8.9
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Iy, = lim ZYkaAmk = Iﬂyzdm

N S .
(8-14)
I, Nh_T kz%zkxk.&mk = Hj‘zxdm
R& rang la: Ly =L 1, =L, L, = I;, (8-15)
Truc quan tinh chinh: Truc x dugce goi la tryc qudn tinh chinh, néu:
Ly=I.=0 (8-16)

Tuong ty truc y 12 truc quén tinh chmh néul, =1, =0, con tryc z 12 quin
tinh chinh khi ], =1,, = 0.

5 rang né€u hai tryc 13 truc qudn tinh chinh thi truc thir ba cling la tryc
quan tinh chinh.

- Truc quéan tinh chinh trung tam: tryc quan tinh chinh qua khdi tam dugc
goi 1a tryc quan tinh chinh trung tam.

- M6men quén tinh cua vat rin d6i véi mot dlém

Ip = lim ZArnkrk - m 2dm (8-17)

N—»w
Dé dang chira rﬁng |
(1 +1y+1,) _ (8-18)

- Bén kinh quén tinh:

. 1 '
P = | (8-19)

Pai lucjng : = L dugc goi 1a ban kinh quén tinh cha vat rén d6i vdi truc
Pq M

A Db‘n vi cila mdmen quén tinh {a kgm2 (kilogam mét binh phuong), don vi clia
bdn kinh qudn tinh 1a m (mét). '
Trong trudng hop d6i v6i tiét dien phing F (hinh 8.10):

= ”yzdF;Iy = ﬂxzdF;Ixy = nydF - (8-20)
F : F F '

- Mémen quan tinh doc cyc I

Ip = [fr2dF =1, +ly (8-21)
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He truc c6 L, =0 dugc goi la h¢ truc chinh. H¢ tryc cé: _
L,y=0; S = S, =0, (8-22)
dugc goi 1a hé truc quén tinh chinh trung tam.

Tuong (ng véi he tryuc quén tinh chinh (hé tryc quén tinh chinh trung tam)
ta ¢6 cdc moémen quin tinh chinh (cdc momen quan tinh chinh trung tdm).

"
al Pdc

x
Hinh&.lﬂ _ Hink 8.11

Binh ly 8-3: Momen qudn tinh clia vat ran d6i véi truc A bing téng mémen
~quén tinh cha né d6i véi truc Song song voi truc A qua khéi tam C ciia vat va

tich cla khéi luong vat véi binh phuong khoang céch gifra hai truc (hinh 8.11)
Ip =14, +Md? (8-23)
Binh Iy 8-4: N&u vat rin dong chat c6 mot mat phing d6i xtmg thi tryc

thing géc véi mat phang ddi ximg 14 truc quan tinh chinh taj giao di€m clia mat
phing d6i xtng va truc (hinh 8.12).

Dinh Iy 8-5: N&u vat rén déng chat cé mét truc d6i Xiing thi tryc d6 12 truc

quan tinh chinh trung tam (hinh 8.13).

Hink 8.12 : Hink 8.13

Ac
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- Mémen quén tinh cla mét s& vat dbng chat:

- Thanh déng chat c6 chiéu dai L, khé6i lirgng m (hinh 8.14):

mL? mL?
Ipe =——31, =1 =—1y =0 8-24
Ac 12 X z 3 ( )
- Vanh tron ddng chét c6 ban kinh R, khéi lugng m (hinh 8.15):
2. mR?
Iy =mR%1, =1, = = (8-25)

r4

B c >
o ¥
y
— L/2
X L X
Hinh 8.14 : Hinh 8.15
- Mt irdn dong chat, bén kinh R, khéi lugng m (hinh 8.16):
' 2 2
mR mR
L ==~y =1, = (8-26)
- Tam chit nhat ddng chét, cé cic canh 2a, 2b, khéi lugng m (hinh 8.17):
2 2
mb ma :
Y 2 &-27)
4 2
VY
R
¢ ; e x
X
. Hinh 8.16 : Hinh 8.17

- Tru tron xoay déng chat, ¢6 kh6i lugng m, bdn kinh R, chiéu cao h:
+ Tru réng (hinh 8.18):

) . .
2.7 -7 M 2 h
’ I, =mR ,I,{-Iy—+2—(R +?.) N (8-28)
+ Tru dic (hinh 8.19):
mR 2 m, 2 h? ' .
I == Hx=1y =R 30 (8-29)



[T
h h
c! J cl 1t

: | _ : /
| |
e ' e [

x \:J_L x Q___L

Hink 8.18 Hink 8.19

- Vanh tron dong chat:

2 4

I, =FR2=nR4;Iy=IZ=£§—~=E%— (8-25)

- Mat tron déng chat:
4 4

I, =1‘%~;1y =1, = “1: (8-26)'

- Tam chit nhat déng chat:
w13 3
{. —Tab” nba (8-27y

ST AT
8.4. LUC TAC DUNG LEN CG HE VA CAC DPAC
TRUNG CUA NG

N&i lue, ki higu F,i » 12 lue do cdce chat diém thudc co he tic dung lan len nhau,
vi du luc tic dung qua laj giffa trdi dat va mat trang 1 noi luc dsi vai thii duong
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hé. Chi ¥ riing mot luc nao dé cé thé 1a noi lyc d6i véi mot co he nhung lai 12

ngoai luc d6i vdi hé con clia co hé dd cho, vi du lyc do mit trdi tdc dung 1én qua

dat 1a ndi lyc d6i véi thai duong hé nhung 13 ngoai lyc d6i vdi co he chi gom
. trat dat va mat trang. '

Pic diém rit quan irong 1a _ Ry,
véctg chinh vd momen chinh -
d6i v6i mot diém bét ky cla he R 3
ndi luc ludn ludn triét tidgu. M
18
Cac luc tdc dung 1én co hé " \R
ciing c6 thé dugc phan chia B w0 W/.
thanh luc lign k&t va luc hoat 0 , ¢ R
’ 23

dong. Lyc lién két, ki hiéu R,

1a luc thay thé twong duong lién Hinh 8.20

két, ticc lwc cdn dat len chat diém khi lién két bi xod bd dé chit diém vin c6
chuyén dong nhu khi con lién két. Vi du phan lyc clia gid tdc dung 1én co ciu,
luc tdc dung qua lai giita hai khau néi nhau ciia co cau (hinh 8.20), ...

. Luc hoat dong codn goi 12 luc dat vao, 1a cdc luc khong phai 12 lyc lién két.
Cic lic nay khong phu thudc vio céc lién két 1én co hé (két cau cha co hé), tic
la chiing khong thay d6i khi cdc k&t cdu ctia co hé vin git nguyén hay cdc lién
két co he duge xod bd va thay thé bing cac luc lien két. '

8.4.2. Xung lugng cla luc ‘

Xung lugng cia luc duge goi tit 1a xung luc, 12 dai luong dac trung cho tic
dung cila luc theo thoi gian, né 13 dai lugng vécto va duge ki higu S. Xung luc
ing vdi khodng thdi gian v6 ciing bé dt drge goi 1a xung luc nguyén t6 ds:

dS =Fdt (8-30)

Xung luc trong khoang thdi gian hitu han tir t, dén't, s€ la:
S= th (8-31)
4y

E6i véi he luc (F;,F....Fy), ta cé:

d§=Y Fat @
. 1, b .
$=Y [Fede= [(3 Rt (8-33)
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1, ty :

Sy =2 [Fiydt= [T Ry, (8-34)
ty t o
) I

Pon vij ciia xung lyc 1a Niuton.giay, ki hieu Ns.
Dé dang chi ra ring xung luc clia hé noi luc luon ludn triet tieu.
8.4.3. Cong va céng suat cha lyc

a. Cong cia lyc: 1a dai lugng ddnh gid tdc dung cia luc theo di chuyén ciia
diém dac luc.

Khi ¢6 lyc tic dung 1am cho chit diém di chuyén dugc mot doan, né lien he
'vOi mot dai lugng duge goi 1a cong clia lyc. :

M, M F M, IM, F M M,
s L s
a) b)
- Hinh 8.21

¥ Cong ciia luc khong ddi va diém dat le di chuyén doc theo dudng thng
tring vé6i phuong cia lue tic dung, ki hi¢u A duoc tinh theo cong thitc:

A =+Fs , ' (8-35),

ldy ddu “+* khi diém dat cia lyc di chuyén ciing chiéu luc, 14y ddu “-* trong
truong hop ngugc lai (hinh 8.21a, b). '

* Trudng hop phuong cia lye hgp véi phuong di chuyén moét géc « (hinh
8.22a, b): ta phan luc Fra hai thanh phin Fy va F, .

Thanh phdn ﬁ vudng géc vdi phuong di chuyén va 1_3; doc phuong di
chuyén. Luc }_71' khong gay chuyén dong t'h.eo phuong cia né, nén cong ing vaéi
né bang khéng, cdn thanh phéin E huéng doc phuong di chuyén, cong cia né

duoc tinh theo cong thic (38-35),. Vay cbng'c&a luc F bing cong clia luc i:;:
(hinh 8.22a, b):

A = +Fps = +Fcos s (8.35),
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By, ||
T}
i

a
M, _ o M, M| ™ M,
M F, E M
s s
a) : b)
Hinh '8.22_

Khi O<a <g thi A > O va khi d6 ta c6 cong dong.

Khi gc <7 thi A<O vi;_khi dé ta ¢6 cong cdn.
Don vi cong bing don vi luc x don vi do dai.

Pon vi cong thudng duge ding 1a Niuton.mét {Nm) va cdc bodi s6 cla né.
Pon vi Nm cdn duge goi la jun (j). '

* Trudng hop khi luc c6 phuong, chiéu va gia tri thay ddi (hinh 8.23):

 Trong trudng hop nay ta tinh céng cia luc ng v6i di chuyén bé (di chuyén

vo ciing bé). Khi d6 ¢6 thé xem doan dudng di chuyén 1a thing va luc c6 phuong,
chiéu va gi4 tri khong déi (bd qua sy thay ddi bé cia chiing) va nhd vay ¢6 thé sir
dung cong thic (8-35),. Cong cia luc trong di chuyén vé ciing bé cha diém dat
lyc duge goi 1a cong nguyén t6, ki hieu dA dugc tinh theo cong thic:

dA =F.ds P2

trong d6: F,la hinh chiéu cha luc F
trén phuong ti€p tuyén cla qui dao
diém dat luc, con ds 1A doan di
chuyén. D& dang nhan dugc:

E = ‘ﬁlcosa; |d§l = |d;'|

trong dé:a 1a gdc gita ll_tcii va phuong
duong ctia tiép tuyén (phuong duong clia
ti€p tuyén duge chon phil hgp v6i phuong Hinh 8.23

duong clia qily dao ciia diém dat luc), dr 1a vécto di chuyén vo cung bé, do dé:
dA = IF"dEicos(f:,d}) = Fdr = Fdx + B, dy + F,dz (8-36)

Dé tinh cong A cua luc khi diém dit luc di chuyén tit vi tri M, dén vi ri M,
ta cdn chia cung MM, thanh nhiéu cung nhd va tinh céng (cong nguyén t6)
trong cdc doan di chuyén nhé va cong lai. Bing cdch d6 ta cé:

. - M
A= |Fdr= fodx +F,dy+F,dz (8-37)

" M

1] |
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b. Céng sudt cia luc
- Cong sudt clia Iyc 12 cong chia lyc ing v&i mot don vi thai gian, ki hieu W.

* Trong trudng hop luc cé phuong, chiéu va gid tri khong déi, diém dat luc
di chuyén theo dudng thing thi: '
A

ty ~4

W=

A 1a cong cia lyc sinh ra trong khoang thi gian (t, — t,) ung véi diém dat lue di
chuyén wr M, dén M,, né duge tinh theo cong thic (8-35), hodc cong thitc (8-35),.

Pon vi cha cong suit 1a Jun/gidy, ki hiéu J/s, con dugce 201 12 odt, ki hiéu W.

* Trong trudmg hop lyc thay ddi theo thoi gian vé phuong, chiéu va gis tri,
con di€m dit luc di chuyén theo dudmg cong thi:

dA —dr =~ _ R
w=_dt_=FaEFv:F"x+FYY+FZZ (8-38)

Céng sudt ciia he luc (F,', I?Z.K{) dugc tinh theo cong thire:

da N . N _
w == > Fvg = D (Fixky +Fy ¥y +Fpzy)  (8-39)
k=l k=1 i
Cong A ciia lyc ¢6 thé tinh theo cong thire:
A= jwm | (8-40)

& day can lay tich phan duqc lay ing véi vi tri ciia co he cia vi tri ddu va vj tri
cudi clta ca he trong di chuyén. : '

CAU HOI ON TAP
1) Cdc dac rung hinh hoc khéi clia cg h¢ va vat rén: khéi tam, mémen quén tinh cda
vat rén d6i v6i mot tryc ? Cong thitc x4c dinh chiing ?

2) Tim trong t4m ca vat rin d6ng chat khi chiing ¢6 mot tam, mot truc hodic mot mat
phing d6i ximg?

3) Cong thic tinh mdémen qudn tinh cfia vat rén d6i véi mot tryc khi bi€t momen quén
tinh cta vat d6i véi mot tryc song mémen quin tinh clia vat d6i véi mot truc song
song vdi truc da cho va di qua khéi tam ? -

4) Trinh bay cdc dai lugng dac trung cho tic dung cua lyc: xung lugng cia lyc, cong
va cong sudl ? S
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Chuong 9
NGUYEN LY DALAMBE

9.1. LUC QUAN TINH CUA CHAT DIEM

Khio sat chat diém duéi tac dung cta luc F chuyén dong véi gia t6ca déi
Vv6i hé quy chi€u quan tinh. Ta dua vao dinh nghia:

Lyc qudn tinh cia chat diém, ki hieu 1a F_q; » ¢& cung phuong, ngugc chiéu
véi gia t6c chat di€ém va ¢6 gid tri bing tich cha khoi lugng vdi gia t6¢ cha chat
diém:

Fg =-ma ©-1)

Cdn nhan manh ring lyc quédn tinh ciia chat diém khong phii 12 luc tac
dung lén chat diém. DE 1am 3 ta xét hai vi du sau:

Gia st dudi tic dung cta lue F xe chay vdi gia t6c a. Theo dinh luat 2 cta
dong luc hoc, ta cé F=ma. Khi ta tac dung lén xe mor luc F (luc nay dat lén

xe) thi d€ bao toan tinh quéan tinh cta né xe tic dung lai F, luc nay dat lén tay
ddy (khong dat len xe). Do dinh luat tdc dung va phan tic dung ta cé:

[— [—

F'=-i'~'.=—m5=th | . . o

0 o
F F '
R PR |
- |
l
|
Hinh 9.1 | e
Vay luc quén tinh cha xe khong. ' M
phai 13 lyc tdc dung l&n xe ma la luc
tr xe tdc dung lén tay ddy(hinh 9.1). Hinh 9.2

Ta khdo sit mot vi du khdc: mot chit diém c6 khéi lugng m budc vao dau
mot soi day, né quay déu véi van t6¢ géc wq. Gia tc clia chat diém 1a gia tdc
huéng tam. Luc qudn tinh clia chét diém 12 lyc ly tAm. Luc nay khong dit lén

96



chat di€ém ma chinh 12 lyc chét di€m tic dung leén day va nh& né ma day luon
ludn cang. Luc tic dung 1én chat diém, ngoai trong lyc ¢6 lyc do day tac dung
1én chét di€m (phdn lyc cha day tic dung Ién chit diém). Luc nay hudng vé (am
(luc huéng tdm) ngugc chiéu véi lue quan tinh (hinh 9.2).

9.2. NGUYEN LY DALAMBE

a. Nguyén Iy Daldambe doi véi chat didm: Tai mdi thoi diém luc qudn tinh
clia chat diém can bing véi lue téc dung 1én chit diém:
Fy+F=0 (9-2)
Dé khéng dinh sy diing din caa nguyén 1y ta dua vao dinh lujt hai cla
. Niuton. Thyc vay theo dinh luat 2 Niuton ta ¢6 (hinh 9.3)

- -

ma=F .
T dé: ' _ F
§+(—m5)=0—)?+l?q::0 ‘,?qtrm‘é__,.'—cr"i/”
Clui thich: -
1) Nguyen 1y chi khing dinh sy can bing vé e Hinh 93

(hut lyc ciing phuong, nguge chidn vi cilng cudng
do) chit khong phat sy can bing ciia chat diém.

2) Trong truémg hop cita chat diém khong ty do, luc tdc dung lén chat diém 1a hap lye caa
lyc hoat dong va hc lign két. :

3) Trang thdi can bing vé lyc dugc thi€t iap & moi thdi diém. Do d6 ¢6 thd thiet lap diéu
* kién can biing (cdc phuong trinh can bing}) d6i véi he tryc dong bat k.

Vi dy 9-1: Mot qui ciu nho trong luong P duoc treo vao toa xe chuyén dong thing véi gia

t6c a. Day treo qui c4u bj lech mot g0c o =const so v4i dudng thing ding. Xdc dinh gia 6¢ a
clia toa xe (hinh 9.4),

Bai gidi: Xem qui cdu nhu mot chét diém

chiu téc dung ciia trong lyc va phin lyc day T do )I(

-day tic dung len qua cfu. _ Ti |
Luc quén tinh cia chdt diém do gia 16¢ ciia - /%l

chit diém (tdc gia t6c cia xe) s& bing: _ Lr
Con lye that tic dung lén qua cdu 12 hop lyc / P

cus trong lyc P v phin lyc day. Theo nguyén Iy

- - Hinh 9.4
Dalambe tacé: P+ T+ Fyu =0

Chi€u hai v& ciia ding thic nay ign phuong A thing géc véi day, ta nhan duoc:

. P .
Fy coso - Psina =0 —acosa ~Psina=0.
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Vay:  a=giga.
Tir day ta ¢6 mot phuong phdp don gidn dé do gia (6c cia xe bing céich do géc lech a ciia day.
b. Nguyén Iy Daldmbe doi véi co hé: Khio st co he gém N chét diém M,,
M,,..., My dudi tdc dung clia cdc luc ﬁ,g.ITN. chuyén d6ng vdéi cc gia téc

[

a,a5,..,ay WMong tng. Xét chat didm M, ¢6 khé6i lugng m,, chiu téc dung cia

Ire ﬁ Luc quén tinh cla chat diém nay 1a:

—_—

Rl =-myay
Theo nguyén ly Dalambe dé&i v6i chét diém M, va do d6 d6i véi moi chat

di€ém M, (k=1,2, ..., N), ta ¢6 (Fk Fk )=0. Nguyén 1y Dalambe d6i véi co he
duoc phat biéu nhu sau;

Tai méi thdi diém, cic lyc tdc dung lén cic chat didm clia co hé va cdc luc
quén tinh cla cdc chdt diém thudc co he tao thanh mot hé Iuc can bing:

(F.Fy.. F FU Y ) = 0 (9-3)
Chii thich:

1) Cdc luc ﬁ d6i véi co he 1a hop lyc ciia ngoai lyc va ndi luc tic dung ten chat diém M,, con
ddi véi co hé khong ty do 13 hop lyc ciia luc hoat ddng vi lyc lién két téc dung 1¢n chit diém M,.

2) Khidi ni¢m can bing & day c6 tinh chét quy wéc “heé hyc cin bing 13 he lyc ¢6 timg doi
mét luc trye dGi nhau”,

3) Trang théi can bing ciia h¢ luc dugce thiét 1ap tai théi diém bat ki, c6 nghia 13 tai moi thai
diém. Do d6 didu kién cin bing (cic phuong trinh cén bang) ¢6 thé thiet 1ap d6i vai cdc he quy

chi¢u dong. Tuy nhitn cde luc qudn tinh (cdc gia t6c) cha cdc chit diém cdn phai duge tinh d6i
vdi hé quy chigu qudn tinh.

Vi da 9-2: Mot tue mdy mit can biing IB Xg
. : 5 M BE——

dugc m6 hinh bing hai chit didm M, va M, c6 2 c
cic khéi lugng twong dng bing m; va m; nim &, M, |
trong ciing mat phing chia tryc quay, khoing Fz"‘
cdch cia ching ddi véi truc quay ldn lugt bing P b
€, va ¢;. Truc quay quay déu vdi van téc géc Ff' M, 2
@, . Xic dinh cdc phdn lyc tai cde & truc A va e,
B. Ciéc kich thudc duge cho trén hinh 9.5. Bd Ya a
qua ma SAt tai truc quay. P, A

Bai gidi: Khao sit co he 1a tryc mdy c6 gin 7 x -
hai chdit diém. Cic luc tic dung 12n co he gém ' A
cdc trong luc (fuc hoat dong) F;,F; v cdc phin Hinh 9.5

le (luc lien ket) X_A..Y_A-.X_B- . Cac luc quin tinh
cia hai chit diém M, vd M, la:
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F' =-ma; véi a, =¢,0

F' =—mya, véi a, = ¢,03
Chon he truc toa d6 Axy trong 46 Ay tring v6i truc quay, cdn céc chét di€m nim trong mat
phing Axy. :
Ta ¢6 h¢ lyc phing can bing sau:

[ —— —

(ﬁ;!g;szﬂ‘rﬂpFiqllF;l_) = 0

*

‘Lap cdc phuong trinh can bdng cho hé luc trén ta c6:
D P =X, +Xp+FF —p¥ = |
Y Fy=YA-P-P=0
ZH{F):PM ~Pre; -Xpla+b+c)-Fla-Fla+b)=0

Gidi céc phuong trinh nay 1a duge:

Ya =P +P,
o

Xg = aibre {Plcl -Pe, +?[P|e|a-P2e2(a+ b)]}
w2

Xa= o b+c{P2e2 -Pey +—gl[P,c,(b+c)-P2ezc]}

Nhdn xét: Phan luc 6 iryc g8m ciéc thanh phdn: thanh phén khong phu thude vao che do
quay (vin t6¢c géc cia tay quay) dugc goi 1a thanh phédn phan luc Gnh vi thanh phin phy thude
vio che 4o quay ciia true duge goi 1i thanh phin phan luc dong lyc. Céc phan luc 4 truc khong
nhing c6 gid trj phy thude vio viin tdc gdc cha truc quay ma con cé phurong thay déi vi cdc phin

luc X4 Xg ndm trong mat phing quay Axy.

| CAU HOI ON TAP
1) Nguyén 1y Dalambe cho éha’f diém vi cohe ?
2) Ap dung truc tiep nguyéﬁ ly. Dalambe dé gidi bai todn dong luc hoc ?
3) Th& nao 1a phan lyc tinh ? The n2o 12 phan lyc dong luc ?
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Chuwong 10
CAC DINH LY TONG QUAT CUA BONG LUC HOC

Nguyén 1y Palambe cho mot phuong pi’lﬁp tdng qudt dé khao sat bai todn
dong lue hoc clia co hé nhd khdo st he lyc can bang sau:

o(F; By .. B, ER B WP =0 (10-1)

_ Vi hé luc can bing nén céc dac trung clia né: véctg chinh, mémen chinh
cia hé lirc va tdng cong sudt cdc lyc nay déu frigt tieu. Tir céc tinh chat nay ta
nhan duge cédc dinh 1y téng quét cla dong luc hoc co hé.

10.1. DINH LY PONG LUJGNG VA PINH LY
CHUYEN BONG KHOI TAM CUA CO HE

10.1.1. Pinh ly dong lugng
Goi E‘;la véctg chinh cha hé luc (10-1). Vi hé lyc can bing nén vécto

chinh cia né phai fri@l tieu. Do d6 ta cé:

Rp=2FR+2F'=0. (2)
E 1a hop luc clia ngoai lyc va noi luc tdc dung lén chat diém M,. Vi
véctd chinh coa h¢ néi lyc triét tiéu nén: - ‘

Y =S+ F =Y F .

Con: Z:Fql =—kaak =— k'cld‘% —%(ka v_.k_).

ka:;-:a duge goi la déng lugng clia co hé, 1a dai lugng dic trung
cho chuyén déng co he. _
Vay dﬁng thite (a) cé thé viét nhu sau:

ZFk w—_o

Tir d6 ta nhan de(_JC.

=Y Ff | (10-2)
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Vay ta ¢6 dinh 1y sau: _ :
Dinh Iy 10-1: Dao ham dong lugng cha co hé theo thdi gian bing téng cédc
ngoai luc (vécto chinh clia hé ngoai luc) tac dung 1én co hé. Tir (10 2) ta cé:
dQ Zdet
Tich phan hai v€ lrong khoang thi gian tir t; dén t, ta nhan duuc

| £ p—

@—6{ IZde‘- Idet-—ZSe | (10-3) -

Dinh Iy 10-2: Bién thién cia dong lucmg cta co hé trong mot khodng thdi

gian nio dé bing téng xung luc cic ngoai lirc tdc dung 1&n cct hé trong khoang
thdi gian d6.

P61 véi mot truc Ox ¢b dinh, ta cé:

d(d)tx - ZFI?X , {10-4)
Iy . _
o -aP -3, fri,a- X5k 109

trong d6: chi s8 x ky hiéu hinh chi€u cia dai luvgng tuong ng trén truc X.
Chii y:
1) Noi lyc khong anh hudng dén sy bién déi cla dong lugng co hé.

2) Néu ZF{ =0, tiic vécto chinh cua hé ngoai luc triét tiéu, thi dong lugng co h¢ dugc

bido todn, wic: Q = const (10-6)

3) Néu ZF'“‘ =0, tic 18ng hinh chi€u cic ngoai lyc trén truc c6 dinh x triét tiéw, thi
hinh chigu ciia ddng lugng trén truc x duge bio toln, hic: :
Q, = const (10-7)

Cicchiy 1} v 2} 13 n01 dung cia cdc dinh ly bio todn déng lugng va hinh Chléll dong
lugng trén mét truc.

Cic dinh 1§ trén cé thé duge d4p dung tryc ti€p dai vai chat diém, khi xem chit diém 12 co
hé dic bigt gém chi mot chit diém.

10.2. PINH LY VE CHUYEN PONG KHOI TAM

Dwa vao c6ng thirc xdc dinh khdoi tam, ta co:

mie =3 e

Khi ldy dao ham theo thdi gian hai v& clia ding thifc trén ta nhan duoc:
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- Do dé6:
mve =Y my vy =Q. (10-8)
Vay dong lugng cha co hé¢ bang dong lugng cia khéi tam véi gia thi&t
khéi tam c¢6 khei luong cita co he.
Cong thirc (10-2) c6 the viat dudc nh sau:

dee d — - =
d_tQ=d_t(mv°)=ma° =ZF{:3

Binh 1y 10-3: Khéi tam cta co he chuyén dong nhur mét chat didm c6 khdi

luong bang khéi lugng co hé va chiu tic dung clia e ¢6 vécto lyc bang vécto
chinh (vécto téng) ciia he ngoai Iuc tc dung len co he:

ma =3 Ff . | (109

Khi chi€u hai v¢& cia dﬁng thic (16-9) lén céc truc cfia he truc toa do
Bécic vuong g6c ¢6 dinh ta c6: :

mX ZZFIfx
mye =3 Fe (10-10)

mz_c = Z Flfz

Nhdn xét:

1) NOi lyc khong dnh huimg dén chuyén dong cia khéi tam (dV ring c6 inh hudng dén
chuyén dong cla timg b phan cda ca he). -

2) Néw JTFf =0 thi a, =0 tc v, = const hose ve=0 (10-11)

Néu vécto chinh cia cic ngoai lyc téc dung Ien co h¢ ludn luon bing khong thi khéi tam
clia co he hoac ditng yen hoic chuyén dong thing déu.

3)Néu 3 F =0 thi X, =0nic %, = const hodic %, =0, (10- 12)

Néu téng hinh chifu coa cic ngoai lyc trén mot tryc oo dinh ndo 46 luén luon bing
khong thi hinh chi€u cia khéi 1am trén trye d6 hogc ding yén hoic chuyén dong thing déu.

Vidu 16-1: Mot mdy d4m gdm ban dim chuyén dong tinh ti¢n theo phuong ngang nhis
mot bo phén gay rung a mot dia léch 1am c6 do I&ch tam e quay déu quanh truc Q.

Ban dim c6 khi luong m,, con dia lech tam ¢6 khai lrong m,. Bd qua ma st giita ban
ddm va nén ngang. Xic dinh chuyén dong cita ban ddém va Iwc ddm do ban ddm tic dung lén
nén. Ban d4u ban dim ding yén con tam qua vang & vj tri thing ding thip nhii (hinh 10-1).

Bai gidi: Khio sdt co he g6m bin dim vi qua ving gy rung,

Cic ngoai luc ric dung Ien co he gém céc trong luc f_’;,i’; cia ban dim va qua ving va
Phan lyc nén ien ban ddm. Day 1a he luc song song theo phuong ding. Do dé:

ZF,:"X=0—)5£C=O — kg =const
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Dé gidi bai todn ching ta sir dung diéu kién (10-12). Ddu tién ta tinh toa do khdéi tam
theo cong thiec:

. m](x+k)+m2|:x+L+ecos(a)l—E—):l
x _m|x1+m2x2 _ 2 2

® my +mj my +m;

. m :
(1']']] +ms X+ maesin @l + L{Tl + mg) -

m] +m2
Do dé:
i = (m +m, )X + mjem, coswyl
€ m‘ +m2

trong d6: x k¥ hiéu di chuyén ciia ban

ddm rung. V1 ban ddu ban rung dimg vén x
nén X(M=0,x{0}=0. '
bidu kign: . = const = PR (1)) 0, -

trong d6: X (0) 14 van t6c khai tam
~ clia co hé tai thai diém dédu, cho ta:

(m; + m3)x + myeay coswyt = myea;
Tir day:

Hinh 10.1

X =

=—==——ewy{l - cosmgyt).
my +my

Khi tich phan hai v£ ciia phuong trinh trén ta cé:

mpe m,em
X=~m—2 g+ —2—2 4 C

my +my, mp +my

Hing s@& tich pﬁan C duge xdc dinh nher vi tri ddu cila bin rung x(0) = 0: 5> nho d6 1a
nhin duge: C= 0,
Vay ban rung s& chuyén dong theo lujt:

mye  maen
Xx= ——---2—smmul+——2—u
ml+m2 m1+m2

L,

la hop thanh tir hai chuyén dong:

.

. - Chuyén dong déu voi van toc bing: ——2o00..
m; +m,
- Chuyén ddng dao dong diéu hod véi bien do: — 22510 %ot
. nmy +mjy

Dé xdc dinh lyc ddm, ta tinh phén lyc N nh¥ phuong trinh:
(m +my)y. =N-P, -P,

Tir day:
N='Pl +Pz +(m1 +m2)§?c
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Tung 46 kh6i 1am hé duge tinh theo cong thitc:

. n
m|h+m2{h+esm(mut-—)}
= MY +myy; 2
my + ny my+ims,

Ye

trong do: h 14 chiéu cao ciia ban dim:
Tir d6 ta tinh dwoe:

. L
- mzemﬁ sin{myt — 5)

§. = m,en} cos oyt
© m; +m, m+m;

Vay: N =P, +P, + myen? cosot
Gid tri cda no bién thien trong khoang:
Noin =Py + P, -mjend
Nmax = P| + Pz + mge(oﬁ
Chi ¢ ring luc dém c§ chidu nguoe chidu véi phdn lwc N .

DE dim khong roi khoi nén thi N, > 0, tifc:

P+ P
PL+Py—myend >0 a) <1122
ms;¢
S st ni s . P+
Vay ddm c6 thé réi khédi nén néu: wj == B

mze
10.3. DINH LY VE MOMEN PONG LUONG

Goi m, 12 mémen chinh d6i véi diém O cia he lyc (10-1). Vi h¢ luc nay
can bing nén vécto moémen chinh ctia né triet tiéu. Do dé:

— N _ . — .
mf;:ng(FkHZmO(F;“):o. ~(10-13)
k=1

Tacé: ) mg(Fy)=Y mo(Ff)+ Y mo(Fi) =3 mg(Ff).dua vao tinh chit
12 mémen chinh (momen dng) clia he noi luc d6i véi diém bat k¥ triét tieu. Con:

—— 7 — —~ v
2mo(FE) =Y A(-mgag)=- 2 T Ay _—c_hl

—

: dl_— — . dry — — — —
== ‘d‘t“[sz "\mk"k]_Z%Amka =-{%ka’\mk"k —Z"k’\mk"k}

@ Amyvp e T mrme e
=—— I AMy Vy (=—— MMl ¥
g KTk Amg vy dtZ o(mg vy)
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Zm—o(mk \T;)? la tdng momen d6i v6i diém O ciia c4c vécto déng lugng
cia cdc chat diém thuéc co he, né dugc goi 12 mémen dong ciia co he d6i véi
diém O, ky hieu Ly : '

Lo =Zm0(mkq)=zgﬁmkq
Vay déng thirc (10.3) cho ta:

_ d —
mo(Ff)-—1L, =0
> mq(Ff) a0
Hay:
%Q:Zm—o(ﬁ) (10-14)
Dinh Iy 10-4: Dao ham theo thoi gian, mémen dong cla co hé bang tdng

moémen cdc ngoai luc tdc dung lén co he.

Khi chi€u hai v&€ dang thic vécio (10- 14) 1én mot trucA ¢6 dinh va sir
dung céc tinh chat:

nea 2oLy =0 (00,10 = ST, vai Ty = S, (m vy,

dugc goi 1a momen dong cha co he d6i véi truc A, va

hcAZETU'(F,S)=thAm_'o(thZE;(Ff),

Ta cé:

d—Li=ZH(F_f) (10-15)

Dinh Iy 10-5: Bao ham theo thai gian moémen déng clia co hé d6i véi mot

truc ¢6 dinh bang tdng momen cia cic ngoai lue tac dung 1én hé 1ay dé6i véi
cung truc de.

Chi thich:
1) Néi luc khOng anh huomg dén sy thay ddi clia mémen dong.

2) Néu Zmo(Fk) 0 thi L, =const (10-16)
-_— Y] —_ —_— . .
3)Néu ) ma(Fk)=0 thi La =const , (10-17)

4) Ap dung vao vat rin:
* Momen dong lugng clia vat rin quay quanh mot truc ¢6 dinh:

105



Xét mot vat rin quay quanh truc c§
dinh A (hinh 10.2), v6i van t6c géc o,
mémen qudn tinh cla vat rdn d6i v6i truc
A, k¥ hig¢u I,.

Ldy mot phan tit M, c¢6 khéi lugng m,,
c6 bdn kinh quay (khodng cach vudng géc
tir M, dén truc A) 1a h,. Van t6c cha chét
diém M, sé& bing v,=h,@. Vécto dong
lugng (_jk cla nd c6 gid tri Q, = mh,o.

Momen dong lugng cla chat diém déi
vdi truc A sé la:

k 2
L(A) =myhj®

Momen déng cia vat rdn d&i véi truc Hink 10.2
A s& bang:
L,=YLs=Ymhio=(Emho=1,0, (10.18)
k=l

trong d6: 1, =Y m, h{ duoge goi 1a mémen quén tinh cha vat rén déi véi truc A

* Phuong trinh vi phan chuyén d6ng ca vat quay:

Ap dung dinh 1y 10-4 cho trudmg hop vat rin quay quanh truc A trong dé:

L =1, m ta cé:

—(1 @)= Zmﬁ(Fk

Vi I, khong phu thudc thoi g;an. nén ta cé:

lA——-—ZmA(Fk) o . (10.19a)
Phuong trinh nay cdn c6 thé duge vi€t trong cic dang sau:

Ipe=Y my(Fy) : ' (10-19b)
hay: | IAi—;"=):E§(ﬁ') -- (10-19¢)
trong d6: €= c:j_(:) = %%(p_ dugc goi l1a gia t6c gbéc clha vat quay.

vat
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phuo‘ng trinh ndy ta d& dang tim dugc (v6i diédu kien ddu tuong Ung’
e-a(t),m m(t)tp (p(t) tifc 12 xdc dinh duoc chuyén dong cla vat quay.

Vidy 10-2: Viet phuong trinh vi phin chuyén dong
cha mot con lic vat Iy, cé khéi lugng m, moémen quén
tinh d6i v6i truc quay Ia I, khodng cich tir khéi tam C
dén tryc quay O bing e, (hinh 10-3), X

Bai gidi: Vi€t phuong trinh vi phan chuyén dong cla vat
quay (10-19¢) cho con Iic vat 1¥ ta nhan dugc:

d!

10?;!l = —Pesing {a) |
Néu géc ldc ¢ bé, ta c6 thé ldy sinp=¢ . Phuong | P
trinh vi phan chuyén dong cia con ldc bay gidr c6 dang:
2
IOF+Pecp=0 hodc $+k2p=0 véi k2 ={P3 : Hinh 10.3
T i} .

Nhu da trinh bay & vi du 7-4, nghiém cia phuong trinh vi phan c6 thé duge tim trong dang;
@ = Asin(kt + ) (b)

trong d6: A vd o A cic hing s& tich phan duge xdc dinh tir diéu kieén ddu (vi tri ban ddn va
van tdc ban diu),

Dao déng bé cita con ldc va I¥ 12 dao dong diéu hoi vé6i chu ky T:
2n
T=—=2n
k V P ©
Tir day 1a tim duge:
lo=—5Pe {d)

4n?

Bing cich do chu k¥ T ciia con lic ta c6 thé tinh duo‘c momen quin tinh clia vat d6i véi

truc qua O, Day 1 pheong phdp do mémen quén tinh clia cdc vat rin d6i véi truc bing phuong
phip lic.

10.4. PINH LY DPONG NANG

10.4.1. Dinh ly déng ning

Goi We vd W, 14n luot 12 téng cong sudt cia chc luc téc dyng 1én co he va
clia cdc lyc quén tinh cda cdc chit didm thuéc co hé

~wp=ZFk“v_k'. S (10-20)
k=1 i

Wa —ZFq Vi =“ka3k vk —-kad—v*;;
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Dai lugng %mk\ri duogc goi 14 dong ning cla Ché\l"l diém M, va:

T:%kavﬁ | (10-21)
m? |
- duge goi 1a dong nang ciia co hé. Don vi cha doéng nang la kg—z. Vay:
8
dT
Wy =~ (10-22)

Vi h¢ luc (10-1) can bang nén téng cong suit cha cdc luc thude he triet
tién. Vay:

wq,+wF=o—>ig=ZﬁT,;. (10-23)

Dinh Iy 10-6: Dgo ham theo thdi gian dong nang ctia co hé bing téng
cong sudt cla tat ¢d cic lyc (g6m cic noi luc va ngoai luc hodc cic luc lién
két va luc hoat dong) tic dung 18n céc chat diém thudc co he.

Tir (10-23) ta co:
- dT=3 Fyvedt= Fedr, = 3 dA, (10-24)

Dinh Iy 10-7: Vi phan déng ning co hé bing tdng cong nguyén to clia cic
luc (n6i lyc va ngoai luc hoic luc hoat dong va luc lién két) tic dung lén co he.

Khi tich phan hai v€ chia dang thirc (10-24) véi cic can tuong ung, ta co:
T-To=) Ay (10-25)

Dinh Iy 10-8: Bién thién dong ning ciia co hé trong moét khoang thai gian
nao dé bing tdng cong cla cic luc (noi lre va ngoai luc hoic luc hoat dong va
lyc lien két) sinh ra trong chuyén doi Gng voi khoang thoi gian dé.

‘Can chd y rdng khic v6i cdc dinh 1y dong lugng, chuyén dong khéi tam va
moémen dong lugng, noi lyc lam bign déi dong ning co hé. Vi 1y do dé dinh 1y
dong nang phan dnh sau sic ban chdt qud trinh thay déi chuyén dong cia co
he va nhd né trang thdi chuyén dong co hé dwoc nghién citu sau séc.

10.4.2. Ap dung
a. Biéu thitc dong ndng cia var rdn chuyén dong .

- Vat rén chuyén dong tinh tién: vat ¢é khéi luong m, chuyén dong vdi

van t6c v. Trong trudng hop nay cic phan tir cha vat déu cé ciing van téc v.
Do d6 ¢hinh 10.4):

T:%kavﬁ =';—ka\"2 Z%(ka )V2 :%I'n\"'2 (10'26)
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Hink 10.4 Hink 10.5 Hinh 10.6

- Vat rdn chuyén dfmg quay quanh mot truc ¢§ dinh (hinh 10.5). Xét mot
phan tir M, cla vat rin cé khéi lugng m, nidm céch truc quay mot khoang h,

(bdn kinh quay). Goi @ 1A van tdc géc clia vat. Van t6c clia chat diém M,
dugc tinh theo cong thitc: .

. Vk = hkm
Do dé:

T=— kavk——kahkm =—(Zm hi)o? —%IAG) (10-27)

trong d6: I 1a mémen quén tinh ca vat rin d61 vdi tryc quay.

- Vat rin chuyén dong song phéng: xét truorng hgp mﬁt t&m phing ¢6 khai
lugng m, van t6c khdi tam v va van tdc géc (os (d6i vdi he truc toa do tinh

ti€n cung véi khoi tam). Goi P 1a tam van téc tic thdi cha tAm phing. Mot
phin tir M, ¢6 kh6i lugng m, cdch tam quay tic thdi mot doan h, ¢ van téc
bing vi =h;®. Ta cé (hinh 10.6):

kavk—Hkahkm ='—(Zm hi =-2—Ipm (10-28)

trong dé: Ip 1a momen qudn tinh cla tAm ‘phéng d6i véi truc qua tdm van toc
tic thai P va thing géc véi mat phﬁng tam.

Theo dinh 1y vé moémen qudn tinh d6i véi cic triuc song song (dinh ly 8-3),
ta cé:

Ip = I, +m(PC)2
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trong d6: I, 1a momen quén tinh cla tdm d6i véi truc qua khdl tam Cva
thing géc véi mat phing t&m.

Do dé: T—%Ipm =~_[1 +m(PC)2]m m(PCo, )2 I

s

Khi chi y: v, =o/PC, ta

co | m
_/

1 2 1. 2 h
T=omv; +-lco] (10-29) m -
b. Biéu thic tinh céng cia U z,
mot 56 luc zy .
- Cong cda trong luc: cong _
sudt cia trong luc P: 77777777 T
W =DPv =Py Hinh 10.7 '
Cong clia trong lyc khi di€m dit di chuyéa ti M, dén M,
A= det: fPiadl = dez =P(z, —27)=+Ph (10-30)

M, M, M,

Cong cua trong luc s&€ dwong khi diém d4t ha xuéng va am khi diém dat
dugc nang 1en va bing khong khi diém dat di chuyén trong mat phdng ngang
(hinh 10.7).

COng thuc (10 30) con
~ diing cho trutmg hop hé trong o Y

llfC (Pl,Pz, 'PN) trong da:
P=)"P, con h = h, 1A cao d¢ (1)
ctia trong tAm C khi co hé di
chuyén (hinh 10.8):
A=+ P, (10-31)

- Cong cla lyc dan héi

| Z

tuyén tinh P=-cr , trong d6:

r 13 vécta dinh vi cla diém ‘ Hink 10.8
dat lyc, c 1a he s6 ti 1¢ (hinh 10.9a): '

— - —

Iy A ) I . o3
r' MR P R 2 1 .2_.2

A= |Fdr=—cjfdr=-<c|d{r)* =—-~c |dr* = A =-=c(rf -r 10-32
4 _J.‘ 2 _-.[() 2 I 5o ) ( )

n n Y i
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- Ww—
Z
AT WWW\—
V2
b)
Hinh 10.9
Trong truémg hop 10 xo, ta ¢6:
A=—%c82 (10-33)

trong d6: & la d6 bign dang ciia 10 xo véi trang thai khong bién dang
(trang thdi tu nhién) (hinh 10.9b). :

- Cong clia lyc téc dyng len vat tinh ti€n (hinh 10.10): _
W=Fv=Fv, : (10-34)
=

Hink 10.10 Hinh 10.11 Hinhk 10.12

Vay:

——

T

[ﬁdr_c' . (10-35)

D

A:j\?«d::j’frﬁdt:=

- Cong clia lyc tdc dung vao vat quay quanh mét truc ¢6 dinh: xét trudng
hop Ivc F nim trong mat phéng théng géc véi truc quay (hinh 10.1 1):
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W =Fv =Fvcosa = FR cos .o = m, (F)o (10-36)
Vay: _
A= [Wdt = [mo(Fad = [maErde (10-37)

- Céng clia nglu lyc tic dung lén tdm phang quay quanh moét truc cd dinh,
Bién ngdu lyc thanh hai lyc (F.F), trong d6 F~ dat tai truc quay O (hinh 10.12):

| W= W + W= = We =mg(F)o = FRo = Mo (10-38)
Ui
A= [wdt= [Modt= [Mde (10-39)
@ '
Trong trudng hop M= E = const thi:
9 '
A= [Mdo=My(p,-01) (10-40)
Ui

- Cong cua lyc dat 1én tdm phing chuyén dong song phing. Cé th€ xem
tdm phing quay quanh tam van t8c tic thoi.

Ap dung cong thic tinh cong suit va céng cua lyc tdc dung lén vat quay
ta ¢d (hinh 10.13):

WF = mp(F)U)g
. (10-41)
A = [mp(F)do,

trong dé: P 1a tam van td¢ tic thai.

Dé& dang chi ra ring cic céng
thic vira nhan dugc trén cé thé duogc
viét trong dang:

W =m,(F)o, +F, v,
c s T Ve . (10-42)

A= fm (g, + [Fedr,

Trong trudng hop tdm phing chiu Hink 10.13
tdc dung cha ngdu lyc m nidm trong mat phing t&m thi:

W =mo,

T (10-43)
A = |mdo
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Vi-dy 10-3: Mot co mose ché hang choyén dong trén dudmg ngang dudi tic dung cia

luc Fcé phuong ngang va c6 gid tri khong déi. Thiing xe vi vat lieu c6 khéi lugng my, hai
binh xe trudc va sau cé khoi lugng m méi bdnh, bin kinh R va duge xem 14 cdc dia ddng chit,
Bé qua sitc cin khong khi. Tinh gia t8c cia thiing xe vi van toc thing xe theo quing duong di.

Ban ddu xe ditng yén (hinh 10.14),

Bai gidi: Khio sit co he gém
“thilng xe va hai binh xe (trudc v sau),

Thiing xe chuyén dong tinh ti€n, cdc
bénh xe chuyén dong song phéng,
Luc tic dung lén xe sinh cong chi
gém lycF. Cic frong lwc vi phin lyc
phdp tuyén tir mat dutng khéng sinh
cong vi c6 phuong vudng gdéc vai di

- chuyén, Ivc ma sit truor gidta cic binh = 277 T

x¢ vk mit dedng ciing khong sinh cong
do lin khong trugt (diém dit cic lyc niy

¢ vin t6c bing khong do chiing 13 cdc Hink 10.14
tdm van téc). Dong nang co he¢ gém dong ning cia thing xe va hai banh xe:
2
T=~1-rr|0\.r2 +(llm2 + ¥ Ix 2
2 2 2
. . v . mR? .
Do diéu kien 1an khong trugt: o= R vichd ¥ dén |= . ta cé:

T= %(mo + 3m)v2 .

Cong sudt ciia luc F & bing:
W=Fv=Fy.
Ap dung dinh Iy dong ning dang dao ham {dinh 1y 10-6), 1a c6:

(my + 3m)va = Fy .

Do xe chuyén dong nén v=z0. Vay:

= const ,
m, +3m

tic thing xe chuyén ddng nhanh ddn déu,
Sir dung dinh Iy dong ning.dang hitu han (dinh ¥ 10-8), ta c6;

%(mo +3mpv2 -0 = Fs

F .
5
m; +3m

' Tir ddy: v= |2

Vi du 10-4: Mot truc tdi kéo mot con lan trén mjt phing nghitng véi mat ngang mot
g6c . Truc t&i va con lin duge xem nhe cic dia tron ddng chil, cé khéi lwgng m, bdn kinh R.

Ngdu lue quay toi c6 momen khong déi M,. Day cip dugc xem I3 nhe vi khong dan. Con lan

lin khong trugt, Tiph:

8 - G140 TRINH CO KE THUAT
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- Gia 16c a, clia tam con l4n.
- Van t6c v, ciia tam con ln theo géc quay cia toi.
Vdi didu kién ban diu ci hé ditng yén (hinh 10.15).

. Bai gidi: Khio sét co h¢ gém con lan va truc 1. Con lan chuyén dong song phing, cbn
truc tdi quay quanh mot truc cd dinh.

Cic luc hoat dong tic
dung 1&n co he gdm nghu lyc
M, sinh cong duong, trong . Mo
luc P ciia con lan sinh cong
am. Cic lgc lién k€t khong
sinh cong, phin luc tai O-c6
diém dit c6 dinh, cdc phan
lue ti€p xidc gita con lan
ciing khong sinh cong vl do *
con 1an fin Xhong truot, P
diém (i€p xdc gita con lin _
va mdt nghiéng 12 tAm vin Hinh 10.15
t6c nén vin t6c cia né bing
khong. Phin luc day khong sinh cong do day khong bi din.

Pong nang cla co he gdm dong ning tryc tii v dong nang con lan:

T= llowz +ll¢mf + lmvﬁ
2 2 2
trong dd: [, vd [ 1a momen qudn tinh ciia truc tdi va con ldn d6i vdi kh&i tam:
2 2
I = mR q, = mR
2 2

@ - van t0c gbéc cha truc 1oi;
o - vin tdc goc cia con lan;

v, = viin 8¢ clia khi tam ciia con lin;
Vo v

W ———,(l)l —"_=_
R R R

Khi thay cdc dai lugng trén vao bidu thic dong ning, ta cd:

10 +1 (o 1
TéE[O—R?-c-+m]vc=-2—mmgv§.

+1,

trong d6: my,, = +m durge goi 1a khdi lugng thu gon ca co he vé khdi 1am cia con 14n.

Cong sudt ciia cdc luc duge tinh theo cong thilc:
W =Moo+ -I;v_; =Myw—Psinav, =(%- Psina)v,.
Sit dung dinh 1y dong ning dang dao him (.dinh 1¥ 10-6) ta cé:

4T

MO .
i Wormgvea, = (? —.Psmu]vc
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Vi h¢ dang chuyén déng nén v, 20. Do dé:

-PRsing
a=-—————=ronst
Rm,hs

Diéu ki¢n dé€ he chuyén dong duge la:
My —-PRsina >0

Pé tim van t6c ciia tam con 1an theo goc quay ¢ cita truc tdi ta sit dung dinh 1y d6ng nang
dang hitu han (dinh 1¥ 10-8) (T, = 0):

T~Tg =A—)%mm&\?§ = IWdl =. K%—Psina}imdt

= I(% - Psin a]qu; = (Mg - PRsina)s.

Viy: v, = 2£_M_OM¢
mlhg

10.5. PINH LY BAO TOAN CO NANG

10.5.1. Trudng lyc thé — Thé ning

Truomg lyc thé€ la
khoang khong gian vat
1¥ ma khi co hé chuyén
déng trong dé: cdc chat
diém cda né chju tic
.dung cua luc chi phu
thugc vao vi tri co he
(tc vi tri cua cdc chat
diém cia co he) con
cong cla cic lyc téc
dung lén co hé khong x
phy thudc vao dang quy
dao cha cic chat diém
ma chi phu thuéc vao vi tri dﬁu va cubi ciita co hé (hinh 10-16).

Khi co hé chuyén dong trong trudng luc th€ thi tai témg vi tri clia co he
tiém 4n dang nang luong dugc goi 12 th€ nang, k¥ higuTl, Ia téng cong cla tht
cd cdc luc the tic dung 1én co hé khi né di chuyén tir vi trf dang xét ky hieu vi
tri " M " d€n vi tri duoc chon lam g&c, ky hidu “vi tri O”, v6i né cac chit diém
cua co hé ¢é vi tri M?.Mg,..., M?q , con vi tri “M” iing véi vi tri cia co hé khi
cdc chat diém cé vi tri M|, M,, ... .M Vay: '

[IM)=Aygo . ' (10-44) .

<

Hinh 10.16

115



Tfo_n_g dé A 40 12 tdng cong cdc lyc khi co hé di chuyén tir “vi tri M” dén" vi
i g6c O”. Vay: [IM)=Afz ., véi Afgo 12 tdng cong céc luc khi co he¢ di
chuyén tir vi tri "M" d&n vi tri g6c "O". Tir d6 suy ra I =0,TIM") = A5 - Vi
cobng clia luc trong trudng luc thé khong phu thuoc dang quy dao cla diém dat
cde luc, nén co he di chuyén tix "vi trf M" dén "vi tri 0" ¢6 thé qua vi tri “M™

TIM) = Ao = A + Ao = Afamr + II(MY). -

Tir day:

(M) - TI(M") = Aumre ~ (10-45)
titc chenh léch th€ nang tai hai' ® vi i M va " vi tri M " biing tdhg cong cic
luc khi co he di chuyén tir “vi tri M” dé€n “vi tri M' ™,

10.5.2. Djnh |y bdo todn co niing
Gia sir co he chuyén dong tir “vi tri M” dén vi tri M’ ™. Theo dinh 1y dong
nang ta cé: :
Tm ~Twm = At
Dua vao cong thirc (10-45) ta cé:
Ay = TIIM) -TI(M).
Vay:
Ty - T =IIM) -TI(M) . -
Do dé:
Ty +TIM) =Ty +TIM) . (10-46)
‘Pai lugng E =T +11, 18ng dong ning va thé naﬁg clia co hé duge goi la
co ning clia co h¢. Hai “ vi tri M 7 va “vi tri M"” 12 bat ki. '

Pink Iy 10-9 (dinh 1y co niang): Khi co hé¢ chuyén dong trong trudng lyc
thé thi ¢o nang cla né duge bao toan. :

Biéu thifc th€ nang clia 'trong luc va luc dan héi.

a. Thé ndng trong luc: Chon mat d4t 1am “g6c thé nang”. Khi vat nim
cdch mit dit mét do cao h thi thé nang [1(M) = Pk (hinh 10.17a) . Téng quit
khi chon géc thé nang bat ki:

(M)=1Ph . : (10-47)

Lay dau “+” khi vat M nim cao hon g6c th€ ning, 1dy dau “-* khi né nim
thap hon géc thé€ nang (hinh 10.17b).
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a=+Ph
P |M
P h
Gée thé_ néng
Mat dst /A
:/ _ ' h,
' T=-P
2 | b) &
Hinh 10.17 P

- Trong trudng hop h¢ cdc vat chuyén dong trong trong truémg thi thé nang
[T cha hé ¢6 bi&u thitc (hinh 10-18):

n=i(zpk},c (10-48)
trong d6: h, 14 cao 46 cla khoi tAm co h¢ so véi “g8c thé nang”, 14y dau
“+” khi kh&i tAm ndm cao hon g6c th€ ning va 14y ddu “-“ khi né nam thdp
hon g6c thé nang.

Goc thé ning

Hinh I10.18 Hinh 10.19

- The ning cta 10 xo: khi 16 xo bi bi¢n dang so vdi trang thdi ty nhién cla
né mot luong & thi ¢hinh 10.19): :

- %052 . (10-49)

trong dé: ¢ = const 11 49 cling cha 1d xo.

Vi du 10-5: Mot con lic vat 1y chuyén dong dudi tic
dung ctia trong tredmg. Gid sir tai vi tri khoi tam C & vj i
thing ding cho con léc vin 6c goc @, (hinh 10.20), Tim:

1) Vin 16c géc @ khi con l4c quay duge géc Q.

2) Véi @y co gid ti bing bao nhiéu con lic ¢6 thé
quay dugc toan vong. '

Bai gidi: Luc tic dung chi 13 trong luc 1a lyc c6 the.

Hinh 10.20
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Chon géc the nang tai O, the nang cita trong e tai vi tri ddu T1{0) IT(0y=-Ph v6ih=0C

Khi con lic quay dugc géc ¢ thi: : :
p)=-Phcoso _

Bong nang cia co he tai thai didm ddy va tai thisi diém img v6i con lic quay dugc gée g

o os€la: T, =%Ium§:T=%Iom2.

Con 14c chuyén dong trong trwémg lyc the nén co nang céa né dugc bio toan,
tite E(Q) = E(y) . Vay: '

E=%Iom§—Ph =%Inm2 ~Phcosg.

Tir day tinh duge: o = mg —;ﬁ(l —cosd)
o

Dé con lic qQuay dugc toan vdng [3 khéi tim con lic phai vugt dugce vi tri cao nhit, tic
khi 9=180° thi w>0.vay:

oZ -;ﬂ(l—coslso")zo—mo 2\{%&
i} o

Vidu 10-6: Khio sii chuyén dong cia be mdy dude dit trén dém dan héi tuy€n tinh cé
do cing ¢ (kinh 10.21). Hay xdc dinh chuyén dong tinh tién thing ding cia be mdy. B6 qua

slic cdn va cho biét tai thdi didm din bé mdy ndm cich vi tri can bing tinh mot doan 50 nhan
duoce vin toc ddu v, hudng xudng dudi.

Bai gidi: B¢ miy chuyén ddng tinh ti€n thing ding dudi tic dung cia trong luc. v lyc
dan héi, tic hé chuyén dong rong trudng lyc the. Viy coning cia he duge bio toin,

Chon gdc thé ndng Gng vai vi tri 12 xo khéng bj bién dang. Vi tri can bing ciia hé ing vdi
diém O cich gdc thé nang mot doan &, . Gid sif tai thii di€m t khéi tam cita bé mdy cdch vi tri

N . . P, 1 .
can bang tinh mot doan x vi cé van 8¢ v=%. Dong nang ciia bé may <& la: T=5mx2

Thé ning cia trong luc s& la: IT(P) = -mg(x + 8.}
Con the nang cia demlda‘m hdi s& tinh theo cong thie: T, =%c(x +§, )2
Co nang clia he c6 dang: E =~]2lc(x +8)° —ma(x + ) +—;-mi(2
Co ning ciia he tai thiri diém ty S8 .béng:
E(tg) = %c(ﬁn + 8, )2 -mg(3; + 8§, )'+~;-mv§
Dinh 1§ bio toin co nang cho ta:

%c(x +8)7 - mg(x + 5,.) +~;imi2 =%c(80 +8)% - mg(d, +3,) +~]2'-m\,r{2J

Chi ¥ rang tai vi tri can bing tinh ta ¢6: mg = ¢§,
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e} 17
0 t Vi tri cén
1T ~ 77 _béing tinh
mg

khong bi
bién dang

AAUARNRRNRT RN

T N

Hinh 10.21
He thic vé hio toan co ning bay gi¥ s& c6 dang:

cx? +mi? = obg + mv?

Bing cdch dat: k2 =< chiing ta nhan duge:

x= 1{](283 +v3 —k%x?

Két qua nay tring véi ket qud di tim ra trong vi dy 7.1 (chuong 7). Sir dung két qua

frongvi du niy ta cé:

2 Vg 3,
X= 50+—sin(kt+arcsin—————)
k* vi

2
60 +k—2-

né mo ta chuyén dong cia be mdy.

1)
2)

3)

4)

3)

CAU HOI ON TAP
Phat biéu dinh 1§ dong lugng ? Khi nio déng lugng co he duge bao toan ?

Phat biéu dinh 1§ vé chuyén dong khei tam ? Cic dinh Iy v& bo todn chuyén dong
khéi tam ? o

Phat biéu dinh 1§ vé mémen dong luong déi véi mot diém va mot truc ? Trudng hop
bio todn mémen dong d6i véi mot tryc ? :

chuyén déng vit quay quanh mot truc ¢6 dinh ? Diéu kien vé luc dé vat quay déu
quanh mét truc c6 dinh ? . .

Phar biéu dinh 1y vé deng nang ? Céc cong thic tinh dong nang cla vt rin ?

Tinh mémen déng cia var rin quay quanh mét truc c6 dinh ? Phuong trinh vi phan
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Ch:mng 11

PONG LUC HOC MAY

11.1. CAC KHAI NIEM
11.1.1. May

Trong sdn xuit cdn thye hién cdc cong vige khic nhau duoc goi la qud trinh hoat dgng sin
xudt hay vén tit 12 qud trinh céng tic. P 13 qué trinh céng nghé nhim bién cic nguyén vat li¢u
thanh bin thanh phim, qui trinh van chuyén d& dwa cic nguyén vat liéu va ban thank phim dén
dia diém gia cong, cic thinh phdm d&n noi tieu thy, qua trinh bign d6i nang lugng tir dang nay
sang dang khdc, qua trinh thu thap va xiv Ii thong tin (v liéw, thi lice k¥ thudt, ban v&,..) qua
trinh diéu khién. Cic qua trinh nay dugc thie hign nhi cdc chuyén dong co hoc bing tay hoic
bing mdy.

May 13 mot he ding &€ thuc hign BDK ® ac HC ar
céc chuyén dong co hoc cia qud trinh cT cT

cong tic. Tuy thudc dac thi cia qud
trinh cong tic, miy dugc phin chia
thanh mdy cong nghé, midy van
chuyén, mdy ning lugng, mdy thong

tin,... _

Thigt bi vd dung cu: l& cic HeBK |
phuong tidn clng tham gia v6i may dé
thu¢ hién cic qud trinh cong tic Hinh 11.1

nhung khong tryc ti€p lign hé vdi cic

chuyén dong co hoe, Vi du: cdc thist bi dé thue hién cdc qud trinh nhiét, hod, bién déi va truyén
tin hiéu,...

Sg d8 cdu triic mdy: mdy 12 mot he théng phic tap, gém nhidu h¢ con nhe ddng co, co cdu
truyén dong, he didu khién. Mdy gém 8 hcrp cic hé con duge goi 13 t8 hop miy. C6 miy 18 hop
gdm mor dong co (hinh 11.1)

vi midy 1§ hop nhidu dong co u, % N
(hinh 11.2). -l BCy| G R
Dé c6 (hé thich dng vai cdc

qui trinh cong tic khic nhau oK K, a2 P QT
hodc nhilng bi¢n déng cia chiing bC,| @, |HC X4

do cic nguyén nhan khic nhau, cT cT
ngudi ta diing h¢ thong diéu q . x

khién hoat dong nho cdc tham s& . Uy, i z

diéu khién u, G =1, 2,..). Méy bc | Qn Xn

khong didu khidn hoat déng ing
véi cdc gid tri khong ddi cla cic
tham 56  didu  khifn, Hé¢ BK

u; =u) =const. Cic b0 phan

Hinh 11.2
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chi y&u ciia mdy 13 dong co cung c&p nang lugng d€ duy tri vi bi€n ddi qud trinh cong Lic, he
théng bién d6i chuyén dong theoyéu ciu cla qud trink cong tic goi tht 1a co clu truyén, bo phan
dé thyc hién cic yéu cdu cy thé cia qué trinh cong tic duge goi 12 he co hay hé chap hanh {co
cdu chip hanh).

Céc bd phan cila mo hinh mdy hai kh6i hugng: day 12 mo hinh don giin nhit cita mdy hai
khéi lugng, né gém cic bo phan sau .

Dong co: 1a bo phan ding d€ bién d8i cic dang ning fugng nhu dong co dign, dong co
nhiét, dong co thuy luc, dong co khi ép,... Qui trinh bi¢n déi nang luong duge didu khién nhd
céc thong s6 vio chia doag co dugc goi 12 nhimg tham s6 didu khién u, (i = 1,2, ..). Vi du dai
véi dong co dién tham s6 didu khién I th¢ hiéu (trong cdc dong co dién mot chidu), tdn s0 cia
the higu (trong dong co dign xoay chidu), luu hugmg trong dong cof thuy luc, lugng nhign ligu tiéu
hao trong dong co nhigt, ..., thong s6 ra cia dong co thudng 14 toa 4 cua khau ra cha dong co:
khau quay hodc khiu tinh ti€n. M6 hinh co hoc cua dong co duge xiy dyng biing cich thiét lap
méi quan hé gita cdc thong s6 ddu ra (toa dd va van t6c) va luc dong co phat ra goi 1a luc phit
dong (1a luc khi ddu ra ciia dong co 13 khau tinh tién, 12 moémen luc khi ddu ra clla dong co la
- Khau quay). Dé xdc dinh ta nghién cdu trudmg hop déu ra cla dong co 1a khau quay. Céc thong
s6 dong hoc ddu ra la géc quay ¢ va vin toc goc ¢, con tham s3 dong lyc diu ra cia dong co la
momen phit dong M. Tuy nhién céc két qui nhdn dugc ciing c6 thé dp dung cho truémg hop loai
ddng co ddu ra 12 khau tinh tién.

Quan he gifa cic thong s6 ddu ra, cdc thong s8 diéu khién va dong luc phét -
dong cha dong co duge goi 1a dac trung cla dong co.

Duéi day ta xem xét hai loai dic trung dong co: dac trung dong. hoc ki
twong va dic trung tinh clia dong co. '

a. Péng co véi ddc trung dong hoc li tudng: D6i v6i loai dgng co nay moi
guan h¢ cé dang:

o =f(u) (11-1)
DGi véi loai dong co khong diéu khién, u =u, = const thi:

¢=1f(ug) =y =g = const (11-2)

tirc 12 d4u ra clia dong co quay déu. '

Né&u cac tham s6 didu khién khong thé khéng ch& chit ché & ch€ do khong
d6i u,, titc cic tham s6 bi lech d6i v6i ch€ do hing u, vdi lugng bé thi ta ¢6 thé
st dung quan h¢:

¢=f(u'o)+-:—fl(uo)(ll-llo) A1)

Phuong trinh (11-3) dugc goi 1 dang tuyér. tich hod clia phuong trinh (11-1).

Pong co cé dic trung dong hoc 1i tudng 14 loai dong co c6 ch€ do Jam viée
phu thuoc rét it vao tai, do d6 coi nhu khong phu thudc vao tai, nghia la sy thay
déi cia tai khong anh hudng hoic dnh hudng rat it d€n ch€ d6 lam viéc cua
dong co. Mo hinh nhu vay c6 thé dugc chip nhan trong trudng hgp cong suit
clia dong co 16n hon nhiéu 14n cong sudt cha tdi c¢é ich (thudng duge goi 1a
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d6ng co c6 cong sult vo han). Mo hinh nhy vay ciing thudng dugc sir dung
trong giai doan thiét k& so bo. '

b. Déng co cé ddc trung tinh: dudng dac trung ciha ddng co cd dang
¢ =f(u,My) : (11-4)

trong d6: u 1a tham s6 diéu khién, Ma la ‘mémen phat doéng nhan dugc
d4u ra dong co, ¢ 1a van t6¢ gée clla truc quay dong co.

Tir quan he (11-4) c6 thé giai ra dugc:
My =My(u,¢) _ ~(11-5)

titc 12 momen phdt dong clia dong co 12 ham ciia tham s6 diéu khién va van
téc ddu ra dong co. Quan hé niy ciing nhu quan hé (11-4) thudng 1a phi tuyén.

D6i véi loai dong co khong diéu khién u = u, = const thi:

¢ =fj(ug.My) _ (11-6)
Hoic:
My = My(u,¢) (11-7)
¢ § My
Mdc.!
Uy
Mez U
Mt U
a) v ) ¢

Hinh 11.3

Trong trudng hop 1éng qudt, mémen phat dong phu thudc vao ca toa 49,
van toc cha khau ra dong co va tham s6 diéu khién:

My =My(u,@,¢) : (11-8)
D6i voi mdy khong diéu khién thi:
Md =Md(110.(p,(i)) (11-9)

Cic quan hé trén cé thé duge cho trong dang gidi tich hodc dé thi. Trén
hinh 11.3a, b 12 d6 thi cba cdc ddng quan hé (11-4) va (11-5).

Thuong may lam viéc & ch€ do rat gin véi ché do c6 cic thong s6 khong
déi (u=ug;p=wg:My*MJ).

122



Trong trwong hop niy c6 thé sir dung dang tuyén tinh ho ciia ching:

- of of, '
cp=f1(uo,M3)+—-L(u0,M3)(u-u0)+ L (M$,u0)My ~M9) (11-10)
du M 4
) 1 :
q)=c00+7(u—u0)—;(Md—Mdo) _ | (11-11)
trong dé:
of) 0. -1 of) 0 |
=—Luy,M%:s = _ . 11-12
¥ au(uo dhs M, (ug.Mg) ( )
Hoic:
oM, M4 .
Mg =Mg(ug,04) + (Mg, 09 u~ug)+—%(ug, 09 )¢ - wp)
d di+g.wWy A 0-%qQ 0 a(p 0sWo 0 (11_13)
=Mg+r(u~u0)—s(q':—co0),
trong dé:
1'=621d (Uﬁ,mo);5=—_aggpd (uO,(Uo) (11-14)
Déi v6i mdy khong diéu khién (u = u, = const), ta c6:
: ' . i
<p=(n0—;(Md—M3) (11-15)
My = M3 —sé-wp) (11-16)

11.1.2. Co hé (co c4u chﬁp hanh): gém cdc khau néi véi nhau bing céc
khdp véi cdc gia thiét sau:

1) Cédc khau thé rén dugc xem 1a tuyet d6i rén, cdc Khau mém (vi du: dai
truyén, xich, cdp day,..) dugc xem la khong gidn, cdc khau thé 1éng dugc xem
la khong bi nén. ' : :

2) Cédc khdp dugce thye hién khong c6 khe hé (d6 ro), khéng bj bién dang va
bd qua ma s4t.

H¢ co chiu tic dung clia cdc luc tir d6i tugng cong tdc (vi du: luc cét khi
tién). Cic luc d6 goi 1a céc e can 6 ich va ¢ong tiéu hao do chiing 1a cong
can ¢6 ich. Ngoai cdc luc cin ¢6 ich con ¢6 lyc cdn vo ich (vi du luc ma sét
trong cdc khép) va trong tmg véi chiing'1a cong cén vé ich, né bé hon nhiéu so
Vv0i cong can ¢6 ich, nén trong khio sit thudng duge bd qua (higu ing cha né
duge bd sung nho mot s6 he s hieu chinh).

~ Luc cén c¢6 ich 12 ham cia cdc thong s6 vi tri (xk, Yi» Z,) cUa céc phdn tir clia
may, vi du cc toa do Décdc cia ching:
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Py (X{Xg Xy R oK X, ik = Ly C(11-17)
Céc toa d6 cic phin tir d'uqc biéu dién qua toa d6 ciia ddu ra déng co, nic:

. dx dx, d dx, .
Xk =Kk((p)—>xk E——k-=~d—(‘:—d—(:)=—a(p—k(p

Do dé: _

P =P (o.¢) ~ (11-18)
Mét s6 dang ciia luc can c6 ich:
- Lyc cdn ¢6 ich trong may nang chuyén 1a tai trong cdn ning chuyén:

P =P, = const (11-19)

- Lyc cén cé ich tic dung i&n roto cha may cdnh quat:
M, =-(a+ bH + oo )signe (11-20)

trong d6: @ Ia van tdc géc roto, M, 1a mémen cin tic dung lén réto;

(a,b,c >0,signe = i

o

D6i véi mot toat cdc mdy bom li tAm va c4c may thuy Iyc ta cé cong thirc

tuong ay:

M =—FlolbignaF{a)> 0 (11-21)
* Cong sudt clia céc loai luc nay luén luén am. Thyc vay:

W =M_o = -Fldbignow = —F 65='~F. '5’2;~F <0
s ol - o

- Lyc cin ¢ R _ M}

(4

ich trong mdy phat e S

dong mot chidu cé
kich dong déc lap,
cd dién trd ngoai R
va dién ug 16i R,
(hinh 11. 4).

Suat dién dong
E ti 1&¢ v6i van t6c
gécwclia 16 1o,

L

Phuong trinh mach aién cho ta:
E= k¢03 = I(R+Rl)
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trong d6: ¢ 1a tir thong, I 1a cudng d6 dong dién, k 1a hé s& i le.
Theo dinh luat Ampe: M, = k¢l .
Tix dé:

2
M, = ke @
R+R1

(11-22)

11.1.3. Co cau truyén: 1a bo phan truyén dong tir déng co sang hé co (co
cdu chdp hanh) dé he co nhan duge van t6c theo yéu cdu. Co cdu truyén thuémg

a) b)
Hink 11.5. Mo hinh co ciu truyeng dong.
11.2. DONG LUC HOC CUA MAY CUNG MOT PONG CG
So d6 mdy ciing mét déng co c6 dang cho trén hinh 11.5a, Pé khio sat

chuyén dong clia mdy ta viet phuong trinh chuyén dong cila mdy nhe dinh ly
d6ng ning:

dT
’E=Zwk (11-23)

trong d6:: T [a dong ning cia méy,z Wi 1aténg cong sudt clia cdc lyc tic
dung lén maiy. '

11.2.1. Péng nan'g cta may
Biéu thiic dong nang ctia mdy dugc tinh theo cong thifc:

1 ' 1. . . .
T:Eka\fﬁ =52mk(x§ +yf +z;‘:),

trong dé: x,, y,, 2 12 toa d6 phén tir M, cta m4y.
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- Xét trudng hop dong €0 quay: gQiE la géc d_inh vi clia ﬁuc d6ng co. Nhir

-dd biét toa do ciia mot phdn tlt M, bat k¥ déu c6 thé tinh theo géc dinh vja ciia
- d8u ra dong co: '

Xk =Xy (@); ¥ = ¥ (@) zy =2, (¢). *

. dxyp  dxy do dx .
Do dé: Xy =_hk_=__k._(p=_k((p)(p.
dt dop dt do
Tuong tu ta cé:
o _dyy —
Yk = do {@)p;
dzy .
iy =—
k dx P

Biéu thic dong nang cta m4y bay gid sé 1a:
2 2 2
1 dxk dyk de .2 1 .2
T==) mp | —X% +| = +— =—1I
5 > k{[ do (tp)] [ do (9) do @\ o 5 ()¢

s 5o 330 [

- duge goi 1a moémen quén tinh khéi cia mdy thu gon v& tryc déng co, goi tit la
moémen quan tinh thu gon, né 14 ham cda toa d6 khau ra ciia dong co va 1a ham
tudn hoan vi sau khi truc dong co quay dugc mot s6 vong thi cdc khau cia mdy
1ai tr& vé vi uf xudt phat. D€ don gian ta gia thit rang chu ky cla méy ing véi
mot vong quay cita dong co. Ta bidu difn momen quan tinh thu gon clia may
trong dang sau:

o) =Ip+1 | (11-24)
1 2n - _ :
trong d6: I == [I(o)de = const (11-25)
: 2n o

duoc goi 12 gid tri trung binh ciia mémen quén *inh thu gon cla mdy trong mot
chu ki, con: ' '
2n

T@)=10) -1y = K0) - = [IoXp o (11:26)
‘ 2n h

Y(_{p) la thanh phdn bién d8i cha mémen quén tinh thu gon caa may, n6 la
d0 l¢ch clia m6men quan tinh thu gon clia mdy d6i véi gid trj trung binh cila né.
Gid tri trung binh trong mot chu ky ctia thianh phén bién ddi nay bing khong.
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' , 2 . -.-. a5 . - ; =
- 11.2.2. Bié_u thire cong suat cda cae Itrc tdc dung 1én may
Céc lyc tac dung len méy gém:
- Lyc phdt dong: duoc san ra do dong co. N6 duge.goi 1 Iuc phdt dong. Dai

v6i dong co quay né chinh la mdmen doéng co, duge ki hi¢u l1a M,, phu thuéc
vao ddc tinh cia dong co. Nhu da biét; :

Md = Md(u9(p3¢) . . .
CO'n'g sudt clia mémen ddng co, ki hien W, g0i 1a cong sust phit'dong:
Wy =Mgog =My, ¢,¢)¢ : (11-27)

- - Luc cén hitu ich: lyc cén thist dé thue hién céc yéu cdy cong tic cha may,
vi du: khi tién thi d6 1a lyc cit khi tien. Ki hiéu lue can c6 ich tic dung 1én phin

tr My ciia bo phan co clia mdy la i’:(;, r?. Vi.V3,..), trong dé: r:,;; la
~ véc'to dinh vi va van t6c clia phin tir M, .

Cong sudt clia cdc luc can ¢6 {ch Py dugc tinh theo cong thiec:

Wy =ZPka =Z(kaik + Py Vi + Pegiy)

de dyk dzk . .
= P +P, —<+P =M (e, 11-28
Z[ kx do ky do- kz do c((P ) ( )
dxk dyk de
M (o, ¢)= P +P, —£ 4+ P X
(9, 9) Z( kx dp kv do |k do

dugc goi 1A momen cin thy gon vé truc dong co.

- Luc can v6 ich: thudng Ia céc luc ma sat trong cdc khop ciia may. Céc luc
nay thudng c6 hai va do bé nen dugc bd qua (it nhat trong giai doan tinh todn
thiét k& so bg). Trong trudng hop can phai k€ dén higu ing clia né thi ngudi ta
bd xung nhes mot s6 hé s¢ diéu chinh.

11.2.3. Phuong trinh chuyén déng cGa may
Phuong trinh chuyén déng ciia mdy (11-23) dugc viét trong dang khai trién sau:

‘ . 1dl . X B
I(“’)“’*E’?(?“’z-=Md(u“,¢,¢)-Mc(<p,cp) - (11-29)

Do cdc dai Iuong My (u®,0,¢),M_(9,9) 12 cic ham chu ky nén ching c6
thé dugc viét trong dang sau:

Mg (u0.9.9) = Md(ug.9) + My(ug, 0.6) . (11-30)

M (0.9) = MO(¢)+ M, (.9) , S (11431
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trong dé6::
2n
Mg(ug. <p)—— fMd(ug ¢ ¢)do - (11-32)

27

M“(cp)-— jM (9,¢)do (11-33)

Céc bidu thic (1 1-32) va (11-33) 1a cdc gid tri trung binh trong mot chu ky
clla mémen phat dong va moémen cin. Mg(uo,t'p)duqc goi 12 moémen dong co
trung binh, MB((])) la mémen cin trung binh, i 12 ti s6 truyén dong:

o .

Wiy

i=

{11-34)

trong d6: w¢, 12 van téc géc cla ddu vao cla bo phan co. Chi ¥ ring néu
chu k¥ eta truc dng co 14 T thi chu ky cua ddu vao clia bo phén co la:
T'=Ti _ (11-35)
Md("o ¢ =My(ug,9.9) - Md(uo )

(11-36)
=My (ug, qw)—— IMd(U{) ¢, ¢

0

M (0.4) = M (9,¢) -M2(¢) =M (qw)—— IM (. 9)dp  (11-37)

ﬁd(uo ¢, ¢), M c(0,9) 14 cic do lech cﬁa momen ddng co vi mdbmen can
doi véi céc gid tri trung binh clia chiing.

Phuong trinh chuyén dong clia mdy bay gid c6 thé 14y dang sau:

1%—Mg(u0.¢)-ME(@=1§'4d(u0.<p.<o)+ﬁc(ip,:i:)-lﬂ(cp)tp'z—'I'(q)ip (11-38)

Phuong trinh (11-38) rat thuan lgi cho viéc khao sit chuyén déng cua mdy
trong cdc ché do lam viéc cia né.

11.2.4. Cac ché& do lam viéc cda may

'Qua trinh 1am viéc clia m4y thudng c6 ba giai doan.

a. Qud trinh md mdy: méy tir trang thai ding yén duogc dua vao trang théi
lam viéc. Qud trinh ndy tuong tng v6i sy thay déi van tdc géc tir ¢ =m=0dén
gid tri w=wg (p€u ch€ do lam viéc 12 quay déu). Qua trinh ndy xay ra trong
khoang thoi gian rat ngén. :
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b. Qud trinh lam viéc: 1a qua trinh mdy thuc hién cic nhiém vu cha qud
trinh cong tic. Qu4 trinh nay chiém khoang thdi gian dai nhat trong chu trinh
lam vi¢c clia mdy. ' '

¢. Qud trinh tdt mdy: may duoc dua tir trang thdi 1am vi¢c vé trang thdi yen
nghi. Qué trinh ndly tuong dng véi su thay ddi van t6c géc tir gia tri @, (khi
mdy quay déu trong qué trinh lam viéc) dén gid trj khong. Qu4 trinh nay ciling
Xay ra trong khodng thi gian ngén.

Qud trinh m& mdy va tit may thuoe loai qud trinh chuyén ti€p 12 qué trinh
trong dé: cdc théng s trang thdi thay déi dang ké trong khoang th&i gian ngén.
Qud trinh lam viéc (g v4i thai gian 1am viéc dai, trong d6: cdc thong s6 trang
thdi (vi du van t6c g6c chia khau ra dong co) hodc khong thay ddi hoidc thay déi
{t dugc goi 1a qué trinh binh én. Pay I qué trinh quan trong nhat trong chu
trinh 1am viéc clia may. Dic trung ciia qué trinh binh 6n clia mdy s& Ja:

Céc thong s6 diéu khién nhan dugc cdc gid tri xdc dinh, ticla:
u; =ug =const (11-39)
~¢=w=wg =const holic & =g+ véi | <<wqg ~ (11-40)
Dé xdc dinh chuyén déng clia mdy trong ting ch& d6 ta sir dung phuong

trinh-chuyén dong cta mady ma .cdc théng s6 cha né phu thudc ca vio cdu tric
cua mdy, clia dong co va qud trinh cong tdc chia mdy.

11.3. HIEU SUAT

11.3.1. Binh nghia hiéu suit

Trong giai doan chuyén dong binh én cia mdy, ngoai lyc phit dong do
dong co phit ra con ¢é luc ¢an ¢6 ich tidu hao vio viéc thuc hién cdc yéu céu
cla qud trinh céng tdc vA luc can vo ich khong tranh khéi nhu lyc ma sit trong
cdc khdp. Goi cong clia cdc tuc d6 trong mot chu ky lam viéc cia mdy 14n luot

la cong dong A, cOng cin cé ich Ai va cong cdn vo fch AY .
Theo dinh 1y bién thien dong nang (dinh 1y 11-8), ta cé:
Ty-T =Ag-AL-AY - (11-41)

trong d6: T, va T, 1A gid tri dong nang ciia mdy ung véi thoi diém ddu va
cudi clia mot chu ky lam viéc ciia mdy.

Vi sau mdt chu ky lam viéc may trg lai vi tri xu4t phit nén T, = T,. Do dé
tir (11-41), ta cé:

Ag-AL-AY=0
Vay: Ag=AL +A) (11-42)
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- -~ Nhu vay toan bo cong déng do dong co cung cdp trong mot chu k¥ tidu hao
- mot phdn vao vige thye hién cdc yéu cdu cia qud trinh cong tic va mot phin dé

o thdng cong cin v6 ich. Phan sau clng la diéu khong mong muén. Do dé phdn

©ong vo ich cang bé cang t6t. Vi Iy do d6 ngudi ta dua ra mét chi s§ danh gid
chét luong ctia méy:
i ;
6= ﬁi <] (11-43)
Ag _ :
® duge goi 1a hiéu suat cia mdy. Hiéu sudt cang 16n mdy dugc ddnh gid
cang c6 chat lugng tét.

Khdi ni¢m hig¢u suat duge sir dung trong ¥ nghia rong rai. Do 1 ti s¢ giita
lugng duge sir dung cé ich va luong duge cung cap d€ thuc hien mét cong: vide
nao dé. Trong linh vuc khio s4t dong lyc ta c6 hi¢u sudt co cu, hiéu sust cia
mot phan t, hiéu suit clia diy céc phin tir mady., :

11.3.2. Higu sudt ca cac phén ti néi ticp

Khao sit ddy cdc phan t néi ti€p: cong phit ra cdc phin dimg trude 1a cong
- nhén vio cta phén tir ditng ti&p sau (hinh 11.6). Co cdu bdnh ring (hinh 11.7a, b)
1a mot vi du vé diy phdn tir n6i 1iép.

Ay Ay Az Aiq A; Ana Ap=Ac

—] 91 92 9[. — — 9!1 S

Hinh 116

Goi 6; la hi¢u suat clha phdn tir thit i vae 1a hiéu suit cla toan diy:

6, =it g_Ac (11-44)
: Ai Ad . )
trong d6: A, 1a cong dua vao phén tir ddu va A, 1a cong phat ra clia phan tir cuéi. -
Aty
. . s
. r § f
AG
7 | | LA A L7l T | | As
77 7 . 7Z7
Z4.
A, 77
U U

Hinh 11.7. .
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céc

nha

n cong tir mdt phin tir g6c khon

Dva vao dinh nghia neu trén, ta cé thé viét:
o=c_AIL Az A3 Ay __Aq

——

Ay Ag AL AT A, TAng

n
=0,0..0, = T, (11-45)

Nhu vay hitu suit ciia mot day phén tir néi 1i€p bing tich céélh‘ieu Suét cia

phin tir trong day.

11.3.3. Hiéu sust cdaa day phén t{ ndi song song

Day phdn ur song song 1a mét day gém cdc phén (i ma moi phan tir déu

sudt chia phin tir thiti va 9 13 hieu suat cua diy (hinh 1 1.8):

nén

1}
2)

3}
4)
5)

Ay

Trinh bay khéi.niem vé€ mdy ? Céc bo phz,ln co ban cdu thanh mdy ?

8 qua bat ky phdn tir nao. Goi 9; 12 higu

Ay . A
9, =26 g Ac 11-46) A
CAgT Ay ( ) : @_
- A A
Vi Ag=Y Ay =S Bei (6,y— %2 | 4
1 .d Z di Z 91 Ay 1'92/, ¢
Ac::ZAci’ A T
- A ()7
. pofe_ 2Ad aran &
Ay Ag
— Hinh 11.8
2 0, | "
CAU HOI ON TAP

Neu céc dic trung vé: dong co, co cfu truyén dong, co cdu chdp hanh ? Luc tdc

déng trong mdy ? Céng phat dong v cong can 1a gi?
Phuong trinh chuyén dong cllamédy ?
Neu céc giai doan chuyén dong ciia may ?

Trinh bay higu sust ciia may: hiéu suat ciia chudj song song, chudi néi tiép ?
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Chuong 12

M3 DAU

12.1. NHIEM VU VA POl TUONG NGHIEN CUU
CUA MON HOC

Trong céc phén trén ta di nghién citu cic quy ludt vé chuyén déng co hoc
cla cdc vat thé trong khong gian theo thai gian. Cdc vat thé duge xay dung dudi
dang cdc mo hinh: chét diém, co hé va mot dang rdt quan trong 46 1a vat rin
- tuyét déi. .

Trong nghanh ché tao mdy hoac trong cdc cong trinh, cic vit ligu nhu thép,
gang, bé tong, vv.. 1a cdc vat rén thyc (con goi 13 vat rén bi€n dang). Nghia 1a
vt thé sg bi bién dang, bi pha huy dudi tic dung cua ngoai luc, nhiét d6. Khi
thi€t k& cdc bo phan cong trinh hodc cic chi i€t mady, ta phai dam bao:

- Chi ti€t khong bi phd hong tic 13 di bén.

- Chi ti€t khoéng bi bién dang tic {a du cing.

- Chi tiét luén giit duge hinh dang ban ddu uic 1a dam bao didu kién én dinh.

Mbon sitc bén vat ligu c6 phiém vu dua ra cic phuong phap tinh vé do bén,
do cimg va d¢ én dinh clia cdc b phan cong trinh hodc cdc chi tiét may.

Dé1 tugng nghién ciu clia mon hoc sic bén vat liéu 1a cdc vat rin bién

dang, vé vat liéu 1a cdc var thé ¢6 tinh dan héi tuyét d6i, vé mit hinh hoc cha
yéu la cdc thanh. '

12.2. KHAI NIEM VE THANH

Thanh 1a mot var thé duge tao ra do mot hinh phing F c6 ti€t dién la hinh
tron, hinh chit nhat, v.v.. di chuyén trong khong gian sao cho trong tam O cia
nd ludn ludn & trén mot doan dudmg cong. Trong khong gian, hinh phang F thi
lu6n ludn vuong géc véi doan dudmg cong d6. Chidu dai cha doan dudng cong
A16n gip nhiéu 1dn so véi kich thuéc 16n nhat ciia hinh phang F. Khi di chuyén
nhu vay hinh phing F dyng len trong khong gian mot vat thé ma ta goi la
thanh.V2y thanh 1a nhing v4t thé cé kich thudc theo hai phuong nhéd hon so
véi phuong thi ba. ' '
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Boan didng cong hay doan dudng thing Adugc goi 1a truc thanh. Hinh
phing F dugc goi la mat cht ngang clia thanh. Truc thanh va mat cét ngang ciia
thanh 1a hai y&u t6 hinh hoc d3c trung cho mé hinh thanh. Trong tinh todn ta
thudng bidu dién mot thanh bing dudng truc ciia ng. '

12.3. TINH PAN HOI CUA VAT THE

. Duéi tdc dung clia ngoai tuc (di 1a rat nh(’)) hay hhiet do v.v.. Var thé déu bj
. bi€n dang. Bi¢n dang cia vac thé 16n hay bé tuy theo tinh chat va gia tri ciia céc
ngoai lyc, tuy theo ban chat va kha nang chin luc cia vat lidu,

Thi nghi¢m ching t6 ring, d6i véi méi loai, néu lyc tdc dong chura vugt qua
mdt gi6i han x4c dinh thi khi bo luc, vat thé s& ud lai hinh ddng va kich thuée
ban d4u, tic bi€n'dang bi m4t di. Ta nsi vat thé chi bi€n dang dan héi, tinh chit
d6 goi 12 tinh ch4t dan héi cla vat thé. Néu luc tic dong vuot qué mot gidi han
xdc dinh n6i trén thi khi bd lyc vat thé s& khong trés lai hinh déng va kich thudc
ban dau nita. Chiing chi:phuc héi mot phin bién dang ban ddu. Phdn bién dang
khong khei phuc duge goi 1 bign dang du.

12.4. KHAI NIEM VE NOI LUC, UNG SUAT
12.4.1. Nilye. |

Nhimg Iyc tic dung t¥ méi trudng bén ngoai hay tr vat khéc lén vat thé dan g
x€t goi 12 ngoai Iyc. Ngoai luc bao g6m tai trong tdc dong va phan lyc tai cdc lién
két. Tai trong dugc coi 12 tinh néu né tang rat chim tir khong dén mot gid tri xic
dinh r6i giit nguyeén gid tri-d6. Nghia 1a cé thé bd qua Iuc quan tinh trong qu4
trinh ting lyc. Duéi thc dong ciia ngoai Iuc, vat thé bi bien dang, giita c4c phan it
cta vat thé c6 xuat hien thém phdn lyc téc dung twong hd dé chéng lai tic dung
ciia ngoai lyc. Phén luc 6 goi 1a noi lyc theo nghia ciia sitc bén vat lieu.

Mu6n x4c dinh noi lyc ta ding phuong phdp mat cit. Phuong phép mit
cit duoc trinh bdy nhy sau: x€t mot vat thé chiu luc & trang thdi can bing
(hinh 12.1). D€ tim noi lyc tai m3t ct a ndo d6, ta twong tugng duyng mat phing
nqua mit a, cit vat th€ ra 1am hai phdn I va IL. Ta xét rieng mot phén nao d6, vi

Hink 12.1 ' "Hinh 12.2
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dy phdn I (kinh 12.2). Phin I can bang dudi tic dung ciia cdc ngoai luc tic don'g
1én n6 (P1,P;) va luc twong hd tic dong tir phan II léni phdn 1. He luc d6 chinh
12 noi lyc trén mit cét aa. Tir 46 ta c6 thé x4c dinh duge gid tri ndi lyc qua gid
trj cha ngoai luc & phan L.

12.4.2, Ung suat

Cudng d6 clia né}i lc tai mot diém nio d6 trén mit aa duge goi 12 tng sudt,
ky hiéu P, . Chi¥ m chi phép tuyén cia mat n. Chéng han d6i véi diém M nio
do, ta ldy mot dién tich AF vo cing bé chita M. Trén AF ¢6 ndi lyc phéan b6, hop
lyc ¢6 vécto AP (hinh 12.3).

Ty s6 giita AP va AFla mot vécto cung chiéu véi vécto AP , k¥ hiéu la:

= AP
Py =
th AF
Py, duoc goi la tng suit trung binh tai diém M.

—_—

Né&u cho AFtién dén khong thi P, s€ ti€n t6i mot gidi han. Gidi han d6

dugc goi la ting sudt toan phan tai diém M, ky hiéu P:

P= lim AP
AF—0 AF _
Thd nguyén cla tng sudt 1a luc/(chiéu dai)’; don vi thudng ding la
E—M}i Trong tinh todn ta thuong phan ing suit toan phin P lam hai
2 2
cm cm
thanh phén (hinh 12.3):

Hinh 12.3 Hinh 124
- Thanh phin vubng géc voi mat cat goi 12 dng suat phdp, ky hiéu o.
- Thanh phir ndm trong mat cit goi 13 Ung sudt ti€p, ky hiu . Nhur vay:

P=vo? +1% : (12-2)
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Nhitng diéu vira phan tich o trén d6i véi phin 1. Ciing 1am tuong ty cho
phan H. Theo nguyen Iy tic dung va phan tic dung, ung suat tai mbi diém trén
phén II s& ¢6 ciing tri s4, cung phuong nhung nguoc chién véi \ng suat tai diém
trong ung trén phdn I (hinh 12.4).

4
Ta quy udc cdch viét tng suat d
nhu sau: Txy
- Ung sudt phdp ké¢m theo mot x
chi s§ chi chiéu cia phap tuyén, vi Ox
du G-X * Txz

Ung sust ti€p kem theo hai chi
6, chi s6 chi chidu phép tuyén
ngoai mit cdt, chi s6 tht hai chi Hinh 12.5
chiéu ing sudt ti&p song song. Viduy 1,, (hinh 12.5).

12.5. CAC THANH PHAN NOI LUC TREN MAT CAT
NGANG CUA THANH
Xét mot mat cét ngang xnao d6 cla thanh, gis trj tng sudt tai mot diém,
quy luat phan b& trén mar cét ngang d6 néi chung ta chua biét nhung ta cé thé

xdc dinh duge hop luc ciia hé néi lyc viné phéi can bing véi hop lyc clia cdc
ngoai lyc tic dung trén mot phan dang xét,

Gia sir xét si_r can bing cha phdn phai, hop lue R ciia hé néi luc trén mat
cét phai can bing véi hé luc tac dung 1én phén phai, ta c6:
R+ Zﬁ. =0

Hop Iwc R dit tai mot diém k nao d6 nhy (hinh 12.6).
/P ' :

Yy
Hinh 12.6 Hinh 12.7
Bay gi ta thu gon hop luc R vé trong tdm O cBa mat cit ngang, 1a s& dugc

pa—

luc R c¢6 vécto luc bing R va moét ngdu luc ¢6 mémen M (vécto chinh va
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momen chinh cia hé noi lyc). N6j chung luc R va mOni_en M c6 phtrong, chiéu _
- bat ky trong khong gian. D& thuan lgi ta chon hé truc nhu sau: '

'Oz theo truc clia thanh.
Ox, Oy nam trong mat cit ngang.
 Sau dé phan. R lam ba thanh phdn trén he truc toa dé:
- Thanh phdn ndm trén truc z goi 2 lye doc ky higu N,.
- Thanh phan ndm trén cdc truc x, y 801 1 lyc cit, ky hieu Q,, Q,.
Ngiu luc M cling duge phan lam ba thanh phan: :
- Thanh phédn quay quanh céc truc X,y {tdc dung trong cdc mat phéng zOy
va zOx vuodng géc véi mat cit ngang) goi 14 cic momen uon, ky hi¢u M, M,.
- Thanh phédn quay quanh tryc z (tic dung trén mat phing cia mét Oxy) goi
1a mémen xodn, ky hi¢u M, (hinh 12.7). '

N, . Q. Q. M,, M,. M, 1a sdu thanh phdn noi lyc trén mat cit ngang va
chiing dugc x4c dinh tir didu ki¢n can bang clia phdn dang xét dudi dang cdc
phuong trinh.

Téng hinh chi€u xuéng ba truc, ta dugc:

n
Ny+> P,=0
i=1 . .
n -
CQu+ ) Py =0 (12-3)
© i=nl .
Qy +D Py =0
i=]

n n n . ’ :
Trong dé: ZPiX'ZPiY'ZPiZ 1a téng hinh chi€u cia t4t ci ngoai lyc thudc
i=1 i=1 i=l .
phdn dang xét trén céc truc x, Y. Z tuong ing.

Téng momen ddi véi ba tryc, ta dugc:

n
My + D m,(P;)=0

i=I
o
My +) my(P)=0 ' , (12-4)
i=l '
M, +) m,(P,)=0

i=l
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n n ’ n
trong dé: me(Pi ),Zmy(Pi ),_Zmz(Pi) 12 téng moémen cla tat ca ngoai luc
i=1 i=1 i=1

thudc phén dang xét d6i véi chc truc X, y, z twong tng. Ciing nhu itng sudt, noi
lyc tai mot mat cér ngang bt ky wrén phin trdi s& cé cung mot trj s6, cing
phuong nhung nguoe chiéu véi ndi lyc twong ting cling tai mat cit d6 trén phin
phai. Nhu vay dé xdc dinh néi luc tai mot mat-cit ngang bat ky, ching ta ¢6 thé
x€t phdn trdi hodc phédn phai tuy theo phén nao don gian hon.

12.6. QUAN HE GITUA UNG SUAT VA CAC THANH PHAN
NOI LUC TREN MAT CAT NGANG

Goi P Ia ing suat tai mot di€m M(x, y) bét k¥ wrén mat cét ngang (hinh
12.8). Céc thanh phdn hinh chiéu cia P la:

- Ung sudt phép o, .

- f]iig sua_'t ti€p 1 duroc phan 1am haij thanh phin T, s Ty -
L&y mot dién tich phan t6 AF chiia M. Céc lyc phan 8 do cdc ing suit gay
ra la: O‘Z.AF;IZ),.AF;TH.AF.

TOng cong t4t ca cdc tic dung clia cic lyc phan 16 d6 trén toan thé mat cit,
chinh 1a céc thanh phan néi lyc trén maét cit ngang. Tt ¥ nghia d6 ta c6 céc bidu
. thirc lien he giita tng sudt va cdc thanh phin noi lue nhu sau;

N, =) o, AF ay

Qx =D Ty AF b)

Qy '_'thy_'AF c) (12-5)
M, =) 0,.AFy d)

MS, =ZGZ.AF.X e)

M, =Z(tzyx —-TxY)AF )

Riéng biéu thic lién he giifta wng suft ti€p v6i momen xoén khi mat cit
ngang tron, tai diém M ta phan ra hai thanh phén (hinh 12.9):

" - Mot thanh phén vuéng géc véi bén kinh, k¥ hiéu T,
- Mot thanh phén huéng theo bén kinh, ky higu ©,.
Khi d6 ta ¢6 cong thic lien hé sau:
M, =Y p1 AF (12-6)
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Hinh 12.8 - Hinh 12.9

12.7. CAC LOAI CHIU LUC

Ngoai luc tdc dung len chi tiét c6 thé gay nén cac bien dan g khdc nhau. Thudng
nguoi ta phan biét nam loai chju Iuc don gian sau: kéo , nén, cat, udn, xodn.

Kéo: néu tic dung len hai dau thanh thing, hai luc bang nhau, nguoc chiéu,
theo chiéu truc thanh, diém dat luc tai trong tam mat cat ngang (hinh 12.10). Sau
khi chiu luc thanh sé dai ra, tiat dién thanh bj giam di, ta néi thanh chiu kéo.

Nén: n€u hai luc tic dyng nguoc chiéu nhu hinh 12.11. Sau khi chiu lue
thanh s& bi ngan lai, tiét dién rong hon. Ta goi la thanh chiu nén.
Khi thanh ménh tiic 12 ty s6 giita chiéu dai va ridt di¢n 16n thi ¢6 thé xay ra
hi¢n tugng thanh c6 thé bj cong di, ta goi hién tuong dé la thanh da bi mat én dinh.
P .

P

— ////////J////////
| |
)
I
I
I
Voo
o
)

i
| e m—

P

2

a) b)
Hink 12.12
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ngang dé6 bi truot tuong dé
~ Hién tugng do dugc goi 1a thanh chiu cit.

Udn: mot thanh thing, tiét dien c6 it nhat mot tryc d6i ximg. Cho haj ngdu
luc nguoe chidy nhau tic dung trong mét phang chia truc thanh va truc dei
xing. Ta thay truc thanh bi udh cong di, cic dudng ké song song vai truc thanh
cing bi uén cong di nhu hinh 12.13. Ta goi thanh chju uén.

Hink 12.13 ) Hink 12.14

CAU HOI ON TAP
1. Néu céc khdi niém va dinh nghia vé: néi luc, ing sudt, img sudt phép, tiép ? Bien
dang dai ruyet déi, ty déi, bién dang géc lagi? - .

2. Téng qudt, tren mit cit ngang ciia thanh c6 nhimg thanh phén ndi Iuc nao? Cach
xdc dinh céc thanh phén noi lyc dé theo ngoai lyc nhu the pao 7

3. Trinh bay quan he giia cdc thanh phén néi lue theo tng sust ?
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Chuong 13
KEO NEN DUNG TAM — CAT

13.1. KEO NEN BDUNG TAM -
13.1.1. Djlnh nghia

Mot thanh goi 1a chiu kéo, hay nén ding tam khi trén mat cit ngang cia
thanh chi ¢c6 mot thanh phan noi lyc 1a Iyc doc. Vi du thanh thing AB & trang thai
can bang dudi tic dung ciia hai ngoai lue dit tai A va B nhu (hinh 13.1 a, b).

SNy

P ' P B
A : B A '
Kéo Nén

Hink 13.1

D€ xdc dinh noi lyc tren mat cit ngang, tudng tugng cit thanh AB 1am hai
phan bdi mar cir 1-1 vuong géc v6i truc thanh. Chon he truc Oxyz nhu
(hinh 13.2), réi xét su can bing cia phén phai (chi ¥ day la bai todn phing tir
mat cit ¢6 6 thanh phén néi lyc nit xuéng con 3, & day la N,, Qy. M,):

- Téng hinh chiéu cic luc dsi véi diém O, suy ra M, =0.

.- Téng hinh chiéu céc lyc trén truc Y, suy ra Q,=0.
: X

|1

N>0 N:<p

Y Hink 132 2 Hink133 b)

Téng hinh chiéu cic luc trén truc z, ta cé:
| N,-P=0
Suy ra: N,=P.
- Vay trén moi mat ct ngang chi ¢6 thanh phdn noi lyc 12 v doc N, =0
con cdc thinh phin mémen udn M, , lvc cit Q la bﬁn.g khong.
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dién su bign thien coa Iec doc theo Iruc cua thanh.
Vidu 13-1: vé bidy ds Yue doc ciia mot thanh chiu tyc nhu (hink 13.4a),
Bai gidi: '
Xdc dinh phin Iuc tai C:
Pl-P,-P, =0
Ritra: P, =p, - P; =60- 40 = 20kN, c6 chié¢u nhu hinh ve,

- V& bidu dg-

b)

c)

o)

e) -

TIEII -

20 kN

Hink 13 4

+ Vi doc theo thanh, ngoai luc thay d6i, d€ vé bidy dg luc doc ta phai phan chia thanh lam

hai doan AR, BC.
+ Xér doan AB:
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Tmfmg tgng dﬁng mit cft 1-1 cit thanh ra 1am hai. phﬁn Chon gdc tai A, x€t sur can bing cia
phén phai (hinh 13.4b). Chi€u xubng truc z, ta cé:

> Z=Ngy ~P=0

Suyra: Nz =P =40kN >0

Phuang trinh luc doc trong doan AB 6 gid tri tir 0 < Z < 2a. Trong doan nay luc doc cé gid
trj khong déi.

+ Boan BC:

Tuémg tuong cit thanh tai mat chr 2-2. Néu xét phdn phii (hinh 13.4c), chon géc tai A thi
phuong trinh dugc viet trong khodng 2a < Z, «<.3a . Tir diéu kién can bang ciia phén phdi, ta duge:

ZZ=N22+P2—P1—O
Suy ra: Nz, =P — P, =40 - 60 =-20kN <0 - lyc nén.

“Ta c6 thé xem xét phan tedi, chon .gcic toa do tai C. Khi dé phuong trinh dugc viét trong
khoing 0<Z, <4 (hinh 13.4d). Ta nhan dugc két qui nhu nhau (xin doc gid tr 1am). Biéu 86
lue doc duge v trén hinh 13.4e.

13.1.3. Ung suit phap trén m3t cit ngang

13.1.3.1. Quan sdt mét mdu thi nghiém chiu kéo

Maiu 1a mot thanh lang tru, trude khi thi nghiém ta ké cac duong vach song
song va vuéng géc véi truc thanh trén bd mét thanh (hmh 13.5). Nhimg vach
vudng géc véi truc thanh duge xem 13 vét ca mat cdt ngang. Khi thanh chiu
kéo hay nén ta quan sét thay:

- Truc thanh vén thing,
- Nhiftng vach song song véi truc thanh van thing va song song véi truc.thanh.

Hinh 13.5 :
Nhiing vach vuéng gécvdi truc thanh vin thing va vuéng géc véi truc thanh
ahung khodng cich giifa cdc vach dé ¢6 thay déi. Khi chiu kéo cdc vach cach
Xxa nhau ra, khi chju nén cdc vach d6 sit gin nhau lai. V3y dng suit phdp
o7 phan bd trén mat cit ngang 13 déu.

13.1.3.2. Biéu thitc ftng sudt phdp trén mdt cdt ngang
Tir cong thirc (13-5a), ta cé:

Nz=).67AF =0,y AF=0,F
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Cudi ciing ta cé:
N _
GOy = —2 13-1
2= | (13-1)
Trong dé: Ny - gid tri lyc doc tai mat cit dang xét:

F - dién tich mat cit ngang.

Vidy 13-2: tinh ting suit tai matcit {-1, 2-2 (hinh 13.4), Biét di¢n tich cita thanh F = 4em?,

 Bai gidi:
Tai mit cit 1-1, ing sudt kéo ¢6 gid tri N, = 40kN.
- . . N .
Ung sudt trén mat cal; 64 =—Zl ig%: 10 kN img snat kéo ,
F 4cm cm
- . . N - .
Ung sudt trén mat cét 2-2; Oz =—2L = 20*? =- khi ing suat nén.
F4em cm

13.1.4. Ung suat trén mit cit nghiéng

Cit thanh chiu luc béi mat cit mn nghieng véi tryc thanh mot géco nhu
(hinh 13.6). Xét su can bing ciia phan t6 ABC.

m Crz A
N \ a C.=b cosa
a
Zz
T ] >
~n 8 k
. Ty =¢, sina
Hink 13.6

.Trén mat AB c6 ting sut phap Gz = P;_Z, ing sudt ti€p Tzy =0. Trén mat

nghiéng AC c¢6 ting sudt p, duge phén ra 1am hai thanh phdn: ing sudt phédp
O =Pg-cOs, Ung sudt ti€p 1, =p,_.sina .

Phan (6 ABC can bing duéi cic noi lye: o, F;1, Fio, F. Trong d6 F 1a
dién tich mat cat ngang, F'1a dién tich mat cit nghiéng. '

Téng hinh chiu cic Iyc xuéng phuong o, ta duge:

6o F' -6zF.cosa =0

Suy ra: o =9£%?—OS—E=UZ cos? o (vi —I?;:cosa ) (13-2)

Téng hinh chigu céc lyc xudng phuong 1, ta c6:

o F' ~0zFsina =0
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_ozF.sina
_ F'
Tir bi€u thiic (13-2), ta thay tng suét phap ren mat cit ngang c6 gid trj 160 nhat.

Suy ra: Ty

=0z cosa.sing =%csz sin2a {13-3)

13.1.5. Bic trung co hoc cia vt ligu

-

ligu ta thudmg 1am céc thi 'nghiem a8 quan sdt cic tinh chat vi qud trinh bién daﬂg
cha cic loai vat lieu khic nhay ké tr ldc bat ddu chiu lue cho dén khj bi pha huy.

Vat liéu trong ty nhien r4t da dang, nhung can cit vao bien dang cia miu
thi nghiém cho tdi khi mau bi phd hong, ta ¢ thé chia vat liéu ra 1am hai loai;

- Vat lieu déo 13 nhifng vat liéu bj ph4 hoai sau khi di bién dang 16n, vi dy
nhu thép, déng, nhom, v.v..

- Vat lieu gion 1a vét liéu bj pha hoai ngay khi vira bign dang rat bé, vi du
nhu gang, d4, be ng, v.v.. '

Trudce hét ta hdy Iam th{ nghiém vé kéo va nén. Thi nghiém dugc tién hanh
trén cdc mdy thir kéo - nén. Cic mau thi nghiém, quy trinh thi nghiém va cic
phuong phip xdc dinh cdc dic trung co hoc cia vat lieu déy duogc ti€n hanh theo
mot tieu chudn hod vi du theo TCVN (tiéu chudn Viet Nam).

Sau day sé& trinh bay két qua thi nghiém kéo va nén véi hai loai vat liéu
thudng duoce sir dung trong nganh ché tao mdy la thép va gang. Thép dac trung
cho loai vat lieu déo va gang dac trung cho loai vét Iiéu gion.

13.1.5.1. Thi nghiém kéo

Trén (hinh 13.7) bidu dién dé thi cia miu thép CT.3. Con trén (hinh 13.8)
bi€u dién dé6 thi cha miu kéo bang gang. Ki hieu P Ia tri 6 Iuc kéo, Al 1a do
dan dai clia miu thi nghie¢m. D6i véi thép CT.3 46 thi lién he gitta Ivuc va do bién
dang dai c6 ba giai doan co ban sau:

- Giai doan dan héi duge biéu dién bing dudng OU va doan dudng cong
OK. Doan dudng thing OU duge goi 1a giai doan dan héi tuyén tinh hay giai
doan ty 1¢. Trong giai doan nay su lien he giita luc kéo P va ¢6 din dai tuyét doi
cO quan h¢ bac nh4t. Poan OK rit bé dugc goi 1a giaj doan dan héi phi tuyén.

- Giai doan chdy duoc bidu dién bing doan KA. Pac diém cia giai doan
nay la lyc kéo khong tang trong khi d6 bién dang vin tiép tyc tang.

- Giai doan cing c6.

Sau khi qua giai doan chay, lvc cé tdng thi bién dang méi tang nhung d6
thj biéu dién sy lien he gia Iuc kéo P va do bign dang dai tuyet d6i Al 13 mot
dudng cong- dudng AB. Ta ti€p tuc ting lyc cho ¢&n khj lue dat 16i gid trj I6n
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Py:luctyle Ung véi Iuc kéo 16n nhat trong giai doan ty Ie.
Py Iye chay Ung vdi lyc kéo & giai doan chay.

Pg: luc \mg véi luc kéo Ion nhat & giai doan cling ca.

Fy: dién tich mar cit ngang cia miu trudc khi thi nghiém.

Ly: chiéu dai cla phin miu trude khi thi nghiem.

Fi: dién tich mat c4t ngang cia méu tai ché thit lic miy bi diit.

Ly: chiéu dai cha phin mau thi nghiém sau khi thi nghiém (dwoc tinh theo
tieu chudn).

Céc dai lugng sau day 12 cdc dac trlmg co hoc cia vat lidu va céc dic trung
nay c¢é tinh quy udc:

- Gi6i han ty le, ki hieu oy dugce xéc dinh béi ty s6:
oy =1L | . (13-4)
- Gi6i han chay (ki higu Gch ) 1a mot dic trung quan trong cha vat ligu:

Pch
G ==L (13-5)
TR . _
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- Gidi han bén, ki hiuop : op = gﬁ (13-6)
0

- - D0 din dai ty d6i cha miy sau kh diit, ki hiéu 8 duge tinh theo %:
' ~1
8% =1210440 (13-7)
Io _
D¢ thit ty d6i sau khi may bi di, ki hiu y ciing dugc tinh theo %-:

w%:-li“—liloo% (13-8)
Fo

Vi du 13-3: Mot thank thir hink try bing thép non c6

dudng kinh dy = 20mm, chidy dai thir 12 }y = 200mm, sau /

khi dift do duoc chidu dai khi dgt = 252mm va dudmg

kinh tai chd dt d; = 12Zmm. Tinh do dan dai ty daj, do thic

¥ d6i ciia thank, !
Bai gidi: &
Theo (13-7), d6 din 1§ d6i 1a: &
I -1 252 -200
8=-1_0 1002227200, _ 26% I —
i 200 %0 41
Theo (13-8), d¢ thit ty 46 1a; Hinh 13.8

ndf, rtdf

2 -

_ —_———— . 2 2 B

wefoth o T T 100=(1- -d% 100~ 1~(~'—2J 100=64%
Fo nd3 d3 10

- D3i v6i gang a8 thi P-Al 13 mot dudng cong ngay khi luc kéo P con rét thip. Var ligu
xem nhu khdng c6 gigi han 1y 1¢ v giGi han chiy ma chi c6 gigi han bén:

13.1.5.2. Thi nghiém nén
Mau thi nghiém thudng 12 hinh try 6 h = 2d d€ trinh c6 thé bi cong do nén

hay hinh 13p phuong (betong). D thi'biéu dién quan he gilta tng sudt phip o
va bién dang dai ty d6i € cé dang:

- Vit lidgu déo (miu thép), ¢ gidi han ty le, 8i6i han chay khéng c6 gidi
han bén, cang nén miu cang det xudng (hinh 13.9). .

Vat ligu gion (miu gang, khéng c6 gi6i han ty 1¢, gisi han chdy nhung c6 gigi
han bén. T6i gii han bén, tren may og nhing vét nit nghieng 45° (hinh 13.10),
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2 //;‘//l’/////

P

IS e

Al
Hinh 13.9

Hink 13.10

’S

s

Gidi han chéy cila thép khi nén va khi kéo coi nhu bing nhau. Con 2iéi han
bén khi nén clia gang 16n hon r4t nhiéu gidi han bén khi kéo. D3 thi trén hinh
13.11, hinh 13.12 cho két qua bing s6 cila mot loai vat lieu thép cdcbon va

gang Xxdm.
N
ki 40000
) / N
k
20000 en -.._r’
| AT o 20000
10000 |-/ °
. En% -
En% .1 D8 -05 -0 30 20 100
: 0,2 0,4 £ % 10 20 30 €£,9%
10000 20000
N1 o000 —Cia
A A1 | 40000
s T/
30000
o 171 _| 60000
40000 ¥Cnsn  Nlom®
Hinh 13.11 Hink 13.12

Cic dac ﬁrUng co hoc cla vat liéu trén thye t& con phy thuoc nhidu yéu 16
- nhu nhi¢t 46, thoi gian, t6c do bién dang (lien quan dén tai trong tinh, dong),
v.v... ma & day ta chua xét dén.
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13.1.6. Diéu kién bén

13.1.6.1. Ung sudt cho phép
Khi tinh sitc bén c4c chi tiét, cdc k&t qua tinh todn phai ddm bao cho ching
khoéng bi phd héng. Vi du d6i véi vat liéu gidn, chua phat sinh cla vét ndt. Daoi
vat liéu déo, chua ¢é bién dang 1én. Muén vay (tng sudt tinh todn 1dn nhat tai
mot diém nao d6 trong qua trinh chiu luc khong duge vugt quia mot gidi han qui
dinh cho titng loai vat ligu. Ta goi d6 la gidi han nguy hiém, ki hiéu 1a o,.
Trong bai toan kéo, nén, ding tam d6i véi vat liéu gidn ta chon o, 1a gidi han bén,
con dst vai vat lieu déo ta chon 1 gidi han chay vi khi dat t6i gi6i han d6, tuy vat
lieu chira bi pha huy nhung bién dang da qué 16n so véi bién dang dan héi.
P& dam bao an toan, trong thuc t&€ ta thudng st dung mot gid tri uing suat bé
hon tng sudt nguy hiém goi 1a dng suat cho phép, ki higu 1a [cr]:
[g] =% (13-9)
n .
n ia he s6 an toan, ¢6 gia tri 1én hon 1.
Nhu vay d6i véi vat Liéu déo:

o], = ok = G;" (1 3-10)

D&i vé6i vat lieu gion, vi kha nang chiu nén t6t hon chiu kéo o§ > cg. nén
ta ¢4 hai iing sudt cho phép khac nhau: '

fol, =B
o = %8

' tfqng-dé: [cs]Il - ting suit cho phép khi nén;

(13-11)

(13-12)
n

[o], - img sust cho phép khi kéo;

o}, ok - gi6i han bén khi nén, khi kéo;
G - Ei6i han chay.

Viéc chon cdc hé sd an toan thich hgp cho céc chi tiét 1a mot viéc rat khé va rat -
quan trong. Néu chon hé s6 an toan bé thi tiét kiém duoc nguyén vat li¢u, nhung
chi tigt khong dugc bén 1au. trii 1ai né€u chon hé 58 an toan 16n, chi tiét c6 thé bén
1au nhimg lai t6n nhidu vat liéu, hoge chi 1iét qud cdng kénh, mat my thuat cong
nghiép... Trong thuc &, dé chon hé s6 an toan thich hop, ngudi ta thudong dua vio
nhilng kinh nghiém thyc t€ trong thiét k€& ciing nhu trong st dung. Trong cdc gido
trinh chuyén mon cua timg nganh s& cho ta cdc s6 ligu tham khao.
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13.1.6.2. Diéu kién bén cia thanh chiu kéo - nén ditng tam

Hién nay c6 nhimg phuong phip khic nhau dé tinh todn diéu kién bén.
Trong gido trinh nay chi winh bay phuong phdp tinh todn didu kién bén theo

iing suét cho phép. Theo phirong phdp nay thi thanh chiu kéo - nén ding tam da
bén khi d6i véi vat ligu déo:

I =1Fz-s[c] - (13-13)
D6i véi cdc vat lieu gidn 1a: 6, =% < o], (13-14)
Cmin = Z [G] (13-15)

Trong dé: o, - ting sudt kéo 16n nhat.

Omin - Ung suil nén cé tri s& bé nhat (hay c6 gid tri tuyét d6i 16n nhat
khi nén).

Y nghia ciia phuong phép 14 tim nhitng di€m ¢6 tri s6 ving suat phdp 16n
nhat khi kéo hodc khi nén, d6 12 diém nguy hiém. Khi diém nguy hiém d3 thoa
man diéu ki¢n bén thi tat cd cdc di€m cdn lai déu thod min. Rd rang phuong
phdp ndy don gian nhung do an toan lén.

Tir diéu ki¢n bén (13-13), ta c6 thé suy ra ba bai todn co ban sau:
- Kiém tra bén:

Gia sir da bi€t vat lieu (tic biét tng suat cho phép), biét kich thuée mat cit
ngang va lyc tdc dung thi ta c6 thé kiém tra duge d¢ bén clia thanh. Muén vay
ddu tién ta xdc dinh luc doc trong thanh, sau dé tinh i s6 irng sudt phdp lén
nhat theo cong thic (13-13). Néu gid trji ndy khong vuot qué ving sudt cho phép
thi ta c6 thé két luin 1a thanh &ii bén. Nguoc lai néu vuot qud ting suft cho phép
thi thanh khong dii bén. Trong k§ thugt sai s6 cho phép khoang 5%.

Vida 134. méi thanh thép két cfu o6 mit cit ngang 12 hinh chif phat h = 60m, b = 10mm chiu

tdi trong tinh doc truc P =72000kN, vit liéu ¢6 ting sust cho phép [cr] 13000kN /cm? . Kiém tra
xem c6 di bén khong?

. Bai gidi: theo cong thic (13-13), ta c6:

Ny _ P _ 72000
Nz P 72000 a000kN
2 T s fem?

Vi 12000kN / em? < 13000kN /cm? . Vay thanh di bén.

- Chen kich thudc mat cdt ngang

Khi thi€t mot chi ti€t vé phuong dién d6 bén, sau khi chon vat lieu, xac
dinh lyc tdc dung ngudi thiet k& phéi tinh kich thwdc mat cit ngang cdn thigt dé
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chi ti€t lam viéc dugc bén. Xéc dinh lyc doc theo cong thitc (13-13) ta suy ra
diéu kién d€ chon kich thuéc mat cht ngang:

F>Nz (13-16)
13]

Vi du 13-5: chon kich thudc mat cdt ngang cho thanh chin kéo béi tdi trong P = 40000kN.
Biét i€t dién 12 hinh chir nhat cé bé day b =—:— ; Ung sudt cho phép [0']= HOOOOKN / cm? .
Bai giai:
“Theo cong thic (13-16), ta cé:
Nz P 40000

- 2
FE—E]—-H— 10000—4cm |

Tir 46 suy ra:

h = V4F = J4.4 = 4cm

- Xdc dinh tai trong cho phép
Vé&i mot chi tiét da bigt duogc kich thude mat cir ngang, biét duge vat ligu
sir dung ta c6 thé xdc dinh dugc gid tri luc 16n nhat tic dung lén chi ti&t dé. Tir
diéu kién bén (13-13) suy ra Iuc doc 16n nhat cho phép la:
Nzmax < F[o] . (13-17)
Duya vao dé6 ta tim duoc tai trong cho phép. '

Vi du 13-6: tim t3i trong P cho phé[.{ cho
mt Ong thép chju kéo nhu hinh 13.13. Bigt
dudng kinh ngodi ciia 6ng d,=60 mm, duwdmg P oy —td,
kinh trong cila &ng d;=525 mm, g sudt cho
phép 12000kN fem?,

Bai gidi: ' Hink 13.13

ViV iAo, Vi AT T ST

b Ll b TP T

Dién tich mat cdt ngang:

2 2 2 2
F___"_dl_._“‘J=36__-M=23,3_21,6=6,7¢m2
4 4 1 4 |

Theo (13-17), tai trong cho phép la:
P =Ny <Fo]=6,7.12000 = 3040kN
P < 8040kN

13.1.7. Binh luat Hiac déi véi kéo - nén
Tir doan dudng thing OU cia d6 :hj kéo thép 13.7. Ta cén suy ra sy lién he
tuyén tinh giita tai trong tdc dong P va'do dan dai Al dén gidi han ty 1é.
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Xét ciac tam giﬁc déng dang (hinh 13.14), ta c6 thé viet quan h¢ gifta lyc P
va d dan dai Al nhu sau: '
P P
LIS S
Al Al Al
Hing s6 k chi phuong doan théng.
Chuyén Iyc sang ting sut, bién dang sang bién dang ty d6i (hinh 13.15), ta cé:
SW %2 %k _p_ ..
€kl Ek2 By
Hing s6 E chi phuong doan thing OU goi 1a modun dan héi khi kéo. NG
xdc dinh rét chinh x4c quan hé gilia Uing sudt va bién dang dai ty d6i. Biéu thirc
todn hoc ¢6 dang: _
' ‘ oy =Eg, - (13-18)
Biéu thitc nay thé hién mot dinh ludt rat quan trong trong khoa hoc vé do bén
goi Ia dinh luat Hiic khi kéo "tmg suat phap thi ty lé thuan véi 46 dan dai ty déi”.
Bing 1¥ luan tuong ty, dinh luat Huic vin ding cho thanh chiu nén trong
mién ty 1¢ (mién dan héi tuyer d6i):
' o, =Eg, (13-19)

Dinh luaf Hiic dugc trinh bay nhu sau:

Ung sut phap thi ty 1é thuan véi do dan dai 1 461 (13-20)

P ' § O

P
-0-"/ o

_.‘9
'-'./ n

OlA, Al

: g
Al : i
- Al . _ £y -
Hinh 13.14 : " Hink 13.15

T biéu thitc (13-18), modun dan héi khi kéo - nén cé thir nguyén
[luc/chiéu dai?), don vi thudng ding 1a ENE—R%LN-Z-
m” cm™ mm

Maédun dan héi 12 moét he s6 ty 1¢ phu thuoc vao timg loai vat liéu, 1a hing
s0 cia vat ligu déng nhat ding huéng dugc x4c dinh tir thyc nghiem.
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Bdng 13-1. Gié trj E cia mét 56 vat ligu.

Vat liéu E[M—I:)
m

Thép 1d xo0 22.10*
Thép cic bon 20.10*
Thép Niken 19.10*
Gang xim 11,5.10°
Déng 12.10*
Déng than (10 + 12).10°
Nhom va duyra (7 + 8).10°
Gb (0.8 + 1,2).10

Vi du 13-7: Mot miu thir c6- duong kinh d=20mm, chiéu dii thir 1,;=200mm chin mét lyc
kéo P=57500kN. D9 din dai dan héi do duge [=200,017mm. Hay tinh m&dun din héi khi kéo E.

Bai gidi:
Modun dan hdi dugce tinh tir djnh luat Hiic, suy ra:
gE-9k
Eg

Trudc hét ta hay tinh cic gid tri cda €, va O, :
Al 0,7

£k =]—=-2—— 0,000085 trong 46 Al=l-1,=0,017 mm
0
oy = mem b 251300 _ 57500 0N/ om?
F ona® 722 314
- - 4_ 4
Viy modun dan héi;
E-Sk 18300, oom000 XN
gx  0,000085 cm?

13.1.8. Tinh d& dan dai cda thanh

Xét mot thanh chiu kéo nhu hinh 13.16. Tinh d¢ ddn dai cha thanh khi chiu
kéo va d% co cua thanh khi chiu nén (hinh 13.7).

T cong thitc biéu din dinh luat Hic oy =Ee (a). Thay gid tri

N .. .
o= ?Z :g ; va do dan dai ty ddi g =_{31_1 vao (a) ta tinh dugc do din dai Al
theo biéu thiic:

P_pdl
F 1
' Pl
Hay: Al=——>0 \ 13-21
y — | (13-21)
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N

/,
Y e |
? P/ —+—  p
; hhhhhhh ‘—-—'—.l- /————_ C ——
e S —
f Al T ) f A A
Hink 13.16 Hinh 13.17

Trong d6 tich s6 EF goi 13 d6 ciing ciia thanh, F 1a dién tich mat cat ngang.

-Cong thic trén chi 4p dung cho truong hop thanh ¢6 do citng khong d6i, luc
doc Nz khong ddi doc theo chiéu dai thanh. Trong thuc t€ 1a cdn gap cic bai
todn N7 thay ddi theo chiéu dai thanh, mat cit ngang thay déi, khi d6 ta phai sit
dung biéu thitc tdng quét hon. '

Téch tir thanh ra mét phan 6 c6 chidu dai vé cung bé dz, goi Adzla do dan
dai tuyét d6i cha doan dz, tir d6 ta c6: ' S

Adz .
£y =— " (a
=" @
Hay: Adz=gydz
S
Vay: . Al=dz= fe,dz (b)
.0 '
Thay gid tri _t-:Z =EEZ- =I§E% vio (b); ta duge biéu thic tinh d¢ dan dai tuyer
d6i cia thanh:
| ! N '
Al= fe7dz= [z (13-22)
- 0 0 EF : .

Trudng hop _E_F?_ = const trén sudt chiéu _d?n 1 ta lai nhan duoc biéu thire (13-21)

N |
A.I=—Ii]5j'dz'=—1~\]'—z—I
EF;  EF

Néu ham dudi dau tich phan chi lien tuc trbng timg doan thi biéu thitc (13-22)
dwge viét nhu sau: : :

n Ii NZ .
Al =§6[EiFi dz (13-23)

Trong d6 n 14 s6 doan, 1; 1a chiéu dai cia doan the i.
Neéu trong timg doan gig tri Nz;, E; F; khong déi thi biéu thirc (13-23) ¢6 dang:



n
Nyl

Al= » 2%, (13-24)
| fj'{ EiF;

Vi du 13-8: tinh 4% bi¢n d

ang dai tyét déi cia mdt cdt ¢
bié’t ,[ = SOCm. Iz= 60 cm, 1_1

6 bic chiu lvc nhu hinh 13.18,
=20cm, I, = 60 cm, F,

= 10em?, F, =20 em?, E = 9, 1o

Bai gidi: Bidy ds lwc doc duge va trén hinh 13,18, v; ty s E]f—.thay ddi doc theo chiéu daj
thanh nén muén tinh dd bi¢n dang daj tuyét déi ta phaj chia thanh 1am by doan A

B, BC, ¢D,
DE. Trong méi doan ty 56 —l:—:-li‘t hing. ap dghg cong thic (13-24) 1y c6:

Al - N;i; Ny Nyl L Naly LN
i Eifi  E\F, T E,F, EiF; " E,F,

=20 360 320  4g

Fo—_—

_ 4
py pY yl -——T——H—O‘G.IO cm
2.10°10 219 10 2.10%20 2.10%2¢

Al mang déu am chiing 15 cot bi co lai.

‘ Py =2kN 2kN

< =N

Py = 5 kN 3 kN
| © |
4 kN _

Pi=7kN =)

M ‘_—————___,____

’///////////

Hinh 13,18

13.1.9. Hé s6 bign dang ngang (hé s6 Po4t Xéng)

e = const
¥ hO b
Tuong ty & hinh tru (b) ta cé: - _
dg -d
Ex =g, =L ___
X ¥ d
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Theo phuong kéo ci thanh ldng try va hinh try, ta cé:
Al 13 -1,
lg lo

€z
Thuc nghiém ching to ring d6 bién dang ngang ty déi va do bién dang doc
ty d6i luén cé lién hé sau:
_ Ex =Ey = —jEg (13-25)
Tc la:
. €pg = —HEY
Trong dé: €,, - bi€n dang ty d6i theo phuong ngang; ¢4 - bién dang ty déi

- theo phuong doc; p - he s6 bién dang ngang (hay h¢ s6 Podr x6ng) 12 mot hing
s6 phu thudc vao timg loai vat liéu vi nim trong g1di han tir 0 dén 0,5.

P
z\p A; I L y
i_ ' ; 2 - L. _ 4P 13 ] %
. .q g — - - T
anll 1 & N . | |
N [ | | 10 | I
L ohe | Y | I | |
C— =4 I | } |
P 1 %o I l
4 —— T —_ U - - U
N = >
S — -|—-—J|-4 — \%‘“C“‘# P 1
— i —
a) b) c)
Hinh 13.19

Ddu (-} trong (13-25) ching t6 €,, V2 €4 lu6n luon nguge ddu nhau, nghia 1a
theo phuong doc thanh bj ddn ra thi theo phuong ngang thanh bj co lai va nguek lai.
Bdng 13-2. Mot vai gid tri cha .

. Vat liéu H
Thép : 0,25-0,33
Gang 0,23-0,27
Péng 0,31-0,34
Nhom 0,32-0,36
b4 hoc _ 0,16-0,14
Bé t6ng 0,08-0,18
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Vidy 13:9: Mot thanh thép chir nhat c6 b= 20mm, h = 100mm, chidu dai | = 4,3m chju Iy
kéo P = 160000kN., Hay tinh:

a) Ung suat. -

b} ¢ din dai teyét dai.

c) do din dai 1% d6i theo cic phuong ciu hé truc 1oa do.

d) su thay déi kich thudc mit cit ngang

Vi E=21"5.10°kN/em?;p=03

Bai pigi:

“a) Ung sut phip;

=8000kN / cm?

AI=—-——=——'———-—-0.16cm=[6mm
E 215108

€x =€y = ~Ezn =~0,000372.0,3 = —0.000] 12

d) Su thay ddi kich thrdc:
by ~b = Ab = be, =2.0,000112 = 0.000224cm
hy —h=Ah=he, =10 .0,000012 = 0,001 [2cm

13.1.10. Bai toan siéy tinh

D¢ giai bai todn kéo - nén siey tinh, ngoai cic phuong trinh can bing tinh
hoc ta phai théem vao cic phuong trinh phu nhd cic didu kién thyc vé bién dang
‘hay chuyén vi. : :

56 phuong trinh phu nay cong vdi cdc phuong trinh can bang tinh hoc diing
bang $6 4n s6 c4n tim, Ta s& 18y mot s6 vi du sau dé minh hoa:

Vidg 13-10: vé bidu 46 lue doc cho mot thanh chiu lyc nhu hinh 13.20.

Bai gidi:

Du6i tic dung clia lyc P tai hai ngdm A, B 58 ¢6 phin lwe Z,, 7. Didu kién cédn bing cia

thanh chi cho ta mét phuong trinh véi hai 4n s¢ 24 Zp:

D 2=pP-2,-725=0 ()
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Dé tim phwong irinh phu ta dya vao
diéu kién tai B. Ching han, chuyén vj 13

Z 2
bing khong. Tudmg twong bo nghm B vi 5 7 ; B
thay th€ vio d6 phén luc Zy; (hinh 13.20a). 7 ;
A s

RO rang dudi tic dung cia lyc P va Zp,
chuyén vi tai B phai bing khong. Néi cich a B
khic, chiéu va trj s§ phii biing bao nhigu
d¢ d¢ din dai tuyat d6i ciia thanh do P va
Zp g4y ra 1a'bing khong, ta cé:

) “A

_ Zgh (P- Zgla _ Zs P Zg
Al=—— —+———=—"=0 {b) .
EF - FF

M8&i phuong trinh phu vé bign dung ) .
b
(b), ta rdt ra: _ ) a b

Za=%P ©
Thay (¢} vio (a) fa timh duoc g IIE P-2q

Z,\ =2P. ﬁ ZB

Bidu dé lyc doc dugc v& trén hinh
13. 20b Hink 13.20

Vidy 13-11; 4\\\%&"&_

Dim tuyet d6i cling AB [~ 56x66x5
dugc’ giif boi chc thanh bing T AN
thép o6 gi6i- han chiy o /__vf H—;u L xs
6, =24kN/en? . Xac dinh tr) s6 T _a RIS
cho phép ciu tai trong tic dung Ya U
ien dim [q). He s0 an todn n= 4 7 T BJ r 1 c
1,6, m6 dun dan héi cha thép - . ]
E=2.10kN/cm? (hinh 13.21). Za “; 7B~ ~——Ab

Bai gidi: T e

Goi lyc doc trong thanh | o 2m 3m
vi 2 1 Nj, N, LSy tbng Hinh 13.21

momen cdc lyc doi v&i diém A, |
ta cd;

‘Diéu kién can bing chi cho mdt phuong trinh véi hai 8n s6 N,, N,. Néu tich ndt A thi tz lai
thém hai 4n s4 nita 1a ¥, Z, (hinh 13.21). Phuong trinh phy tim dugc tir diéu kign hai tam gidc

déng dang ABB’ ~ ACC’ , tacé:

T

Al, 5
Hay: 5——N'II =2—Nzlz
i E|F1 Eze

(b)
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Tl'ongdé: EI=EZ=E; F[=F2=F;
' I} =1,81; L=i
Tix hai phuong trinh (1) va (b} v6i hai 4n s6 N vaN, gidgirata duge:
21 84
N ==—qgqN, =%
1 44‘1 2 44‘1

Ta thay N, » Ny . Vay digy ki¢n bén phai xugt phit tX¥ N;. Theo (13-17) ta ¢6:

N2 = F[C]
Tra bing thép géc 56.56.5 c6:

F=4,lcm?

[o]= b 2 24 1SN em?

n L6
Vay: [q]=51;7"'_5.44 =32,3kN /em
o

13.2. CAT

13.2.1. Khai niém v§ cit

» TV st
NS SN

T‘u
o

77
@p

- Hink 13.22 Hink 13.23
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Trén méi dinh tin c6 hai lyc bing nhau va ngugc chiéu nhu hinh 13.23, mot
lyc do t&m trén, mot luc kia do tdm duéi truyén dén.

Néu méi ndi cé n dinh tdn thi m&i dinh tdn s& chiu mot luc la:

Cic lyc P, cit dinh tdn ra 1am déi theo mat gidp nhau ciia hai tim
13.2.2. Tinh (ing suat trén mit cét ngang
Noi lyc trén mat cit 1a lyc cér c6 gid tri bing ngoai luc, tic dung 1én chi tist:

Q=P (13-26)
trong d6: Q - gid trj noi luc (luc cic Q):

P - gia tri cta ngoai lyc tic dung 1én chi tiét (cdp ngoai luc tdc dung
nguoc chiéu).

Gia thi€t g su4t ti€p phan b6 déu trén toan bo mat cit. Do d6 ing sust
ti€p cé gid tri:

13-27
F F ( )
F - di€n tich m#t cdt ngang.

13.3. DIEU KIEN BEN
Phurong phdp kiém tra bén, theo tmg sudt cho phép, ta cé:

t=-g—s[rc] (13-28)
trong do: ['rc ]— ung suat cho phép khi truot, hay goi Ia tng sudt cit cho phép khi cét.

Tir diéu kién bén ta ciing suy ra ba bai todn co ban:
- Kiém tra bén theo (13-28).

- Chon kich thuéc mat cit ngang, tir biéu thitc vé do bén, ta cé:

P
Fz : : {13-29)
fr]
- Chon tai trong cho phép: E
P<Fr] - (13-30)

Vi du 13-12: Hai t8m lhép c6 bé rong b, b& diy & duge ndi v6i nhau bdi hai ban thép
khéc ciing bé rong b va bé diy §,. Dinh tin c6 dudng kinh d = 20 mm djt nhu trén hinh 13.24. Bigt

[r]=100MN/m?. Hay tinh lyc kéo cho phép [P}=?
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. IBdi-gia’i:

£ N N
. P | VA LS V/// | 2277 P
Tuhinh v wthay: LA SESSSSEe

86 dinh tdn chiu lyc P

s N
1a n. Trén mdi dinh tin chju | T I
cit & hai mat phing. Tir O @ rol
didu kien bén cit o dinh p | L O @ e
tdn, ta cd; ""'l— 11 "‘J_""‘
3 OOHOO
. t=—[—]_—S[T] ! '
42F | L |
Ruit ra: Hinh 13.24
2
[Pl < 4.2.1‘-3—.[11. £2.314.20%.107%.100 = 251.10" MN = 251kN
: I3 wl 1A . 2N P LN =1
Vi du 15-13: Hai tim Y AV A A Vo
nSi chiuluckéo P = 720 kN 7777 P A ek
nhv trén hinh 13.25, Xic dinh WA Yl T el A V227 A P
s dinh tdn cfn thiét, biet N~ ~ N
rang dudng kinh ciia mdi dinh
tin d= Zcm vi tng sudt cho Pl
phép khi cdt cha dinh tdn @, @l | @ @
[r.]=10kn/em?. o | |
& &0
Vai cich ghép niy 1a [ ] '
tinh s6 dinh tdn cdn thiét theo
cong thic (i3-3), suy ra: Hink 13.25
nz 'zp = 72"2 =229
nd 3.14.2°.10
_'[Tn:]
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4
Theo nhu hinh 13.25, & dinh tdn phai chin (b4 tri thanh hai day), nén ta chon n =24,
CAU HOI ON TAP
The nao goi 12 mot thanh chiu kéo - nén diing tam ? L4y cac vi du vé ngoai luc téc

dong, phai tic dong nhu thé nao d€ thanh chiu kéo — nén ding tam ? Trén mit cit
ngang ciia thanh chju kéo - nén diing tam ¢6 cdc thanh phén dng suat nao ? Giai thich ?
Cong thuc ang suét phdp trén mat cit ngang ? Ung suét cho phép 1a gi ? Cich xic
dinh gid tri Wing suft cho phép doi véi vat litu déo va gion ? The nao 1a kiém tra
Thiet 1ap cong thic tinh do gidn dai tuyer d6i é_t’:a thénh chiu kéo - nén ? Céch tinh
d6 bién dang ngang ? Trinh bay céc thi nghiém kéo — nén vat ligu déo va gion ?

Ldy vi du vé cdc thanh chiu luc nhu thé ndo phai tinh theo cét 1 cha yéu ? Trén
mat cdr ngang clia thanh chju it ¢6 céc thanh phin n6i lue nao ?

1.
2.
bén theo tng sudt cho phép ?
3.
Neu cich xéic dinh cac dac trung co hoc cla vat ligu ?
4,
5.

Vi€t cong thifc tinh Gng suat ti€p trén mat cit ngang 7 Viét diéu ki¢n bén khi thanh
chiu cét ? .



Chuong 14

XOAN THUAN TUY cia THANH THANG

14.1. PINH NGHiIA

M6t  thanh chiu :
xodn thuén tuy khj treq PA
mit cit ngang chi c6 /
mot thanh phin néi Iyc /’ N
12 momen xodn nhu tren T
hinh 14.1. 4— S

Nglu lyc P - P tao / /,
ra mét moémen nim ' ' :

trong mit phing vuéng J/

g6c vé6i truc thanh Z, c6

gid trj P.a. Hinh 14.1

14.1.1. Quy wdc diu cia mémen xo0dn ndi lyc

Diu cia momen
xoén nodi luc duoc quy

UGc nhu sau: né€u nhin ‘

vao mat cit ta thay ‘

momen xodn ngi luc

quay cing chidu kim L=

dong hé thi né c6 dgy 2 ' x

duong (+), My > ¢ - . er ' ty
Nguge lai 13 d&o am (-), :
Mz <O (hinh 14.2). _ ' Hinh 14.2

14.1.2. V& bidu d8

Vidy 14-1: cho dim dév ngam d4u W do chiw momen xofn tap trung M, (hinh 14.3a). V&
biéu dé mémen X0dn, '

Bai gidi:

Sir dung phuong phip mat cit, ta dugc:
Mz-Pa=0 M, <pa

Bi€u 46 moémen xodn dugc vE trén hinh 14.3p,
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a) ﬂ b) /

_ Hinh 14.3.
Vi du 14-2: v& bifu d6 mémen xodn cho thanh' chiu lic nhu kinh 14.4.

=
]
0
[

Bai gidi.
Xiéc dinh phan lyc tai ngam C: 300 Nm 600 Nrm m = 1500 Nm/m

> "My =0 M, =900Nm / bl

© Chia dim thanh hai doan AB )4
vd BC. Vi€l phuong trinh momen
xoidn cho ting doan. Poan AB cit M.= 900 Nm
thanh S mat cit Z, (0 < Z; < 40cm)
v xét sy can bing phén trdi, ta tim l m ‘ ] I
duge M,,=300 Nm. Viy trong doan y _
AB'ndi lyc c6 gid i khong déi.
.Doan BC cit thanh & mat cit Z, va 0 f—wz Zy -——oA0
xét sy can bing phin phai wong w J
ta cé:

4

Hinh 144
Mzz = 90’0- ]500.22 ’

V& biéu 6, dya vio phuong trinh ting doan d€ v& bifu 46 momen xodn nhu trén hinh 14.4,

14 2. QUAN HE GITUA MOMEN XOAN NGOAI LI VOI CONG
SUAT VA SO VONG QUAY CUA TRUC TRUYEN

Gilta'c cOng suat cia dong co truyén dén cic truc va momen Xxoén ngoai Iyc
tic dyng lén cdc truc ¢6 mdi quan heé sau: :

Cong suit do momen M thuc hién khi truc quay mot géc o trbng thoi gian 1a:

A=Ma
Viay cong sudt :
N=é=ﬂ= Mo
_ t t
Tir d6 rit ra:
M=N (14-1)
©

trong d6: M - mémen xoan ngoai luc (Nm); N - cong sudt tinh bing watt (W)
- van t6¢ g6c (rad/s); n - t6c do, tinh bing vong/ phiit (v/ph).
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Varn t6c géc:
o="2 rad/s
30 _
-Trong k¥ thuat ngudi ta con sir dung cong thifc sau:
M= 9?3,6.£(Nm). : (14-2)
n

néu cong sudt N tinh bing kW:
Mz?lﬁZ.H(Nm) - (14-3)
. n

né€u cong suat N tinh bing ma luc.

14.3. CONG THUC UNG SUAT TIEP TREN MAT CAT NGANG
CUA THANH TRON CHIU XOAN THUAN TUY

Trude hét ta quan sdt mot thanh tron chiu xodn thuin tuy. Trén mit ngoaj
cha thanh trudc khi chiu lue, ta ké cdc vach song song va vuéng géc vdi truc
thanh (hinh 14.5a). Nhimng vach vudng géc vai truc thanh duge xem 1 cic vet
cua mat cat. Sau khi chju luc ta thay:

- Cédc dudng vubng géc vdi truc thanh vip gill nguyén 1a dudng tron va
vuong goc véi truc thanh, khodng céch gita chiing vdn khéong déi co. nghia
chiéu dai thanh vin giit nguyen khong ddi.

- Cédc dudmg song song vdi truc thanb trér thinh cic dudng xodn Gc, mang
ludi 6 vudng tré thanh gin nhw mang ludi hinh binh hanh (hinh 14.5b). Cic mit
cat 33, 44 chi xoay di d6i v6i nhau nhiing vin phing va khoing cdch khong d6i,
do dé trén mit cét ngang chi c6 thanh phin \ing sut ti€p khong cé thanh phéan
ing suit phdp. _ : '

| Mat cdt 3

AL

R ¢

Hinh 14,5

Tryc thanh khong bi xodn, do d6 tai tam img sust ti€p bing khong, tai cic
diém trén chu vi cdc cung xo0dn c6 gi4 tri 16n nhat nén ing suat ti€p c6 gia tri
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' 16n nhét Tmax 12l chu vi. Gia thi€t luat phan b6 ing sudt ti€p tir tAm ra ngoai la
bac nhit (hinh 14.5c¢), tir d6 ta c6:

Tmax 25
Tp p
Hay:
T
1, :—“—I‘?—p | | (14-4).

Trong d6: 1, : Ung sudt ti€p (ing suat trugt) tai mot diém trén mat cét ¢
ban kinh p; R - bin kinh dudng tron.
Xét dién tich hinh vanh khin vé ciing bé AF, ¢6 ban kinh p (hinh 14.5d).

Tren dién tich vé cling bé c6 mét ngi luc AS, = AF, .1, tdc dung, cé phuong

vuodng goc vdi bdn kinh. Lyc phan t6 nay g4y nén mot moémen xodn phan 16 cé
gid tri:

AMgz =AS, P=AF,.1,p (a)
Vay mﬁmen xo0én noi lye bing téng tat cd mOmen xoin phan 16:

T
Mz =) AMgz = ZAFP Tpp= AF,. T{u P'F’:%Zﬁp-?z (b)
Trong dé: ZAFp.pzlﬁ médmen qudn tinh déc cuc clia mit cit ngang hinh

tron d6i véi tam O, ki hign 1a Ip.

Ta biét:
md“
AF,p® =1, 14-5

S AF, p* =] =7y (14-5)
d - dudng kinh vong tron.
Viét gon lai, ta cé:

1

MZ - ?Ptmax

Tir dé6: Tiax =¥R - (14-6)
P
M _ .
Hay: Toax = —2 | (14-7)
_ wp ' '

Ip
Trong d6: wp = R goi 1a moédun cho'ng xoén clia mit cit ngang cé tha

nguyén 1a (chidu dai)®, vi du m’®, cm’.
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Ung sudt tai mot diém bat ky <, theo (14-4) va (14-6):
| M
1, =—%p | (14-8)
I, |

“14.4. PAC TRUNG CO HOC CUA VAT LIEU KHI CHIU XOAN

Trong chuong kéo - nén diing tam ta di nghien Ciru cdc dic trung cla vit
li¢u khi kéo pha hong. Trong chuong nay ta sé xdc dinh mét s6 dic trung co
hoc cia vat liéu qua hai thi nghiém xoén phd hong thanh 1am tir vac liéu thép va
gang dic trung cho hai loai vat licu déo va gidn.

14.4.1. Xo#n phé héng thanh thép

Kich thudc mdu, phuong phép thi nghiém xem TCVN. Nhd may thi nghiém
xodn phd hdng ta nhan dwoc biéu d6 lien he gitta gid tri momen xodn va géc
xodn tuong d6i giita hai mit cit ddu thanh A-B.

A g8

T
T, B
o T, [A v
T, ¢
M,
M B
M:. A e Y
/ c °©
Mﬂ'
Hinh 14.7
. ? D6 thi v& trén hinh 14.6,
Twong tu d6 thi kéo thép, dé
S thi c6 ba giai doan:
Hinh 14.6

. _ - Giai doan ty Ie, doan OA:
trong giai doan nay moémen xodn ting ti 1¢ thuan v6i géc xofn tuong déi ¢.

- Giai doan chay, doan AC : trong giai doan nay bi€n dang ti€p tuc ting
nhung momen xoén khong ting, hodc tang gidm r4t it, mién chay lén.

- Giai doan ciing c6, doan CB: bi¢n dang ti€p tyc ting khi mémen xodn
tang, quan hé gifa mémen xodn v4i géc xodn khong 1a bac nhit. T6i didm B
mau bi phi hong, khi phd héng miu khong 6 ché thit nhu trong kéo phd hong,
dudng dit vudng géc vdi truc thanh tic 1a dit theo duong kinh. Chiéu dai va
dudng kinh miu sau khi dit khong thay déi. Dé thi (hinh 14.7) biéu dién trong
heé toa d¢ t-v, trong d6 y 1a g6c xoén t§ d6i, ta cé: '

¢

Y=-l;
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Ciéc diic trung co hoc cia thép la:

--‘Giéi han ty le quy udc: 1y My | (14-9)
. _ wp
- .- Gi6i han chay quy uéc: 14, = M (14-10) ,
- wp
- Gidi han bén quy wée: 1y _3Mp (14-11)
' 4 Wp _

| Trong d6: M, - tri s6 mémen xoén ty 1¢;
M.}, - tri s6 mAémen xodn nhd nhat trong giai doan chay.:
Mg - tri 56 moémen xoén cuc dai; .
3
wp = n_I;__ - mdmen chéng xoin.
Gidi han bén duge tinh theo cong thirc (14-11) vi vao lic miu bj phi hong

Ung sudt ti€p coi nhur phan b& déu treén mat cit ngang. Hinh 14.8¢ bidu dién s
phat trién \ing sust ngang cho 16i lic bi pha héng,

/—_ '”d:/'_

1]

b) | o)
Hinh 14.8 : a- mién din hdi ; b- mién dan héi - chdy: ¢- mién chiy.
- Géc xodn trén mot don vi chidu daj: 6 = -li’l (14-12)
0
© - gbc xodn twong d6i giifa hai mat cit d4u miu cich nhau mot doan l,.

14.4.2, Xoédn pha héng thanh gang M,

Hinh 14.9 bidu dién d6 thi xofn pha
héng mau gang. Qua dé thij ta thay giai doan
ty 1é chi xem 1a quy udc, thuc chat tir ldc ting
luc cho téi lic phd héng, quan hé¢ giira
momen xodn va géc xodn la mot dudng cong,

My

Goc xodn khi phd hong rét bé. Pudmg dit P
nghiéng véi truc thanh 45° (hinh 14.9b). Khéc

Hinh 14.9
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v6i vit ligu déo, vét diit theo dutng kinh (hinh 14.10a). Chiéu dai va dudng
kinh sau khi dit ciing khong thay déi.

E—D e a0~

Hinh 14.10

Céc dic tnmg:

- Gidi han ty lé quy uéc: Ty =—M—“ (14-13)
wp

- Gidi han bén: g = My (14-14
Wwp .

- Géc xodn trén mot don vi chidu dai: 0 = 12 (14-15)

0

Trong dé: My; - trj s6 moémen xoin 1y 1& quy udc, can o vio dé thi M -¢, 1a

ké mot dudng thing gan ding & giai doan ddu, gidng nhuw khi x4c dinh lyc P,
3
khi kéo gang; Mg - tri s6 mémen xoin cuc dai; wp = El;— - momen chéng xoin:

®- gbc xoan tuong d6i gira hai mat cit ddu méu thi nghiém; l; - chiéu dai miu
thi nghiém.

- 14.5. DINH LUAT HUC KHI TRUQT

Tir doan thang OA cla dé thi xo&n thanh’thép (hinh 14.6) ta suy ra sy lién
hé tuyén tinh giita mémen xoén va g6c xodn @ dén gidi han 1ty lé (hinh 14.11a).

| Miodn . Ihr
M A . T
M'l - I . Tf
| M, T o
o N :
q’l‘ ‘pz P Tf 72 71 I
a) 3]
Hinh 14.11

Xét cdc tam gidc déng dang, 1a c6 thé viét quan hé giita mémen xodn va
gdc xoay tuong déi ¢ nhu saw:
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M, M M

—L =2 o ==k =1gp (a)

¢ @2 ¢ : : _

Chuyén mémen xoin sang Wng sudt ti&p, géc Xodn tuong d6i ¢ sang goc
xoéan ty d6i y (hinh 14.11b), ta cé: :
T )
A=—£=_=—=G=tgaa (b)
1 T2 H

Hing s6 G chi phuong doan thang goi ia médun trugt khi xodn hay goi
mddun khi trugt. N6 xdc dinh_ra’t chinh xdc quan h¢ giita ing sudt ti€p 7 va goc
trugt ty dot y.

Biéu thitc toan hoc ¢6 dang:
1= G*T (14-16)

Biéu thitc nay thé hién dinh luat Hiic khi trugt "tng suéit ti€p thi ty 1 thuan
véi goc trugt ty d6i". Modun trugt 1a mot he s ty 1& phu thudc vao tirmg loai vat .
liéu dugc xdc dinh tir thyc nghiém.

Bang 14-1. Gia tri G cia mot s vat lidu,

Vat lidu G (MN/in?)
Thép (7.8 +8,5).10° *
Gang ' 48.10°
DBéng - 4.8.10%
Nhom (1.8 + 8,5).10*

Gita ba hing s6 E, G, pc6 moi lien he theo cong thitc:

G= E
2(1+ )
Nhu vay vat lidu déng nhdt ding huéng chi cé hai hidng s6 doc lap 1a EG,
Ephoic Gp. Khi bi€t dugc hai hing s6 ta tinh duge hiing s6 thit ba nhd bidu
thue (14-17).

14.6. BIEN DANG CUA THANH TRON CHIU XOAN

Tinh géc xodn tuong ddi cha thanh nhu hinh 14.12. Géc xodn twong d6i
giita hai mit cit 1a @. Theo hinh 14.12:
| MN

o=z - (&)

(14-17)

Tinh goc truot y:
MN.
gy =—- (b)
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Trong tinh todn bi€n dang bé ta thudng coi: tgy =y (c).
Theo dinh luat Hic khi trugt ta c6:

T
=5 @

Thay céc bidu thic @), (b), ©)
. My "

vathay gid tri 1= T—‘—.R vao (d), ta
P

“tinh duoc gée xodn tuong déi:
M,
=—= . {14-18
=51 (14-18) L~

| !

Hinh 14.12

Biéu thic G.Ip goi 1a 46 cing
khi xoén.

Cong thic (14-18) chi 4p dung cho trudmg hop thanh c6 do citng khi xodn
khong ddi, mémen xoidn khong d6i doc theo chiéu dai thanh. Trong thuc t& ta

con gip cdc bai todn My thay ddi theo chiéu dai thanh, khi d6 ta sk dung cong
thirc téng quat hon.

Téch ra tir thanh mot doan thing v6 ciing bé, i luan nhu trén, ta cé:

M
do = Z 4z
Glp |
Tir d6 ta suy ra biéu thitc tdng quét tinh géc xoay twong d6i:
l .

@ = gi—lzdz . (14-19)
P

Néu trong sust chiéu dai thanh 1, ty s& (1';413 khong déi, ta lai nhan duoc
. P

Myl
ong thirc (14-19): 9o =—%
_c ng thiic { ) 9 Gl

Néu ty s& (l;d—lzkhc&ng déi trong timg doan clia thanh thi ta chia thanh ra
. p .

1am nhi€u doan }; sao cho timg doan &y ti s& (1;/[12 khong déi, khi d6 ta cé:
_ Ip

_ZMZI B (14-20)
Gilp '

Géc ¢ tinh bing radiant (rad).
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Bign dang cta thanh chiu xodn duge dic trung bdi géc xodn ty d6i 9, la
g6c xodn trén mot don vi chiéu dai:

ezﬂﬁ_iz_
dz  Glp

(14-21)
Thit nguyén ciia géc xodn ty d6i 1a rad/chiéu dai.

14.7. PIEU KIEN BEN, DIEU KIEN CUNG

14.7.1. Diéu kién bén

Tai cic di€m & ngoai chu vi, ling suat ti€p c6 gid tri 16n nhat. Néu mat cét
ngang cia truc khong déi thi diéu kién bén c6 dang:

Trmax = M;n;ax < [T] (14-22)

Trong d6: [‘t] duoc goi la Ung sudt ti€p cho phép, tri s6 Wng suat ti€p cho
phep déi vii:

- Vat ligu déo: [t]= b (14-23)
n

- Vat ligu gion: [t]= "B ' (1424
n

Trong d6: 1y, - gidi han chdy khi xodn; tg - gi6i han bén khi xoén: n - he
$O an toan.
Trong trudng hop dudmg kinh ciia thanh thay déi. Didu kién bén phai viét la:
M .
Trén toan ddm: T, =[—~Z-J - <f1] - (14-25)
o - wp |
- 14.7.2. Piéu kign cing

Cdc chi ti€t mdy chiu xoén khi truyén phii c6 do cing di I6n tic 1 géc
xoin ty d6i lon nhat vé trj sa tuyét d6i khong d6i vuot qud mot tri s6 cho phép
nao dé: '

8 max 2[1*’3_] <[6] (rad/chiéu dai) ' (14-26)
GIp ) ia

Trong dé: [9] la géc xodn ty d6i cho phép. Didu kién (14-26) goi la diéu
kién cting néu [p] duoe cho bing (d6/ chiéu dai) thi khi tinh todn sir dung cong
thitc quy déi sau:

[o]rad/chiéu dai = %.[9] do/ chiéu dai (14-27)
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Tir dicu ki¢n bén va diéu kién cing ta cling suy ra ba bai toan co ban sau:
- Kiém tra thanh thoa man diéu kién bén va diéu kién cimg (14-22) va (14-26).
- Chon kich thuéc mat cit ngang:

I My
Thep di€u kién bén: Wp < —ﬂ— (14-28)
T .
4y . My,
Theo diéu kién cimg: Ip < ' ' 14-29
én ciing P = Gl] ( )

Ta s& chon dudng kinh ¢6 tri s& 16n nhat tir (14-28) va (14-29).

- Tim i trong cho phép:

Theo diéukien bén: = Mgz <wpli] : C(14-30)
Theo diéu kién ciing: My <G.Ip[6] (14-31)

Tir d6 ta s& chon 1ai trong bé hon, dé dam bio mdmen xo4n néi luc thoa

man dong thdi ca hai bat ding thic tren,

Vidu 14-3: cho mot truc chiu lec nhu hinh 14.134, Cic puli [, 2, 3 [ bi déng c6 cong sudt Ny = 40

mi lye, Ny = 20 mi luc, N; = 30 mi lue, puli 0 1a chit dong. Bi€t tryc quay ¢6 n = 1000 vong/phiit,

cit nguy hiém c6 Ny = 50 ma Iyc. Vay — —
mémen xohn theo (14-3) Ia:- 2 2

o= —;— =06, vatlieu c6 [1]= 4500N/em?,G = 8.10N /em?,0° = 2% /m . X4e dinh D, d.

Bai gidi:
Biu d6 cong sudt duge v& trén hinh Ny Ny

N>
14.13b. Tir bidu d6 cong sual ta thiy mat / / /

Ny

M, . =
Zmax 1000

JT1620 716200 o b 40 mé e

~ Chon kich thuéc theo didu kien bén P . —
(14-28), ta cé: : 50 mg e ¢ _

N
716200 . o Amak

Wp = ﬂ—DJ(l —a‘l) = No
16 R
Tix d6 ta suy ra duimg kinh ngoai:
D>3’I6 716200.N,, =#16 716200x 50
REX TR 1000 4500 (1 - (0,6)°)
D = 3,64cm , '
Chon kich thudce theo diéu ki¢én citng. Tir (14-29), ta suy ra:

Hinh 14.13

aD? 4, 716200N, x100x 180  716200x 50x 100x 18
lp=—-(-a%2 £ - . _
32 0GR R 1000x8.105x 2x 7

Rdt ra: D = 3,49 cm: so sdnh ta chon: D=3,64:d=3,64.06=218 cm
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14.8. BAI TOAN SIEU TINH
Phuong phép giai bai todn xoén siéu tinh giéng nhu gidi bai todn siéu tinh
chiu kéo - nén. & day chi cén trinki bay thong qua vi du.

Vi du: cho mot thanh chiu xodn hai ddu lién k&t ngdm chju lyc nhu
hinh 14.14a. V& biéu d6 momen xoén.

dy L
|
W [ my
b— 4 — %
7 ¢ 7
1A
a b /B

> a+b(—;i)
P2
I
Mo b - -
Mom— 2 — @
aeb(=2) : Mya
Tp, : i
"~ arb(—H)
P

_ Hink 14.14 _
Pidu kien can bing chi cho ta mot phuong trinh dé xdc dinh cdc momen
xoén ngoai luc tai cic ngam la:
$'m(Z) =M, + Mg +Mc =0 (a)
Phirong trinh (a) chita hai 4n 58 12 M, Mg, do 46 bai todn la si¢u tinh bac
mot. D tim phuong trinh phy, trinh ty lam nhu sau:
- Bd mot lien ket thira di, vi du bd ngam B (hodc ngam A) va dit vao d6 cdc
phan lirc thich hop, khi d6 thanh AB tr& thanh tinh dinh nhung chua bi€t Mg.
- Ngoai luc Mp tim dugc nhd phuong trinh vé bién dang 1a géc xoén tuong
déi gifta B va A bang khong.
Mgb Mpga Mpa
Ppa =o—+ B, 2
Glp, Glp Glp

=0 (b)

Tir phuong trinh (b) ta tim dugc gid tri Mp:

_ Mg.a
B a+b(lpl +IP2)
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Trong d6: Ip; = 0,1d};Ip; = O,Idg 1a cdc mémen quén tinh doc cyc ciia mat
cit ngang doan AC va CB.
Thay viao ta tinh duge gi4 tri:

Mﬁ=ﬂ

a+ b(IA)
Ip2

‘Dau trir chimg to chiéu Mg lic ddu éhqn khong diing, mémen Mg ¢6 chiéu
ngugc lai. Sau khi tim dugc mémen xoin ngoai luc Mg, viéc vé bidu dé moémen
xo4n ndi luc nhu di biét.

Bi€u d6 momen xoén dugc vé nhu trén hinh 14.14b.

o CAU HOI ON TAP
Thé nao goi 12 mot thanh chiu xo#n thudn tuy ?
Giéi thich cdc cong thifc lién he gilta MOmen xoln, cong sut va s6 vdng quay ?

Trinh bay céch thiét Iap. cong thifc ting sudt ti€p trén mit cdt ngang cta thanh tron
‘chiu xoén thudn tu§ 7

4. V& bifu A6 phan bS ing suit ne'p trén mat cdt ngang cla thanh trén chiu xoin
thudn tuy, nhan xét ?

Phét biéu dinh luat Hiic khi trugt, khi xodn ?

6. Gé6c xodn ty d6i 12 gi ? Trinh bay cich tinh géc xoén n tuong d6i giita hai mat cit
ngang ?

7. Trinh bay céch ki€m tra theo diéu kién bén theo diéu kién cing, cho thanh tron
chiu xofn thudn tuy ? '

8. Trinh bay céc dic trung co hoc cua thanh tron chiu xoén thudn tuy, vat liéu deo,
vat ligu gidn, néu nhan xée ?

9. Trinh bay céch gié.i bai todn xoéin situ tinh ?
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Chuong 15

UON PHANG CUA THANH THANG

15.1. CAC DINH NGHIA VA PHAN LOAI

- Ngoai luc tac dung ¢6 thé 1a luc tap trung, lyc phan b6 va moOmen tap
trung hodc phan bs. Mat phing chita cic luc vd m6émen d6 dugc goi 1a mit
phang tai trong.

DPuong tai trong la giao
tuyén giita mat phing tai trong
va maét cit ngang cla thanh.

Dudng tai trong

- Mat phing quén tinh chinh
trung tam 13 mat phing tao nén
b&i truc cha thanh va mot truc —
quin tioh chinh trung tam cla z
miit ciit ngang (hinh 15.1).

- Thanh chi yé€u chiu udn
goi 1a ddm.

M3t phing t3i trong

- Néu truc cha ddm saun khi ly
bi uén cong v&n nim trong mot Hinh 15.1
mit phing quén tinh chinh trung tam thi sy uén dé duge goi 1a u6n phang.

Ta chia uén phing ra lam hai loai: udn thudn tuy va uén ngang phing.

15.2. NOI LUC VA BIEU DO NOI LUC
15.2.1. Ndi luc - quy uéc dau cta ndi lye

Xét mot dam chiu lyc nhu hinh 15.2. Caic ngoai lyc tdc dung 1én ddm bao
gém: luc tap trung, luc phan b, momen tdp trung va cdc phéan luc tai cdc gdi
tua A va B. Cic lyc déu nim trong mat phing qudn tinh chinh trung tam Oyz.

Pdu tién ta phdi xdc dinh cdc phan lyc tai cdc gdi A va B.

Trong bai toin phang, nhd ba phuong tnnh cAn bé‘mg tinh hoc ta x4c dinh
dugc cic thanh phin phan luc nhu sau:

Y F7=0-Zg=0
ZE(F):O.—&YB.4a+ Pa-M-qdaa=0
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N

P

Y

W‘Tl"mm

<

150 —
Ja

Hinh 15.2

a—|

- > mp(F)=0-Y, 4a—P.5a-qda3a+M=0

Tir &6 suy ra:

YA = 4qa,

Yg=q.a

Quy udc déu cia noi lyc:

tn

N
MANNNN

-

- Lyc cit Qy duge coi 1a duong, néu phap tuy€n ngoai cla mat cit ngang
quay mot gée 90° thuan chidu kim déng hé thi gép chiéu ciia lyc cit Qy.

- Momen u8n dugc coi 1a duong néu né tam cho thé dudi trc dam bi kéo tic
la 1am ciing cdc thé vé phia duong ciia truc y (trong dim ta chon chiéu dwong

truc y xudng dudi). Céc thanh phin ndi lue duge quy udc 14 duong biéu dién

trén hinh 15.3

Thé trén Q,>0 Thi'trén
m m
M,>0
Phan trai Phén phdi
mat cit e . mat cit
M>0
Qy>0 n
Thé dudi n Thé dudi
Hinh 15.3
Vidu: Xic dinh noi lue tai mat cét E hinh 15.2.
Bai gidi:
S dung phuong phip mit cit, twéng twong phan dim thanh hai phdn phai vi trdi nhu
hinh 15.4. '
P= . Q
Q3 _ /q E ) . - q
& M M, N M = ga?
EEEEE KRR VAR EER
’ z z E
fe— 8 —~t=—— 1,55 —n — 1,58 a
Y,=4ga Qy Ys=qa
Phan tréi Phén phai
Hinh 154
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- Xét sy cdn bang phdn trii:
' ZP =0—>Q), +q.a+q.2,5a—4.q.a=0—)Q), =05q9a>0

: ZmE(F) 0-M, +q.a.2,5a+q2,5.a.15-—4q.315.a 0->M, 0,3'?5.q.a >0

- Xét su cin bing ciia phdn phii:
2P =050, -1542+4a=0-Q, =05qa>0

ZmE(F) 0-M, +qa’ +15.anS——qa.25a 0-M, =037594° >0

Ta thay di xét phﬁn trdi hodc phii két qua nhin dugc déu nhy nhau. Do dé vé sau ta xét
- phdn nao ¢€ cho tinh todn duge don gidn hon.

15.2.2. Biéu do ndi luc

Bi€u d6 noi luc 1 d6 thi biéu dién su bién thién cha luc cit va mdomen uén
doc theo truc clia ddm. Nho d6 ta dé dang tim dugc cdc mat cdt ma luc cit hoc
momen uén ¢é tri $6 16n nhat.
Cdc mat cit d6 thudng 1a cdc mat
cat nguy hiém. Sau ndy ta thudng
chon dé tinh todn diéu kién bén.
Trong gido trinh nay khi vé dé
thi ta quy wéc hé truc duge chon 0
nhu sau: z

- D6i véi bidu d6 lyc cit Qy,
h¢ truc chon nhu hinh 15.5a.

- Déi véi bidu 48 momen uén
M. hé tryc chon nhur hinh 15.5b. Hinh 15.5

Vi du: Vé bidu d6 néi lyc cho ddm chiju luc nhu hinh 15.6.
Bai gidi:

a) §Q b}

YR

M,

Sau khi xdc dinh cdc phin lyc tui cic g6i A v B ta chia ddm thanh nhu’ng doan CA, AB,
DB, trong 46 luc cit vi mémen 12 cdc ham bigh thién lién tuc.

Duwéi day phwong trinh momen lyc dge thi€t I4p d6i véi gino diém giita mat cit va truc
dim va duge ky hitu ZM '

- Doan CA (hinh 15.7a):; _
ZP’, =0—-)Q] +P+q.Z] =0‘—>Q| =q.a--qzl
7} 7}
ZM=0—) Ml +P.ZI +q.71=0—>M] =-qﬂ.2| —qT]
- Doan AD (0<Z, <4a) (hinh 15.7b):
Xét phin trdi:

Z:P)r =0—>Q; =-qa-qZ; +4qa
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rara

ZM=0—> M1=—qa22—qazz-qzz +d4ga(Z,; —a)

- DPoan BD x€t phin pﬁﬁi (hinh 15.7¢). Chon gbc tai B, tuong ty:
ZP,. =0-)Q3 +YB =0-—)Q3 =-(a
2 M=0>-M; +Y5.Zy =0 M, = qaZ,

P=ga

| (q
M =ga?
¥ i i \M=g
fA~ D 8
a 45 15 —=|
Ya=4qa Ya=ga
Hinh 156
g (P-e <
¥
Y
Il 4
'_1_'01 .

b)..

l%” '
c) | B . C
. a8
. - B M3 2~
9 o .
qa w,\zqa I
. 1 - .
15qa% ,
m : D’sqaz
8) L

I @

Hinh 15.7

Trén co s phuong trinh da cd, ta v& bidu d6 luc cit Q,. mémen uén M,.

12 - GrAo TRINH €O KI THDAT 177



‘Biéu 46 ngi lyc duoc v& tren hinh.15.7d va 15.7e. Chc d6 thi dugc vé nhs v&
cdc'dé thi ham s6 thong thudng. & day ta chi cdn chii ¥ dén cdc quy uéc vé cdch
chon hé truc toa do va quy udc v& dau da néi & trén.

Tir biéu d6 trén ta it ra moét s nhan xét quan trong dé ki€m tra hodc vé
biéu d6 ndi luc mot cdch nhanh chéng: :

- Tai mat cit ngang nao c6 dat lyc doc tap trung, tai 46 cé budc nhdy cia
bi€u d8 luc cdt. Gid tri budc nhdy chinh bing gid tri luc tap trung (vi du tai mat
cit A, C, B). )

- Tai mat cdt ngang ndo c¢6 dat momen tap trung, tai d6 c¢6 budc nhdy cha

biéu d6 momen ubn. Gié tri budc nhdy chinh bang gid trji mémen tip trung (vI
du tai mat cit D).

Trén doan ddm khong c6 ti trong phan b6, bidu d6 luc cit 1a hing s6, bifu
~ d6 momen udén 12 bac nhat. Trén doan c6 tai trong phan bd déu, biu dé luc cit

14 bac nhat, bidu dé momen ubn 12 bac hai. Tai chd cé luc cit Q, = 0 trén biéu
dd lyc cét thi biéu d6 mOmen ubn ¢6 gid tri cuc tri (vi du trong doan AD).

_ Nhu vay giita cudng 46 tai trong phan b6, lyc cit va mémen udn sé ¢é méi -
quan h¢ vi phan nhat dinh.

Thuc vay gia sit cho ddm chiu lyc bat k¥ nhu trén hinh 15.8a. Tai mit cét
ngang C cia ddm c¢6 moét lyc tdp trung P vd mémen t4p trung M;. Ta tudng
tuong cat ddm ra mot doan vo ciing bé dz bdi hai mat cit 1-1 va 2-2. & v€ hai
phia clia mat cét ngang C nhu trén hinh 15.8b. Tu diéu kién can bing cta phan
bd, ta dugc:

Qy +P-(Q, +de)=0 |
M, +Qdz+M, +P%—(MK +dM,)=0

B qua lugng vo cing bé: Q,dz va sz_z so véi M, va My, ta nit ra diéu cén

" nhan xét:
AQ, =P; dM, =M,

q(z)

)M,+dM, .

Qy +dQ,

Hinh 15.8
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- Bay gid ta ciit ddm ra mot doan vo ciing bé dz, bdi hai mat cit vé haj phia
clia mit cit ngang B nhu hinh 15.8¢. Vi chiéu dai cla phan 6 vo cing nho nén
chiing ta c6 thé coi tii trong phan b6 déu trong doan nay. Tir didu kién can bang
cia phén t6 ta nhan duge hai phuong trinh sau:

Qyqdz-(Qy +dQy)=0

My +Qy.dz +adz E - (M, +dM,) =0

Néu bd qua Iugng v6 cing bé q-d;— , ta duoc:
dQy dM,
—— =q(z); = ' 18-1
iz q(z) iz Q, ( )

Viy dao ham cia lyc cit biing cudng do clia tai trong phan bs theo chiéu
dai va dao ham ciia momen uén bing luc cit. Su lien he d6 goi 12 s lién he vi
phan gita cudng do tai trong phan bé, luc cit va mémen uén.
~ Qua céc vi du trén ta c6 thé t6m tit trinh ty cich v bifu dé nhy sau:

- Xdc dinh phan luc tai chd lién két (thanh ddu ngam déu tr do cé thé
khong cdn xdc dinh phan luc).

- Phan doan.

- Vi€t phuong trinh lyc cit, mémen uén cho timg doan.
- V& biéu dé cho timg doan.

- Kiém tra két qua nhd cic nhan xét dd néu & trén.

15.3. DAM CHIU UGN PHANG THUAN TUY

15.3.1. Binh nghia
Mot ddm goi 1a uén My
thuidn tuy phing khi trén a)._ll_— %
mat cit ngang cla ddm chi
c6 mét thanh phén no6i luc

la mémen uén ndm trong :u °

mit phing quén tinh chinh b /| @
trung tam, vi-du M, hoac ' o _ .
M, nhu hinh 15.9. - Hink 159

15.3.2, Ung suiat phap trén mit cit ngang |

Quan sit mdt ddm chiu uén phing_ thudn tuy c6 mit cit ngang hinh chir
nhat. Trude khi ddm chiju Iyc ta vach 1én mit ben ciia né nhimg dudng thing
song song véi truc, tugng trung cho cdc thd doc va nhitng dudmg thing vuéng
géc véi truc bidu thi cdc mit cit ngang (hinh 15.10a). '
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8 Ty

. Hinh 15.10
Sau khi ddm bi uén ta nhan thiy: -
- Truc clia ddm bi cong di.
- Céc vach song song véi truc bi cong di nhung vin song song v&i nhau vi
song song vdi truc. '
- Cac vach vuong géc véi truc van thing va vuong géc vdi truc ddm da bi cong.

- Céc géc vuong tai giao diém cdc vach doc va ngang vin duge duy tri 1a
vudng (hinh 15.10b).

Ti€p tuc quan sit bién dang cha dém ta thdy cidc thd doc & phia trén cia
dam bij co lai va c4c thé & phia dudi bi dén ra. Nhu vy tir thd bi co sang thé bi
dan s€ c6 thé khong bi din, khéng bi co, tic 12 thd khong bj bién dang. Ta goi
thd nay 1a thd trung hoa. Cic thé trung hoa tao thanh mot mat goi 12 mat trung
hod. Giao tuyén ciia mat trung hoa vdi mit cit ngang goi la dudmg trung hoa.
Dudng trung hoa chia mat cit ngang lam hai mién: mot mién gém cédc thé bi co
va mot mién gém cdc thé bi din. Trong trudng hgp bi€n dang bé, ching ta cé
thé coi mit cit ngang sau khi bién dang vén 1a hinh chit nhat va dudng trung
hoa 1a mot dudmg thing.

- Xét mot mit cit ngang ndo d6 va chon h¢ truc toa d6 nhu sau: truc ox la
truc dudng trung hoa, truc oy I3 truc déi ximg (mot tryc quén tinh chinh trung
- tam), truc oz vudng géc vdi mat cit ngang. Ta thay trén mat cit ngang chi ¢é
ing suit phédp, khong c6 ing sufft ti€p vi néu cé ing sudt ti€p thi dudi tic dung
cua né mit cat ngang s& bi vénh di v cic 6 vudng s& khong giit duge nguyen
£6¢ vudng nira.
 Theo dinh luat Hiic, ta cé:

o7 =Eg, {a)

Néu biét duge bign dang, ching ta dé dang tim dugc su phan bd ing suit
trén mat cit ngang. Mu6n vay ta xét mot doan dim AZ duoc cat béi hai mat cit
1-1 va 2-2 (hinh 15.11a). Sau khi bi¢n dang hai m3t cit nay tac véi nhau mot
géc A@ (hinh 15.11b).

Goi p 1a bdn kinh cong cha thé trung hoa 0,0,. Vi thé trung hoa khong bi
bi€n dang nén:

010, =AZ - 0,0, =pAg
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Xét bié€n dang cha mot thd mn cdch thé trung hoa mot khoang cich y.
Chiéu dai cla thd ndy truée Khi bién dang 1a mn = AZ =pAg .

Va sau khi bién dang: mn =(p + y)Ap
P din dai ty d6i cha thd mn béng:
(p+y)Ap—-pAo _y

gz = (b)
pAg p
Thay (b) vao (a), ta duoc:
Y .
Oz = E=— (c)
p
aj by
1 2
o 0, Thi trung hoa
y
m n g Fn
1 2 /}\. -
Az
a) b)

Hinh 15.11
Tai mot mat cit ngang ban kinh p ¢6 tri 56 xdc dinh, E 1a mot hing s8. Vay
quy luat phéin b6 fing suit phap trén mat cit ngang l1a phing nhu trén hinh 15.12a.
Giao tuyén cla mat phang Ung suit véi mat cit ngang chinh 1a truc trung hoa
(duémg trung hoa). RS rang tng sudt phdp trén cdc dudng thing song song voi
truc trung hoa ¢é tri s6 nhur nhau. Do d6 ta c6 thé vé biéu d6 phan bé iing suil
phip nhu trén hinh 15.12b. Qua biu dé phan b6 idng sudt phdp trén mit cét

ngang, ta thay: cdc diém c6 tri s& tng suat phdp 1én nhat 1a cic di€m xa truc
trung hoa nhat.

Hinh 15.12
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15.3.3. Biéu thuc lién hé giira tng suat phap vdi
thanh phin mémen udn

Xét mat cdt ngang c6 moémen udn M,, theo (13-5d), ta cé:
M, = ozyAF ()
Thay gid tri o, tir (d) vao (a), ta cé quan hé:

M =Z§}'26F=§ZY2AF

ZyzAF 13 mémen quén tinh clia mat cit ngang ddi véi truc trung hoa, ki
hi¢u I,. D6 dé: '

EI,

M, =-E-1x hay p = (15-2)
p

X
So sédnh (c) va (15-2) ta suy ra cong thic ng suit phdp trén mat cit ngan
nhu sau;

~y (15-3)

15.3.4. Vj tri truc trung hoa

Tir dinh nghia vé uén phing thudn tuy, ta suy ra trén moi mat cit ngan
thanh phin luc doc N = 0. Theo (13-5a), ta c6:

Nz = szAF =0
Thay gid tri &, tif (c) vao biéu thic trén, ta dugc:

N7 =Z§yAF=O hay N ='-}|T:'-Sx =0

Trong d6 S, = ZyAF la momen tinh cia mit ¢dt ngang d6i véi truc trun,
hoa. Vi E # 0 suy ra S, = 0. Vay tryc trung hoa 13 mot truc trung tam. Trong h
o :

truc toa d¢ nhu da chon, tryuc y la mot truc quén tinh chinh trung tAm triing vé
duong tai trong. Vay truc trung hoa chinh la mot tryc quédn tinh chinh trung tan
thit hai vudng g6c vGi dudmg tai trong.

15.3.5. Ung suiat kéo va nén I8n nhat

‘Nhu d3 bi€t o trén, ing suit phdp c6 tri s6 tuyét d6i 16n nhat taj cdc diér
xa truc trung hoa nhit, tirc 1a & cdc diém mép trén hay mép dudi.
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Néu tryc trung hoa 1a mét truc d6i xing, vi du mat cét ngéuig 1a hinh chir
nhat, hinh trdn, chit I, ... thi ta thiy ng sufit kéo vi Gng sust nén c6 tri s6 tuyet
déi bing nhau. '

Vi du: mat céit ngang hinh chir nhat c6 kich thude b.h (hinh 15.13).

gy = h-c My h
=% gy =X .
max Ix 2 min !x 2 |\
I Truc trung hod hi2
Dat Wy = “i“l"‘— ’ 5 ‘lr x=
2 i
Dai lugng w, goi la moédun chéng L, N
uén cia mit cit ngang. N6 phu thuoc !
vao hinh ding, kich thuéc clia mat cit Y
ngang, cé thi nguyén [chiéu dai}®, Hinh 15.13
Vi du:
Hinh chit nhat:
I, 2bh? bh?
Wy === = 15-4
b 12h 6 (1>
2
Hinh tron:
4 3
(=x AR R 0143 (15-4')
R 4R 4 :
Téng qut ta viét:
MX
oz, =22 ass)

Néu mat cdt ngang khong d6i ximg qua truc trung hod thi ving susit kéo 16n
nhdt va img sudt nén coé tri 6 tuyét d6i I6n nhat duge xdc dinh bdi cong thifc sau:

- Ung sudt kéo 16n nh4t:
M _
maxck = X yk =—MT" - (15-6)
x wy
Trong dé: w§ = k" ' ;yﬁm 12 toa d¢ clia diém & bién chiu kéo.
¥ max : )
- Ung suft nén: _
maxcy = My y" My (15-7)
I, wh
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Trong d6: wi =-I"?;y,'.},ax 12 toa ¢ ctia diém & bien chiu nén hinh 15.14.
y ‘ 3

C I

Céc dai lugng w&, w? 13 cdc modun chéng  m, Yar
uén trong mién kéo hoc nén. Ta thay véi cling )—LJ T
mot tr'i sd momen uén thi cic iri s Ung suat trén vE
mat cat ngang ty lé nghich véi cic tri 56 médun
chéng udn. Nhur vady vdi cing mat cét ngang cé 1] —
dién tich F, néu médun chéng uén 16n thi cang
et kieém vat lieu. D& danh gid mitc d¢ tiét kiem ry
vat li¢u cua cdc dang mat cir khic nhau, ngudi ta Hinh 1513

L] -~ W L) g N ) N - ) L =

dua vio ty s¢ khéng thitt nguyen ﬁ - TY s6 nay cang 16n thi muc d6 tiét kiem
- F

vat ligu cang 6t. Céc mat cit ngang cé tinh chat lam tist ki¢m nguyén vat liéu

duge goi 12 mat cét ngang hop 1y khi-dim chiu uén. Vi¢c ch€ tao cic thép can

dinh hinh ¢6 mat cit ngang hinh chit I, hinh chit C dua trén tinh chat hop 1y nay.

15.4. UON NGANG PHANG

15.4.1. Pinh nghia q

Mot didm goi Ia l
udn ngang phing khi

trén mat cit ngang cla oM | o ‘_"L—Li

no cd hai thinh phin X

noi luc 1a luc cit Qy o Q@ Qa+d

va moémen ufn M, ] Qy
. (hodc Q, va M, ). J
Cac thanh phan

ngi lyc déu nam trong . ' M MM
mat phing d6i xing

cla mit. cit ngang
(hinh 15.15). Hinh 15.15 Hinh 15.16

Vi du: dim chju luc nhu hinh 15.16. Tai mdi mat cée ngang déu cé hai
thanh phdn néi lrc: lye ci Qy va momen uén M, ' :
15.4.2. (ing suat Phap trén mit cit ngang

Trong u6n phing, Mat ¢t ngang c6 luc cit, lyc cit nay do ng suat tiép tao
thanh. Cic dng suat ti€p trén mat cét ngang do udén phan b6 theo chidu cao mat
cit khong déu (khéc véi trudng hop cdt ta da gia chist 1a ing suit ti€p phan bs
déu trén mat cit ngang). Do anh huéng d6, cic bign dang géc ciing c6 trj s6
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thay ddi theo chiéu cao cla mit cfit ngang lam cho mat cit sau khi bj uén
khong con phing nita ma hai bi vénh theo chit S (hinh 15.17). Tuy nhién trong
trudng hgp luc cit bing hing s& thi mat cit ngang déu vénh nhu nhau, do d6 su
vénh khong dnh hudng dén d6 dan hodc do6 co
nhu di nghién cu trong uén phing thudn tuy.
" Boi vay cong thdc tinh Gng sudt phdp (15-2) P
vdn con ding trong truomg hop uén ngang l _
phing. Néu mat cit ngang hoic luc cit thay
déi theo chiéu dai doc truc thi cong thitc (15-
© 2) s€ ¢4 mot sai s8 trong pham vi bé hon 5%,
Tém lai dng suat phdp trén mit cit ngang
vin dugc tinh theo cong thic (15-2):
: M, o Hinh 15.17
y

ANANANNRNNNN

sai s& d6 c6 thé bd qua duoc.

GZ:I

X

15.4.3. Ung suat tiép trén mit cit ngang

Trong tinh todn sau nay ngﬁbi ta thudng bd qua anh hﬁéng cla ling suit
ti€p do lyc cét. Khi cdn ké dén inh hudng dé nguoi ta cé thé sir dung cong thic
cGa Juprapxki duéi dang:

_QS
b°I,

1z, (15-8)

trong dé: 1,y - Ung sudl ti€p tai toa d¢ c6 phuong cla lyc cit Q,.
I, - mémen quén tinh cha mit ¢t ngang d6i véi truc trung hoa.

b - chidu rong mat cit di qua diém tinh iing sudt vuéng géc véi chiéu
cha tng sudt tiép. : ' '

S% - moémen tinh cla phin mat cdt ngang bi cit di v6i truc trung hoa:
Sy =tF. | | (15-9)
E - toa d¢ trong tam cta phan tiét dién bi cét d6i véi tryc trung hoa.

Vi du: mit cit ngang hinh chit nhét (hinh 15.18), ta c6:

2 3
SE:E{E_‘Y2}1x=EEﬂb°=b

21 4 12
3Q 2
Suy ra: Toy =2T151([]_.)—;1_J (a)

183



| L _ LB Y e E
T (T = I ety s =
/////%“ g \ Y % o T ax

7
Tzy = b\_‘--_- Trong tam cla / it
phén tiét dién bi cit Trong tm cia F
Hinh 15.18 _ . Hink I5.19

Biéu d4 phan b6 @ng sudt ti€p rén mat cdt ngang:
- Trén dudng thing song song vdi tryc trung hod \ing suft phan 1a déu.

- Theo chiu cao tinh theo cong thitc (a). Tai cdc diém trén truc trung hoa
ung suit ti€p dat tri s6 1dn nhAt.

2, %
M 2bh  2F
Mat cit ngang tron:

(15-10)

aR*

Iy == ibe =by =yR* -y’
2,2 .2}3

S¢ ==iR

X 3( y )

Suy ra:

AQy (a2

Ty =—\R" -y {b)

@ 31I:R4( )

Bidu d6 phan b6 ing suit ti€p trén mat cit ngang cho trén hinh 15-19. ing
sudt 1iép tai cdc diém trung hoa dat gid tri 16n nhat:
4 Q '
Tmax = Qyz =i"“)*" (15-11)
3tR¢ 3 F .

15.5 DIEU KIEN BEN VOI DAM CHIU UGN PHANG
15.5.1. USn thudn tuy phing

Tuong ty diéu kién bén trong bai todn kéo - nén.

- Ddm lam tir vat lieu déo vi of;, =o% theo (15-5), ta ¢é:
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152} o =%"*S o] ' (15-12)
X

- Ddm 1am tir vat lieu gidn, vi 6% # o, nén ta phai viét hai diéu kién bén:

hmetisll (15-13)
M

Camin =0z| 0 = —slol (15-14)
X

Tim vi tri mat cit ngang c6 g suat phap lén nhat. Néu ddm c6 mat cit
ngang khéngthay déi va vat lieu cia dim 1a déo thi lay & mat cit ngang c6
moémen ubn 16n nh4t. Truomg hgp ddm c6 mit cit ngang thay déi ta phai lay mat
ct ngang ¢4 ting sust phap lén nhit. Trudmg hgp ddm 1am bing vat lieu gion ta
phdi tim mt cit ngang thod min céc bidu thie (15-13), (15-14) (kéo - nén).

. Tir diéu kién bén ta suy ra hinh ding hop Iy clia mat cit ngang khi chiu uén
phéng nhu sau: '

- D6i v6i ddm Iam bing vat lieu déo, Chon mat cét ngang c6 truc trung hoa
ciing 1a truc d6i xing. '

- D3i v6i dim 1am bing vat lieu gidn. Xuét pht tir didu kién bén:

T8y <[l @

Ix

314—")’1'%“ <fs] ()
Vi: [o], <[o], nén ’yklmu < yf']max

- Vay d6i v6i ddm bing vat lieu gidn hinh déng hop 1y, mat cét ngang 1a mit
‘cdt khong d6i ximg qua truc trung hoa. Ta phdi b& trf sao cho ti s6

. thod mén didu kien (c).
i _

- Tir cdc diéu kién bén ta ciing sﬁy ra ba bai todn co ban sau:
- Kiém tra bén theo cong thitc (15-12), (15-13) va (15-14).
- Chon kich thuéc mit cit ngang thod min didu kién:

M,
x<TF - (15-15)
o
- Tim tai trong cho phép thod man dién kién:
max M, < [o] B (15-16)

187



Vi du: Mot dém bing vat li¢u c6 ing snat phip cho phép khi kéo [o], =3,5kN/cm? va nén
{ol, = 1LIKN/em? | chiu Iye nhy trén Kk 15.20a,

Kiém tra 4o bén cia dim.

1. WK
e ] oV
Z ] s
3 7Bk
b} | c) :
Hinh 15.20

 Bai gidi: trinh tir céc bude thyc hign

- V& bidu d6 moémen udn, cho trj 56 maxM, = 4,5kN.m
- Tim cée dic trung cdn thi€t cha mat cét'ngang (hinh 15.20c), ta duge cic tri 50:

I, =370cm*
Toa d0; yX. =.2.67cm;y,':m =733cm
- Tinh cic gid tri maxo*;maxco?
M, - 4,5.100

L 7™ ap

My yn = 321005 332 892kN/em? <[5], = 1 1kN/ cm?

Tx_ max < 370

So sanh vgi diéu kién bén (15-13), (I 5-14}, ta thiy dim dit bén theo Ung suit cho phép khi

kéo (b€ hon khoang 7,1%) va dii bén theo iing suft nén cho phép (bé hon khoang 19%). Vay ddm
di bén,

maxo.l,f =0, =

2,67=325kN/cm? <[a], =3,5kN/cm?

: n
mﬂxﬁz =UB =

15.5.2. USn ngang phing

D6i v6i ddm chiu uén ngang phéng,
do trén mat cit ngang c6 ca img sudt phép
- va Ung sudt ti€p nén viéc tim vi tri diém : .
nguy hi€m va viét diéu kién bén c6 phic - truc thanh
tap hon. Dya vao bi€u d6 phan b6 ing suat '
phdp va ti€p, doc theo chiéu cao ta thay
trén hinh 15.21.

hé)“mﬁ >

Hinh 15.21
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- - O c4c diém ngoai mép xa truc trung hoa nhat - di€m A thi \tng suft phdp
c6 gi4 tri 16n nhat (kéo hay nén), dng sust ti€p bang khoéng. '

Diéu ki¢n ddi véi vat déo:
Trén toan ddm:
max]czl=—M—"S[c] o (15-17)
Wy

D6i voi vat lieun gion:

maxcX = M]’: <[o], (15-18)
Wx

max|a" =5'IT"5[U]n (15-19)
WK

- Diém trén tryc trung hoa - diém B. ing sudt bing khong, dng sudt tiép cé
gid tri 16n nhat. Diéu kien bén 1a trén todn dim.

Max Ty <[1) (15-20)

- Nhimg di€m c6 ca ing suat phép va ing suat ti€p - diém O. D& kiém tra
bén ta khong th€ 1am nhu & diém A, B. D6 bén ciia phan 5 dang xét (phan t5 C)
dugc dua vé mot phan 16 twong dwong chiu kéo c6 ling suat twong duong o.
Vay diéu ki¢n dugc viét 1a: maxo,g <[o] (15-21)

Pé tim quan h¢ 6,4 v6i cdc ing sudt phip Gc va ung suft tiép t, vao cdc
gi4 thuy€t. Méi gia thuyét can cit vao mat dai lugng co hoc nao dé d€ suy dién.
Ngudi ta goi d6 1a cdc thuyét bén. Vi du theo thuyé&t bén tng suat ti€p 16n nhat,
Ung sudt tinh todn tvong duong tai di€m C, cé dang:

2
Sute) = YO ) + 415(c) (15-22)

Theo thuy&t bén the nang bién déi hinh dang:

Srd(c) =,fc§(c) +3t2 | (15-23)

Thuyét bén cla M’ ( Mohz )

l-a l+a [ 2 '
O :—2——02(0) +—2'-— Gz(c)-+4‘tzy(c) (15-24)

Hai thuyét bén ddu ding cho loai vat liéu déo, thuyet bén M, diing cho ddm

- o
vét liéu gion, trong dé o = [ ]k .
4)
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Thuc t€ tri s6 clia \ing su4t 1i€p trong trudng ddm chju usn thudmg rit bé so
'véi tri s6 tng suat phdp nén né thutmg bd qua trong tinh todn. Do d6 diéu k:en
bén(15-17), (15-18), (15-19) goi la diéu kién bén co ban khi udn.

Khi chon kich thudc ciha mat cit ngang hoac xdc dinh tai trong cho phép
d6i véi thanh chiu u6n ngang phing, ban d4u ta xuat phat ti didu kién co ban
(15-17), (15-18), (15-19). Sau khi chon dugc kich thudc mat cit ngang hoac tai
trong cho phép, néu cin thigt ta méi ki€m tra didu kién bén vé ruot va diéu

_ kién bén khi c6 ca ving sut phip &, va ung suit ti€p 7. Riéng trudng hop cé
¢d 0. vAd 7ngudi ta chi quan tam & cdc mat cit nhu chit I Tai ché ti€p gidp
gitta long va d€ ting sudt o,vad 7 déu khé 1dn va ngudi ta ciing chi quan tam
khi trén mat cit d6 gid tri mémen udn, luc cit déu rt 16n.

Vi du: cho ddm chju luc nhur trén _ P
hinh 15.22. Chon dudmg kinh cia dim
cho hai trudmg hgp: ddm cé mat ckt A B

ngang khong d8i, dim c6 ba bic nhu '
hinh 15.22. Bi¢t | = 80 cm, P = 5000N, % ;

2 3 o 12 12
o]=16000N7cm? [t]=8000N/cm?. Bs | ;
qua trong luong bin thin.

Bai gidi
- Ddm ¢é mit cit ngang khéng d6i.

‘Theo didu kién bén co bin (15-17) va
cong thiic (15-4), ta ci:

0,18% 2 M, 1,y /o]

£
2 .
Trong dé: ' . ' p

M = 20080

Suy ra:

5
dz} i..._i_ =4cm
0.1.16.10

Kiém tra d6 bén theo Gng sust tisp | Hinh 15.22
d¢i vai thanh mat cdt ngang tron, theo (18-11):,

maxr, < 3Qy mun <[4

4K X 3F
Trong dé:
P 5000
maxQ, =— =" = 2500N
W=7
2 2
P2 ™ 256em?
44
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Thay vao ta'c6:

31256 =250N/cm? <[t]=8000N / cm?

Max Tiaxx =

- Ddm ba bac (hinh 15-23). Tri s6 d,, dp dwge xdc dinh theo cong thitc (15-11),
- B6i véi doan giita: .
S 5000 p 4
- max M, =-€:l=—-4'ﬁlOSNcm %

- P6i v6i doan hai ddu: : B

M, =—— =" = 75000Ncm d

Tir didu kign bén co bin (15-17), ta cé:
. ’ 300 200 300

5
o1d} >0 _ 4 —aem ' '
" Teo00 !

0.1.d3 > .:5000 —+d; =3,6cm

V6t kich thudc chon, néu kiém tra

bén cho ng sust ti€p ta thdy né vin di i15p i5P
bén, & day 1a khong kiém tra bén theo (1 5- Pi
ra

23) vi mat cit ngang 1a tron. =20P

Hinh 15.23

CAU HOI ON TAP

1. Neu dinh nghia vé dudng tii rong, mat phing tai trong ?

2. Thé ndo goi la udn thuin tuy phing, ubn ngang phéng ? _

3. Neu trinh wr cdch vE bidu d6 mémen ubn, lyc cit ? Trinh bay céch quy udc du cia
Iyc cdt, mémen un va cach tron he truc toa d6 khi vé bidu ¢6 ?

4. Thigt 1ap céng thic tinh ing sudt phdp trén mat cdt ngang cho ddm chju u6n phing
thudn tuy ? Néu dinh nghia vé truc trung hod ? Trong u6n phdng thudn twy truc
trung hod ndm & dau 7

5. Viet bi€u thic tinh tng suit kéo va nén cé tri s& 1dm nhat ?

6. V& biéu d6 phan bo img suat phép trén mat cét ngang ? Néu ¥ nghia cla viéc nghién
cltu bidu d6 nay ?

7. Vi€t biéu thic tinh ving sust phap trén mit cit ngang cho ddm chiu udn ngang phing ?
Trinh bay diéu kién bén cho ddm chiu udn phéng thudn tuy, u6n ngang phing ? Néu
phuong phdp thuc hanh chon kich thudce mét cit ngang cho ddm chiu usn ngang
phing ?
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A.CAC TIET MAY GHEP

Chuong 16 _
MOI GHEP BANG DINH TAN

16.1. CAC KHAI NIEM CHUNG

16.1.1. Cac loai dinh tan va m&i ghép bing dinh tan

Ghép bing dinh tin thudc vio loai méi ghép cé dinh va khong thé thio
rot duge. Cac chi tiét duge ghép chat véi nhau nhd dinh tin.

1. Pinh tin duoc ch€ tao tir thanh kim loai tron ¢6 mot mi lam sén, goi -
la mi sdn, v mii thit hai duge hinh thanh sau khi tdn, goi 12 ma tdn.

* Hinh ding va quan hé R=08d .
kich thuée clia mot s6 loai R ,  =l8
dinh tdn tiéu chuin duoc giéi g,‘ : : Alx T
tl\uéu .tren }‘\ll.l'lh 16',1' trong d? | H=0.54 r ‘ H=0.250 r by
1a chi€v dai nguyén thuy cia
dinh tdn, tinh theo céng thitc: d)

1= 3+(15-1,7)d,
v6i )& 1a téng chidu day cia
ciac tdim ghép, d 1a dudng kinh
dinh tan..

* Vat liéu lam dinh tén
thudng la thép cdc bon thip
nhu C1.2, Cr3, 10, 15,... &
nhitng méi ghép bang kim loai
mau va hgp kim mau, thi dinh
tin duwoc lam biang kim loai : _
mau, nhu J162, 1118, B65 (theo Hink 16.1. Cic kiéu dinh tan.

ky hi¢u cia LX)... a. mii chom céu; b. md chim; c. mi nita chim;
d. mii chdém cédu det; e. mil con.

1,64
t
|

|

|

2. Cac moi ghép dinh tén-
a. Theo cong dung cdc méi ghép dinh tdn duge chia 1am hai loai:
- * M6i ghép chic: ding trong két c4u thép chiu tai trong rét néng, trong
céc cum k&t cdu cda thiét bi bay,...
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* M6i ghép chic kin: ding trong cic ndi hoi, thing 4p lyc..., & d6 ngoai
yéu céu chiu tdi trong ning, cdn phai dam bido d6 khit kin.

b. Theo hinh thirc cdu tao, c6 thé chia ra:
- *MG&i ghép chéng (hinh 16.2)
*M6i ghép gidp m&i v6i mét t4m dém (hinh 16.3)
- *M6i ghép gidp m6i véi hai tdm dem (hinh 16.4)
¢. Theo 56 liugng hang dinh, c6 thé chia ra;
* M6i ghép ¢6 mot hang dinh méi ben (hinh 16.2 va 16.3)
* M6i ghép c6 hai hang dinh méi bén (hinh 16.4)

Hink 16.2. M&i ghép  Hinh 16.3. Moi ghép gidp
moi vai mot tim dém.

chéng, mot hang dinh

by
NN I NN

- i
i DOONN [ NN

AN

oy M o

4=
%
/
7

e a

C

¥

s o]

Bang 16-1. L3 chita dinh tdn

Hinh 16.4. Moi ghép gidp moi,
hai tdm dém.

Pudng kinh dinh tin d, mm

Dudng kinh 16 dj, mm -

Lb tinh (gia cong trén may) Ld tho
6 ' 6,5 6.7
8 8.5 8,7
10 10,5 11,0
12 13,0 13,0
(14) 15,0 15,0
(16) 16,5 17,0
(18) 18,5 19,0
20 21,0 21,0
22 23,0 24.0
24 25,0 26,0
27) 28,0 29,0
30 31,0 32,0

Ghi chii: Khi that bat dic di méi diing cic dinh tin cé dudng kinh ghi trong ngoic don,
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+ Budc t 1a kKhoang céch giita hai dinh tdn ké nhau trong mot hang (hinh 16. 2)
" thudmg duge chon theo hé thiic:

t=(3-6).d , véi d 1a dudng kinh dinh tin
+ Ducong kinh dinh tdn 13y trong giéi han:
d = (1,5-2,0)8 i » V6i 8 i 12 chiéu day ciia tdm ndi mong nhat.

+ Lé chita dinh tén 18y 16n hon dudng kinh dinh tdn mot it, va cho trong
bang 16-1 & trén.

16.1.2.Tinh toan mai ghép chic khi chiu lyc chiéu tryc
Viéc tinh todn & day cidn dam bao cic yéu ciu vé:

* P bén cit déi vdi dinh tidn

* PO bén dap d6i vdi dinh tén va thanh 18 chita dinh tén.

* Do bén kéo (hoic nén) d6i vai tdm ghép nao yéu nhdt, theo tigt dién
ngang di qua 16 dinh tén.

* PO bén cit d6i véi tAm ghép theo mép 16 dinh tin.
Cac cong thic tinh todn nhu sau:

- Ung sudt cit:

T = Q'z-s[:]c (16-1)
. Tld() :
zi—
4
- Ung suat dap trén dinh tdn:
og=—2 <[ol, (16-2)
ZdOamm
- Ung susit kéo trén t4m ghép:
P
o, =—=|C
-2 <kl
- Ung sudt cit tren tdm ghép theo mép 18 dinh tdn:
o .
To=—————<|t
€ zi(e-05dg)8 Ik

Cic dai lugng trong cdc cong thiic trén duge qui ude nhu sau:
Q - téng tai trong tic dung 1&n m&i ghép, tinh theo N;

z - 50 lugng dinh tan chiu luc Q; _

i - 6 lugng mat cdt trén mot dinh tan;
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d, - dudmg kinh 16 dinh tin, tinh theo mm (xem bang 16-1);
8,8) - l4n lugt I chiéy day tim ghép va tfm dém, mm:

- Omin - téng chiéu day nho nhat ciia cic thagh
phuong: 8y =& (hinh 16.4) khi 8 <25,

phan chiu cit trén cling mot
hOgC Bmin 5261 khi 281 <9;

P - luc doc truc tac dung 1én ti€t dién cén kidm tra vé ing suft kéo, N:
F - dién tich tiét dién cét qua dudng tam diy 18 dinh, mm?; _
e - khodng céch tir mép tdm ghép 16i dudmg tam cia ddy dinh ddu tien,

mm. Thudng Idy e>1,5dg d6i vdi 16 khoan, hogc e = 2d, déi

[T]c ’ [O']d ' [U]k

N/mm? (hay MPa), cho trong bang 16.2.

Ghi chit: DB6i v6i m6i
khit kin, vi thé cdn phai ti

véi 16 dot;

* 14n lugt 1a tng sudt cho phép car, dap va kéo tinh theo

ghép chic kin, ngodi d¢ bén cén phéi dim bio do
nh theo phuong phap riéng, ma & day ta khéng xem

Xét toi. . .
Bing 16-2. Ung sust cho phép d6i véi cdc chi tigt méi ghép dinh t4dn,
N/mm? (MPa)
Loai tng | Phuong phip gia cong 16 | (g sudt cho Phép d6i véi | Ung sust cho phép dai —[
suil ' tdm thép CT.3 va dinh tdn | véi m&i ghép hop kim
. CT.2vaCT.3 mau
fs], - 160 (0.4 -0,5) oy
[0-] Khoan (hoic dot, sau dé 140 (0,25 — 0,30) T
¢ khozan rong 18) .
Dot 18 . 100 0,25 -0,30) o,
[e], - | Khoan (hozc dot, r6i. - 320 (1,5-2,0) [o],
khoan rong 18) .
Potié . 280 (1,5-2,0) [o],
Ghi chii:

1. B6i v6i kim loai m:‘iu, O¢ dugc 14y nhu sau:

J162: 0y = 110 Hmar’; 18IT: 64, = 170 Hjmar’, B6S: Oy = 220 H/mm?;

2. Khi m6i ghép chiu tai trong tha
duge ha thap, bing cdch nhan véi he s6

1
1—0,39—“"i

max

'}!:

¥:

y déi dffu thi ing suft cho phép cén
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~ Trong 86: Qu, Que, I4n lut 12 tai trong nhd nhat va 1én nhat c6 mang
d&u ciia chiing, vi du -10000N va +10000N.

16.2. VI DU TINH TOAN |
Hay xdc dinh tai rrong cho phép ciia m6i ghép dinh tdn cho trén hinh 16.5, néu dinh tin

1am bing thép CT2, con cdc t4m ghép va cdc t4m dem 1 thép CT.3. Budng kinh dinh tdn
. d=16mm. Véi luc Q bing luc tic dung cho phép, hiy xdc dinh ing sust kéo sinh ra tai tai cdc

tiét dien I-1, I1-1i, TYI-I10. |

A A

ATV Q
N

\.'./‘\ \\i/k\\\\\.'./—:g

m i 1)

T@@}'

2b
|
b =100 mm

25y

' ;
| 1 1/4 b

'_ “ [ 726

Hinh 16.5. M5i ghép dinh tin c6 tim dém ding cho bai vi du.

$0 tinh todn vé cit va dap voi dinh tin

Gidi: Tii trong cho-phép duge x4c dinh tren co
g kinh 14 d,=16,5 mm. Theo bing 16-2,

ndm vé mot ben méi ghép. Theo bang 16.1, ta c6 duim
ta co H: = 100N /mm? ; [TL =280N/mm? va [TL =160N/mm?,

Tit cong thic (16-1} va (16-2) ta rdt ra tai trong cho phép tinh theo cit vi taj trong cho

phép tink theo d4p nhu sau:
_ [t] Zird}
[Q]c = < 4 ;

[Q], = [6], Zdgdnin: (Z = 5:i = 2Zdpyp =8 = 15mm < 25, = %5)

Thay 56 vio, ta cé:
2 2
[QL - 100.5.2.114.16.5 =200.10° N
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[Ql; =2805.165.15=337.10% N,
Vay ta chon [Q]: [Q]c =200kN

Diing Q=[Q] di chon, tinh duge ing sudt kéo sinh ra tai céc tigt dien.
Tai tigt dign 1-1;

7 E Q = - Q =
k{(I-1} F(I—I) b 0
b+2730° |~ 24, (5

. |
1 200.10 = 139N / mm?
[(100 + 2%”:,;30”) - 2.I6,5F

- Tai tiét dign [1-11

Okqu-1m = 9 = < =
: - Far—my 7 0
b+255big30° |- 34, I
3
= - 200.10 = 113N/ mm?
[(Iom25100:330“)—3.16,5]15

- Tai tiét dién 11111

- Q __Q - 20010 - 2
Tty = Fan-my — @b=5d,)8 ~ 2.100-5.16,5)15 = L14N/mm?

Két tugn: Ung suit sinh ra trén cd ba ti€t dién déu bé hon ing suét kéo cho phép, do dé
m6i ghép dim bio bén,

CAU HOI ON TAP
1. Phan loai cdc mdi ghép dinh t4n ? Tai sao trong céc thi€t bj nhir néi hoi, thing 4p
luc, ngudi ta hay dung néi ghép dinh t4n ? _ :
2. Khindi ghép thinh thoang phai théo rdi th <6 nén ding dinh tén khéng, tai sao 2
3. Gidi thich tai sao chi tiet ghép va dinh tin nen duge 1am cling mét loai vat ligu ?
4* Lam lai bai vi du myc 16.2 cho trudng hop méi 8hép chi c6 mot tdm dem voi
chiéu day tdm dem va (am ghép bing nhau (5, = 62). '
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Chuong 17
MOI GHEP BANG HAN
17.1. KHAI NIEM CHUNG

17.1.1. Cac loai mdi ghép ¢d ban va cac loai mai han _

Ghép n6i bang han dugc tao ra nhd lyc hit bim phéan tir do d6t néng cuc
bé tai cdc chi tié€t cha m6i ghép han.

1. Phan loai moi ghép han

Viéc phan loai m6i ghép ¢6 thé theo nhiéu céch:

a. Theo vi tri twong dbi giita cdc chi tiét ghép, c6:

- Moi ghép d6i ddu - hay con goi 1a ghép gidp méi (hinh 17.1)

- M6i ghép chéng (hinh 17.2) | |

- M6i ghép chir T (hinh 17.3)

- M&i ghép géc (hinh 17.4)

a) b)
. P P
I R, 1
P P
P _!o p o
-~ B

b
: s

L=2fd + er
I Hinh 17.2. M&i ghép ching: a- ngaﬁg; b- doc; c- hén hop; d- ti€t dién ngang cia mdi hin.
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a) b) c}

x . .
P “© P P © P P © P

Hinh 17.3. M&i ghép chir T.

rr-r

Hinh 17.4. M&i ghép goc

b. Thea phtta'ng chiéu cia ducng han so véi phuong chiéu luc téc dung, ca:
- M6i ghép ngang (hinh 17.1a)

- M&i ghép xién (hinh 17.1b)

- M6i ghép doc (hinh 17.2b)

- Mdi ghép hén hop (hinh 17.2¢)

c. Theo hinh ang moi .kdn; €6 :

- M6i ghép véi dudmg han lien tuc (hinh 17.12)

- M6i ghép v6i méi han diém (hinh 17.5)

- M6i ghép v6i m&i han ranh (hinh 17.5b)

g - _'P b)

4

Hinh 17.5. M&i ghép v&i mdi hin di€ém (a) vi m&i han rdnh (b).

d. Theo phuwong phdp cong nghé, cé:

- Méi ghép bang han hé quang dién, han xi dién va han hoi. Cic phucmg
phap nay lam kim loai trén céc ti€t mdy ghép bj néng chay, khién ching gén
lai v6i nhau ma khong cédn lyc ép.
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- Moéi ghép bang han ti€p xic. Phuong phdp nay 1am kim loai tren tiét
. mdy ghép bi néng déo, réi dung lyc nén, €ép chiing dinh lai véi nhau.

- Méi ghép bing han vdy. & day cdc tiét may ghép. khéng bi nung chay.
ma chi vat liéu han la dugc 1am néng chay dé dinh ket chiing lai véi nhau.

e. Theo mitc dé 1 dong hod, chia ra:

- Han wr dong

- Han béan tv dong

- Han thii cong (bdng tay)

2. Phan loai méi han duoc cin cir vao tiét dién ngang ciia dudng han

- D6t v6i méi ghép chit T va méi ghép d6i ddu: tuy theo chiéu day cic
tdm ghép, ta c6 m6i han khong vit meép, vit mép mot mat va vit mép ci hai
mat (hinh 17.3 va 17.6).

61°: 70°

< 16 mm
A’{ ‘g P
£ ——

<8 mm

Hinh 17.6. Cic loai ti€t di¢n m6i hin d6i véi mdi ghép ddi ddu.

- 61 vi m&i ghép chéng (hinh 17.7) ¢6 : loai tiét di¢n binh thudng (dugc
ding rong rai nhat); tiet dién 16i (khong hop 1y, rét &t duge dung); tiét dien
I16m (chi duge ding trong nhing két ciu quan trong cin tr4nh tap trung \ng
sufit manh) va ti€t dién hinh tam gidc khong déu canh (chi hop Iy khi dung
trong két c4u tdi trong thay d6i). :

a) ’ c)
w
- d }
r _ r L ]
K
a
b) _® Y I
z . — ]

" Hinh 17.7. €ic loai 1iét dien m&i han d6i véi mai ghép chéng.
4. binh thudmg; b. 13i; c. 16m; d. ram gidc khong déu canh.
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3. Chiéu cao méi han k

Chiéu cao m6i han k thudng dugc 14y bing chidu day 1tdm ghép va khong
nho hon 3 mm, tic 13 k 2 3 mm (hinh 17.2d). :

17.1.2. Cac dang tai trong dién hinh cla
'm&i ghép biing han :

‘Trong thyc t€, m&i ghép bing han chiu tai rat da dang. Duéi day chi néu
mot s6 trudng hop dién hinh, hay gap.

- Tai trong theo chiéu truc (hinh 17.2).
- Téi trong vudng gée v6i cdc méi néi clia cdc chi tiét dugc han (hinh 17.8).

- Tai trong ndm trong mat phing chita méi néi cha céc chi tiét dugc han
(hinh 17.9).

> E— T3 k {;E_hj:

M
) ¢ = w
| x -
Hinh 17.8. M0i ghép chiu lyc chidu truc vi mémen uén,
a. Tam n6i c6 vit mép: b. Tdm néi khong vit mép.

LLLLLALELLS

Y om
. | i
) Y IF; ] \imax ,F:
Tn r\
7N\ , ® & G |
Ts i _¢' »'_¢= -
Q zZ 1/
| o e ol ¢
L

Hinh 17.9. M&i ghép chiu tai trong trong mat phing chifa méi ndi ciia céc chi tiét duoc han.
: a- m6i han hdn hgp; b- m&i han diém.

17.1.3. Tinh toan dé bén cho mai ghép
Ung v6i méi dang tai trong tic dung Ieén méi ghép, ta phai xay dung mot

phép tinh d6 bén thich hgp. Dudi day chi trinh bay cich tinh d&i véi trudng
hop chju tai don gidn nhét trong ba trudng hop néu trén.

Tinh rodn do bén khi méi ghép chiu tdi trong theo chiéu truc ta ding céc
ky hiéu nhu sau: '

P - ngoai lyc tic dung lén méi ghép, N;
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L ) téng chiéu dai dudng han, mm;
- 5- chidu day cdc tiét mdy ghép, mm;
k- _chiéu cao mdi han, mm;
" d - dudng kinh diém han trong méi han diém, mm;
i- s6 lugng diém han trong m&i han diém (hinh 17.5a);
4 - chiéu réng m6i hin trong méi han ranh (hinh 17.5b), mm;
[o"]k va [‘E']C 14n lugt ia tmg sudt kéo (nén) va tng sudt cit cho trong bang
17-1 dudi day.

Bang 17-1. Ung sudt cho phép o) va [‘t']c khi tinh todn m&i han (N/mm?)

Phirong phdp han Ung sudt cho phép ciia moi han

Khikéo [0}, | Khinén [o], | Khiecat fo,

- Han dién bing tay, c.iue han 2342 0.9 [U]k [U]k 0.6 [G]k

- Han dién tr dong dudi 16p thudc han;
- Han tiép xiic gidp moi nong chay: [} [sk 0,65 o],

Hin dieén thii cong v8i que hin 342A
vi 350A trong moi trudng khi bao v§; _
Han tiep xiic diém - - 0.5[c];

Ghi cha: [O']k : Ung suéit kéo cho phép clia t8m ghép

1. Méi han d6i dau (hinh 17.1) 1am viéc chiu kéo {nén) vdi céc kidu vat
mép va khong vit mép: -

P 1

2. Méi han chéng (hinh 17.2) dugce tinh todn theo cat trén ti¢t di¢n di qua
dudng phan gidc clia géc vuong. Nhu vay chiéu cao tinh toin ciia- m&i han la
h, v&i h=kcos45® = 0,7k (hinh 17.2d)}

T= <It
0,7kL [ ]°

Trong d6 L dugc tinh nhu da ghi trén hinh 17.2a, b va c.

3. Mol han chéng khong 86i xiing so véi dudng tac dung cua luc P nhu
trén hinh 17.10 dudi day thi vmg lic sinh ra trong m6i ghép sé duoc tinh todn
nhu sau: '

Iy
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1
v6i ¢ S b suyra: t= P i[‘c']c
0.7k (lgy +1,,)

fa,

LSS US RS I NANUUNSRRUR ARRRUNTIFFTIT NI I

fr 3 i

of

Hinh 17.10. M&i hin chéng khong d6i ximg so vdi tic dung cia lyc P,

4. M6i han chit T nhv trén hinh 17.3 dugc chia ra:
a. M6i han trén hinh 17.3a thi:

T= s [t']c ;

P
0,7kL
b. M&i han nhu trén hinh 17.3b, ¢ thi:

P
=—<|a'|, ;
® <kl
5. Moi han diém nhu trén hinh 17.5a thi-
P
T=———x« [1:]
ind2/4 ¢
6. Méi han ranh nhu trén hinh 17.5b thi:

= a o <7
BTRT Ty A §

17.2. VI DU TINH TOAN

Din thép gém cdc thanh thép L khong déu canh, lién k&t véi nhay qua tdm tip bing thép nhur
trén hinh-17.1£. Vat ligu tdm tép va thép L bing Cr.3, c6 [o], =160N/mm?. Han bing tay, que han
342A. Hay xdc dinh chiu dai m6i han sac cho tii trong phan b déu trén cdc dudmg han.

Gidi: Tra bing vat lieu, vai thép géc, L70x45x5 c6 dién tich F=5,590m’. Viéy tai trong
kéo cho phép trén méi thanh sz 13:

[P]=Flo], =5.59.100.160 ~89,5.107 N = 89,5kN
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Kich thudc tdm tip duge xic dinh b&i goc nghiéng cia cdc thanh vi chléu cia hai mdi
hin doc hai ben, 1, vd l..

Ta 14y chiéu cao m6i hin k bing chidu diy cdnh clia thép géc, tikc 13 k=Smm.
Ung sudt cdt cho phép 14y theo bang 17.1 vi c6:
[]. = 0.65[c] =0,65.160 = 104N /mm?
Lyc-tic dung cho phép ddi vai médi han ngang & ddu thanh L:
[P, ]=0.7.x1, [¢], =0.7.5.70.104 x 25,5.10% N = 25,5kN
‘Luc tdc dung cho phép d6i véi hai mdi han doc hai bén thanh L:
|P.|=[P]-[p,] = 89.5- 25,5 = 64kN
Ung luc cho phép nay duoc phin bo hai bén thanh L, ti 1& nghich véi khoing cich 1ir

dudng tdm tic dung d¢n hai moi han doc hai ben. Ap dung cic cong thiic di thigt lap duge
cho trutmg hop hinh 17.10, ta cé:
T0-2Z, =6470—10.5 = 54,4kN

70 70 . P

yJ
sz-Pdi=64%=96kN

Pyi =Py

70

Tix do, tu tinh ra chiéu
dai cdn thi€t cla cic mdi
han doc:

_ 544.10°

= ——— = 150mm
0,7.5.104

L 70x45x5

R 1 7
2707k ].
_ 96.10°
0,7.5.104

Hinh 17.11,

N

= 26mm

CAU HOI ON TAP
1. Mdi ghép bang han khdc mdi ghep bang dinh tin vé mat cong nghé ché tao &
diém nao ?
2. Phan biét cdc loai méi han :
a) Theo vi tri twong d6i giita cdc chi tigt ghép ?
b) Theo phuong chiéu ciia dudng han so véi phuong chidu cla tic dung ?
¢) Theo hinh dang md&i han ?
d) Theo phuong phap cong nghé ?
e) Theo mie e dong héa ?

3* Lam lai bai vf du mucl7.2 véi gian thép gém cédc thanh L déu canh 50 % 50 x 3, c6
dién tich F = 4,8 cm?, Z,=14,2 mm.
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Chuong 18
MOI GHEP BANG REN

18.1. KHAI NIEM CHUNG

_ Uu diém: méi ghép bing ren ¢6 cau tao don gian, d& che tao, dé thio lap,
d€ tieu chudn ho4 va duge ché tao hang loat nen gia thanh ha, nho kha ning tu
ham cdia ren nén c6 thé cq dinh cdc tiet may & vj trf mong mudn,...

Nhuge diém: nhuge diém chi yéu clia m&i ghép bling ren 1a c6 tap trung
itng sudt & chan ren nén hay bi niit va dit gay 1ai do.

18.1.1. Ren va cic théng s& ¢o ban cia ren
a. Phén loai ren theo cong dung

- Ren diing dé kep chit (ren tru va ren con),
- Ren diing d¢ truyén chuyén dong va dé chiu rai.

Hinh 18.1. Cic chi _
- 1€t cor béin cha méi
ghép bing rep
ding d€ kep chit:

a- buléng; b- vit

cly; c- vit,
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Hinh 18.2. Dai 6c ham hink tron (ren budc nho)
kep chat vong bi tran truc.

Hinh 18.1 gidi thieu céc tist may
hay gap nhit cia mdi ghép bing ren
ding dé kep chat: bulong, vit cdy va vir:
ching c¢6 ren hé mét (xem hinh 18.5a)
vdi bude ren 16n. '

Hinh 18.2 gidi thieu cdch kep chat
vong bi lén truc bing dai 6c ham hinh
tron ¢6 ren hé mét voi bude ren nhé. '

Hinh 18.3 trinh bay cdch néi ong
qua cit cong ¢6 ren 6ng va hinh 18.4
trinh bay moét chiéc.kich ma vit nang
cla né ¢6 ren hink vudng (c6 thé ding
ten hinh thang nhv trén hinh 18.5b).

b. Cdc thong s6 co bdn ciia ren

Budc ren §: 1a khodng céch gita hai
dinh ren lién tiép, duoc do theo phuong
song song vdi dudng truc cia cdc ren (tic
dudng tryc ciia bulong hay vit, dai 6c).

- Budc dudng xodn oc 1: 1a khoang
cich gifa hai dinh ren lien tigp tren
cung mot m6i ren (dudng xoin Gc),
duge do theo phuong song song vdi
dudng tryc ¢la cic ren. N&u goin la sé
moi ren thi:

t = 8.n (vdi ren mét méi, ta ¢ t=8)
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Gdc ndng cia ren ) (doi khi con duge ky hiéu 12 0): 12 géc tao béi HEE
tuyén clia dudmg xodn 6¢ (trén hinh try trung binh) v6i mat phing vuong g6¢

v truc cla ren:
tgh=—— =20 | (18-1)
Vdi d; 1a dudng kinh trung binh cia ren.
1.1.3. Ren tiéu chuin céng dung chung

a. Ren hé mér

H = 0,866038 Bai o 7 /geilacdissss ot

h = 0,541258 x - 7 ,,////:ng Z,/,///:w
r=%x0,144$ ol IN BL@ f':
d, =d%%H ® 5& \?\ \\\%E\F‘*
d, = d= 2h a) ‘ o

b. Ren hinh thang (can)

H = 1,8665

h{=0,58+z

h = 0,58

dy=d- 0,68

d;=d-2h,

d'=d+2z

L d=d-S

¢. Ren rdng cua (hinh thang

léch) | o 77 15/7 Dalé’f::,
H=158785 ' P} f///%

hy = 0,86777S
r=0,1242758

h = 0,758 / /7§\‘[/// | : N

s

Ay

d, = d-h s N

= d- hes N1 .
: | g NN %
d, = d-2h, 9
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d. Ren 6ng tru ' S o
. ' Sy 2 Ong ndi
Llo

H = 0.960498 2
 h=0,64035 ' . N
r -—-.0, 137338 I}h\‘ AN R
[
2 \\\\\\\\\
dy=d- TH SN\
d,=d-2h
e. Ren dng con hé Anh
H = 0,8668
h = 0,88
o = 1°4724"
Do comn : 2tgep = 1/16
d2 = d'H
d;=d-2h
f. Ren 6ng cén hé mét _ o) Song song véi
_ Tl - duang tam ong
H = 0,96024S | XL A Gng a6
h = 0,640338 G R
. /55° I|N ¢
r'=0,137288 N N
Do con: 2tge = 1/16 N A EANANRTTTRN
? con: 2ige = 1/ SN\ NSNSNS PN
3
fl
d,=d-2h Hinh 18.5. Kich thudc két cdu cva ren ticu

chudn cong dung chung.

Hinh 18.6. Bien dang ciia ren hé mét: a. ren budc 1dn; b. ren budc nha.
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1. Ren kep chat: c4c loai ren hé mét, ren ong va ren Anh déu cé thé ding
Iam ren kep chét. Tuy nhién, rieng d6i voi ren Anh véi géc bién dang 55° chi
duge phép diing 1am ren Kep chit khi thay thé, sira chita nhimg thiét bi ci hoic
nhap kh4u tir nhitng nudc v6n da st dung loai ren nay; con khi thi€t k€ méi thi
& nudce ta khéng diang, trir truong hop ren 6ng nhu sé& néi dudi day.

a. Ren hé mét (hinh 18.6): Loai ren nay <6 bién dang hinh tam gidc, géc &
dinh bang 60° budc ren c6 hai loai la loai budc Idn va budc nho, cac kich
thudc da duge tiéu chudn hoa.

Ren (hé mét) buoc lon duge quy ude ¢ in chit M trude gid tri cua dudng
kinh ren. Vi du, M14 la ren hé¢ mét budc 16n, dudng kinh 14 mm.

Ren (hé mét) budc nhd ngoai quy ude nhu d6i véi ren budc 16n, con ¢
ghi thém gid tri cha budc ren sau gid tri cha dudng kinh. Vi dy, M14x0,75 la
ren hé mét buée nhd (0,75 mm), dudng kinh 14 mm.

Nhu trén hinh 18.6 cho tha’y,'buéc ren cang nho thi ranh cang néng, mat
khdc géc nang A cha ren cang bé [cong thic (18-1)). Qua d6 cho thdy vdi
cing dudng kinh ngoai d thi dudng kinh trong d; & ren budc nho s€ ¢6 gia tri
1én hon & ren budc 1én, do d6 stc chiu tai c@ia than bulong véi ren budc nhéd
cling 16n hon. Ngoai ra, kha nang ty ham cia ren budc nho ciing cao hon do ™
gée nang A cGa né bé hon, hay néi cdch khdc, ren bude nho it kha nang tu
16ng hon so véi ren budc 16n. Nho hai vu diém trén, ren budc nhd hay duge
diing trong cdc tiét may chiu rung dong hodc va dap, trong céc tiét mdy nhd,
méng (nhu trong mdy bay, mdy chinh xdc, mdy vo tuyén dién,...).

Mic ddu vay, ren budc 16n vin duge dl‘mg rong rédi do kich thuéc ren cao
va ddy nén nhitng sai s6t nhd thudng gip trong khi ch& tgo ciing khong dén
ndi 1am ren bi loai bé, hon nira thdi gian chiu mai mon ciing duge lau hon.

b. Ren éng: vira ¢6 tic dung kep chit vira dim bdo d¢ kin trong cdc mdi
ghép 6ng. - '

Thudng thi dudng kinh trong (16 thong thuy) cia 6ng duoc ding lam kich
thudc co ban dic trung cho ren ng va dudng kinh dé dugc ghi trén ban vé theo
hée Anh. Ren 6ng khong c6 khe h& & dinh ren va chan ren nhim dam bao 46 kin
khit, va 12 ren budc nhd. Ren 6ng ¢6 hai loai: ren 6ng tru va ren 6ng con.

Ren 6ng tru: 1a ren budc nho, c6 bién dang hinh tam gidc can, géc & dinh
bing 55° (hinh 18.6d).

Ren &ng con: dam bao do kin khit cao ma khong cin dén chi ti€t dém kin
riéng, déng thoi cho phép thdo 1ap nhanh. Ciing nhur d6i v6i ren 6ng tru, budc
ren 6ng con duge do song song v§i dudng tdm &ng, cdn dudng phan gidc cla
g6c & dinh phai thing goéc véi dudng tam 6ng. Nho vay, ren ong tru ciing ¢é
thé lip dugc vdi ren 6ng con cling kich thude.
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Ren dng ¢on ¢6 hai loai: Ren 6ng con he Anh vdi géc bién dang a=60" va
ren 6ng con hé mét véi gée bien dang a=55" (hinh 18.6f).

2. Ren truyén dong va chiu tai

~ Theo tiéu chuén, d6 1a ren thang c4n (hinh 18.5b) va khi chiu lyc mot
_chiéu thi 46 1a ren thang léch (hinh 18.5¢c). Ngoai ra con ¢6 ren vuéng nhung
khong dugc tiéu chuén hod. Loai ren nay it tén thit vi ma sét hon so véi ren
hinh thang do d6 hiéu suat truyén dong ciing cao hon. Tuy vay, ren vudng kKhé
ché tao va do bén kém hon, khé khic phuc khe hé chiéu truc nén ngiy nay it
duge ding ma thudng duge thay th€ bang ren thang.

18.2. TINH TOAN MOI GHEP BANG REN

Buléng (hoaé vit, vit cy) 1a chi ti&t chil y&u trong mdi ghép béng ren. Can
clt vao tdi trong tdc dung, ngudi ta tinh ra dudng kinh yéu cdu cta bulong
(hay vit, vit c4y) r8i cin ci vao bang tiéu chudn cé sdn dé chon ra kich thudc
buléng (vit, vit cdy) va cic chi ti€t k&¢m theo khdc nhu dai 6c, vong dém,....Tai
trong tdc dung c6 hai dang: tdi trong tinh va tdi trong thay doi. G day ta chi
xét dén trudmg hop tdi trong tink, con trudng hop tdi trong thay ddi thi ban
doc ¢6 thé xem thém trong cic tii liéu tham khao ghi & cu6i sdch nay.

18.2.1. Tinh toan dé bén moi ghép bing ren chiju tai trong tinh
1. Bulong )dp khong ¢6 khe ho

Trudng hop nay ca thian bulong va 186 déu dugc gia cong chinh xdc. Luc
tic dung thing géc vdi dudng tam ciia buléng nhu trén hinh 18.7, tao nén ing
sudt cit va dap.

d
L - L Q e
% I n'//,a 7 o
e NEAN
a) 'x-a)

Hinh 18.7. Bulong lép trong 18 khong c6 khe ha:
a, than hinh try; b. than hinh con

Pudng kinh than bulong tinh theo diéu kién do bén cit:
dh | 40

2 (= (18-2)
ml T i
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trong dé: [‘t]c ! Ung sudt cit cho phép cta vat liee Jam buléng, [‘t]c =(0.2~03)5, ,
Sch 12 ting suat chdy, tinh theo N/mm?; Q - Iyc tic dung len ma; ghép, tinh theo N;
* 1 - 50 mat chiu cit (trén hinh 18.7,i=1); d, - dudng kinh than buléng, mm.
* Duong kinh than buldng tink theo dé bén dgp:
| dy z—n_amfc ) o asy
trong d6:8,,,. - chiéu ddy cla tam mong nhét trong cic tAm ghép chin dap
ciing than buléng, mm:;
[cr]d: ing sudt dap cho phép ctia vat liéu 1am buléng, N/mm?
- Thép cécbon 14y: [cr]d =(0.8-1,0)5,;
- Thép hop kim ly: o]; = 0.6-0.8) o,
- Gang ldy: [o];= (0,6-0.8) o (ing suat bén kéo)
CchVa Oy chon theo bang var lieu. D6i véi thép CT.3 c6 thé 14y
Och =190-220 N/mm>. P6i véi gang d6 bén thip, trung binh va cao lay 14n -
lugt bing 12-15, 19-21 va 26-32 N/mm?.
2. Bulong 13p ¢6 khe hé
a. Truong hop tdi trong thang géc voi duong tém (hinh 18.8)

Dé chong trugt gilta cic mat tiép xic 1am cong buléng nhu trén hinh
18.8a, cin ¢6 thém chét (hinh 18.8¢) hoic Ong 16ng (hinh 18.8d), néu khong
€6 cdc chi tiét phu 4y thi cdn phai xjét buléng that chic dé tao nén lyc cing V
nhu trén hinh 18.8b, sao cho: '

| V= f . - (18-4)
Trong d6: Q - tai trong ngang hay luc truot, N; f - h¢ s6 ma sat. V6i cic t4m
ghép 1a gang hay thép thi f= 0,10-0,15 khi mdt trugt kho, f=0,06 khj mit
trgt c6 ddu. Khi ¢6 phun c4t hodc cic bi¢n phép khic lam tang hé s6 ma sdt
thi gid trj cita f ciing ting va dugc 14y theo s6 tay; i - s6 mat trugt (trén hinh
18.8a, i=1); 1,2 - he s6 an toan, _ ' .

* Tinh duong kink bulong
S dung céng thirc: _

-I%Xs[c]n | (18-5)
trong dé: V 12 lyc xiét daj @c, tinh theo cong thirc (18-4); 1,3 1» h¢ s6 xét den
inh huéng cta mémen xodn do xiét dai Sc sinh ra; F, 1a dién tich ti&t dién
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buléng tai duong kinh chén ren d,, v6i F, = Fi—‘ Gid tri F | va d, déu c6 sdn

trong bang chon buléng tidu chudn;

[o], 12 ¢ng sudt tinh todn, véi [c]. _=C[FL|]1 (N/mm?);
n

O, la dng sudt chdy cGa var liéu 1am buléng (N/mm?), 14y theo bang
trong s6 tay.

N

YW/ N J%

, JUD
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Hink 18.8. Bulong ldp c6 khe hd, chiu tai trong ngang (thing géc voi dudng tam).
~ a. cdc tdm ghép bi trugt; b. tao nén luc cing V nhé xist chit buléng dé chéng truon;
¢ va d. them chdt va 8ng 18ng € chidng truot.

[n] Ia hé s6 an toan cho phép, dugc chon nhu sau:

- Khi lyc cang V c6 thé diéu khié€n dugc thi 14y [n] ~ 1,6 d6i véi
bulong thép cicbon, [n] = 2 d6i v6i buléng thép hop kim.

- Khi lyc ciang V khong thé diéu khién dugc thi [n] duge chon theo
dudmg kinh ren d nhu trong bang sau:

Vat “‘l?ll lam buléng Gia tri {n] khi dueong Kinh chan ren d (mm) la:
6-16 : > 16-30 : > 30-60
Thép cécton 54 42,5 2.5-1,7
Thép hop kim 655 - 5-3,3 3,3-3
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b. Truong hop tdi trong doc theo truc buléng

Trong trudng hgp nay dai &c khoéng duge
xi€t chat, khong c6 luc xi&t ban ddu; ching han
nhu buldng cia méc treo trén hinh 18.9, hoic
nhu & phén ¢6 ren clia doan cudi méc cn truc.

" Pudng kinh chéan ren d; dugc tinh theo
cbébng thic:

- 4
d {—l-—-l— -
I Jk mm '(18 6)

Trong d6: Q la téi trong doc truc, N;
[c] k 12 Ung suit kéo cho phép clia vat lieu lam
buléng (N/mm?), tra theo bang chon vat liéu.

v

18.2.2. Xac dinh mdémen tac dung lén
chia van (cole)

dy

Hinh 18.9. Mdéc treo.

Khi xiét chat buléng, ta da tao ra mot ngu luc M., trén chia van nhu trén

hinh 18.10: :
Mcv=Pch

_ Trong d6 :P,, 1a lyc tay don téc
~ dung leén chia vin;

L 1a chiéu dai tay don;

Theo kinh nghiem c6 thé 1dy é

P,=100-300N; L ~ 15d, véi d, I duong
kinh trung binh clia ren. Qua d6 ngudi

ta da tinh duge lyc cing V téc dung lén
bulong khi xiét chat 1a: '

. V&65P,, ~ I6kN

~ - Véiluc cang 16n nhu yay thi buléng -

M12 lam bing thép CT.3 khong thé chju
duge. Vi.vay, khi khong diéu khién

dugc lyc xi€ thi khong nén ding
buléng (hay vit) tr M12 1r& xubng.

18.3. VI DUTINH TOAN

Hinh 18;10. “Momen sinh ra trén
chia vin khi xi&t chit buténg.

Chon duing kinh buléng cho m6i ghép nhu trén hinh 18.8b, chiu tai trong ngang
Q=100N. Biét ring cdc tim ghép lam bing thép, bé mat tiép xiic gilta chdng & trang théi kho.
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BuIOng bing thép CT.3 ¢6 iing sust chiy o, =210 N/mm?, ren bude 16n, 'I‘mh cho trudng hop
e cang ¢6 thé diéu khidn duge.

Gidi: D& hai tAm ghép khoi gt 1én nhauw, ta cin tao mét lyc céing V tinh theo cong thirc 18.4:

_12Q
fi
(o} day 56 cap mar truegt 14 i=1. HE s6 ma sée T [y bing 0, 12. Do do:
£, 2 % HOOO
= = 100
v 6.12% 10.000N

Ap dung cong thitc 18~5 ta tinh drge dién tich 1igt dign buldng tai chan ren F 1
13v

Vi lyc cang V c6 thé diéu khién duge nén My “é 56 an todn [ni=1,6. Do dé tng sudt tinh
todn cho phép s& la;

S 210

6], -»—[-I——-]3125N)’mm

Ap dung c6ng thitc (18-5) ta tinh duge dién tich ti€k dién buléng tai chan ren F:
v 3.
F = 1,3 L_I‘M,, 99,05mm?
] [t 131,25
. nd?
Vi F =—4—' nén tir d6 ta c6 thé tinh ra dudmg kioh chan ren d,:

~ {45 _ ,4.99,05
cdy = = Sy 34 b 1.1,25mm

. Tra bang tiéu chudn, ta chon buldng budc 16n M14 ¢6 dudng kinh chan ren
d,;=11,835mm. ' '

CAU HOI ON TAp
1. Trinh bay w, nhuge diém clia clla mai ghép béing ren ?

2. Phan biét cich ghi trén ban v& d6i véi ren he mér bugc 16n va ren h¢ mét bude nhé ? So
sénh wu, nhuge diém cla hai loai ren ndy ?

3. Gidi thich tai sao trong cie dung cu do hodc trong cic méi ghép chiu rung dong ngudi ta
dung ren budc nhé, trong cdc méi ghép cdn dim bao dé kin khit diing ren éng (tru va c6n) ?
4. Tai sao vit clia kich niang ( hoac méy ép vit...) thudng 1am bing ren thang hodc ren vuong ?

5% Chon dudng kinh than buléng d, cho m&i ghép nhu trén hinh 18.7a, chiu tai trong ngang
Q= 1000N. Biét rang vat ligu [am bulong va tdm ghép déu bing thép CT.3 ¢6 (ng sust
_ chdy o, = 210N/mm?. Chiéu diy méi tim ghép & = 10mm.
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Chuong 19 |
MOI GHEP BANG THEN VA THEN HOA

Ghép bang then va then hoa thudc loai méi ghép cé thé thio rdi. Chiing
dugc dung rit rong rii dé ghép 1én truc cdc chi ti&t ¢6 dang moayo nhu bianh
rang, banh dai, dia xich,... Duéi day chiing ta s& nghién ciu tdch riéng hai m&i
ghép: ghép bang then va ghép bing then hoa. '

19.1. MOI GHEP BANG THEN

MG6i ghép bing then c¢6 wu diém 14 cdu tao don gidn, chic chin, d& thio
Idp v d& ché tao, gi4 thanh ré nén khj khong nhat thi€t phai ding méi ghép
bang then hoa thi nguwi ta s& uu tién ding m6i ghép bing then.

- Tuy nhién né c6 rhuge diém quan trong 12 phai x& ranh.trén truc khién
tryc bi y€u, midt khdc dé& lam moayo bj bién dang khi lip va m6i ghép d& bi
lech tam.

Then 1a chi ti€t quan trong trong méi ghép, diing d€ truyén moémen xoin
gilfa tryc vd moayo. Céu tao va kich thu6c clia né dugce tieu chudn hod cao d6
va cho sin trong sd tay. Vat liéu 1am then thudng 1a thép kéo loai t6t, gidi han
bén khong dudi 600N/mm’ nhu CT.6, thép 45 hoac 50.

Ngudi ta chia m6i ghép then 1am hai loai: méi ghép 1dng va mé6i ghép cing.

‘Mo6i ghép ldng: c6 khe hd giita then va moayo, loai trir dugc kha nang gay
bién dang moayo khi lip va khong lam né bi léch tam so vdi truc. Cic loai
then diing trong m6i ghép 1éng gém cé: then bang, then din huéng, then bin
nguyét, then try. : : .

Méi ghép cdng: ¢6 40 doi giita then v&i moayo va tryc, ghy ra sy bién
dang cac chi ti€t ghép khi 1ap rdp va 1am moayo bi lech tam so véi truc, do 46
1am han ch€ pham vi ing dung cia n6 rat nhiéu. Céc loai then ditng trong moi
ghép céing gém c6: then ma sit, then v4t va then ti&p tuyén.

19.1.1. Cdu tao céc loai then ghép 1dng

1. Then bang (hinh 19.1): cé tiét dién chir nhat, kich thuéc chidu rong b
va chiu cao h dugc tieu chudn hod, véi ti s6 b: h thay déi o 1: 1 (tng véi truc.
¢6 dudmg kinh nhé) dén 2: 1 (tng véi truc c6 dudng kinh 16n). Chiéu dai then
phédi phd hop v&i chidu dai moayo va cling duge tiéu chuidn hoi. Ddu then
bing c6 thé dugc lam trdn nhu trén hinh 19.1b, hoic Bm thing nhy trén
hinh 19.1c. Mat l1am viéc cta then 13 hai mat bén nén duoc ché tao chinh xic
hon cic mat con lai. :
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Hinh 19.1. Mdi ghép long vé§i then bing.
a. cdc kich thude co bin; b, then diu trdn; c. then ddu thing.

Tiéu chudn quy dinh ¢6 hai kiéu ghép: Kiéu I ¢6 ranh trén moayo sau hon
so v&i kiéu If, ding cho m&i ghép cé moayo biang gang va bing cdc vat liéu
kém bén hon vat liéu 1am truc; ki€u II ¢6 ranh trén moayo néng hon so voi
kiéu I, diing khi moayo 1am bang thép. Trong ca hai kiéu ghép, giita mat trén
cta then va mat rinh moayo déu ¢6 khe hd hudng tam.

Thong thudng méi ghép ¢6 mot then, nhung khi tdi trong 16n ¢é thé cé hai
hodc ba then. N&u cé hai then thi chung dugc didt cdch nhau 180°, néu ¢6 ba
then thi cch nhau 120°.

Uu diém cla then bing la k&t cdu don gian, dé ch& tao. Nhugce diém 1 khé
dam bao tinh lip 14n: thudng phai chon va sita chira then cho vira véi ranh, 1am
mdt thoi gian va khé phd hgp véi yéu cdu san xuidt hang loat. Ngoai ra, cdn
chd ¥ then bang khong truyén duge luc doc truc vi th€ cdn ¢ thém chi tiét
chin lyc nay (hoac diung then ghép cing s& néi & muc sau).

2. Then bing dan hudng (hinh 19.2) ¢6 hinh ddng nhu then bing, duoc
. ding trong m&i ghép ma moayo can di trugt trén truc nhu trong hop s6 6 t6
hay hop t6¢c do mdy cong cu, vi thé then can ¢6 dinh 1én truc bing cach bat vit
va chiéu dai then cdn dai hon nhiéu so véi chiéu dai moayo. Then bing dan
huéng ciing c6 cong dung twrong ty then hoa (s€ ndi & muc 19.2 dudi day)
nhung ciu tao don gian va dé& ché tao hon nhiéu. Tuy nhién then bing din
huéng kém hon hén then hoa vé kha ning chiu tai va do tin cay nén ngly nay
it dugce dang trong cdc moi ghép quan trong.
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Hinh 19.2. M6i ghép 1ong véi then bing din huéng.
a. cdc kich thude co ban; b, then ddu tron; c. then ddu thang.

3. Then bén nguyét (hinh 19.3) c6 mit lam viéc 1a hai mat bén nhu then
bang, dugc ding trong trudng hgp dudng kinh truc nhd, d < 44mm. Khi
moayo ngin diing moét then, khi moaydo dai ding hai then. Then ban nguyét c6
uu diém 1a dé€ wr dong thich ing véi do nghiéng cia rinh moayo do dé d& 14p
rdp, cdch ché tao then va rinh cting don gian. Tuy nhién né ¢6 nhugc diém la
phai phay rinh sau trén true 1am truc bi y&u nhiéu '

, |
R I 5
L0 X x
O 1= =l
SN ‘::;
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Hinh 19.3. M6i ghép long vi then bn nguyat, -
15.1.2. Cau tao cac loai then ghép cing _
Dic diém chung clia cdc loai then ghép cing 12 mat trén va mat dudi 1a
hai mat tam viéc, trong 46 cé mot méat duge vit déc 1:100 dé tao dé ciang khi
lip. Hai mat bén cia then khéng lam viéc va déu c6 khe hd. Chiing ciing c6

hai ki€u: ¢6 ddu va khong ddu. Kiéu khong dau c6 thé dugc cit thing hoac ve
tron. Vi tao thanh m6i ghép cang nen ching khong nhimg truyén dugc mémen
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xo0dn ma cdn truyén duge luc doc tryc - hon nira, con ¢é thé chiu duge va dap.
Tuy nhién nhu trén d& ndi, pham vi ing dung cia ching vin bi han ché€ vi lam
moayd bi léch tam. :

1. Then ma sat (hinh 19.4) ¢6 mit dudi 1a mat long mang cing bdn kinh
cong vdi truc. Khi déng, mat trén ti vao ddy rinh moayd, con mit dudi 6m
chit 18y truc tao thanh luc cing, gdy ma sit idn, nhd viy ¢6 thé truyén duge
tai trong. Uu diém riéng cua loai then nay 12 khéng cédn c6 ridnh trén truc nén
khéng lam truc bi y€u di. Mit khdc, né c6 thé lip & bat ky chd nio wrén truc
c6 ciing dudng kinh va khi qud tai, truc ¢6 thé trugt so vdi‘then dé mé&i ghép
dugc an toan.

A
. o @ . ©
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Hinh 19.4. Mdi ghép cang vdi then ma sdt.
a. cde kich thudce co bin; b. then cé ddu; c. then khong ddu.

2. Then vat (hinh 19.5) ¢6 ti€t dién hinh chir nhat, cdc kich thudc déu
duogc tiéu chuin hod va cho trong sé tay. So véi then ma s4t, then vdt yéu cdu
truc phai ¢ rinh nén lam truc bi y&€u, nhung dodi hoéi réinh trén moayo noéng
hon nén it 1Am moayo bi y&u hon. '

h >~ 1+100 == 1+700

@

é .

(7

b)

&)

Hinh 19.5. M6i ghép ciing v6i then ma sdt: a. then ¢6 ddu; b. then khong ddu.
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3. Then tiép tuyén (hinh 19.6) dugc dung trong trudmg hop chiu tai trong
16n va £t 16n nhu trong nganh ch€ tao may hang nang. Méi then ti€p tuyén
duge tao thanh bang mot cdp then v4t hinh ném hep dat ngugc chiéu vdi nhau.
Mit 1am viéc 14 céc mit ddy cha cap then vit ndy, do d6 gita ching va hai
ddy ridnh then cé 40 doi, cdn cac canh bén thi cé khe ho. Né&u diing mot then
ti€p tuyén (do mot cap then vét tao thanh) thi chi truyén dirgc moémen xoén
mot chiéu. Dé truyén dugc mémen xodn ca hai chiéu, ngudi ta ding hai then
ti€p tuyén dat cdch nhau mot géc tir 120° dén 135°. Chii ¥ then dugc dat theo
chiéu ti&p tuyén chit khong theo chiéu huéng kinh nhu & then vat.

-
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 Hinh 19.6. M&i ghép cang vai then ti&p tuyén.

19.1.3. Then tru p

i

Ngoai cdc then néi
trén, ta con gip then try,
thuomg dung trong mdi
ghép moayo v6i ddu tryc
nhy diu trugc bom, quat,
dong cd.... (hinh 19.7).

Then tru c¢é hai loai:
then tru trdn va tru con.

b)
1:100
—m—

g6

- Then tru tron tao nén
mdi ghép long;

- Then try con tao nén .
md&i ghép cing nhe. Hinh 19.7. Then try: a. tru trdn; b. try con.

D& then ti€p xtic déu giifa ranh then trén tryc va trén moayd, cdn dich tam
cinh then trén truc vé phia tam truc mot khodng e:

e=05(d—-yd% —dy)
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trong d6: d 1a duong kinh truc, dy, 13 dudng kinh then.
" Then tru khong duoc tieu chuén hod.
- Khi ghép moayo 1én tryc thi nén chon dudng kinh then try bing chiéu -

- _ cao then bang diung cho ciing dudng kinh truc.

- Khi ghép vanh banh ring (ké ca vanh banh vit hay cdc vanh tuong ty)
1en than cia né thi chon duding kinh then try 14y theo cong thifc:

dyg = (0,5 - 0,75)8
Trong d6 S 1a chiéu day vanh khong ké chiéu cao ring.

- Khi ¢6 lyc chidu truc lam cac chi tiét ghép truot 1én nhau thi nén thay
th€ then tru béng vit ¢6 cling dudng kinh.

19.1.3. Tinh toan mai ghép biing then .
1. Tinh toin then bidng (hinh 19.1 va 19.8)

a. Tinh theo diéu kién chiu dap
2M -
o, =— o 19-1
‘7 Zldth-) [‘]d (>-b N

trong d6: Z 12 s6 then; o4 1a ung sudt dap

itz

Ii

téc dung lén then (N/mmz);[cr]d la fing suat
dap cho phép (N/ mm?*) (xem & muc 4 dudi d
day); 1, 1a chiéu dai lam viec thuc t€ ciia then TR

~ (mm). DGi véi then dau thing 14y 1=l, then

diu rdn 1dy 1= 1-b, v6i 1 va b 1dn luot 1a chiéu o

dai va chiéu rong then; M 12 moémen Xodn  Hink 19.8. Tdi trong v ing suit

trén truc (N.mm). trén then bing vi then bdn nguyét.
Né&u o, bé hon nhiéu so vdi [o], thi ¢ thé chon then ¢6 bxh nhd hon réi

tinh lai. Nguge lai, néu o,y< [6); thi cé thé dung hai then dat cdch nhau mot

_g6c nao do (thudng la 180%. '

¢ zbl,d
Trong d6 t.va ['c]c 14n luot 12 \ing sudt cét tic dung lén then va tng suat
cit cho phép (xem & muc 4 duéi day). '
2. Tinh toan then ban nguyét (xem hinh 19.3 va 19.8)

b. Tinh theo diéu kién cdtr: 1 2M <{ l o (19-2)

a. Tinh theo diéu kién ddp:

M
%= hdhn - ol
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b. Tinh theo diéu kién cdr:

. 2M
Te —‘z—b"ﬁﬁ['l]c

¥ nghia cc dai lugng gi6ng nhu & cong thitc (19-1) va (19-2).
3. Tinh toén then try (hinh 19.7)
a. Tinh theo diéu ki¢n dgp

T4 = 2M 4[01:1

dgpld

b. Tinh theo diéu kién cdr

T = M g[":](:
dgld

Trong d6 dy, 1a duc‘mg kinh then try, con c4c dai lugng khac giéng nhu &
cong thic (19-1) va (19-2).

4. Lua chon ing suit cho phép

a. Ung sudt ddp cho phép

- D6i v6i moi ghép khong di dong lay: o]y =29 véi o, 12 gi6i han
n -

chdy cilia ti€t may ghép nao lam bing vat lieu kém bén nhat (truc hoic
moayo); it 1a hé s6 an toan, 18y n=1,25 néu x4c dinh dugc chinh xdc tai trong,
cdc truomg hop khéc 14y n=1,5 + 2.

- B6i véi then 1am bﬁng thép 45 lap trong hop giam t6c:
[6]; = 50— 70 N/mm?, néu hop gidm t6¢ 1Jam viéc*lién tuc, hét kha ning i ;
o)y =130-180 N/mm?, néu hep giam t6c 1am viec & ché do trung binh ;

[cr]d =70-100N/mm’, néu moayo lam bing gang vd méi ghép chiu tai
trong khong thay déi.

b. Ung sudt cdt cho phép

Ddi véi thép va gang c6 thé 14y:

[x]. =120 N/mm? khi méi ghép chiu tai trong tinh;
[t]. =90 N/mm? khi méi ghép chiu va dap nhe:

[]. = 50 N/mm? khi méi ghép chiju va dap manh.
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19.2. MOI GHEP BANG THEN HOA
19.2. 1. Uu, nhuge diém

MGi ghép bing then hoa ciing tuong ty nhu méi ghép bang then 43 xét &
trén, nhung cédc then & day lién khéi véi truc. So véi méi ghép bing then, né
¢é cic uu, nhuge diém sau:

1. Uu diém

- Moayo dam bao d6ng tam vdi tryc hcn

- Kha nang chiu tai 1én hon va do tin cay cao hon do ¢é nhiéu réng cling
1am viéc va tai trong phan b trén chiéu dai canh rang déu hon;

- Chiu tai trong dong va tdi trong thay d4i t6t hon.

2. Nhuge diém

- Ti trong phan b6 giita cdc rang khong déu;

- D& ch€ tao va kiém tra, cdn cé nhitng dung cu cét va thiét bi chuyén
ding mdi lam dugc.

19.2.2. Phan loai mdi ghép

© C6 hai loai m6i ghép bing then hoa: m6i ghép ¢6 dinh va méi ghép di dong.

1. Méi ghép c6 dinh 1 méi ghép trong d6 moaya khong thé di trugt doc
truc. O day then hoa c6 thé 12 hinh tru hoac hinh con. Then hoa hinh con cé
wu diém 1a.moayo va truc khit chdt vao véi nhau do d6 lam vigc t6t ngay ca
khi tdi trong thay déi, thudng duge ding nhiéu trong 6 t6, mdy kéo. '

2. Mdi ghép di dong 132 m&i ghép trong dé moaya c6 thé di déng doc truc nhy
trong cac hop toc do clia mdy cong cu. M6i ghép di dong chi ding then hoa hinh
tru. Du6i day chiing ta chi xem xét then hoa hinh try, cdn then hoa hinh c6n ban
doc c6 thé tim hidu trong cdc*ai lieu chuyén nganh vé 6t0, méy kéo, ...

19.2.3. Cac dang ring cla then hoa

Then hoa hinh tru thudng cé ba dang rang (hay con goi 12 bien dang rang)

- Rang chif nhat (hinh 19.9);

- Ring than khai (nhinh 19.11);

- Ring tam gidc (hinh 19.12).

Then hoa véi ring chif nhat va than khai a3 dugce tiéu chudn hod, cdc kich
thudc cha chiing déu 6 sin trong s6 tay. Trudc day, then hoa chif nhat thudng

dwoc ding rong rdi, nhung hién nay then than khai ngay cang dugc ding
nhiéu nh& cdc vu diém troi hon so véi then hoa chif nhat, dé la:

- P6 bén moi cao hon do chan rang day hon va khong cé géc luogn dot
ngodt & chan rang;

- Pat dugc d6 chinh xac cao hon do dé ¢6 do ddng tam cao hon;
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- Cong ngh¢ ché tao t6t hon nhd sit dung phuong phdp gia céng banh ring.

- Gid thanh ha hon vi dugc cit bing dung cu cit don gidn (nhu dao phay
truc vit), chi cin moét dao phay ciing c6 thé ché€ tao dugc nhiéu then hoa ciing
modun véi duong kinh va s6 rang khdc nhau.

 fxd5° | a _
BN
a) s

b)

Hinh 19.18. Cic dang ranh ring trén truc then hoa
Hinh 19.9. Then hoa véi rang chir nhit. chit nhat:  a. dang A; b. dang B.

S § .4

) N
.
QWS J (oY

al ) b}
Hinh 19.11. Then hea than khai '
4. dinh tdm theo canh be_n S; b. dinh tdm theo dudmg kinh ngoai D.

Then hoa véi rang chif nhat cé _ B
hai canh bén song véi nhau va song
song v&i dudng trung binh ké tir tAm
truc (hay tam 18 moayo), thuimg
dugc gia cong bang cdch phay va _ GAANY
trust. D€ lam gidm nhe géc luon % 5 ,
dot ngét & chan rang véi than truc, N \
ngudi ta dua ra ba dang rinh: A, B \ \
va C. Chon dang nao la tuy theo N

cich ch& tao vd cidch dinh tam.

tim theo canh bén,
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: Then hoa’ véi ring tam gidc khéng dugce tiéu chudn hod. N6 duge ding
'trong md&i ghép ¢ dinh vdi momen xodn khong 10'1'! 14m, khi cﬁn trénh kiéu
~ 1ép ép va khi thanh moayo khong di ddy.

1.2.4. Cac phuong phap dinh tam mdi ghép then hoa

C6 ba phuong phip nhu sau:

1. Dinh tam theo canh bén S (hinh 19.11a va 19.12): khong dam bdo gita
tryc vi moayo dat d6 d6ng tam cao, nhung c6 wu diém la tai trong phan bg
déu trén cdc rang. Vi vay né duge diing khi mdi ghép khong yéu ciu cao vé do
déng tam nhung cin tang kha nang chiu mémen xoén.

2. Dinh tam theo dudng kinh ngoai D (hinh 19.11b): khi m&i ghép c6 yéu cdu
do déng tdm cao. Lic d6, néu 16 moayo khéng nhiét luyén hodc dd rin khong
16n, c6 thé truét duge thi dung phirong phdp dinh tdm theo dudng kinh ngoai.

3. Pinh tAm theo duong kinh trong d: Trudng hgp nguoc lai néu khong
diing dugc phuong phdp dinh tam theo dudng kinh ngodi thi ding phuong phép
dinh tam theo dudng kinh trong dé c6 thé dat dugc d¢ doéng tam cao hon (vi luc
nay 16 moayo khong thé truét nén khong thé chinh xdc béng truc dugc).

19.2.5.Tinh todn m&i ghép then hoa

Ciing gi6ng nhu m&i ghép vdi then bang, méi ghép then hoa duge tinh
theo didu kién dap, nhung c¢é diém khac 1a & day tinh theo diéu kién mon thay
vi tinh theo diéu kién cit.

a. Tinh theo diéu kién ddp: Oy = \pzl hdlb < [c]d (19-3)
trong dé: o4 va [c]d ¢6 ¥ nghia gi6ng nhu & ¢ong thac (19-1), [cr]d dugc chon
theo bang trong sé tay; M 12 mémen 16n nhdt tic dung lén moi ghép, N.mm;
w=0,7-08 12 hé s6 xét dén sir phan b6 khong déu tdi trong 1én cdc rang; Z la
. sGrang; |, 1a chidu dai 1am viéc ciia mot rang do trén moayd, mm; h 12 chidu
cao b& mt ti€p xdc ca ring, mm; dy, 12 dudng kinh trung binh, mm.

- D6i v6i riing chir nhdt (hinh 19.9) lay:

h= Riﬂ-f, d,, =D;d

- P6i v6i rang thdn khai
+ Khi dinh tam theo canh bén S (hinh 19.11a) 14y:

thh—dA; dlj’zDh+dﬂ —d,
2 2
+ Khi dinh tam theo dudng kinh ngodi D (hinh 19.11b) lay:
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b. Tinh theo diéu ki¢n mon. op=—M__ [5]., (19-4)
zl hdy,
trong d6: o, 1a #ng sust mai mon sinh ra trong mgi ghép, N/mm?; [c]m la
rng suit bén mon cho phép (N/mm?) ciia vat li¢u 1am then hoa, cé sin trong
s6 tay; 1, h va dy, c6 § nghia nhu & céng thifc (19-3),

19.3. VI DU TINH TOAN

Lua chon then bing ddu trdn dé truyén mémen xodn tir bdnh ring thép ien truc c6 dubmg kinh
d=54mm (hinh 19.13), sau &6 x4c dinh gid tri mémen xodn cho Phép ma then o6 the truyén duge.

Gidi, 4 ]

1. Theo ti¢u chudn Viet Nam vé then bing TCVN 1042
=71, d6i véi tryc cd dudng kinh d=54mm, ta chon then bing
b x h=16 x10mm, chiéu sdu rinh tran truc t= Gmm.

2. Véi chiéu dii moayo = 80mm, ta (4y chiéu dii then |
ngin hon mot it. Theo tidu chugn néi trén, My [=70mm,

3. Tinh gi4 tri mdmen xoin cho phép theo quan
diém 4% bén dap {M], ma mdi ghép truyén duge, xuit

=L

IR

phét tir cong thic 5.1: ==
[m], = 2, d(h - o], 80
2 Hink 19.13.

V&i z=1; 1,=(1-b)=70-16=54mm. Theo sd tay vat {i¢u, d6i v6i banh rang thép 1y dng sust
dap cho phép [o]; = 150N /mm?, ], = 90N /mm? | Vay:
[M], = MZO_“EEQ =875.10°N.mm
4. Tinh gid ri momen xodn cho phép theo quan diém do bén cit [Ml_. md m6i ghép truyén
Buge, xust phit tir cong thic (19-2): _
2bldftl.  1.16.54.54.90
], - = OIS

5. So sdnh gié trj cia [M];va [M]., ta ket luan: Momen, i6n nhat cho phép ma méi ghép
truyén duge 12 875 N.m.

=21.10°N /mm?

CAU HOI ON TAP

1. Uunhwoe diém clia mai ghép bing then ? Liét ké céc loai then ddng trong méi ghép léng
va céc loai then diing trong m6i ghép cang ? Dac diém clia hai loai m6i ghép nay ?

2. Trinh bdy wu nhuoe diém ciia clia timg loai then ding trong m6i ghép bing then (16ng
vi cang) ? : '

3. Then duge tinh todn theo nhimg diéu kien gi ? -

4. Méi ghép bang then hoa c6 g1 khéc so véi m6i ghép bang then ? Uu nhuge diém ciia
m&i ghép bing then hoa ?

3. Then hoa hinh try o6 méy dang ring ? Pac diém va w nhuoe diém chia nhiing loai rang nay ?
6. Then hoa duge tinh todn theo nhiing diéu kién gi ?
225
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Chuong 20

‘MO GHEP BANG DO POI

20.1. KHAI NIEM CHUNG
20.1.1. Binh nghia va uu nhugc diém cla méi ghép bing dé dai

1. Pinh nghia: M6i ghép bing do doi 1a m&i ghép gém c6 chi tiét bao
(moayg) bao 15y' chi tiét bi bao (truc). Mat ghép giita hai chi tist dy c6 ciung kich
thudc danh nghia nhung phai c6 mot d6 déi & ¢ tao nén luc cang. D¢ doi 1a
mot dai lugng 16n hon khéng va c6 gid tri r4t nhd, tir phdn nghin dén phén chuc
mm, tuy theo ch€ do 1ap ghép va kich thuée danh nghia ciia méi ghép.

Néu goi dg va d, 14n luot 12 kich thudc (dudng kinh) mit ghép cha chi tiét
bao va cua chi ti€t bi bao nhir trén hinh 20.1, thi ta ¢cé:

5=dB—dA >0

Sau khi ghép, do bién dang dan héi va bién dang déo, do chénh kich
thuge khéng con nita va hai bé mit ti€p xic déu cé chung mot kich thudc
danh nghia d. Tuy nhién, lic nay gitta ching s& xudt hién 4p suat p va nho the
ma tao ra luc ma sit dé chéng lai khuynh huéng lam ching truot 1én nhau khi
mdéi ghép chiu luc doc tryc vi momen xoin.

% 7777 P
WEIN/ e i

FHHHY

¥

da

H
I

r "V _
a) % b) 7///////4

Hink 20.1. Tryc vd moayo trudc khi ghép (a); va sau khi ghép (b).
Nh& tin_h chat trén ma méi ghép bing d6 déi duogc dung dé truyén .momen
xo04n, lye doc tryc hoac két hop cd hai. Ngoai ra né con chiu dugec moémen uén.
Mat ghép ciia chi ti€t bao va chi ti€t bi bao thudng 12 hinh tru, mic di d6i
khi con ¢6 hinh dang khdc tru, nhung rat hi€m gap.
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Uu diém cha m6i ghép bing d6 déi gém:

- Chiu dugc 1aj trong nang va va dap

- Dam béo dugc d6 déng tam giita cic tiet mdy ghép, vi th€ thudmg duge
dung trong nhimg chi ti&t mdy quay nhanh.

- Keét c4u don gidn va d& ché tao nén gi4 thanh ha.

Nhuge diém chinh cha loai m6i ghép nay la:

- Thdo 14p phic tap, c6 thé lam hdng bé mat ti€p xiic. Trir trudng hop mat
ghép di dugce i, con néi chung khi hai chi tiét di duoc ép vao véi nhau thi
ngudi ta khong thdo roi ra nifa. Vi the€ méi ghép bang do doi duge x€p vao
loai khong thé théo roi.

- Kh6 xdc dinh khi ning chiu tai ciia m6i ghép vi khé x4c dinh do6 doi va he
s6 ma sdt: D¢ d6i thi thay ddi trong khodng dung sai 1ip ghép, con hé s6 ma sét
thi thay déi theo phyong phap 14p, d6 nhdm bé mat, sy bdi tron lic ép, ...

Nho trinh d6 khoa hoc - cong nghe ngay cang phat trién, ngay nay méi
ghép biang do doi dugc dp dung rat rong rai. Trong nganh ché tao co khi ta
thudng gip méi ghép béng 46 doi trong méi ghép giira truc vdi cac chi tiét
quay nhu binh ring, vo ling, 8 lan, dia tua bin, ... hodc giita cdc phén ciia truc
khuyu hay ciia binh vit ... v6i nhau,

20.1.2. Cac phuong phap i5p

C6 ba phuong phép l4p nhu sau:

1. Phuong phap ép nguoi. _ _

bay 1a phuong phdp hay gap nhit. Bé €p truc vao 16, ngudi ta ding mdy
€p vit hay méy €p thuy lyc, tham chf dung bua déng (nén trdnh ding). wu
diém cha phuong phip ndy 13 don gidn, dugc thuc hien & nhiét d6 binh
thuong. Nhugc diém cia né 1a 1am cao bidng mot phdn 40 nhdp nho bé mat
khi€n lam gidm do doi, vi th€ lam gidm kha nang chiju tii cia m6i ghép. Mat
khéc, phuong phép I4p ndy cdn d& 1am bign dang khéng déu céc tigt may duge
ghép va 1am mit d4u cha chdng bj hur hong. .

Dé 14p ép dugc d& dang va han ch¢ sy he hdng ddu truc va mép 13, nhiing
noi dy thudng duge vit mép (sang phanh).

2. Phwong phép ép néng . . .

Nung néng chi tiét bao d€ 16 ciia né dugc nd rong ra réi ép chi tiét bi bao
vao. Phuong phédp niy han ché duge nhimg nhuge di€m cha phuong phip ép
ngudi néi trén, rit nén dung d6i v6i nhimg chi ti€t ma chiéu dai 16n hon nhiéu
80 v&i dudng kinh. Tuy nhién cdn khong ch& duge nhi¢t do nung, néu khong
s€ lam mat ngoai chi ti&t bj chdy hoic bj ram, lam thay déi c4u tric kim loai
ciia né. Ngoai ra nhiét dé cao ciing c6 thé 1am chi ti&t bj cong vénh, do dé cidn
¢6 bién phdp phdng ngira.
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3. Phuong phip ép lanh

0] day chi tiét bi bao dugc lam lanh dé kich thuéc tryc ciia né bi co lai r6i

€p vao 16 cua chi ti€t bao. Phuong phép nay thich hop véi nhitng m&i ghép
kich thudc nho. D€ 1am lanh, cé thé ding axit cacbonic (46 s6i & —79°C),
khong khi 16ng (do s6i & —196°C).

_ So véi phuong phédp ép nguoi, hai.phuong phip ép néng va ¢p lanh cho
ket qué chiu tai cao hon 50%. Cén kh6ng ché duge do chenh nhiét do At giira
chi ti€t bao va chi tiét bj bao theo cong thic:

A(°Cy= dmax +89 10 (20-1)
ad .

Trong d6:8,,,, - do doi I6n nhat cla kidu 13p da chon (um), &, 1a khe h&s
cin thiét dé dé Iip, thudng ldy bing khe hé nhd nhét cia kidu lip léng H—g
' ' g

theo tieu chudn ISO (twong duong véi kidu ldp A/L2 theo TCVN), pm;

« - hé s6 gidn nd vi nhiét (d6i vei thép: o =12.10° mm/mm.°C; dsi vai
gang: o ~10,5.10° mm/mm.’C); d 14 kich thuéc (dudng kinh) danh nghia cia
moi ghép (mm).

20.2. TINH TOAN MOI GHEP BANG b0 DOI

Vigc tinh todn & day la nhim xac dinh d6 doi cin thigt dé tao ra 4p sudt
dd dam bio kha ning chiju tai clia méi ghép. Vi thé tir tdi trong yéu ciu, trude
hét, ta xdc dinh do doi cdn thigt; roi tir d6 doi da c6, ta tién hanh kiém tra
xem viéc lap ép véi d6 doi &y c6 lam héng m6i ghép khong.

20.2.1. Tinh ap suat va do doi cdn thist
1. Tinh 4p su&t can thiét t6i thidu Prmin:

* Khi méi ghép chiu lyc chiéu truc P:

KP |
Pmin = ;‘E - (20-2a)
-, * Khi m6i ghép chiu momen xoin M:
2KM ’
Prin == (20-2b)

* Khi méi ghép chiju luc chidu tryc P déng thdi chiu mémen xodn M:

3 K\fPZ(ZMId)z

nfdl|

(20-2¢)

Pmin
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b} ' c)

H’inh 20.2. M6i ghép chiu tai trong chiéu truc P (a), mémen xoin M (b) va két hop ca hai {(c).

Y nghia va thit nguyeén cia céc dai lugng trong ba céng thitc trén nhu sau
(hinh 20.2): SR

- Pmin 12 dp sudlt cdn thi€t t6i thiéu dé truyén duge téi trong di cho, N/mm?.

- K 1a he s6 an toan. Tuy theo mic dé quan trong cua mdi ghép, K dugce
1&y trong pham vi (1,2 + 2) . '

- P 12 Iuyc chiéu truc, N;

- f1a he s6 ma sit. C6 thé ldy f =(0,1+0,12) d6i v6i thép /thép,
(0,075+0,08) d6i véi thép/gang, (0,07- 0,075) d6i véi gang/déng. Khi ddi hoi
chinh x4c hon cén chon theo bang;

- d 12 dudng kinh danh nghia ciia m6i ghép, mm;

- 11a chiéu dai mai ghép, mm;

- M la m6men tdc dung lén mé6i ghép; N.mm.

2. Tinh 86 dot

* V& mat 1y thuyét, d€ tao ra Pmin & cdc cOng thirc trén, ta cdn c6 4o d6i
8 min nhu sau: -

1€ Gy
Bomin =Pumigd| =%+ —2 |, um | 20-3
min = Pmin {El EzJ jm | o )
. 2, 2
véi. C d2+d2 "l d2 +d +u
: 1= —H Ly =
d? —a? 4% g2 ?

Trong d6: d - dudng kinh danh nghia chia m6i ghép, mm; d, va d, ldn luot 1a
dudng kinh 16 chi tiét bj bao va duomg kinh ngoai clia chi tiet bao, mm;

Eyva Ej, uyva p, ldn luot 1a modun dan héi va hé s6 Podt-xo6ng cla chi
ti€t mdy bi bao va chi tiét bao dugc chon nhu sau:

- D6i v6i dong 1dy: E = (8 + 8,5)10* N/mm?; p = 0,32:

- D0i v6i thép lay: E = (20 + 21)10* N/mm?, p = 0,3;
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- D6i véi gang diic £6: oy, < 200 N/mm? 14y E=(7,5 + 10,5)10° N/mm?, d6i v6i
gang rén 18y E=(9 + 15)10° N/mm? p =0,25.

* Trén thyc t€, 1ap ép s& 1am cho

mot phin dinh nhdp nho bé mat bi san ' E

phdng khién khéng con giit duge do \

doi 1y thuyét & cong thirc (20-3) nita- 7 b
Vi th€ cdn them mot lugng bing %/_

1,2(R;+R,,) d€ bu vao phdn bi san NN
phing d6. Cho nén d¢ doi cdn thiét LN <
khi tinh todn$ . do dugc truée khi lip SN

s€ la:

Y
%
Hink 20.3. Kich thude m6i ghép:
a. chi ti€t bao; b. chi tiét bi bao

BC = 5min + 1'2(R21 + RZZ) + Ul (20"4)

Trong dé 8 min dugc tinh theo cong

thiic (20-3), con R,; va R, la chiéu cao
cdc dinh nhdp nhé trén mat ghép, tra
theo bang d6 nham bé mat; U, 1a he s& nhiét do, tinh theo cong thic:

Uy =log@p-t-app-0f | (20-5)
Véiay, t', va ay, t”, 14n lugt 12 heé 56 dan nd nhiét, nhiet 4o 1am viec caa

chi ti€t bi bao va chi tiét bao; t la nhiét d¢ binh thudng trong phong: d 1a
dudng kinh danh nghia méi ghép (mm).

Thuong thi nhi¢t 46 lam vige chia ca hai chi tiét bao va bi bao déu bing
nhau (t’,=t”,), do d6 liic ndy ta c6 cong thic gian udc:
Up =(ayp-az)t, —t) - - (20-6)
Khi da tinh duge 5., can cif vio d6 dé chon ché do Idp cha m&i ghép (ira
theo bing dung sai lap ghép). '
20.2.2. Kiém tra dé bén ca méi ghép

Vigc chon ch€ d¢ lip & tren 1a d€ dam bio khd nang chiu tdi cha méi
ghép. Dén day con mot viéc cin gidi ddp nita 12 v6i ché do lap 4y thi tng suat
va bi€n dang sinh ra trong cic tiét mdy ghép c6é qud 16n khéng, hay néi cach
khiac méi ghép c6 dii bén khong.

1. D& 1am viéc d6, trudc hét ta cdn x4c dinh do doi kiém tra theo cobng
thitc duéi day [ma khong theo cong thiic (20-4) & trén]: '

81 =6max —1,2(RZ| +R22) (20-7)
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Trong dé 8,, 1a d¢ doi 16n nhét chia kidu 14p di chon, con R, va R,
€6 ¥ nghia nhy clia cong thitc (20-4). _ '
2. Tiép theo, can c vao 8, da tinh dugc dé x4c dinh 4p sudt p sinh ra
trong mdi ghép bing cdch van dung céng thic (20-3):
Oy

P=—F———
d(§L+§AJ
E, E;

» N/mm?* (20-8)

3. Cudi ciing, ti€n hanh kiém tra d6 bén theo timg trudmg hop cu thé nhy sau:

a. D6i véi chi 1iét bao (moayo):

d2 -4,
PSOeny — (20-9)
242
b. D6Y voi chi 1iét bj bao (truc):
2 —
P=0C¢y d 2dl (20-10)
2d

Trong hai céng thic trén: p dugc tinh tir cong thite (20-8); Ccpz Va
Oent 14n lugt 12 wing sudt chay chia chi ti€t bao va chi tist bi bao (N/mm?); d, d,
va d, 1an lugt 12 kich thirée (dudng kinh) danh nghia clia mé6i ghép, kich thude
mat tu do ciia chi ti€t bao va cha chi tiét bi bao (mm) nhur trén hinh 20.3. _

. B6i vdi 6 truc (nhu 8 bi) va cdc méi gheép tuong ty thi cdn ki€m tra siw
thay ddi kich thise cia bé mdt 1y do c6 gy tdc dung x4u phu nao khéng.
Chiing han d6i v6i 6 lan, néu dudng kinh trong cia bac ngoai va dudng kinh
ngoai cia bac trong nd ra qud gidi han cho phép s& c6 thé lam ket bi. V& van
dé nay, ban doc c6 thé xem them (ai li¢u tham khio ghi & cu6i s4ch.

20.3. MOT SO BIEN PHAP NANG CAO PO TIN CAY CUA
MOI GHEP BANG b0 DOI __

1. Nang cao d6 bén méi: Bé mat ghép giira hai chi tiét - nh4t 1a khi hai

chi tiét 46 duge 1am tir hai vat li¢u khédc nhau, thudng xiy ra hién tugng g/ do

tiép xic 1am xuft hién sy tAp trung tng sust, lau din c6 thé anh huéng 16n t6i

khd nang chiu tii, thAm chf 1am héng m6i ghép. D& khic phuc, ngudi ta
thudng diing cdc bién phdp nhu sau: '

- L6ng bac dém bing kim loai mau nhu d6ng, k&m, nhom lén truc.
- Lan nén, nito hod, xémangtit hod Lodc 161 cao tdn 1én bé mat truc dé
nang cao do bén mdi ciia né.
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- Tﬁng dudmg kinh chd lap ghép clia tryc 1én 5% va lam goc lugn nm thay

~ d6i duomg kinh d€ gidm tap trung \ng sudt.

‘2. Diing mdéi ghép bé trg nhu mdi ghép then hoic then hoa 48 ting
_cudng kha ning chiu tai cho mé&i ghép bing d6 doi. Khi tinh todn c6 thé bo
qua sy déng gép ciia m&i ghép b6 trg ma coi chi mot minh mdi ghép bing do
déi chin tdi ma thoi. Cling ¢é khi cdc maéi ghép bé trg kia duge coi 1a chiu tai
chinh, va lic d6 ngudi ta bdé qua su déng gép cha méi ghép bing d¢ doi dé dé

tinh todn va tang do an toan.

20.4. VI DU TINH TOAN

Hay tinh todn mdi ghép gilta vanh vdi than
banh vit nhu teén hinh 20.4. Vanh lam biing déng thau
diic trong khuon kim loai c6 o4, = 236 N/mm?. Than
lam bing gang xdm mac 12 - 28 ¢é: oy, = 118 N/mm”,
§ = 0,25, Binh vit quay véi 15¢ do quay n=50vong/ph,
cong sudt truyén 12 N,=12kW, lam viéc & nhiét do binh
thudmg. Do béng bé mat 1ay cap 7.

Gidi: Momen do banh vit truyén duge 13

M;=—2=—""=2310"Nm= 2310 Nmm

Pé wuyén dugc momen xodn M, cin tao ra mot
4p sudt t6i thidl p,y, trén b mat ghép, tinh theo cong
thite (20-2b):

6 .
b = 2KM, __ 2.1,223.10 w12.55N /mm?
afd?l  3,14.0,07.2002.50

Trong dé: K=i,2; £=0,07.

I =50

rd
%
5\

AN

7_""
7
NN
S ]
\ NS
’ o | NP
= |
e
| I
23

Hinh 20.4. Méi ghép c6 do doi gita
vanh bdnh vit v&i than banh vit.

D¢ tinh 49 dai Ly thuyét, ta sit dung cong thic (20-3):

Cc, C
8min = Pmind[E_:+ Ez )

O day chi ti&t bj bao lam bing gang diic, do d6 14y E,=8.10* N/mm’, |1 =0,25; chi ti& bao [am

bing dﬁng thau, do d6 14y E,=8,5.10° N/mm?, K2 =0,32;

d? +d? 2002 + 452
C, = oy = -025 = 06
242 2002 - 452
1, 2 y) 2
C2=dz+d 250° + 200 035 486

—]
d3 - a2 27 2507 -
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' Thay s68 viio cong thie tinh Smin ta duge:
0,86 4,86
Bmin =12,55.2000 =29, 486
e 00(8.10“ 8,5.10%
Do doi c4n thiet khi tinh todn 3 tinh duoc tir cong thie (20-4);
6‘.. = amin + 1,2(R2|-+ R?,Z )+ U[

}s 0,170mm = 170um

(] day U=0 vi mai ghép lam visc nhiét 46 binh thuong, Mat khdc, vdi do bdng bé mat 13 cip’

tacé: R, =R,, =63 K m (theo TCVN [663-71). vay LA =170+1,2(6,3+6,3) » [.85 um,

Theo TCVN 24-63 vé dung sai va lip ghép, chon che do ldp cita méi ghég

la 19200;:'l (hodc —S—;lhco 150), ta ¢6 (8, ) hing=t701tm va (8, ) bing=260 1 m.
3 .

Do doi kiém tra 3 tinh theo cong thitc (20-7):

B =Bmax ~L2AR,; +Ry0)=260- 1263 + 6.3 245um = 0,245mm
Ap suft P sinh ra trong moi ghép tinh duoc 1y cong thirc (20-8);
p=3, ;d[&+£11}=0,245;2 £8%+J'—8§T % 20,4N / mm 2
E, E, 8.10* 850
- B6i v6i vanh binh vit (chi ti&t bao) véi G2 =236 N/mm?:
a2 - 42 2507 - 2002

Ceny —2— =236 — = = 405N /mm? > p = 204N / mm?
24} 2.250

- D01 v6i than banh vit (chi et bi bao), ta ldy o, bing O =118 N/ mm?:

~d2 2 _ 402
ct.,,,ii——‘fl_=usz°° 45 = 36N /mm? > p=204N/mm? .
2 2.200%

Nhu vay ci hai chi tisy déu chju duge dp sudt 1én hon ip suldt do méj £hép sinh ra, do a6

ta két lugn ching dim bio do bén.

CAU HOI ON TAP
1. Neu dinh nghta va wu, nhuge diém cia me; ghép bing do doj 2

2. Trinh bay ba phuong phip 14p clia mei ghép bing do doi va wu, nhuge didm cha

nhitng phyong phdp nay ?

3* Lam laj baj vi du 5.4 vgj cong suit dugc truyén 1a: N = 20 kW, t6c do quay cia

banh vit n, = G60v/ph.
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B. TRUYEN DONG CO KHI

Chuong 21

TINH TOAN BONG HOC CUA
BO TRUYEN DONG CO KHI

21.1. MO DAU

Trong céc linh vyc cOng nghiép, c6 nhidu loai truyén dong dugce si dung:
truyén dong co khi, truyén dong dién, truyén dong thuy lye, truyén dong khi
€p (bay khi nén),... ' : -

Trong gido trinh nay, ching ta chi xem xét vé truyén déng co khi.

Trong truyén déng co khi, ngudi ta sit dung cic loai bo truyén co khi dé
truyén co ning (cong suft, moémen, luc) va truyén chuyén deng tir truc chit
dgng sang truc bi déng.

B9 truyén co khi gém c6: B6 truyén ma sit, bo truyén dai, bo truyén xich,
b6 truyén banh rang, b truyén banh vit - truc vit va b6 truyén vit - dai 6c, la
nhiing b truyén ma chiing ta s& 1in luot nghién cifu & nhitng chuong sau.

21.2. XAC DINH CAC THONG SO CO BAN CUA
BO TRUYEN cO KHI

- L. Céc thong s6 co ban ciia mét bé truyén

Méi b6 truyén dugc tao boi mot cap chi tiét truyén dong twong tng. Vi du
b6 truyén ma sdt tao bdi cap banh ma sét, bo truyén dai tao bdi cip banh daj
(k&¢m véi dai), b6 truyén bénh rang tao boi ¢ip bdnh rang,... Trong mdi cap
nhu thé thi ngudi ta con phan biét chi tiét chi dong (hay dan) vdi chi tiét bj
dong (hay bj din). ‘

Truc mang chi tiét chii dong duogc g0i 1a tryc chii dong (hay truc din),
cdn tryuc mang chi ti€t bi dong duoc goi 14 truc bj dong (hay truc bj din),

D¢€ phan bi¢t cdc théng s6 co ban thudc chi ti€t bi dong, ngudi ta ding
chi s6 1 va 2. Véi quy uéc nhu vay, ta c6: ' .

N, N; 14n luot 1a cong suét trén truc 1 (tryc din) va tryc 2 (tryc bi din), kW:
Py, P, 1an lugt 1a lyc trén truc 1 (truc dén) va tryc 2 (truc bi din), N:
M;, M; ldn luot 1a moémen trén truc 1 (truc dén) va truc 2 (truc bi din), N.mm:
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V1, V2 1dn lugt 12 t6c d6 ti€p tuyén tren truc 1 (truc dén) va truc 2 (truc bj
dn), m/ph. -

©;, @, 14n luot 14 t6¢ do gée tren truc 1 (tryc ddn) v truc 2 (truc bi dn), Radys.
0y, 1z Idn It 1a t6c 46 vong trén truc 1 (truc din) va tryc 2 (truc bi din), v/ph.

- - Ty s6 truyén dong i ciia b6 truyéh dugc dinh nghia 12 ty s6 gifta toc do
- clia truc bj din vdi truc din:
i=l2 _%2 (21-1)
n;

- Higu sufit cda bo truyén dugce dinh nghia 1a ty s6 giita cong sust tai truc
bi din v6i céng suat tai truc din: '

N2
=—2«] 21-2
n N, (21-2)
- Mémen xoin M, trén truc bi ddn duge xic dinh theo cong thic:
M, =niM, (21-3)

2. Xdc dinh cdc thong s6 co ban ciia mét heé truyén dong

Mot xich truyén dgng gém c6 nhiéu bo truyén néi trén hgp thanh. Mér he
thong truyén dgng gém mot hoac nhiéu xich truyén déng hop thanh. G day
ching ta 5& xem xét mot he truyén dong ding d€ truyén co ndng va chuyén
déng tir ddng co dien dén bo phan chdp hanh (hay con goi 13 bo phan cong
tac, nhu bom, quat, bang tai v.v....).

- Viéc tinh todn hé truyén dong dugc cin cit vao so dé dong hoc cha né.
Trong trudng hop so @6 dong hoc chua c6é thi phai thi€t k& né ra. Cdc cong viec
ti€p theo s& 12 xdc dinh hiéu suat truyén dong chung Ny, t s¢ truyén dong
-chung iy, lya chon dong co dién va phan cap ti s6 truyén cho timg bo truyén.

- 86 lidu xuat phét gém c6: t6c do géc o (hay. t0c d0 vong n) va céng suit
N trén truc ciia b9 phan ch4p hanh (& day la mdy céng tic).

- Dya vaio 6 liéu xuft phit, ta x4c dinh cong sust yéu cdu trén truc dong co dé
chon dong co di¢n theo catalog. Viéc chon dong co ndo trong s6 nhiing dong co c6
clng cong suat N ntiumg t6c d& quay n khdc nhau trong catalog la tuy thudc vao
tdc do quay ciia truc mdy cong tac va ty s6 truyén dong chung ciia he.

- Né€u chua bi€t cong sudt N trén truc méy cong téc thi ta cé thé xbc dinh
theo m¢t trong hai cong thitc:

N= ~Pl3 - (21-4)
103 : |
N=M-2 @)
10
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trong d6: N tinh theo kW; P, v ldn luot 1a luc va téc do ti€p tuyén tai mot
diém xdc dinh trén vanh banh dai, banh xich hay bdnh ring,... duge lip trén
trgc méy cong tdc (don vi do 14n lugt 1a N va m/fs); M, @ lin luot 14 moémen
Xoan va t6c do géc trén truc may cong tic (don vi do la N.mm va Rad/s).

- Néu cin tinh momen xoén M (N. mm) trén truc khi d3 biét cong suat N
(kW) va 16c do vong n (v/ph) cia né, ta sir dung cong thic:

M=955105N (21-6)
Il

- Cong sudt yéu cdu trén tryc dong co Nycjae (kW) duge xdc dinh theo
¢o6ng thic:
N .
Nyc/de =— @1-7
. b
Trong d6 N 1a c6ng sudt trén truc may cong tic (kW) va 75 la hiéu suat -
truyén dong chung clia hé: ' '
Nz =My N2 M3...Mk (21-8)

v8i M;,M;3,M35.M, 14n luot la hidu suit cia bo truyén thi 1, 2, 3,... k.

Hiéu sudt ctia ting b6 truyén cu thé (ma sét, xich, banh 1ang,...) déu cé sin
trong sé tay thié&t ké.

- Ti s6 truyén déng éhung cta h¢ duge xdc dinh theo cong thuc:

ig =2 . foe (21-9)
()] n

Trong d6: @4, va ng, ldn luot 1a tc d6 géc va tée d6 vong cia truc dong co;
® va n ldn lugt 12 t6c d6 gbc va t6c do vong ciia truc mdy coéng tdc.
- Sau khi ¢6 iy, ta ti€n hanh phan c4p ti s6 truyén cho trng c4p truyén
déng (b9 truyén) theo cong thikc: ’
_ iy =ipd,.dy.0 (21-10)
V6i iy, i 3,000 14n luot 12 ti s6 truyén cha bo truyén thir 1, 2, 3,...k, _
ma gia tri khuyén nén dung cia ching di c6 sin trong 56 tay thiét ké.

21.3. VI DU TINH TOAN

Bang co c6 cong sult N, =55 kW vi 16c d¢ quay ny, =2940v/ph. Hay xdc dinh t8c dé
quay n ciia dia Xich bi diin nhu trén hinh 21.1, néu i 568 truyén cila hop gidm 16¢ 1a i, =16 va

ti s6 truyén cia bd truyén xich 12 i.=2,5. Cho biét hi¢u sudt cia hop gidm toc 14 N = 0,70

(hop gidm t6c .II'I,IC vit hai cfp) va hi¢u sudt cia bd truyén xich d€ hé 1a N, =090 ; hiy xic
dinh cong suit trén truc bang tai.
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Gidi:
L. Theo cong thiic (21-10), ta c6 ti 56 truyén dong chung ciia hé la:
iy =ig.iy =1625=40

Hinh 21.1I. Hop gidm t8c tryc vit v bd truyén xich.

2. Tc do quay cua dia xich bj dén I4p trén truc bang 1ai, tinh theo cong thitc (21-9):
n=20c 290 4550 0n.
IZ 40
3. Hiéu sudt truyén dong chung cia hé, tinh theo cong thic (21-8):
Ny =Ny N, =0,70.0,90=0,63 .
4. Cong sudlt trén tryc bing tai, tinh theo cong thite (21-7):
' N =Ny Ny =550,63=346kW

CAU HOI ON TAP

L. Liet ke ten mot 56 bo truyén thuoc vé bo truyén co khi ? Céc thong s6 co ban cia
mot bo truyén la gi ? . ' ' '

2. Vi&t cong thitc tinh cong sust N vd mémen xodn M trén tryc (c6 gidi thich ¥ nghia _
va don vi do ciia c4c dai lugng trong cong thirc) ? .

3% Tinh chon dong co di¢n cho h¢ thdng truyén dong nhu trén hinh 6.1, bi&t ring
truc mdy cong tic (truc 1dp dia xich bi din) cé t5c do quay n = 60 v/ph va cong
sufit N = 40,5kW. Bo truyén xich c6 ty s& truyén i, = 2,5, hiéu sudt n, = 0,90.
Hép giam t6e truc vit hai cdp ¢6 ty s6 truyén ig = 16, higu sufit n, = 0,7. N&i truc
(gilra dong co dien va hop giam tdc) c6 higu sudt n,, = 0,96.
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Chuong 22

TRUYEN DONG BANH MA SAT

22.1. KHAI NIEM CHUNG

22.1.1. Phin loai truyén déng ma sat

Truyén déng ma sit thyc hién viéc truyén co nang va chuyén dong tir
banh (vat thé) din sang bénh (vat thé) bi din nh& lyc ma sat 1ai noi tiép xdc
cia hai vat thé nay. Ching ta phan biét hai loai truyén dong ma st sau: bg
truyén ma sdt va bo bién téc ma sdtr.

1. Bo truyén ma sat: chi lam nhiém vu truyén co nang va téc do ma

khong thé thay d6i ty s& truyén (i khéng d6i). Hinh 22.1 trinh bay mot s6 kidu
b6 truyén ma sit thudmg gap.

a. B¢ truyén ma sdt tru: & day hai vat thé tiép xiic déu 1a hai bdnh ma sat
hinh try. N€u dudng sinh cta ching 1a dudng thing thi ta cé tiép xic dudmg,
néu la cung tron thi ta c6 ti€p xic di€ém, néu 12 dudng giy khiic hinh ném thi
ta 6 ti€p xiic dudmg hinh ném (hinh 22.1a). Truc dén va truc bi din song song
vdi nhau.

S F

Hink 22.1. 50 d6 mot 56 loas bd truyén ma sdt.

b. Bé truyén ma sdt cén: hai vat thé ma sit déu 12 hai banh c6n. Truc din
va truc bi din khong song song ma 1am thanh mot géc nao d6 — thudng 1a 90"
(hinh 22.1b).

c. B¢ truyén ma sdt quay / tinh tién: ding d€ truyén chuyén dong quay ciia
banh din thanh chuyén dong tinh ti€n cua thanh bi din. D€ tao ra luc ép trén bé
mit ti€p xiic dé€ c6 lyc ma st bing cich ding truc ti€p banh din (hinh 22.1c)
hodc ding con lan phu (hinh 22.1d) ti manh vio bé mit thanh bi dan.

2. B6 bjén t6c ma sat: khong nhimg dé truyén co nang va truyén chuyén dong
ma con c6 thé thay déi ty s6 truyén (i thay d6i) trong mot khoadng xdc dinh. Sy thay
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d6i khong theo timg cAp ma 12 lién tuc, vi th€ né con c¢6 tén goi 1a bd bi€n téc vo
céip (variato). Hinh 22.2 trinh bay so 6 mot s6 ki€u bién 16c v6 cp thong dung.

.aJ o b | %ﬁ 9 N\

3§
sls_
e

J|E
1€

I|E

 Hinhk 22.2. Mot 56 kigu bi¢n t6c vo cfp.
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a. Bo bién t6c ma sér mdt ddu don: gém mot banh din va mot bianh bj
dén. Mit canh banh din ti len mat dau ciia banh bi din va c6 thé dj chuyén
doc theo bdn kinh ctia binh ndy dé 1am thay déi 1y s truyén (hinh 22.2a).

b. Bo bién t6c ma sdt mar ddu kép: gbm binh din, bénh bi din va banh
trung gian. O day khong phai bianh din ma 13 binh trung gian di chuyén doc
tryc cita n6 dé 1am thay déi ty s6 truyén (hinh 22.2b).

€. BS bién 16c ma sdr con don gidn gém hai dia c6n lp trén hai truc song
song. Banh dan di chuyén theo chiéu dudng sinh mat con lam thay déi d¢ 16n
vong tron tiép xiic céia né, vi the lam thay déi ty s6 truyén (hinh 22.2¢).

d. B bién 16¢ ma sdt con iryc song song, ¢é phdn 1 trung gian cing: G
day phan tr trung gian 14 mot dai hinh khuyén ma dudng tdm mat trong ¢ha
né nghiéng mot géc bang géc nghiéng cha hai banh con. Khi daij dich chuyén
doc tryc thi tao ra sy thay d6i ty sG truyén (hinh 22.2d).

€. BY bién 16c ma st con, truc vuong goc, c6 dia trung gian: O day dia
trung gian di chuyén theo chiéu mii tén nhy tren hinh 22.2e, 1am thay d4i do
16n vang tron tiép xic cia haj binh con, vi the 1am thay déi ty s& truyén.

f. B¢ bién téc ma sdt cdu - con: gom bdnh din hinh chém ciu vi banh bj
dan hinh con. Khi truc banh dén quay mot géc trong mét phng t& gidy s& lam
thay ddi duong kinh vong tron ti€p xiic cla né, vi th€ lam thay ddi ty s&
truyén (hinh 22.20).

_ & Bo bién téc ma sdt cdu — fry (hinh 22.2g): gém banh dan hinh chém ciu
va bdnh bi din hinh tru. Nguyén tic 1am viéc ciing gidng nhu & hinh 22.2f,

h. Bé biéh toc ma sét tru — cdu (hinh 22.2h): gém banh dén hinh dia tron
va banh bi din hinh chém ciu. &3 day truc banh bi din quay mét géc trong
mat phang t& gidy Iam thay déi vong tron 1ié€p xiic ciia né véi banh dan, nho
thé ma thay déi dugc ty s6 truyén. _

i. Bg bién t6c ma sét con, truc song song c6 phdn ni trung gian mém
(hinh 22.2i): Khdc véi bé bién t6c & hinh 22.2d, & day phdn tk trung gian 1a
mot dai da hay dai cao su nén duec g0oi 1a mém, di chuyén theo chiéu mii ten
dé [am thay d6 ty s6 truyén. '

k. BY bién toc ma sét con, truc song song 6 dai phdng (hinh 22.2j): Ja mot
bi¢n thé cha bo bi€n téc & hinh 22.2i, diém khéc 13 & day dai cao su quang ra
ngoai ca hai banh con. -

{. Bg bién toc tma sét nhiéu dia nhim ting kha nang chiju tdi (hinh 22.2k).
Khi truc bi din di chuyén theo chiée mii ten nhyr trén hinh V€ thi vdng tron tiép
X(ic cia cde dia trén truc din & bj thay déi, do dé Jam thay déi ty s6 truyén.

- m. B¢ bién téc ma sdr hai €dp dia va mét vong ciing (hinh 22.21). Trén mébi
. truc ¢6 mot cap dia coén cé thé dich chuyén gdn vao hodc tich xa nhau, Khj
cdp dia trén tryc nay tich xa nhau thi cap dia trén truc kia xich lai gin nhau
mot cich tuong \ing, nhdy d6 1am thay d3i ty s6 truyén. Vong cing bing kim
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loai nam lot trong khe hinh ném giilta hai cip dia, nhd lyc ma sdt giita mat ben
clia vdng ciing va mit ddu cia dia ma vong cing truyén tii trong va chuyén
dong tir tryc din t6i truc bj dén. _ :

n. B¢ bién t6c ma sét dia mdt xuyén I5m (hinh 22.2m). Hai dia trung gian cé

 thé quay dugc quanh tryc toa d¢ thing géc véi mat phiing t& gidy dé thay ddi diém
ti€p xuic giira chiing véi mat Xuyén 16m ciia dia ddn va dia bj din. Nhy su thay déi
nay ma ty s6 truyén gitia truc dén va truc bi dan dugc thay déi theo. '

p. B6 bién t6c ma sdt hai cdp dia con va mot dai mém (hinh 22.2n).
Nguyén tic Iam viec cling gidéng nhu bo bien t6c & hinh 22.21. Diéu khéc biet
1a thay vi vong ciing, & day dung dai cao su mém d€ truyén dong.

©22.1.2. Uu nhuge didm va pham vi st dung
cla truyén déng ma sat

1. Uu diém

- Binh ma sdt ¢6 cau tao don gian.

- Lam viéc ém, khong 6n. :

- C6 kha néng diéu chinh v6 c4p vé 1y s6 truyén, va do dé dat duge vo cap
vé t8¢ d6 chia truc bi din ma trong nhidu may méc cin 6.

2. Nhuoe diém

- Luc tde dung Ién truc va é d& kh4 16n do luc ép gitia cap banh ma sit gay ra;

- Do ¢6 trugt gia céc banh khi lam vig¢c nén ty s6 truyén khéng én dinh
dan dén 16c do clia truc bi dan khéng chinh x4c: :
- Kha nang tai khong cao so véi truyén dong binh ring.
3. Pham vi ting dung -
. - Thich hgp véi cong sudt nhd va vira (dusi 20 kW). Mic di c6 tai ligu néi
c6 thé 1én t6i traim kW [8], nhung cdn chii y rang cong suit cao doi hoj bo
truyén kich thudc 16n va luc ép16n dé c6 lyc ma sdt cén thist:

- T6c d tiép tuyén cha cdc dia khong qué 15 —- 20 m/s, Vi t8¢ d¢ cang cao
thi nhiét sinh ra do ma s4t cang lén va cdc dia cang mon nhanh;

- Ty s6 truyén i<=7 (d6i véi bo truyén quay tay cé thé 14y i i 25);

- Khoing diéu chinh ty s6 truyén G,,, /i, ) ldy 3 - 4 d6i v6i bo truyén ma sac
truc 1i€p (khong c6 vat thé trung gian) vi 4 — § néu o6 vat thé trung gian (gian tiép);

- Chi ¥ rdng do ¢6 truot nén truyén dong banh ma s4t khéng duge ding
trong nhimg co cAu ddi hoi chink xdc vé tdc dd va ty s6 truyén,

22.2. CO HOC TRUYEN DONG BANH MA SAT
22.2.1. Sy trugt
Truot 1a dac diém ndi bat ciia truyén dong banh ma sat, v6i ba loai hinh sau day:
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1. Trugt hinh hoc: x4y ra do ¢6 su khdc nhau vé t6c 46 tai cdc diém ti&p
xuc giffta hai banh ma sat. N6 xudt hién trén chidu dai ti€p xdc doc theo dudmng
sinh ctta bdnh ma st va phu thudc vao dang hinh hoc clia banh d6. Vi duy trén
hinh 22.2a, ta thay t6c do tiép tuyén trén dia bi din tai diém 1 va diém 2 c6
khic nhau, trong khi t6c d¢ tiép tuyén ciing tai hai di€ém 4y trén banh din 12 -
nhu nhau, vi the da c6 sy trugt giira hai banh tai méi diém twong tng.

2. Truot dan héi: Loai trugt nay x4y ra do bi€n dang dan héi tai ving
ti€p xdc cla cdc banh theo phuong ti€p tuyén. N6 xdy ra trong bat ky bo
truyén ma sat ndo khi lam viéc. Do ¢6 trugt dan héi khién 16c d¢ banh bi din
nho hon t6c d6 banh din, 1am 4t mat van t6c khong 2% d6i véi cap banh
thép va 1% d6i véi cap banh Techtolit/thép.

3. Trugt tron: Xay ra do lyc ma sit khong d6 16n dé mang tdi. Khi truot
tron, binh bi dén dimg lai, con banh din thi vin ti€p tuc chuyén déng nén
truot trén binh bi dén, gay ra mon cuc bo hoic xudc bé mat. _

Truot tron c6 the trinh duge nhd thiét k& v van hanh diing. Trugt hinh
hoc chi x3y ra d6i véi mot s6 kiéu b6 truyén. Trugt dan héi thi khong thé
tranh duge. Ngodi ra, d6i véi cdc bo truyén 1am viec trong ddu, do mang d4u
qud 16n ciing gay nén truot.

22.2.2. Toc do va ty s& truyén trong truyén dong ma sat
1. Déi v6i bo truyén ma sat
a. Bo truyén ma sdt try, truc song song (hinh 22.1a va 22.3)

Goi v 12 t8c do ti€p tuyén (m/s), D 12 dudng kinh bénh ma sit {mm), n 1a
téc do vong (v/ph) va theo quy udc chung, chi s6 1 va 2 14n Irgt d€ chi banh
(tryc) dan va banh (truc) bj dan, ta cé: .

D6i véi truc dén: v = nDIn; ym/s;
_ 60.1
DOivéitruc bidin: v, = “D2“§ sm/s;
60.10 _

- DocStrugtnén v, < v, .

Goi & 1a h¢ s6 xét dén sy trugt: D6i véi cac dung cu, 14y & ~ 1,0, d6i véi
cdc trudmg hop khéc 1Ay &~ 0,97. Ta c6: '

.. n D
Va =8V1;1=—I—_——2 ’
%) EDl

b. B¢ truyén ma sdt con, truc khong song song (hinh 22.1b va 22.4a):
n Dl

Il=———=-——=

sinat,

, Sindlq .-
. (n€u bd qua sy trugt : ix —"2 )
ny €D; esina, sin ot
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trong d6: D, va D, 1a dudmg kinh trung binh cia binh. dn v bénh bi dén
(mm); o va e, 12 géc con cia binh din va banh bj din: n; va n, la téc do

vong chia bénh din va banh bj din (v/ph).

Trong trudng hop hai truc vuéng géc, o) +0g = 90° thi i = 8xp _cteoy

B2 €
3) Q . IR -b) N.’
l ——TT—‘*T{- _
Iy My o
‘ P ,' T g [ V- | - | — | — i
t . .
a)&“ } ~ e N — —
En-— — — F N ; p
fz \'
@, \\ N
Q
1 P ’ [ 120 [ L —_ — L
| \’. : [ ™ — — ~—
o »
TN S
/
|
! JJJ
. A \_ \.

B

Hinh 22.3. So 46 bo truyén ma st try, truc song song
a. Banh try phing; b. Banh tru I8i; c. Banh try ranh hinh ném.

Hink 22.4, Luc tic dung trong bo truyén ma sdt con,

3. Doi véi bo bién téc ma sit
B¢ bién t6c néi chung, cé mot dac trung hinh hoc co ban, goi 12 khoang
liéu chinh t6c do, duge ki hieu 12 D. D6 1a ty s giita ty s§ truyén 16n nhat véi
¥y 5O truyén bé nhat.
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p- l.rnax : 22-1)
I'min ' : '
(trong thye t€ ngudi ta chi 1ay b < 3)

Tu hé thitc nay ta tim dugc quan he gita D véi khodng diéu chinh dudng
kinh banh ma sdt tuy theo timg kiéu bo truyén. Sau day 1a mot s6 trudng hop
{hinh 22.5): : . :

a. Bo bién t6c thay dbi ty s6 truyén bing céch thay déi ban kinh R cla
banh bi din (hinh 22.5a): ' _ :

R : "Rmin. ; _Rmax, P= R max

i=—;

linin = } i Rt —
SR] o ERI fax ERI R

H-Ram(w‘ﬂJl

|
_;
Ry
R min
1
H-Rocos (- )

 Rome
a) : b} L e
§+5

; 4r d TR :
o Py I \ x (

| | a .

R s

- ]
£
@ Lo o ; \& ,

' o

c} . d) _A;_&\_

Hinh 22.5. So d6 tinh todn dong hoc mot s& ki€u bign 16c ma sit.
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Trong d6 R 12 bdn kinh tai noi ti€p xiic cla banh bj din. Do R bién déi
phu thudc vao y&u cdu lic van hanh nén t6c d¢ vong n, cla truc bi dén cling
thay ddi. theo. Ta c6 quan h¢ sau:

. ) an = Rlnis

Vé6i R; v n; 12 'bdn kinh va t6c d¢ vdng cia bdnh din;

'£=10,94-0,995, tuy theo mitc d6 hoan hio cia bd truyén va bo truyén lam
viéc trong d4u hay khong.

b. Bo bién t6c thay déi ty s6 truyén bing cdch thay d6i bin kinh R cha
banh din (hinh 22.5b):

. Ry R, . R R
|:—2.‘ = 2 ;[ = 2 ;Dz max

> l1':1in
eR eR M gR R

min max min

. R2D2 = Rﬂl €
~ ¢. Bo bién t8c thay déi ty s6 truyén bing cdch d6ng thdi thay déi ban kinh
cia ca banh din va banh bi din khi bd tri ving diéu chinh & hai bdnh d6i xing
nhau nhu trén hinh 22.5¢, d, e:
=Rz . _Romax ., _ Romin
= timax =
€Ry . &R 1 min

+1min ’
ER | max

D=imax =R2max R]max

imin 'R2m.in lein

Do két cfu cia b6 bién t8c ki€u ndy ¢b Rinux = Rimax= Rmax V2
Rimin=Ramin=Rmin» 1€N cusi cng ta c6:

2 2 2
_.Dz{RZmax] =[leax) =(RmaxJ
Rzmin_ \ Rymin Rmin_

Ruit ra: Rm‘”‘_ =D

nnn

22.2.3. Luc tron'g truyén dt‘;‘ing ma sét
1. Tinh hre ép Q 1én dia ma sat |

a. Trucng hgp chung: Q= % (22-2)
trong d6: K 12 h¢ s an toan: D§i véi bo truyén ding dé truyén tai trong 1dy

K=1,25 - 1,5, d6i véi dung cu dé truyén chuyén dong 14y K=3+5; P 12 luc ti€p

6
tuyén (lic c6 fch), véi P =L o 2953107N
D, Djny

{(N); f 1a hé s6 ma sit gilfa hai
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bénh ti€p xidc, dwge 14y nhu sau: a) trong ddu: @
ga:mgl gang hoidc thép/ thép: f=0,04+0,05; b) a
Kho, khong c6 ddu: thép/ thép: f=0,15 + 0,20: P
Techeolit/ thép (hodic gang): =020 =+ :
0,35:Thép (hoic gang)/ cao su: f=0,35 + 0,45:
D;, M, l4n lugt Ia dudng kinh bénh din va
momen xoin trén truc din. ]
b. Trudng hop ddc biér: ' N —’4'”
Khi mat ti€p xiic la rinh hinh ném nhe
trén hinh 22.6 thi ta ¢é6: | la
Q= E vai f'= f
sinx _
Trong d6: o 1a g6c vit ciia mat tiép xuic, S N B
thudng thi o ~ 15°+20°. Hink 22.6. Truyén dong binh
2. Tinh tai trong lén dia va tryuc ma st hinh ném.

a. Bo truyén ma sdt try, truc song song (hinh 22.3a, b, c):

R =yQ? + (KP)?

Trong dé R 1a luc téng hop tic dung lén dia va truc. Cac dai luong khéc
nhur 43 néi trong cong thic (22-2).

b. Bo truyén ma sdt con, tryc vuéng géc (hinh 22.4):
3 trudng hop nay, truc din chiu lyc doc truc Q, va luc thdng géc véi truc Q,,
con tryc bi diin chiu luc thing géc véi truc cé gid tri bing Q, nhumg ngugc dau:

Q =Qsina,; Q, =Qsing,.
Véi a,la géc con chia banh din, Q dugc tinh theo céng thic (22-2).

Ghi chi: D6i v6i cdc kiéu bo truyén khéc, ban doc ¢6 thé tim hidu trong
[6, 8] va céc tai liéu chuyén dé vé t.ruyén dong ma sit.

2. Tén that va céc dang hong -

a. Tén that

Trong truyén dong ma sdt, cic dang triegt nhe dd néu trong muc 22.2.1 trude day la
nguyeén nhian chi y&u gdy nén t9n that cong suft. Ngodi ra cdn cé mot nguyén nhan nita I3 do
ma sAt trong cdc 6 45. Tén thdt duge ddnh gid qua hi¢u sudt 1 cda bo truyén: Tén that cang
it, hi¢u sudt cang cao va nguge lai.

- D6i vai bo truyén trong hop déu kin, 46 chinh xéc cao, chc bainh ma sAt bing thép, ldy
n=096-0,98;

- B6i vdi bo lruyén kém chinh xdc hon, cdc bénh ma sit bﬁng thép hodc gang &y
nN=0,92-096 (8 truot 14y gis tri thap, 6 1an 14y gi4 tri cao);
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- D6i v6i bd truyén do chinh xde khéng cao, cip banh ma sdt [2 thép (hodc gang)/ chél
déo: ldy n=0385-0,92;

_- D&i voi bo truyén do chinh xdc khéng cao, cé trugt hinh hoc tai viing ti€p xic, 1y
n=080-085.

b. Cdc dang hong :
- N&u bé truyén duge bsi tron t&t, bé mat ti€p xit bi hong chil yéu do tréc moi bé mat; -

- Néu b truyén lam viéc khé hodc nita udt, bé mit ti€p xidc s& bi min hodc xudc. Dac
biét mdn cang xdy ra nhanh khi b$ truyén bj trugt tron.

Pé tranh cic dang hong ndi trén, cdn phai tinh todn bd truyén theo do bén tiép xikc.
22.3. VAT LIEU VA UNG SUAT CHO PHEP

22.3.1. Vat liéu lam bé mit banh ma sat

Yeéu cdu phai c6 do bén 1i€p xiic va dd bén mon cao, hé s6 ma sdt 16n (dé
gidm luc ép cédn thiél). '

- Thép toi: Cic loai thép Lién X6 (cli) nhu 40XH, 1UX15, 18XIT,
18X2H2BA, 65T,...., téi dat do rin b& mat HRC =60 dugc diing khi yéu ciu
bo truyén cé kich thudc nhd gon, lam viéc trong ddu, higu suét 16n, doi héi gia
cbng chinh xdc va d6 nhan bé mat cao.

- Gang: d6i khi dugc diing cho cap gang/ thép trong bo truyén dé ho, cé
béi tron hodc chay kho.

- Téchtdlit va Phip dung véi thép (hodc gang): duoc st dung trong bd
truyén lam viéc kho, khong cdn ch€ tao chinh xdc cao, kich thuéc 16n, hiéu
sufit thdp nhung luc tdc dung ién truc nho hon so véi cap banh ma sit thép
hodc gang.

- G4, da, vdi, cao su,... : boc 16t bé mat banh din, lam viéc vdi banh bj
din bing thép hoic gang dé khi bi trugt tron thi banh bi din it bi mai vet.

22.3.2. Ung sut tiép xdc cho phép [o],,
- B4anh ma sét béng thep
ol =(15-25) HB, N/mm®. Hofic :
[6].. = (13 + 18) HRC, N/mm
Tri s6 nhd duge 14y cho trudng hop khOng c6 ddu béi tron.
- Bdnh ma sdt bing gang:

[6], = 1,50, , N/mm?, véi o 12 ting suft gi6i han bén udn.
- Banh ma sdt biang Téchtolit, lam viéc khé:
[o],, =80-100 N/mm?
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22.4. VI DUTINH TOAN

~Tinh b tray&n mia it sru. cong suit duge truyen tren true dan N=450W 100 do vong
ny=14d0 v/ph, na=460 v/ph. Bo truyén lam vice oong hiop dau,
Gidis
© 1 Chon vis hea Hun cap bidnh ma sil Thepobacn Xa OX 15 or da do s bemal
HRC=60N/Mum”, mosdun din hon E=2 10 108 Nfmme, he sa ma sat 1=0.05
. Tinh ing suit Lep aue cho phep In']u =13 IRIRU= (LY iE) ou=TRO SJTOKUNfIm .
Trung binh lay Ic]“ = Y6UN/mm’.

no_ 1440 -1

3. Tinh 1y 86 wruydn: i = —
y y ny 461)

[ EKN  difD

Tink dudmg kinh hanh dan theo cong thic 1) 2 J—

5 - Chyn he >0 an 10én
Nppnfofy, 1

K=1.5 vi he 50 chiéu rong y; = b/ D) = L6, Thay 0 viw, ta duoc:

LI L5485 (4,
B =2 b3 21107154 5 SO RAL 6R.Omm ,
0.05.0.6.1440.960° 3

Lay trdn ting len Dy=70mm.
5. Chen chidu rong binh ma v b= Dy =70.0,6=42mm .

6. Tinh dudng kinh binh bi d¢dn: D; =icD, =3.1.0.97.70 = 210.5mm ,
Lay trdon D,=210mm.

Dy +D; _70+210

2

= 140min .

7. Tinh khoding cich hai truc: A=
. Tinh lyc €p cdn thiél theo cong thic (22-2), trong d6 chon hé 56 an toiin K=1,5:

7 6 5 ] 5
:Qz 1.5 2485510°N - 1.5 29551007 4.; = 255KUN = 25.58kN

[ 7005 Dpny 005 700440

CAU HOI ON TAP
1. Truyén déng ma sit duge chia_ ra : b truyén ma sit v bd bién t8c ma sit. Hiy
trinh bay su khdc nbau giita ching ?
Liét ké cdc kiéu bo truyén ma sit va nhan dang cdc ki€u dé ?
Ligt ké mot s& kiéu bo bi€n 16c ma sdt va nhan dung céc kifu d6 ?

Trinh biy vy, nhuge diém vi pham vi dng dung cda truyén dong ma sit ?

v e

Phan biét ba loai trugt trong truyén déng ma sdt ?

6* Lam lai vi du muec 22.4 cho bo truyén ma sit ¢bn, truc vuong géc. Cho biét goc
¢oén cla binh nhd o, = 30" vi c¢ic banh 16n a, = 60", Téc dé quay cia truc din
n, = 1440 v/ph, Cong sudi trén truc ddn N = 4,5 kW. B6 truyén lim viéc trong diu.
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C'hu'dng 23
TRUYEN DONG PAI

23.1. NHONG VAN PE CHUNG VE TRUYEN DPONG DAI

23.1.1. Nguyén téc lam vigc

Truyén dong dai lam
viéc dua trén-nguyén tic
nh¢ vao luc ma sdt giita
dai v6i cdc banh dai ma
truyén chuyén dong va
€0 ndng tr banh dai din
I t§i banh dai bi din 2
(hinh 23.1). Vi dai 1a
mot khdu mém, sau mot
thdi gian 1am viée s& bi ) .
din, vi th€ cdn cé bién Hinh 23.1. So d6 bo truyén dai:
phip cang dai dé khE;lC 1- binh din; 2- banh bj din; 3- Dai
phuc. Hinh 23.2 gigi thiéu mot s6 bien phap cang dai thudng gap.

a)

- + = —%

//////////////////////,
B) [ A

<

-
>
i

G6l 9@ cang

IR

Hinh 23.2. Cdc bien phip cing dai.
a- ding vit cang; b- diing con lan cang; ¢- dang g&i d& r cing,
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©23.1.2, Yu nhugc diém va pham vi sir dyng

1. Un diém

- K&t cdu don gian, dé ché tao, gia thanh ré;

- Truyén déng mém déo, gidm dugc xung dong khi tai trong va dap;

- Vén hanh ém va khong 6n (khi méi néi dai duge thuc hién t6t);

- Do ¢6 sy truot giita dai v6i banh dai nén khi qué tai dot ngot ciing khéng
1am héng cdc chi tigt cha b truyén;

- Déi voi bo truyén tdc 46 cham va trung binh, ¢é thé cham chuéc phin
nao vé yéu cdu do6 chinh xdc lip rdp; :

- C6 thé truyédn dong gifta céc truc xa nhau vi gilia cdc truc dugc bd tri
thich hop trong khong gian.

2. Nhugc diém

- Kich thuéc khong nho gon, nhat 1a khi truyén cong sudt 16n;

- Do ¢6 trugt dai nén khong dam bdo durge do chinh xdc vé ti sé truyén;

- Do phdi ¢6 lyc cing dai ban ddu nén 4p luc lén truc va g&i dd tang Ién so
vdi truyén ddng bdanh ring;

- Khong sir dung dugc 0 nhifng noi kém an toan do tinh nhiém dién cia dai;

- Khi bi ddu khodng dinh vao thi gizm kha ning 1am viéc va tuéi tho.

3. Pham vi ing dung

- Cong sudt truyén c¢6 thé dat t6i 2000 ma luc (b6 truyén dac biet dén 3000 kW),

- T8¢ d¢ dai c6 thé dat t6i 30 m/s d6i véi truyén dong trung binh; 50-60 m/s
d6i v6i truyén dong t6c do cao va 100-120 m/s d6i voi truyén dong sieu cao;

- Ti s6 truyén c6 thé dat 16i i < 5, néu ¢6 thiét bi cang dai cé thé dat t6i i> 10.

23.1.3. Phan loai dai

Theo hinh ddng ti€t dién dai, c¢6 thé chia ra: _

- Dai phing (hay dai det), c6 tiét dién ngang 1a hinh chi¥ nhat (hinh 23.3a);

- Dai thang, cé tiét di¢n ngang 13 hinh thang (hinh 23.3b);

- Dai tron, cé tiét di¢én ngang la hinh trdn (hinh 23.3¢);

- Dai hinh lugce, thue chdt 12 gém nhiéu dai thang két hop lai (hinh 23.3d);

- - Dai rang (hinh 23.3e). ' :

FaTu"eTs "

.,-.',"'i,' .

o ¢ \
Hinh 23.3. Cic loai dai. -
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23.1.4. Co s8 ly thuyét va tinh toan truyén dong dai

Hinh 23.4 trinh bay so¢ d6 tinh todn hinh hoc va luc tic dung cla truyén

dong dai, v6i cac ki hiéu nhwr sau:
a. D6i véi cdc quan hé vé hink hoc, 12 sit dung cdc ki hiéu:
A - khoang céch tryc, mm; .
D;, D, - dudng kinh bénh din va bénh bi ddn, mm;
L - chiéu dai hinh hoc ciia dai, khong tinh dén do vong, mm;

¥ - g6c nghiéng cia mdi nhdnh dai so véi dudng tam bo truyén;

o), - géc 6m cla dai 1én banh din va bdnh bj din.

vag

Hinh 23.4. S0 d6 tinh todn bd truyén dai.

- N&u bé truyén chi ¢6 hai banh dai nhu trén hinh 23.4 thi:
D3 -Dy,

2A
o) =n-27; as =T +2y;

L= 2Acosqr+Dzz2 Elci

siny =

1
2cosy

A=

I:L—-—-(Dg +Dl) YDy - Dl)]

- Né&u bo truyén 6 nhiéu bénh dai nhu trén hinh 23.2b thi géc 6m oy, 0,
va chiéu dai dai L dugc xéc dinh bing cich do tryc ti€p trén so dé (vé chinh xdc

va theo mot ti 1€ ndo d6).

b. D6i véi cdc quan hé vé dgng hoc, ta sit dung thém céc ki hiéu sau:
-y (®4) va n, (0,): t6c do vong (géc) clia banh din va banh bi din, vg/ph

" 2Acosy+%(D2 +Dy)+ Dy ~

@23-1)

(rad/s); i ti s¢f truyén; vy, v, : t&c d6 ti€p tuyén cla banh din v banh bi din, m/s;

Né&u khong ¢d sy trugt giita dai v6i banh dai thi:
nDlnl N ﬂDznz vai= m _ D2

60 60 n, D

vy=v, hay
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Nhung sy trift d6 khong trénh khoi khi bo truyén dai 1am viéc nén v,<v,,
va néu goi £ 12 hé s& truot thi ta cé:

nDyny _ 7Dy
vy =vi(l-g), ha 1-
2 1 ( ), hay 60 60 (1-¢)
Suy ra: i=—D~2-—
D;(1-¢)

Trong diéu kién lam viéc binh thudng, ¢6 thé 14y hé s6 truot € = 0,01 -0,02 .
c. Dt vai cde quan hé vé luc, ta st dung cdc ki hieu:
- §¢: lyc cang ban ddu cla dai, N;

= 81, §;: lyc ciing trén nhédnh din va nhanh bi dan clia dai khi bo trayén lam
viéc, khong xét d&n luc li tam, N;
- P: lyc tiép tuyén (luc cé ich), N;
- S lue cing dai do lyc li tam sinh ra, N;
- Ny, Ny: cong sudt tren truc dan va truc bi din, kW,
- M,, M,: mémen gay ra chuyén dong quay (mémen x0an) trén truc dan va
truc bi din, N.m.

Khi M,=0, 1a lic bd truyén lam viéc khong tai, thi lyc cang trén toan bd
chidu dai dai c6 thé 14y bing S = §,=5,=5¢+5,, , v6i:

Si=qv’ (23-2)

trong d6: q - khdi lugng clla m¢t mét dai, kg/m; v - t6¢ do dai, m/s. S, chi
dugc tinh dé&€n khi v > 10m/s.

Khi bé truyén lam viéc c6 tai, thi luc cang trén cdc nhianh dai dugc phan
b8 sao cho lyc cang trén nhanh dén thi tang l1én dén S, trén nhénh bi din thi
giam xudng mic S,, voi:

S, + Sy= 28, | (23-3)

v 5,-8,=P : (23-4)
Tir hai phuong trinh nay ta rit ra: ' '
P P
5/, =Sg+—va §;,=8;-—.
1=50+7 259075

Du6i day ta s& nghién ctu vé ting sudt sinh ra trong dai nhu & hinh 23.5.

Goi F la di¢n tich ti€t dién dai (mm?), b 12 chiéu rong dai (mm) va 3 1a
chiéu ddy dai (mm), ta cé:

F=bd ; GO=S?°N!mmZ:
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Véi op 1a tng suit do lyc cang ban ddu S, sinh ra (khéng tinh téi anh
hudng ciia lyc i tam S), dugc chon theo diéu kien lam viéc nhu bing sau:

Diéu kién lam viéc cia b truyén 6o, N/'mm?

- B6 truyén v6i khoing cich truc ngén va khong déi; bo truyén dac thing 1.6
ditng hodc gin thing ding.

- Bo truyén voi khoang cich tryc khong déi nhung twong dsi dai: bd truyén

dat ndm ngang hoac nghiéng < 60 bo truyén vai khoing cich truc thay déi 1.8
nhd thi€t bj cing dai diéu chinh gidn doan. : '
| - B truyén wy cang dai, dii ¢6 1am thay d6i khodng cich truc hay khong, 2,0
o, Drnin
l\ \1 I M g
i | O
p - Bénh bi din
au i a-j' ) ) _' . / i o’"
)
Gy
A Bénh dén B

UI'MX

Ty

Hink 23.5. D$ th ing suat trong dai khi c6 .

Ung sudt o, trén nhinh din, va o2 trén nhdnh bi dan khi lam viéc c6 tai
(khong tinh t6i lyc li tam S;,) sé 1a:

U,z%_; cz:—SFi,N/mm’ (@235

Hi¢u s6 o, -0, =K duoc 80i 1 uing luc tiép tuyén rieng. Tix cdc cong
thitc (23-4) va (23-5) ta nit ra: K= % » N/mm? - '(23-6)
Tir cong thitc (23-3) ta c6: o '

Ung sudt do luc li tam o) : Goi p la mat do riéﬁg cla dai: ng, thi tir

(23-2) ta tinh dugc ting sust do Ire 1i tam géy ra:
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S -
T =%=pv2.10 6,N/mm2

'I‘ﬁmg do6: gid tri cla p duoc 14y nhu sau:
= dai cao su va dai thang: p=1100+1200 kg/m?;
- dai da va dai sgi len: p =1000 + 1100 kg/m?*;
- dai sgi bong: p=900 + 1000 kg/m®.

Ung sudt uon o,

Khi dai chay véng qua ddu hai banh dai sé ¢6 ting suit uon o, phat sinh.
. V1 dai bi bién dang trong gidi han dan héi theo dinh luat Huc, nén ta ¢6:
s

o'u :———-——-Eﬁ
Drnin +8 Dmin

E,N{mmz:

trong d6: E 1a gisi han dan héi cia dai, 18y E=200-350 N/mm?, d6i v&i daj cao
su; Dy, 1a dudmg kinh bénh dai nhé nhat trong bo truyén, mm.

Sdp xép cdc ing suat $1,02,0 Va G, Va0 cdc vj Iri tuong Ung trén toan
bo chiéu dai dai, ta dugc d¢6 thi Wing suat nhw trén hinh 23.5. D§ thi nay cho ta
thiy Ung sudt 16n nhét o, xay ra tai diém A khi dai bit dig di vao banh
din, cdn ung suat bé nhat Omin X4y Ia tai doan sau khi dai ra khdi bdnh din

"va trudce khi di viio banh bi ddn. Véi:

2

. Ky
T max =0 +0y, to, = Tq +‘-2— +O + N /mm

min
K 2
Omin =02 + 06y =| 0y +-E +G, N/mm
Ngudi ta tinh duoc ring khi t6¢ do dai v < 30 m/s thi di véi loai dai c6 mat

do rieng p 16n nhat di nita, 4nh hudng cia \ing sudt 1j tam oy ciing khong dang
ké so véi anh huong cha o4 va K

Vigc img sudt trén dai thay déi i Omax SANE Cpyy trong qud trinh bo
truyén Iam viéc 1 nguyén nhan khign dai bj hong vi moij.

23.1.5. Tai trong do Iyc céing dai gay ra trén truc va & da

B& qua Iyc li tam cla dai ta cé:

a. Khi bg truyén chay khong idi, hop luc Q s& huéng theo dudng tam bé
truyén (hinh 23.6): . )

Q=25;cosy = ZUOFsin% . N
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Trong d6: o Ia
tng sudt trong dai
do lyc cing ban diu
So gay ra, N/'mm?; F

la tdng dién tich tiér 0 e

dién dai, mm?; céc Q
géc ¥, o nhu trén 2y

hinh vé. So

Thudng thi sau
khi chay khong tai
mot lic, oys& tang
l¢n 1,5 14n va hic dé
tai trong 16n nhat tdc dung lén tryc sé 1a:

Hinh 23.6. Lyc tic dung len truc khi dai chay khong (ii.

Qe = 15Q = 300Fsin%

b. Khi bo truyén lam viéc ¢6 tdi (hinh 23.7)

Q= \/Si2 + S% +28;8; cos2y ~ 25, cosy ='200Fcosy

8
Hinh 23.7. Lyc téc dyng khi dai chay c6 tii.

Khdc véi trudng hop 1 & trén, & day hop luc Q lech mot géc 0 so véi
dudng tam bo truyén, véi:

(D = {S; —8,)siny _P tey = oty
(S;+S8y)cosy 28, i}

Trong d6 géc ¢ duge tinh theo cong thic:

_Slr-Sz_ P K
S|+Sz 230 2(]‘0

(23-7)
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Chit y: trong phép tinh so bo, c6 thé ldy gén ding:
- B6i v6i dai da va dai cao su: Q=2,5P
- D6i véi dai bang s¢i bong det: Q=3P

23.2. BO TRUYEN DAI PHANG

23.2.1. Kh&i niém chung
1. Un nhuge diém
So v6i bo truyén dai thang, bo truyén dai phing ¢6 nhimg wu nhuge di€m sau:

Uu diém: Cong suft 16n, két csu bénh dai don gian (khéng ¢6 ranh dai),
khong dodi hoi truc din va truc bi dan song song véi nhau do d6 c6 nhiéu cich

b6 tri tryc phong phi, linh hoat, c6 thé déi phuong chiéu chuyén doéng.

Nhwoc diém: Kich thuéc cong kénh, khoang c4ch truc 16n, 6n va va dap
hon (do ché néi dai gay ra),

2. Pham vi tng dung

- Cong sudt tir vai chuc dén vai tram kW, dic biét dén 3000kW.

- Thudng ding vei toc do 3-25m/s (khi t6c do thap thi bé truyén tr¢ nén cong
kénh), khi can thiét c6 thé dén 50.70 m/s, trudng hop sieu t6¢ c6 thé t6i 110my/s.

- Ti 88 truyén thuong diing véi i<=5 (néu by truyén chéo thi i dén 6-8, nira
chéo dén 3, ¢6 bo phan cing dén 8)

3. Phan loai b¢ truyén dai phéng

Hink 23.8. Phan loai bo truyén dat phing theo cich s4p x&p vi tri trong ddi giita cic tryc.
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Nhu trén da n6i, wu di€m néi bat cha b truyén dai phing 13 ¢6 nhidu cach
* sap x€p vi tri twong d6i giita cdc truc, nhdy d6 tao ra duge nhidu kidu bo truyén.
Hinh 23.8 trinh bay mot s6 kiéu thong dung: (a) B6 truyén hé; (b) Bo truyén
chéo; (c) Bo truyén nira chéo; (d) Bo truyén ¢6 hai truc vudng géc nhd banh
ddi hudng; (e) Bo truyén c6 hai hodic nhiéu truc bj din.

Dai va binh dai 1a hai thanh phédn co ban tao nén cic kiéu bo truyén, vi
vay dudi day chiing ta s& ldn lugt xem xét vé chiing.

23.2.2. Daij _ b
1. Cic loai dai phing

a. Dai da

Dai da ¢6 hai loai: loai mét 16p va loai hai 18p. Pai da ¢6 tuéi tho cao, kha
nang tai 16n va chiu va dap t6t. Nh&s ¢6 tinh bén modn cao nén dai da lam viéc 16t
trong céc bo truyén chéo va nira chéo. Song dai da ¢6 nhuge didm 12 dit tién, lai
khong ding duoc & noi dm udt hodc ¢6 axit, vi th€ ngay nay it duge ding.

b. Dai dét: c6 hai loai

Dai vdi: dugc dét tir sgi bong thanh cic loaii 4 Iop, 6 1ép va 8 1ap. Dai viai
¢6 khoi lugng nho, gid ré, duge dung thich hop cho cdc bo truyén t6c d6 cao,
cong suat bé. Nho tinh chat mém, d€ udn nén c6 thé 1am viéc véi banh dai cé
dudng kinh nhé. Tuy nhién kha ning téi va tudi tho clia dai vai thap so vdi dai
da va dai vai cao su, hon nifa dai vai khong thé 1am viéc & noi 4m uét hoac
‘nhiét d6 cao. '

Dai len: dugce ché tao thanh 3, 4 hodc 5 16p tir sgi len. Nhey ¢6 tinh dan héi
khd cao nén dai len c6 thé 1am viéc v6i tdi trong va dap, dudng kinh banh dai
nh6. Dai len it chiu anh hudng cha moi rudng (néng, dm, bui,...) nhung kha
nang chiu tdi kém, gia thanh cao.

¢. Dai vdi cao su: Theo tiéu chuén Viét Nam (TCVN 217-66), dai vai cao
su duge ché tao theo ba loai A, B, C (tuong Ung véi ba loai A, B, B cia LX).
Loai A dugc ding cho cdc banh dai nhéd va téc d6 cao (v > 20 m/s), loai B
dugc diing cho b¢ truyén ¢6 tai trong 16n va tdc do trung binh (v < 20 m/s).
Loai C thich hop v6i bo truyén c6 tii trong nhd vi t6c do thip (v < 15 m/s)

d. Dai lam bdng vdt li¢u téng hop : c6 nhidu vu di€m hon so véi cic loai
dai ké trén: do bén, t6c do 1am viéc va tui tho cao, mém déo, chiu va dap va
qud tai 1on...

2. Cac kich thuéc co ban cha dai phing:

Hai kich thudc co ban ciia dai phing 12 chiéu rong b va chiéu ddy & , da duoc
tieu chudn hod. Ta c6 thé tim hai kich thudc nay (ciing cdc s6 liéu khic cia dai)
trong tap tiéu chudn vé truyén dong dai hoic trong céc s6 tay thiét ké co khi.
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. 3. Tinh tedn dai phing theo kha nang kéo

Khi ning kéo ciia dai phing dugc thé hién qua dai luong lyc t.iép tuyén
riéng ban diu (i tudng) K. Bang thyc nghiém, ngudi ta thiét lap dugc cong
thitc tinh K4 nhu sau: '

Ks=a-0

, N/ mm’®, (23-8)

trong d6: 8 - chiéu ddy dai (mm); D,;, - dudng kinh banh dai bé nhit (thudng
la banh din), mm; a vd © - hé s& fuy thuoc vao loai dai va idng sudt cing ban
ddu, dugc tra trong s6 tay.

Cong thidc (23-8) & trén dugc thiét 1ap trén co sd thuc nghiém b truyén ki tuéng:

1 - Tu cang;

2 - Géc 6m ciia dai 1en bénh dai o =180°;

3 - Téc dd v=10m/s

4 - Ch€ 86 lam viéc ém, diéu hoa va 1am viéc mot ca.

P& tinh todn, ta phai sit dung dai lugng luc tiép tuy€n thyc t&€ K bang cich
dua vao K cdc he s6 hi¢u chinh Cy,C.C,.Cy ¢

K=K¢CyC,C\Cp, N/ mm? : (23-9)

Trong dé: C, 1a hé s6 xét dén sy khic nhau vé goc nghiéng clia bo truyén vi
phuong phip ty cing cha né 50 v4i bo truyén Ii tudng;

'C, 1 he s6 xéi dén gbc 6m thyc t€ cita dai 1én binh dai;

C, 12 he s6 xét d&n t6c do thuc t€ cia dai;

C, 12 he 56 xét dén ché do lam viée thyc t& cia bo truyén.

Céic hé s6 ndi trén déu c6 sin trong sé tay thidt k& co khi

Cué6i cling, ta c6 thé tinh dugc céc kich thude co bin ciia dai theo he thic:

F=b«§~=£,n\mr12
K

vGi b, & Ia chiéu rong va chiéu ddy dai, dugc quy tron rdi tra theo bang tiéu
~chudn cia dai

23.2.3. Banh dai

Dudng kinh va chiéu rong 12 hai kich thudce co ban cia binh dai. Ngoai ra
con ¢6 mot s& kich thudc két c&u ma ta s& xem xét dudi day.

1. Buong kinh banh dai
- Dudng kinh binh dan D, xé&c dinh theo céng thic:
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D, ‘=(1100+1350)3/—N—, mm
_ Nax

trong d6: N - cong suft tren tryc din, kw;
Nyex - t6C dO quay 16n nhét trén truc din, v/ph.
- Pudng kinh banh bj din D,:
D, =iD,; , mm
Chii y: Sau khi tinh dugc D, va D;, ching c4n dugc quy trdn réi chon theo

bang tiéu chufn vé banh dai cho trong s6 tay thi€t k&, nhd ring D; neén i4y
tron ting ién, D, nén 14y tron gidam xudéng d€ bl vao he s6 truot dai,

2. Chiéu réng bénh dai B (hinh 23.9)

-
. | w0
b ) / p
.
1
A
G .
B - ] O

Hinh 23.9. Cidc kich thudc co ban cia binh dai.

- D61 v6i by truyén hé nhu tren hinh
23.8a, ta c6: :
~ B=11b+(5-15), mm
- D6i véi b truyén chéo va nira chéo nhy

trén hinh 23.8b, c, d ta c6: | =
B=1,4b+10, mm ‘

3. Mot 6 kich thu6c két cdu khac Hink 23.10: Ké: céu vanh binh
- Vanh banh dai (binh 23.9): ' dai Ds280mm.

B0 16i y nhim lam cho dai 6m 14y miat binh dai, trénh hién tugng tudt daj khi lam viéc.
Thudng chi binh dai 16n méi 6 40 16i, nhung & nhitng bd truyén t6c d¢ cao thi ci hai binh
déu ¢6 46 16i. S

Chiéu day vinh binh dai ldy: §=0,005D+3 ,mm
- Moayq (hinh 23.10 va 23.11) _
Pudng kinh mcayo: d;=(1,8+2,0)d, vi d 1a duimg kinh tryc {mm).
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Hinh 23.11. K&t cdu béinh dai khi:a- D < 280mm; b- D 2 280mm.
Chiéu dai moayo:
L=(1,5:2,00d

23.3. BO TRUYEN DAI THANG

23.3.1. Khéi niém chung

1. Uu nhuge diém

So v6i bo truyén daj phéng, truyén dong dai thang cé nhimg wu nhuge
diém sau: - '

- Uu diém: nhé rinh hinh ném trén banh dai nén khj haj mit bén clia daj lot
trong d6 sé 1am cho luc bdm (ma sdt) cua dai véi banh daj s& 16n hon nhiéu so
vOi trudng hgp daj phang. Vi vay, vdi cling mét Iuce cang dai ban ddu nhir nhay -
thi b¢ truyén dai thang truyén dugc coéng suit 16n hon, cho phép ding khoang
cdch truc ngén hon, géc 6m nhéd hon va Vi the c6 thé chay véi 1} 56 truyén lén
hon. Mat khic, né con cho phép ta diéu chinh vo cdp ti s6 truyén bing cich sit
dung céc cdp banh dai diéu chinh dugc khe hd (xem chuong 22, hinh 22.54d).

- Nhuoc diém: So véi bo truyén dai phing, bo truyén daj thang c6 nhing
nhuge diém sau; daj chéng héng hom, hi¢u sust thp hon vi banh dai khé che
tao hon. :
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2. Pham vi ing dung

- Cong suit truyén dugc c6 thé dat t6i IS0KW, ti s§ truyén i < 10 va t6c do
dai dé&n 25-30m/s. '

- B truyén dai thang thich hgp cho trudng hop tai trong gilta cdc truc song
song va khodng c4ch truc khong i6n. '

- ‘Mot trong hai tryc phai ¢6 thé dich chuyén dé diéu chinh khoang cdch
truc duge vi c6 nhu vay mdéi mic duge dai lén banh dai. Trudng hop khoang
cdch tryc nhat thi€t phai c6 dinh thi phdi diing con 1an cing nhu trén hinh 23.2b.

3. Phin loai bo truyén dai thang

Ciing gi6ng nhu b truyén dai phing (hinh 23.8) bo truyén dai thang ngoai
ki€u bo truyén ho 1a thong dung nhat con 6 céc kiéu bo truyén khéc nhu chéo
va nira chéo (nhung khong nén ding vi chéng hong dai). Trudng hop cé nhiéu
truc bi din thi géc 6m phaj >= 70",

Duéi day chiing ta s& xem xét dai va bdnh dai trong bo truyén dai thang.
23.3.2. Pai thang
1. Ciu tao

Dai thang dugc ché tao thinh mot vong tron khép kin (khong cé chd néi
nhu dai phing), bén trong 12 nhimg 16p sgi t0ng hop xép chéng len nhau, boc
bén ngoki 1a 16p vii cao su. Tiét dién ngang ciia dai cé dang hinh thang (vi thé
cé.tén 1a dai thang) nhu trén hinh 23.12.

a;

Ldp = —
trung hoa :

Hinh 23.12. M3t cit ngang clia dai thang.  Hink 23.13. Cfu ta0 tinh trén binh dai thang

Bai dugc 16ng vao banh dai sao ého hai mat bén cia dai nim lot vao va ti
sdt v6i hai mit bén ciia ranh trén bdnh dai (hinh 23.13). Nhé ¢6 rianh hinh ném
nén h¢ s& ma sit dugc tang lén rit nhiéu. ' :
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2. Céc loai dai thang
Dai thang gém c6 hai loai: dai thang thudng va dai thang hep

_ a. Dai thang thuong ducrc diing rong rai trong truyén déng co khi. Tiéu

chuén Viét Nam quy dinh bdy loai ti€t dién dai hinh thang theo thi ty tir nhé
dén lén: A, B, C, D, E, G, H (tuong lrng bay loai ti&t dién dai hinh thang cla
LX ci: O,A,B,B, T, I, E)

b. Dai thang hep duoc diing riéng cho quat va ddng co 6td, may kéo, may
nong nghi¢p. Vi cing chiéu rong dai a, dai thang hep ¢6 chiéu cao h 16n hon
so vdi dai thudng do d6 kha nidng tai cao hon.

3. Cac kich thuée co ban cia dai thang

Hinh 23.12 thé hién céc kich thudc co ban cia tiét dién dai thang. Khi chua
lam viéc (0 trang thai ty do) thi:

- Kich thude a, trén hinh 23.12 twong img kich. thude 1, ca rdnh trén hinh 23.13;

- G6c ¢ dinh @ cua cé hai loai dai (thudng ciing nhu hep) déu bing 40°.

- Chiéu dai dai L duoc tinh 1a chiéu dai 16p trung hoa va ciing 1a kich thuéc
cd ban cha dai. _

Tat ¢ cdc kich thudc co ban ciia dai déu duge tiéu chudn hod va déu c¢é
san trong sd tay thi€t k& co khi (phédn truyén dong dai).

4. Tinh todn dai thang theo kha nang kéo

Dai thang cling dugc tinh todn theo kha ning kéo nhu ddi véi dai phing.
Tuy nhién b truyén dai phang chi c6 mot dai, con bo truyén dai thang thudng
c6 nhiéu dai. Vi the & day s& tinh todn theo kha nang kéo cla nhiéu dai.

Trong cdc by truyén cong dung chung, itng suit cang ban ddu 0'0 dugce lay
nhur sau:

- Dai thang thOng thudng: 16i bing vai soi téng hop, binh dai nhd c6 dudng
kinh khd 1én og =14 N/ mm® (n&u bo truyén déi khi méi lam viéc thi ¢6 thé

ldy og= 16+18 N/ mm?). D& nang cao tudi tho dai, nén ldy o, gidm xuéng
(dai thang thudng: 6o= 1,2 N/ mm? dai thang hep: ¢y =3,0 ~3,5 N/ mm>).
Van dung cong thitc (23-9) chia dai phing, d6i véi dai thang ta c6:
K =KoCyCyC,p, N/ mm’ (23-11)

Trong dé: K;, la luc tiép tuyén riéng, phu thugc vio o, loai tist dién dai

(A, B, C,...) va duong kinh banh dai nho. Gid tri cila K, duge lap thanh bang va
¢6 sin trong s6 tay thigt k€ co khi.

-Céc he s6 C,.C,,C, c¢6 cing ¥ nghia nhu & cong thic (23-9) va cling
dugc chon theo bang trong s tay thi€t k& nhu d6i véi dai phing.
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Twong ty nhu d6i véi dai phing — xem céng thic (23-10), & day ta c6
~ cong thifc tinh téng tiét dién F cia cdc daj trong bo truyédn:

F=2 mm (23-12)
K
Trong 46 P 1a lyc ti€p tuyén, N _
F=FZ (23-13)

Véi F, 1a dién tich tiét dién méi dai, mm’, tra theo bang.
Z 1a s6 dai thang ciia b truyén:
_ P
| KF,

'Z s€& duoc quy tron va nén lay tang lén. Chu ¥ ring bo truyén cang nhiéu
dai thi sy phan b tii trong trén cic dai dé cang khé déu nhau. Vi vay, chi nén
ldy Z < 5-6 dai d4i v6i loai tict dién nho, Z < 8-12 dai d6i véi tist dién trung
binh va 16n.

'23.3.3. Banh dai

1. Budng kinh binh dai

Buéng kinh ding d€ tinh todn ciia binh dai 1a dudng kinh D duoc do tir
dudng trung hoa ctia dai (hinh 23.13). Dudng kinh d6, nhu trude day ta 43 quy
uéc, néu la clia banh din thi kf hieu 1a Dy, n€u 1a clia bdnh bi din thi la D,

- Pudng kinh banh din D, dugc chon ty theo loai tist dién dai. Khi cin
kich thudc that nhé gon thi c6 thé chon theo quan hé sau:

Loai tiét dién dai: A B BT A E LX)
B C D E G H (VN
D, t6i thi€u (mm): 63 90 200 315 500 800

Tuy nhién chon theo quan he trén thi s& 1am tang Ung suit udn trong dai
(vi bdnh dai qud nhd) va lam gidm hiéu sust clia bo truyén, vi vay khi khéng
bi han ché& vé kich thudc bg truyén thi nén chon D, theo tiéu chudn cho trong
56 tay thiét ke, -

- Budng kinh bénh bi din D, duge tinh theo cong thic nhu & bd truyén
dai phing trudc day, c6 xét dén he sé trugt dai £ :

D, =iDy(l-¢),v6i €% 0,02

Sau khi tinh theo cong thic tren, D, cin dugc quy tron dén gid tri gén
nhat v&i gid tr tiéu chudn cia dudng kinh b4nh dai che trong s6 tay thi€t ké.
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2. Chiéu rong binh dai B duye tinh theo cong thae:
B=(Z-1) + 2f, mm .
trong d6: Z 1i 86 dai. t va  nhu bidu dién tren hinh 2313
2

3. Mot s6 Kich thude két ciu khac

© = Vanh binh dai ¢é cie rinh nha trén | p | %
hinh - 23.13. Duomg  kinh ngoi H7
{D,=D+2b), duong kinh trong (DlzD-BhJ. - /é
- chicu ddy vanh 3. goc nghiéng cua rinh - Z LA
¢. chiéu rong rinh b.... tuy thuoc vio of 4— 4- 1
toat tiét dién dai (A, B, C...} md <o % K
cdc gid tri khdc nhau vi di duoc lap //
thinh bing cho trong 6 tay thiét k& N _ 7
. ) W
co khi.
_| =

_ - Moayu cling duge xdc dinh nhy &

binh dai phang d3 néi truée day., do dé a) b)
cd thé thum khdio két ciu moayd, dia v
nun hoa & cic hinh 23.10, 23,11, Ngoai
ra, trén hinh 23.14 ciing néu lén két ciu
dién hinh cta bdnh dai nho (D < 100 mm) va bianh dai 160 ¢6 mot diy nan hoa.

flimd 2314 Ker cau didn hich cia: bash
dat nhao (a) v biinh dai lom th)

23.3.4. Chiéu dai dai thang va khoadng cach truc

1. Chicu dai dai cing 13 mot kich thude di duoe tieu chuan hod. No phu
thuéc vio loai ti€ dién dai va cho sin trong 56 tay thi€i k&€. Khi da big khoing
cich tryc A, 1a c6 thé tinh ra chidu ddi L clia dai theo cong thic:

(D> - D,;)?

L=2A+§(Dl +Dy)+ . mm (23-15)

2. Khodng cich truc A duge chon trong gidi han tlir A_;, dén A, , véi:

Amin= 0,55 (Dy+D,)+h (23-16)

Ajux= 2{DI_"‘DE) (23-17)
Trong dé h 12 chiéu cao dai nh & hinh 23.12
Chi y ring khodng cich truc néu cang gan A, thi bo truyén cang nho gon
nhung dai chéng héng hon, néu cing gin A, thi dai cing lau héng nhung bo
truyén lai cdng kénh hon. Vi the khi didy kién cho phép thi nén chon theo ti so
truyén i nhu & bing sau:

|

6-9

}

|.~C|> -

1.5

T

0.95

0.9

0.85
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Clui y: Chiéu dai L cay dai, sau khi 1inh duge thev cong 1hite (23415, ¢
tren thi phai 14y ron dén gid tri gdn nhat véi chicu dai tice chudn cua dui. Suu
do6 tinh loai Khodng cdch truc A thue 1€, theo cong thic:

¢ _—

| T T
A—_—gi;’[_. - K{Dz +D| )+ [EL-JIlDJ + D|}J" —R(D: - D{‘J" :/ {33-13)

i

23.3.5. Diéu chinh khoang cach truc

D¢ c6 thé méc dai len binh dal va cang dai khi daj bi gidn thi mot trong hai
Iruc (thudbng 13 tryc din) phii ¢6 thé di chuyén duoe doc dudng tam ndi hui
binh dai (xem co csy vit cang 1rén hinh 23.2a) mot Khodng tir 0,015 de,
+0.03L. Nghia la:

- Khi mic daj:
Ain=A-0.015L

- Khi dai bj gidn hét mac cho Phép (gan hét tudi tho)
A pnan=A+0,03L

Trong hai cong thitc trén, A duge tinh theo (23-1%)

23.4. MOT SO LOAI TRUYEN PONG DAl KHAC

Ngoki hui loyi bd truyén thong dung (dui phang va dai thang) vira ke ren, Irong cong
nghi¢p ¢on sSrdung mot 5§ logi truyén dong dai khic.
Dudgi day ching ta chi xem xé1 Yua v cong dung va nguyen tic hout dong, con cich 1inh

lodn cia nhing logi niy s& khong duge dé cap’den. Ban doc nau quan am cd ahe tham Ao
frong cic 13t ligy ghi & cusi sdch, .

23.4.1. B truyén doéng dai tron

Chi thich hyp lrong cic thiet hi Long sudl nher nhy cic khi Cuomay khiac, BDai co pigr
digén 1ron (hinh 23.3¢), Lim bang s¢i tong hap ngodi hue cao su dé Lng ma sdl. Banh daj v
Fanh tron, ban kinh rinl ramg dng vai bin hink daj. Nguyeén vic 1am vide ving teong tw nhuy
bé truyén dai thang, :

23.4.2. B truyén daij hinh ivge (hinh 23,34,

V& co ban gidng nhu bd truydén dai
thang, nhung thay vi ding ic dui thang
T riéng ré thi o diy dimg mot daj hinh
loge gdm cdc daj thang tap hop Ilaj
(hinh 23.15) nhim hu nhe 1dng chidy
rong dui v hinh dai. Vi clng mél cong
SUAT truyén, hd tong dai hinh luge chj
chiém chimg md nia 16ng chidu rong ciic
dai thang cdn ding. Ticu chedn LX quy
dinth ba ¢& ticy dien dui: K, [ va M. i K
twong tng voi dui thang O vis A, ding d¢ Hinh 23.15. Tict dig
truyén momen M, <40Nm: dai [ tromy

N ngang coa dai hinh lege

ing vii du thang A b, B, dimg dé (ruyén momen M =18- 400 Nax: daij M Wromg dng voi Juj thang B,
I, v E, dimg a¢ truyén momen M, > 130 Nom: véi M, Ia momen xoan tén Irye dan.
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- Dai hinh lwge gém phin dai.phing v& phidn gan hop lai. Phdn dai phing gém cic 16p vii
a0 su va mot diy si bén tir soi 18ng hop. Phin gan gém cic gan hinh thang bing cao su,
chay doc theo chidu dai dai. C4 hai phin déu dugc luu hoi clng hic,

- Binh dai hinh luge chi khéc banh dai hinh thang & vanh ngoii (hinh 23.16). Ciéc kich
thudc trén hinh 23.16 déu cho sin trong sé tay thigt ke,

inh luec,
23.4.3. BS truyén dai ring (hinh 23.3e)

G6m c6 mot dai rang an khdp v6i mot banh dai dac biet, gidng nhu trong bo truyén xich.
1. Pai ring (hinh 23.17)

Dai riang duge ché tao tir chit déo hodc cao su chiu déu, 16i 13 nhiing sgi thép dé dam bao
kha nang chiu kéo cao vi d6 cting dec cho dai.

Kich thudc két csu chii y&u cha dai rang 14 modun an khép m, duge chen theo cong sudt bo
truyén. Cic kich khac trén hinh 23.17 déu phu thuge vio m va ¢6 sin cong thiic tinh trong sé tay.

2. Binh dai tréng gitng banh xich, dudng kinh vdng chia 1a tich s& ciia m6dun m va 50
rang Z (D=mZ). Vit licu 1am bdnh dai ¢6 thé 12 thép, gang, hop kim nhe hoic chét déo.
Cép

3 <

b
Ring

Hinh 23.17. Dai ring (a) vi mai cit ngang ciia dai (b)

Bo truyén dai rang ngiy cing duge ding nhiéu trong miy moc hién dai nh& cdc un diém
sau: Kich thuée nhd gon, O s6 truyén khong déi vi khong cé sy trugt dai va tii treng tic dung
len truc nhd vi khong c6 luc cang dai ban ddu.

B¢ truyén dai rang dugc ding trong trutmg hop cong suat khong qui 50 kW (nhung doi
khi ciing ¢6 trudng hop dén 1000 kW), 8¢ do dai tir 5- 40 m/s (trudng hop dac biér dén 80 m/s
hodc hon); ti-s6 truyén i ¢én 10 (dac bi¢t cé thé dén 30). Higua sudt bo truyén n = 0,92 - 0,98,

23.5. Vi DU TINH TOAN

Tinh todn bo truyén dai phing kiéu hé& (hinh 23.8a), truyén tir truc dong co dj bo c6 cong
sudt N=10 kW, t6¢c do quay n=1440 v/ph dén truc bom cé n,=720 vg/ph. Ché¢ d6 lam viéc mot
ca. Géc nghieng ciia b truyén so véi duding ndm ngang 13 30°. Diéy chinh cing dai theo cich
gidn doan.

266



Gidis .

1. Theo TCVN 217 - 66, chon dai cao su loai C {twong img loai B cia LX), t6c 40 c6 thé
dat t6i 15 mfs, -

" 2. Néu ta chon t6c 49 dai nhu trén thi dubng kinh binh dai lép rén truc doéng co (bdnh
-din} s& la:

D « X _ 6OXIS _ 4 190m = 199mm
mmy | 11440

Theo tieu chudn TCVN 218 - 66, chon D,=200 mm
3. Ti s6 truyén (khong xét dén truget daid:

=M 180 L,
n, 720

4. Pudmg kinh bdanh bj dn: D,=iD}=2.200=400 mm, ciing la gid tri phir hop vai tigu
chudn (xem TCVN 218 - 66)
5. Téc d6 quay chinh xdc cia truc din, n€u c¢é x4t 16i he 56 tregt £=1%
Din(l-&)  200.400.0,99
T o, T a0
6. Téc do thue 1€ ciha dai: .
ADn;  m.200.1440 _ .
v= 6(]'}1 = % =15.100mm/s = 15,Im/s
7. Khoiang cich truc, so by 14y:
A=Ay, =2(D+D,)=2(200+400)=i 200mm
8. Goc dm cia dai trén bdnh din (bidnh nho):
D, -D;  400-200

oy =n-2y; Ssiny= A 21200 = 0,0833. Suy ra:

y=4"58"a, = 180° - 2.4%50'= 170%20'> 150°
do d6 g6c 6m dat yéu ciu
9. Chiéu dai dai tinh todn:

ny =712v/ph

L= 2Aoos7+%(D2 +Dy)+UD, +D)) = 2.1200.0.996+§(400+200)+ 0,084(400 — 200) ~ 3350mm

(trong d6 ¥ = 4°50'= 0,084Rad)

10. 36 l4n u6n dai trong mot giay: v =% = :%;- =45 < Upg, = 512 gid tri gi6i han cho phép.

11. Vé6i D= 208 mm, theo TCVN 217 - 66 chon dai phing loai C c6 4 16p d¢m, chiéu
day mdi 16p dém bing 1,25 mm (khong cé 16p cao su méng giifa kai 16p dém). Do d6 chidu
day dai & = Smm; chiéu rong dai b=70mm. o

12. Chon ting sudt cang ban dfu o,=1,8 N/mm?, tra bing trong s8 tay tidu chudn dai c6
a=2,5 N/fmm’, 0 =10N/mm?>, tir 46 tinh dugc lyc t&p tuysn ridng K, '

Ko=a-w—>=25-10_2 225
D, 200
13. Tra trong 56 tay TCVN vé dai phing, ta cé:

Co =1,0(v6i bo truyén nghiéng so véi dudng ndm ngang mot gée < 60%)
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Co =0,97(v6i &= 170°20'3)
" €,=0,95(v6i v= 15 m/s) |
C,=1,0(vdi by truyén diing cho bom, lam viéc mot ca)
14. Luc tié’p tuyén thyc 8-
. K=K0C“CEC,CP=2,25.1 ,0.0,97.0,95.1,0=2,07 N/mm?
I5. Lyc ti€p tuyén:

3 3 :
P 10°N _ 10 '10=667N
v 15,1
16. Dién tich dai yeu clu:
F _3-%—32% 2

17. Chiéu rong dai yéucdu: b= g— = = 64,4mm < 70mm nhu trudc day da chén, do

ot
A | b
5]

v;ay dat yéu cdu vé d6 bén dai. |
18. Chiéu rong bdnh dai, theo TCVN 218 - 66 14y B=80mm
19. Tai trong tdc dung |én truc:
Q= zc{,Fcos% = 2.1,8.322.0,996 = 1 160N

Qmax = 1,5Q = 1,5.1160 = 1 740N
20. Goc nghieng cia lye Q so v6i dudmg tam cha bo truyén (dudmg ndi tam hai banh dai):

P 667 Ocry
(g0 =——tgy = —21_0,085=0,040 Suy ra: 0= 2°50
s, ¥ T Teo yreEs

CAU HOI ON TAP

L. Trinh bay wu, nhugc diém va pham vi dng dung cla truyén déng dai ?

2. Phan tich vu nhuge diém, pham vi tng dung ciia b truyén dai phing va b¢ truyén
dai thang ? ' _

3* Tinh todn b truyén dai thang truyén chuyén d¢ong tir dong co dien khéng déng
bd ¢6 cong sulit N = 7,5 kW va t6c d¢ quay n, = 1440 v/ph, dén truc quat gié cé
i1, = 410 v/ph, 1am viéc lién tuc ba ca.

Goi ¥: C6 thé déng thdi dua ra hai phutong 4n: dai thang c6 tit dién loai B va loai C
(theo ti¢u chudn Vit Nam). '
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Chuong 24

TRUYEN PONG XicH

24.1. KHAI NIEM CHUNG

24.1.1. Nguyén tic lam viéc cla truyén déng xich
v& céu tao chinh chGa bd truyén

Truyén dong xich thyc hién viec truyén chuyén dong va tai trong giirta cic
truc song song nhd sy 4n khép clia mit xich véi ring cia cic binh xich lip
trén cac truc dé.

B¢ truyén xich gém c6 cdc thanh phéan chi y€u sau: dia din 1, dia bi dan 2
va xich 3 (hinh 24.1). Ngoai ra, tuy tirng trudng hop cé thé kém theo b¢ phan
cang xich, b phan boi tron va hop che.

Hinh 24.2. Cic kiéu bd truyén xfch:
4- ndm ngang; b- nghiéng; c- nhiéu tryc bi din.
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- Cdc kiéu bo truyén xich duge trinh bay trén hinh 9-2, thudmg gip nhit 1a
kidu dit ndm ngang (a), nghiéng (b) hoac thing ding. Thong thudng bo
truyén xich chi cé mot truc din va mét truc bi dan, nhung d6i khi van cé thé

€6 nhiéu truc bi ddn nhu trén hinh 24.2c¢.

24.1.2. Uu nhugc di€m va pham vi iing dung cda

truyén ddng xich :

* Uu didm:

- C6 thé truyén chuyén dong giifa cic truc xa nhau (Amax=8m); _

- So v6i truyén dong dai, truyén dong xich lam viéc khong ¢o trugt do
d6 dim bio dugc ti s6 truyén i (trung binh) kheng déi, hiéu sudt khid cao
(0,96 - 0,98), kich thudc bo truyén nhé gon hon, luc tic dung lén truc nhd
han vi khéng cén lyc cang ban ddu 16n:

- Chi cdn mot xich ciing c6 thé truyén chuyén dong tir truc dan t6i nhiéu
truc bj dn khic nhau.

* Nhuoc diém:

- Do dic di€m hinh hoc ciia sy an khép giira xich va dia xich lam chuyén
dong cia xich va dia bi din khong déu dan, g4y ra tai trong va dap va ti€ng on
(s€ phan tich kT & muc 24.5.1);

- Rang va mit xich chéng mén: nhat Ia trong mei trudng bui baim va
khong dugc béi trem t6t; '

- 8o v6i truyén dong dai, & day gid thanh be truyén cao hon vi két cdu
phife tap hon.

* Pham vi ing dung: Truyén dong xich dugc ding rong rii trong may
noéng nghiep va médy van chuyén (xe dap, xe mdy ...), trong may céng cy va
tay mdy cong nghi¢p v.v...; v6i cong xudt nho va trung binh (<110 kW), t6c
d¢ xich-dén 15m/s va ti s& truyén dén 8.

24.2. X{CH TRUYEN BPONG

. Trong céng nghiép, ngoai xich truyén déng con cé xich kéo ding lam b6
phan kéo trong cic may van chuyén nhu bdng tai, xich ndng dung trong cic
médy nang nhu palang. Trong tai liéu ndy, ching ta s& chi néi vé xich truyén
dong. Ban doc c6 thé tim hi€u xich kéo vi xich nang trong céic tai liéu chuyén
nganh vé mdy nang - van chuyén.

24.2.1. Cic loai xich truyén déng

Xich truyén déng ia thanh phin co ban ctia bo truyén xich, ding dé truyén
chuyén dong va co ning tir truc din dén truc bi dén. Theo c4u tac, xich truyén
dong dugce chia ra: xich con lan, xich éng va xich riang.
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-1, Xich con lan: gém cé6 ¢ix I dén 6 ddy. Trén hinh 24.3 gidi thiéu cdu tao
xich con Ian mot diy, trong 46 m&i mét xich g6m hai m4 trong 1 xen k& véi hai
md ngodi 2 c6 thé xoay wrong déi véi nhau. Cdc mé trong 1 dugc lp chat véi ong
3, cdc m4d ngoai duge lip chit véi chét 4. Gilta Sng 3 va chét 4 c6 khe hd, c6 thé
xoay ty do d6i véi nhau d€ tao thanh ban 1. Con lan 5 dugc 16ng tu do véi miit
ngoai Ong 3, khi bo truyén lam viéc thi ring dia xich an khdp va tiép xic vdi con
lan nay, va vi né c6 th€ quay tr do quanh 8ng 3 neén ring dia xich d& mon.

a) b)

o
By

' Iy W

Hinh 24.3. Ciu tao xich con lan mot day.  Hink 24.4. Cfu tao mit chuyén tiép.
a- mé thing; b- mé cong.

- Dé néi day xich thanh vong kin cin dé y hai trudng hop: n€u s& mit xich
1a chin (k€ ca mit chuyén ti€p) thi ding mit chuyén ti€p m4 thing nhu trén
hinh 24.4a; n€u s6 mat 1a 1¢ (k€ cd mét chuyén ti€p) thi dung mit chuyén tiép
mé cong nhu trén hinh 24.4b. Ci hai loai méit chuyén ti€p déu ding chét ché -
dé d& thdo lp. Vi mét chuyén ti€p m4 cong bi yéu do c6 them (g sust usn
khi lam viéc, béi vay khi thiét k& nén chon s6 mét xich 1a s6 chin.

- Buéc xich t la théng sd chit y&u ciia moi xich néi chung. Céc thong s6
khdc ctia xich nhu cdc kich thuéc trén hinh 24.3, tdi trong phé héng va khéi
lugng 1m xich déu phu thugc vao budc xich va duge xay dyng thanh bing tiéu
chudn, cho trong TCVN 1590 - 74.

- Xich con lan nhiéu day chi khdc loai mot diy & ché chot dai hon tuy
theo s& ddy va ciing dugc quy dinh cu thé trong TCVN 1590 - 74. Xem trong
bang tieu chudn ta c6 thé thdy ai rong phd hong va khéi lugng ti 1& thuan vdi
s6 day clia xich. Vi thé khi tii trong 16n, téc d6 cao, néu ding xich mot day
thi phai chon loai budc t 16n gy va dap manh, ta nén chon dung xich nhiéu
day d€ giam kich thudc t.

- Xich con lan md cong: Tt ci cic mét xich déu c6 hinh dang nhu mét chuyén
ti€p md cong trén hinh 24.4b. Nh& ma xich cong nén do6 dai xich c6 th€ co din khi
chiu tai trong dong, vi thé leai xich nay thudng dugc dung trong cic bd truyén lam
viéc quay hai chiéu, c6 va dap, hay gip nhat & cdc mdy xay dung, may lam dudmg.
Xich con 1an mé cong ciing duge quy dinh trong TCVN 1590 - 74.
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- - 2, Xich dng: Néu bbd con lan 5 cia Xich con lan trén hinh 24.3 thi ta c6
hinh &nh xich &ng. So v6i xich con in thi kh6i lugng, gii thanh coa xich ong
déu thip hon, nhung do khong cé con lin nén xich 6ng va rang dia xich an
kh6p véi né6 ciing chéng mon hon. Pham vi si dung ciia xich 6ng ciing khong
réng 1&m, chii yéu dugc ding trong mdy van chuyén loai nhe hoic trong co
cu truyén dong phu véi t6c d6 thap (dudi 1m/s). Xich 6ng cé loai mot diy va
loai haij diy (hinh 24.5), va ciing duge tiéu chudn hod theo TCVN 1590 — 74.

al

|
Brr

i

L]

!
8

___.—i_.- 31 | _I'-_.__._

Hinh 24.5. Cfiu tao Xich 6ng: (a) m3t diy; va (b) hai day.

3. Xich rang: ¢6 cdu tao nhu trén hinh 24.6. Cic mat xich duoc tao boi
m& lam viéc 1 va md din hudng 2 c6 khoan 16 dinh hinh. Méi 16 dinh hinh
duoc 1ap hai chét cé tist dién hinh quat va c6 chiéu dai khic nhay. Chdot dai 3
la chét ¢& dinh, cdn chét ngén 4 1a chét xoay dugc d6i véi chot 3. Khi xich bj
uén cong trong qué trinh lam viéc, hai chét nay lin khong truot trén bé mat
16i ctia nhau nén giam durge ma s4t, it bi mai mon (hinh 24.7). Géc quay tuong
d6i giffa hai ch6t trong ciing mot 16 dinh hinh tuy thudc vao ban kinh phin 16i
cua chiing, va c6 thé dat téi 30", '
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Hinh 24.8. Xich ring: (a) C8u tao cida xich, vi (b) xich an khap vai banh xich

M4 1am viéc 1 ¢6 dang ring, mbi md ¢6 hai mat 1am viéc tao vdi nhau mot
géc 60°, va chinh hai mat nay sé ti lén mat ben cla rang dia xich trong qua trinh
lam viéc. M4 din hudng 2 chi c6 tdc dung ngan xich khong bi tudt khoi dia xich
nén khéng cin c¢6 dang rang.

T4t ca cdc chét 3 déu duge tdn
ca hai d4u, rieng tai noi néi xich thi
mot ddu chét nay khong tdn ma
dugc 1ap chét ché 5 dé dé théo l4p.

So vai xich con lan, xich rang
chiu tai cao, lam viéc én dinh va ft
6n hon, nhung do cdu tao phic tap,
khéi lugng 16n nén gia thanh cao
hon va it duge sit dung hon. Céc thong s6 co ban clia xich ring cling dugc xay
dung trén co sé& bude rang t va lap thanh bang trong TCVN 1590 - 74.

24.3.2. Lya chon buéce xich

Hinh 24.7. M3t cht doc mot doant Xich rang.

Nhur trén da noéi, budc xich 1a théng s6 co ban chi phéi cdc thong s6 khac
cia xich: budc t cang lén thi xich cang 16n do d6 kha nang chiu tai cang cao.
Tuy nhién budc xich cang 16n thi sy va dap cia xich 1én dia xich khi vao khdp
cang manh, bo truyén lam viéc cang 6n va mét 8n dinh, xich cang chéng bi hu
mon. Do vay khi t6¢c d¢ cao thi nén chon budc xich nhé, néu tai trong 1on thi
tang s6 day (d6i véi xich con lan) hoic tang chiu rong xich (d6i véi xich
ring) dé xich c¢é di kha ning tai.

D& dam bao xich va rang dia xich khéng bi mdon qud nhanh, t6¢c 46 bo
truyén khong duoc vugt qud mét gidi han cho phép. Bang 24.1 dudi day cho
tri 6 t6c 4o quay gidi han n,,, cia dia din (vdi xich mot day) phu thudc vao
s6 riang dia ddn z; va budc xich t. '
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Bdng 24-1. Tsc d6 quay gidi han n,,;, ca dia din (v/ph).
zZ;. |

Bygh (v/ph), khi budc xich t (mm) la:

127 | 15875 | 1908 | 254 13175 | 381 | 4445 | sos
1) Xich con tan

20 | 2780 2000 | 1520 1000 | 725 | sa0 430 350
25 | 2900 | 2070 1580 | 1030 750 560 445 365
30 | 3000 | 2150 1640 1070 780 580 460 375

2) Xich rang .
17-35 | 3300 [ 2650 | 2200 | Tes0 | 1300 T [

24.2.3. Vat lidu ché tao xich

- Ma xich thuong duge lam bang thép c4n ngusi c6 ham lugng cacbon
trung binh (thép 45, 50 ...), hoic thép hgp kim c4n ngudi (40X, 40XH ..)) clia
LX, toi dat do cing 40 - 50 HRC.

- Bin 1€ (g6m chét, 6ng, con lan) thudng dwoc 1am bing thép cacbon hoic

thép hop kim thap: 15, 20, 15X, 20X, 12XH3A v.v..., thim than réi toj dat do
cung 50 - 65 HRC, -

24.3. DIA X{fcH

24.3.1. Bién dang rdng (Profin)

Theo tiéu chudn LX, ¢4 hai kifu bien dang rang, twong ng véi hai loai xich:

- B6i v6i xich con lan va xich ong, theo T'OCT 591 — 69 nhur trén hinh
24.8a, v6i hai cung gn va kf cé bén kinh r; va r, ti€p tuyén véi doan thing fg.

t - L t

) . [
J 2]
L) ﬂ a7 .\# 5
,..:: N T A -
K =
% fy g >
\:,/ @
| Xz /Q‘ v/ o
b () EAVAV VRV
b
f‘A\{,\E <25
. . . ' /
J:I “ ©
Z i . d 5
4
I =
55 s b)
a) &

Hinh 24.8. Bien dang rang cua dia xich:

a- lam vige véi xich con lan va xich Ong; b- 1am viec vdi xich ring.

18-335(T)
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- D6i véi xich rang, theo FOCT 13576 — 68 nhu trén hinh 24.9b v4i ha
mat bén 1a mat phing tao véi nhau mot géc o . .

: 'COng thite tinh todn cdc kich thudc clia c3 hai kiéy bien dang ring néi
trén déu di dugc tieu chudn hod va cho trong sé tay.

24.3.2. Dudng kinh dia xich

Dudng kinh vong chia D (d6i v6i dia dan thi ki hieu D, dia bi din thi ki
hi¢u D,) tinh theo céng thirc:

Dy=—1 __ , p,o_ ! (24-1)
si(n/Z;) sin(n/Z,)

Trong dé: Z, va Z, 1dn luot 12 56 ring cha dia din va dia bi dan.
24.3.3. S& ring cha dia xich |

lam viec khong em.

Vi nhitng 1f do trén, neu khong bj han ch& vé mat kich thuéc thi khong -
nén ldy s& ring z,; trén dia nho (dia din) qui bé. Binh thudng z; duge chon
theo bing trong s tay, tuong vng véi ti s§ truyén i. Tuy nhién ciing cé thé
chon theo kinh nghiém nhir sau;

- BY truyén Iam viéc em, cOng suit nho thi lay Zimin= 13 d6i v6i xich rang va-
Zymin = 9 d6i Vi xich con lan.

- BO truyén chiu tii I6n thi 14y Zimin=17+21 rang d6i véi xich ring vi

11+17 46i v6i xich con lan, t+At

S6 ring Z, trén dia lén dugc tinh theo
cong thic; ' '

Zy=iZ, ' (24-2)
t

Tuy nhién chi nen 18y zy... dén 0°
100-200 d6i véi xich con lan va den AR A
120+140 d6i v6i xich rang. | N Q

Khoéng nén gy Z; qua 16n vi i do sau:

Gia slr sau mot thoj gian Iam viec, xich
bi mén va budc xich tang len mot lugng . .
At. Tir céng thirc (24-1) ta suy ra hic ndy  Hink 24.9. Minh hoa nguyen ahan
dudng kinh cung tron chifa cdc ban [é dang gay tuot xich.
an khdp véi céc rang dia xich ciing tdng mot lugng AD tuong tng:



M
sin(n/2Z)
Tur cong thic (24-1) ta suy ra z cang 16n thi AD cang ting, c4c mét xich cang
bi di lén cao va dé€n mot giGi han nao d6 thi vugt ra ngoai dinh ring, 1am xich bi
tudt khoi dia. Hinh 24.9 cho th&y vi trf cdc ban 18 trén dia xich khi xich con méi
(cdc vong tron nét didt) va khi xich da bi mon {cdc vong tron nét lién).

(24-3)

Chii y: Khi s6 mit xich l1a chdn ma s6 rang dia xich ciing chdn thi s& xay
ra hién tugng timg cap mét xich va ring xich ¢ dinh ki lai tr& lai an khép véi
nhau khi€n cho tdn sudt chju tai giifa cdc mét xich ciing nhu gilta cdc ring dia
xich khéng d6ng déu. Vi vay, khi s6.mit 1a chdn thi s6 ring z; vi z, nén chon
12 1é dé cdc mét xich ciing nhu cdc rang trén dia duoc mon déu hon.

24.3.4. Vat lidéu ché tao dia xich

- P8i v6i dia xich chiu tai trong nhd va khéng va dap, t6c d6 thdp (dén
3m/s) ¢6 thé ding gang x4m mdc 20 réi t6i, hoac gang xdm cé d6 bén cao
hon. Néu 1am viéc vdi t6c do 16n hon thi nén ding thép cacbon k&t cu, nhiét
~ luyén mat rang dat do ciéng 40 — 50 HRC hoic diing gang cai tién.

- Dia xich nho (dia din) chiu tai trong va dap va 8¢ d¢ cao dugc ché tao
bing thép hop kim 40X, 40XH va nhiét luyén dat d6 cimg 50 — 53 HRC.

- Dia xich ¢6 dudmg kinh trén 200 mm nén ché tao ghép: vanh ngoai bing
thép, than dia biing gang.
24.4. KHOANG CACH TRUC VA PIEU CHINH
KHOANG CACH TRUC

24.4.1. Djnh khoang cach tryc .

Khoang c4ch truc A c6 &nh hudng rit nhiéu tdi tubi tho cha xich. Néu A
nho thi xich ngén, khién cho tdn s& vao khép (tdn s6 chiu tii) cha timg mit
xich tang 1én, mat khdc s& 1am gidm géc 6m cha xich quanh dia din - tic 12
giam s6 mit xich déng thdi &n khép véi dia, khi€n cho tai trong trén cdc mat
xich &y tang lén, hau qué 1a xich chéng bi hur mon.

Khoang cédch truc nhé nhit A, dugc quy dinh bdi hai diéu kién:

- G6¢ 6m trén dia nhd o >120°, muén Vay : A 2D5-Dy;

- Hai dia xich khong duge cham nhau, mudn vay:

Apin 20,5(D,;+D,5)+(30 -50);
véi D, va D, 1a dudmg kinh ngoai ciing clia dia 1 va dia 2.

Khodng c¢dch truc 16n nhdt A, duge quy dinh bdi diéu kién khong 1am xich
qud ching. N&u A cang 16n, s6 mit xich cang nhiéu, tich lu§ 46 dan At trong céc
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mit xich cang tang khién xica chéng bi chiing, hau qua 1a bo truyén 1am viéc bj
rung dong nhiéu hon. Vi thé A, chi nén 14y trong giéi han: A, <80t

Dé dung hoa ca hai gi6i han trén, nén 18y: A=(30 - 50).

Sau khi da chon khoang cich truc, cdn tinh s6 mit xich X:

x~ 2, U2 (Z,-2, L (24-5)
t 2 27, A
X phai duge 14y tron va nén 1a s6 chin.
Chiéu dai (md) cia xich tinh theo cong thirc:
L=X1 (24-6)
Cudi ciing, khodng céch tryc cdn dugc tinh lai theo s6 mat xich di chon:
2 2 '
A=dx-Ath |y LG\ (77 (24-7)
4 2 2 2n '

24.4.2, Piéu chinh khoing cach tryc

D€ nhénh xich bi ddn cé d6 chung vira phai, khodng céch truc A tinh dugc
theo cong thiic (24-7) cin duogc didu chinh lai:

- D6i v6i bo truyén nim ngang hoic nghiéng dudi 70° thi A cdn dugc nit
ngan mot lugng A A=(0,002-0,004)A: '

- D6i v6i bo truyén dat nghieng 70° tr& lén thi khéng cédn diéu chinh
(AA=0).

24.5. CO HOC TRUYEN DONG XiCH

24.5.1. Toc dd, ti 6 truyén va tai trong déng
- T8¢ d¢ trung binh v cia xich:

Xu4t ph4t tir cong thic: V= Dy = nD2n32 ;
- 60.10% = 60.10

Vi aD; =Z,tva 7D, =Z;t, nén thay vao ta cé:

v n]ZII _ nzzzt

— = (24-8)
| 60.10°  60.10°
- Ti s68 truyén trung binh i ciia bd truyén:
=t 22 (24-9)
n; Z

Céc cong thitc (24-8) va (24-9) chi cho ta gid tri trung binh cha v va i,
Tren thuc t€ hai dai lugng nay thay déi theo chu ky, mbi chu ki wong itng véi
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'mot g6c ¢, 12 géc & tam dia din chén bdi hai rang lien ti€p. D& gidi thich van -
dé nay, chiing ta hdy nghién ctu t6c d6 cila mot mét xich cu thé — méat xich m
ching han, nhir trén hinh 24.10.

[
v,
v /f T
« o N
v, Al
v, ;? :é E o
a4, el 3 x
Py &
2 2 L4
(a) B, = -i;'— BB, =0 (c)B = i;i (d) 48 thi van 16c (V,) va gia t6c (a,)

Hinh 24.10. Cdc vi tri dién hinh v2 46 thi vin t6c, gia 16c cita mat xich thit m.

Gol v/ 1a t6c d¢ ti€p tuyén cha diadan, v, 1a 16¢c do tic thei ciia mét xich
dang xét, ¢, 1a géc & 1am dia, chin bdi hai ring ké nhau trén dia dén, S 1a
goc gilta vy va v,. Ta ¢é: '

_ nDin; 2t @y _m

v v, =vycosPy; @) =—; =,
x =VvicosPy; @) 2 22,

V]

Ta xét ba trudng hgp dién hinh:
1. Khi m ndm bén trdi tryc tung va ban kinh Om tao véi tryc tung mot géc bing

- 2L (hinh 24.11a). Lic nay ta c6: By =-2L =~ Ty _y, cosB; = vy cof .
2 2 2, Z,

2. Khi m ndm trén tryc tung (hinh 24.11b). Lic nay ta c6:
By =0; vy = vycos(0) = v;. _
Khi m ndm bén phai truc tung va bén kinh Om tao véi tr(_m tung mot géc bang
T

Py e P . Q) s
+ —— (hinh 24.11c). Lic nay ta cé; =——=—: Vv, =V;cosB, =v,cos| — |.
5 y Bi=- 7,0 T Bi=v (ZIJ

R6 rang t6c d9 v, clia m thay ddi trong khoang chu ky (-—%ﬁ%‘—} , bat

dau béing gid trj nho nhat tai vi tri 1, tuong (ng vdi B, = —%L , 161 dat gia tr
16n nhat khi dén vi trf 2, tuong tng véi B; =0, va cudi ciing trd vé gid tri nho

nhat ai vi tri 3, tuong ung véi B = %‘—
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T8c d¢ ciia m thay d6i cé nghia I t6c 40 cua xich thay d6i kéo theo dia bi
din quay khong déu, déng thai cling c6 nghia trén xich va dia bi dn c6 gia
tdc — 1a nguyén nhan gay ra luc quan tinh Jam b truyén bj va dap va lam viéc
khong ¢m. Hinh 24.11d trinh bay dé thi t6¢ dd v, va gia t6c a, clia mot mit

xich trong chu ki (—%+(—;~'—J

Qua phan tich & trén, ta thdy gid tr bien d¢ dao dong cha v, phu thuoc s8

hang cos(;—} néu z, 1on, cos{—ZE—J cang gdn t6t 1, tic 1a v, cang gin tGi v,
| 1 .

chénh léch t6c do cang gidm di. Vi thé ngudi ta thudng c6 ging ldy rang so

rang z, clia banh din len dé t6c do xich duge didu hoa hon, gidm dugc cudong
d6 lyc va dap.

Ngoai van dé luc va dap néi trén, xich con chiu lyc li tam Py, do khéi lugng
doan xich 6m quanh dia khi quay gdy ra. Néu goi q la khéi luong mot mét xich
(kg/m), v 1a't6c dg ctia xich (m/s) thi Py (N) dugc tinh theo cong thie:

P=qv’ . (24-10)

Thyc t&€ cho thdy chi khi t6c d6 xich rat 16n (v > 10m/s} thi luc li tam mdi
tao nén tdi trong phu ding ké, g6p phan 1am hw mon bén 1é xich. Vi vay khi
v< 10m/s c6 thé bd qua luc nay.

k
CAU HOI ON TAP
1. Trinh bay vu nhugc di€m va Pham vi ting dung cua truyén dong xich ?

2. Phan bi¢t ba loai xich : Xich con lan, xich ong, xich rang ? Tai sao néi budc xich t
1a théng s¢ chil y€u ctia moi loai xfch néi chung ?

3. 56 rang cha dia xich nén dugc lva chon nhu the nao ? Tai sao khong nén 14y Z,
qud lén ? . '

4* Phan tich tai sao khong nén lay s6 rang Z, cua dia xich dn qué {t ma ¢ géng lay tang len ?
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Chuong 25
TRUYEN DONG VIT - DAI 6¢C

25.1. KHAI NIEM CHUNG

25.1.1. Céng dung va wu nhugc didm

- Truyén déng vit - dai &c ding d& bien dsj chuyén dong quay thanh
chuyén dong thing, tinh rién (rat hi€m khi diung dé bién dé; ngugc lai);

- Trong cong nghiép hien dai, truyén déng vit - daj 6&c¢ duge sir dung khi

thude nhé gon ma vin dam bio vimng chic, ti s6 truyén i 16n (xem cong thic
dudi day), khi géc nang bé thi dam bdo tinh ty ham t6t.

- Nhuge diém cia truyén doéng truc vit - dai ¢ 1a hi¢u suat thap, chéng
mon vi ma st trén ren 16n.

25.1.2. Phan loai va pPham vi itng dung

1. Phan loai

Bo truyén dong vit - dai 6c ¢6 hai loai chinh: b6 truyén ma sdr tregt va bo
truyén ma sdt ldn. Trong bo truyén ma sét lan, ngoai hai chi ti€t chi y&u 1a vit
va dai 8¢, cdn ¢6 chi ti€t thit ba 13 cdc vien bi chia ddy trong ranh ren cia dai
dc nhim 1am gidm ma st khj dai 6¢ quay quanh vit. Trong ¢ai ligu nay ching
ta chi dé cap t6i bo truyén vit - dai 6¢ kiéu ma sit truot.

2. Pham vi iing dung _

Truyén dong vit - dai 6c duge ¥ng dung d€ 1am kich, may ép, mdy cén,
¢ac ca ciu chuyén déi quay - tinh ti€n trong mdy cong cu, mdy xdy dung...
Tuy tirng loai tng dung,ta cé mot kiéu phdi hop chuyén dong thich hop:

- - Vit vira quay vira tinh tién, cdn daj éc c@ dinh: kich, miy ép...

- Vit ¢6 dinh, dai 6c vira quay vira tinh ti€n: ban mdy khoan. ..

- Vit quay, dai 6c tinh ti€n: truc vit me mdy tien...

- Vit tinh ti€n - dai 4¢ qQuay: u ddng mdy tién, co cu thay d6i tim vé6i cta
cén tryc...

25.2. CAC LOAI REN DUNG TRONG TRUYEN PONG
VIT-DAI OC

Céc loai ren cong dyng chung da duge trinh bay trong chuong 18, dud; day
chi néu thém mét s6 dac di€m khi dp dung vao truyén dong vit - daj 6c.
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- Ren thang cdn va ren thang léch chiu luc khoé, thich hgp véi bo truyén
chiu tai 1dn. Ren thang léch dugc dang khi truyén tai trong mot chidu;

- Ren vudng phi tiéu chuin duge diing trong kich, may ép. Vi ma sdt nhod
nén hiéu suft cag hon so vdi ren thang léch tiéu chuian. Tuy nhién ren vuong
khoéng thé phay va mai, 1a phuong phdp gia cong ¢é ning sudt cao; mat khéc
d6 bén ciing kém hon ren thang. Ngoai ra, viéc khic phuc khe ho do mon gay
nén d6i v6i ren vuéng rat khé khin, trong khi lai khd dé€ déi véi ren thang
(ding dai 6c hai nira ép st vao vit);

- Ren tron ¢6 ¢0 bén cao khi truyén tai trong va dap. So véi cic ren khic,
ren trdn it bi dnh huéng x&u cia byi bdn bdm vao mat tiép xiic. Do khé ché

tao va hiéu sudt thap nén ren tron chi duge su dung trong nhimmg trudng hop
dic biét nhu cdc thiét bi phong chdy...

- Ren tam gidc it duge ding d€ truyén luc, chii yéu la dé truyén chuyén
dong vdi do chinh xdc cao nhu trong cdc dung cu chia va do luong.

25.3. VAT LIEU LAM VIT VA PA1 OC

1. Vat liéu lam vit

- Néu vit khong can tdi thi ding thép cdc bon trung binh: CT4, CT35, 453,
50, A4S, A50, A40T.

- Néu vit phai qua t6i thi ddng thép hgp kim: 40X, 40XH, 40X®DA,.. ké ca
thép mangan ham lugng cao 651" va thép dung cu Y10... ‘

2. Vat liéu 1am dai 6c: khi lam viéc trong diéu kién chiu mai mon cao,
ding déng thanh thi€c Bp0d10-05, BpOCu6-6-3, Bp0d10-1. Khi tai trong
vira phii va chju tai gidn doan lau, dung gang ACY hoic ABY, ciing ¢6 thé
diung gang xdm C412-28, C115-32, CH18-36, CH21-40. '

25.4. T SO TRUYEN VA HIEU SUAT
1. Ti s6 truyén i: theo dmh nghia ta cé: -

véi d, 12 dudng kinh trdng binh cia ren (mm) va S, la budc clia mdi ren (mm).

2. Hiéu suit: & day chi mdi xét d€n hiéu xust in khép trén ren, chua xét
t8n that nang lugng trén 6 d, d€ nra...
gy
Nak = 73
* 7 gy +p)

trong dé: y = a.rctg% - g6c naﬂg clia méi ren, 4¢;
2
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d, - dudng kinh trung binh cia ren, mm:;
S; - budc cia méi ren, mm;

p’- géc ma sit qui d6i cta ren: p’ = arctgf’ =arctg——f—-. véi o la
cos(a/2)

géc prophin ctia ren, f 12 hé s& ma sat.

Trong dai da s6 trudng hop, cap vit - dai 8¢ déu c6 tinh tu hdam cao, nghia
la y<p'(do d6 1, < 50%). Géc nang cla méi ren cang bé, cap vit - dai 6¢
cang c6 tinh ty hdm cao va cang cé loi vé lie.

Khi muén ¢6 loi vé dudng di (do dich c_huyén sau mdt vong quay cla vit
hay dai 6c 16n) thi ding ren cé géc nang 1én hodic c6 nhidu ddu méi. Néu goi

~Z, 12 s6 ddu mdi, S 1 budc ren thi ta c6 he thic: S; =Z; 3. Lic nay géc nang
ctia m&i ren c6 thé dat 61 y = 18° + 20, trong khi mu6n ty him duge chi cho
 phép y=4"30",

25.5. TRUYEN DONG CHO BO TRUYEN VIT - BAI GC

1. Khi truyén déng bang tay cho b(} truyén: ngudi ta thudng ding tay
quay hodc vo lang, it khi diing banh xe kéo. Momen trén tay quay M do
ngudi thg tao ra duge tinh theo cong thic:

My =m P, 1, N.mm _ (25-1)
trong d6: m - 56 cong nhan déng thdi cling Quay.
P, - luc do mot cong nhan tic dong len tay quay, N,
Iy, - chiéu dai tay quay (hodc dudng kinh vo ling), mm.

Theo qui dinh P, khéng qu4 120 - 130N khi lam viéc kéo dai va khong
qua 250 -300N khi tic dong tidc thai. _Né’u ¢4 hai cong nhan cing quay thi c4n
giam 20% gid tri cha P, d€ xét dén heé s& khong dong déu. Chiéu dai tay quay

(hay bdn kinh v6 lang) duge chon tuy theo két cu, d6ng th&i chu ¥ téc do tiép
tuy€n trén tay quay (hay v6 ling) khéng vizgt qui 1m/s .

2. Khi truyén dong bing may thi céng suit yéu ciu N,. dé6i véi dong co
dugc tinh theo cong thic: '
NYC = QV ;
3
10°n
trong d6: Q - luc doc tryc tic dong 1én vit, N; v - t6c do di chuyén theo chiéu
truc cua vit (hay dai 6¢), mfs;n - hiéu sudt ciia b truyén, bao gdm hiéu suit
an khdp n, , v hiéu suit & dd, mat tva..., hieu suit Ng cla hop gidm tc
(néu sau dong co c6 lip dit hop giam t6¢ r6i mdi dén bo truyén vit - dai 6c).

(25-2)
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25.6. PHUONG PHAP TINH TOAN BO TRUYEN VIT - DAI OC

1. Tinh dudng kinh trung binh d, cia vit (hoic dai 6¢): day l1a phép
tinh quan trong nhat, nhim han che ap lyc trén ren, dam bao lwu gilt duge

mang ddy trén bé mit ti€p xic dé chéng mai mon (vi th€ cdn cé ten goi la
phép tinh vé& kha nang chiu man). Ta ¢6 cdng thitc:

dz = ’r(i&-'[[—)],mm; (25-3)
do

Trong dé: Q- 1a luc doc tryc tdc dung lén vit (dai &c), N;
Hdo

2

cha dai 8¢, mm. Khi dai 6¢ nguyén [y yy, =1,2-2,5, khi dai 6¢ hai nita lay

Wyo = - he s8 chidu cao ciia dai 6¢c, véi Hy, 12 chiéu cao phdn ¢6 ren

Yo =2,5 - 3.5;@:% - ty 56 chiu cao h caa prophin lam viéc cha dai 8¢ so

vOi budc S clia né. D6i véi ren thang can va ren vuong ldy £=0,5, ren thang
lech 14y £=0,75; '

[P] - dp sudt cho phép trén ren, ldy theo bang 25.1 dudi day:
Bang 10-1. Ap sudt cho phép trén mit ren [p]

b Vat liéu lam vit - dai G¢ _ (pl, NNmm?*

Thép t6i - déng thanh _ _ 12-13
Thép khong 10i - déng thanh 8-10 R
Thép 16i - gang chéng mdn ABY-1, AKY-2 - 7-9
Thép khong t6i - gang ching mon ABY-2, AKY-2 6-7
Thép khong 16} - gang xdm CY 1836, C21 .40 5

Ghi chii: khi lam vigc gidn doan lau, hodc khi dai dc ¢6 chidu cae nhé, cin ting gid trj

cla [p} I&n 20%.

Sau khi tinh duge gid tri d,, 1a tién hanh xdc dinh céc thong s6 khéc clia ren:

- D6i véi ren thang (can va lech), xdc dinh theo cic cong thitc wong tng &
chuong 3, hoic theo 56 ligu cho trong bang tiéu chudn Nha nu6c (TCVN 209 - 66).

- D6i véi ren vuobng, xdc dinh theo céc hé thic kinh nghi¢m: S = %2—

Sau khi x4c dinh duge chiéu cao dai 6¢ Hyo =W 4045, ta ti€n hanh tinh s6

vong ren cta dai 6c: Zy, = Hy /S. N&u Zy, >10 thi phai thay d6i lai cic thong
s6 cta ren va khi c4n, phai ting d, réi xdc dinh lai cic théng s6 khic.
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Ch y: Thong thuding, khi chon cdc thong s6 ciia ren ngudi ta 14y buéc ren
trung binh. Chi 18y budc ren 1dn khi bo truyén chiu tii nang va 14y budc ren

nhé khi cdn ¢6 46 dich chuyén chinh xdc.
2. Phép tinh kiém tra vé do bén

Thudng thi cong Biu d3 Ny Bidu d6 M,
thirc (25-3) ciing dam Mic ‘Q ) _ Q My
bao vit ¢6 di do bén. p M:

Tey nhién dé duogc
chic chédn, ciing cén
tinh kiém tra lai. D€
lam viéc nay, ta phai
xay dung biéu dé luc
doc va biéu d6 mOmen
xo0dn dugc phan bs dén  Hink 25.1. Biéu d6 tuc doc Ny va momen xodn M, d6i véi vit kich.

Miq

trong pham vi chiéu Miq- momen tay quay, M,- mémen ma sit d¢ ya; M- momen
cao dai dc. - ma sdt trén ren; Q - luc chiéu truc.

D6i véi hai truomg hop dién hinh - kich vit va may ép vit, ta c6 biéu dé
nhu trén hinh 25.1 va 25.2. Biéu d8 Ny Miq

Can ct vao cac Mg 7
bidu dé trén, ta xgc ’
dinh dugc tiét dién
nguy hiém cha vit -
dé 1a tiét dien chiu tai
trong tuwong duong M
I6n nhit. V&i so d6 ' =0= e
thi nhit (hinh 25.1) e

thi ti&t dién nguy hiém . a ﬁ ) Q |
. Y » . . 1

tol vao khoang phia  ppp 555 Bigy db lye doc Ny va momen xodn M, d0i v6i vit mdy ép.

trén dai Gc. Véi so d M| - mo 4t tren dfu ép; M,,- momen t Ay

thir hai (hink 25.2) tiét 1 - mOmen ma skt trén ddu ép: Myg- momen tay quay;

dién nguy hiém c6 M; -moémen ma s4t trén ren; Q- lyc chidu truc.
thé ndm trén cfing c6 thé nim dudi dai oc.

‘ Mu6n biét tiét dién ndo 1a nguy hiém, ta so sénh ing sufft tvong duong
sinh ra tai nhitng noi dy ki€n, theo cong thic:

oy =vol+3r<[o]; (25-4)

trong dé: c=~N—d= Ny ;t=M" = _M"

Fndl7a’ W, add/i6
(mm), F 1a dién tich tiét dién tai chan ren (mm?) va Wp 1a momen chéng uén
ddc cuc cia vit (mm?). '

» v0i d; 1a dudmg kinh chan ren
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Qua s0 sdnh ta tim dugc mot tiét dien c6 gid tri cla o4 13 16n nhat. Gig
tri pay phai thod man diéu kién:

g . 5 - 2 5 . .
Gy < [c]:—?‘:h— » VOI 0, 1a \ing sust chay clia vat liey che tao vit.

3. Phép tinh kiém tra vé ép dinh.

Khi vit dai chju lwc nén (chidy a3 trong duong pl > 79
vé 8n dinh.

Phép tinh nay dugc inh bay kT trong gido trinh "sge bén var ligu".

1) thi vit cdn phii duge kiém tra

Duti day chi gigi

thi¢u mon phwong phép tnh gin diing, da duge don gidn hod di nhidy v6i cong thic sau:
. 0=-4_—N151p0[u] (25-5)
i'rd|2

Trong d6 @ duwoc goi 1 he s6-giam ing sust cho Phép, phu thuoc vio do manh A chia
thanh (v{t) va cho trong bang 25.2.

Bﬁhg'Z.g-z.ﬁi-lg_ s& gidm tng sudt cho phép ¢, :

1=i—’i- {30 40 50|60 |70 | g0 |00 120 | 140 | 160

®p CT.4,CT.3. CT.2, 0.94-[ 0,92 | 0,89 0,86 | 0,81 | 0,75 0,60 [ 0,45 | 0,36 0,29

—-_._,—-—__,-——____

CT.5 0,52 ] 0,89 | 0,86 0,82 | 0,76 | 0,70 0.51 | 0,37 | 0,20 0,24

Thép chit lugng cao | 0,91 0.97 [ 0.83 10,79 [ 0,72 | 0,65 | 0.43 0,30 | 0,23 { 019

g

¥ nghia céc dai fugng i_fo'ng cong thic tinh A & tren nhu say:

p-he 56 chidu daij qui d8i, phy thusc vao ki€u ring budc & hai dau thanh (di v6i vit cita
kich vit, ta xem né nhu mot thanh bj ngam chat ¢ mit dusi va duoc tha tw do & mar trén, do dé
B=2; d8i v&i vit mdy ép, 1a Xem né nhua mot thanh bi ngam chat mot diu va bj bit khép ban
ROddukin, dods p=0,7); . o

I - chiéu dai lam viée cia vit, mm,

Imin - bin kinh quén tinh (6; thi€u cba tigt dien thanh (vit), mm. Mot cich gin ding ¢6
thé I:‘i'y imin = d1f4.

4. Tinh tosn vé dai gc

a) D_V' ' b) -,
| I e

R 1NN

NIN7 .
W II %\ - _

Hinh 25.3. Dai 6c chiu hye chicy truc: (a} - mot chidu; (b) - hai chiéy,
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P6i véi dai 6¢c, c6 hai kich thuée cdn dugc tinh todn, d6 1a dudng kinh '
ngodi D va chiéu cao vai g& hz (hinh 25.3).

- Pudng kinh ngoai cia than dai dc:

Dz _5’2Q +d? mm; (25-6)
\j nlcl _

Y nghia cia img sust cho phép [o] giong nhu & cong thic (25-4) va (25-5),
nhung & day Ia d6i v6i vat lieu lam dai 6¢: [s]= 50 N/ mm? néu 12 d6ng thanh,
[o]= 30 - 40 N/ mm? néu 1a gang.

- Pudng kinh ngoai cla vai go dai 8c:

D, » ’ 4Q . D2 mm (25-7)
Tl:lﬂ'l;

Trong d6 gid tri cha Ung suit dap cho. phép [cs]d duge 14y nhu sau:
70 - 80 N/ mm? néu 13 déng thanh; 60 - 80 N/ mm? n€u 1a gang.

- Chiéu cao vai g& hgcia dai 8¢ duge 14y theo két cdu (thuong hg= 8 -12
mm) va ki€m tra vé cit:

_Q
xDhg

T, < [t]..N/mm? (25-8)

Véi dai 6 bing gang hoac déng thanh, c6 thé 14y [t]. =30 -50N/mm?.

25.7. vi DU TINH TOAN

Hiy tinh todn kich vit c6 sc nang 100 kN vdi chifu cao nang t6i da | = 550 mm ¢hinh 25.4). Vit
duge ché tao tis thép 45 sau d6 duge 16, cdn dai 6c duge 1am bing ddng thanh khong thiéc BpAXL9-4.
Gids : '
. Pudsng Kkinh trung binh cda ren vit tinh theo diéu kién bén mon:

3
d;z‘ Q [100107 o) 6mm

Vveril] V23140502

Trong d6 ta 42 May: vy, = I:l;‘“ =2; E,=%= 0,5 (chon ren thang can vi kich chiu luc hai
2

chiéu); [p] = 12 N/ mm? d6i thép 16i - ddng thanh,

Theo tidn chudn Nhi nudc vé ren (TCVN 209 ~ 66), chon ren thang cin cé dudmg kinh
trung binh d, = 51mm, dedng kinh ngodi d = 55mm, dudmg kinh trong d, = 46mm, budc ren
S = 8mm, chiu cao lam vigc clia prophin rang: h= ES=05.8= 4mm;

2. Chiéu cao dai 8c:  Hy, = yy,dy = 2.51 =102mm

- B4 'vbng ren trén dai 8¢ Zg, = % =—=1275
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3. ViZ,,> 10 (xem muc 1 tiét 25.6) nén
ta phai thay d6i lai cdc thong s6 cua ren. Cu
thé, tang duomg kinh ngoai d = 60mm, do dé
cic kich thuée khac ciling tang (tra theo bang
tiéu chuin vé ren thang néi trén): d, = 47mm,
d, = 54mm, S = 12mm, h = 0,5. 12——6va

dién tich tiét dien vit tai chan ren § ?
3,14.47*

F= =1735mm?.
4

4. Chiéu cao dai 6c dugc tinh lai:
H,, =2.54 = 108mm:
- 86 vong ren trén dai 6¢ duoc tinh lai:

H
Zy = Sd“ - -I% =9 <10 nhu vay la dat

N
yéu ciu. I

e

5. Kiém tra vit vé do bén: bo qua phép
tinh kiém tra vit vé do bén vi & budc 3 ta di »

chon dudng kinh vit tang lén qui mic yéu
cdu vé do bén réi.

6. Kiém ra vit vé dn dinh

- Tinh d6 manh A ctia vit:

Bl _ 25504 oo !
Imin 47

7

Hinh 25.4
- Tra bang 25.2 va ding phuong phip noi suy ta c6 gid tri cia hé s6 giam ting sudt cho phép
@0 = 0,5 (d6i v6i thép chat lugng cao);

A=

LHIHHEIERIIRRRRRRANNY
| = 550

voi p=2;1=550mm:i e LA

» Y min 4;

3
- Thay s6 vao cong thitc (25-5) ta c6: o= ﬂ!(;_
3,14.47
- Tra s6 tay vat li¢u, d6i véi thép 45 c6 thé liy o, = 360N /mm?>
[6]= 6., /3=360/3 = 120N /mm? . vay:

=58N/mm?:

, do d6 g sudl cho phép

o = 58N/mm? < @y[o]=0,5.120 = 60N /mm?
7. Budng kinh ngoai ciia than dai 6¢ duoe tinh tix cong thiic (25-6):

3
D> (229, 42 _ [52:100.10° +602 =83,14mm
nlcl 3,14.50

Theo tiéu chudn ldy D = 85mm.

CAU HOI ON TAP
Trinh bay cong dung, wu nhuge diém va pham vi ting dung clia truyén dong vit dai 6¢ ?

Nhimg loai ren nao thudng duge ding trong truyén déng vit - dai 6¢ ? Uu nhuge diém clia
méi loai ?

1.
7.4
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Chuong 26
TRUYEN DONG BANH RANG

26.1. KHAI NIEM CHUNG

26.1.1. Binh nghfa va phan loai

Truyén dong banh ring 12 mot phuong phép truyén chuyén dong va co nang
théng qua cap banh rang (hay cip bénh ring - thanh ring) 4n khép duge véi nhau.

Truyén dong binh rang duoc chia ra:

- Truyén dong banh rang than khai;

- Truyén dong banh rang xicléit;

- Truyén déng banh rang Novicep. _

Trong ba loai k€ trén thi truyén dong banh rdng than khai la théng dung
nhdt va 13 d6i tugng dugc nghién citu trong tai ligu nay, con hai loaj truyén
dong sau, ban doc c6 thé tim hiéu trong [6] hoic cdc tai lieu chuyén dé vé
truyén dong banh rang.

Dé dé& hiéu vé truyén dong banh ring than khai, chiing ta hdy nhé lai vé
khai ni¢m dudng than khai trong mén hoc "nguyén Iy may":

Gia sir c6 mot vong tron ¢ dudmg kinh dy, va mot nira duong thing ti€p xic
~ va lan khong truct trén %, thi mot didm A bat ky trén ¢ s€ vach ra mot dudng cong
duge goi 13 dudmg than khai clia %, con € duoc goi 1a vong tron co sd cia ¢,

B Bl A
Hinh 26.1. Dudng than khai & cita vong tron co s§ ¢



26.1.2. Uu nhugc diém va pham vi img dung

* Uu diém

- Dam bdo dé chinh xdc truyén dong (t6c do, ti s truyén) vi khong c6 sy
truot; |

- C6 the sidp dat vi tri tuong ddi gitta cip banh rang an kh6p theo nhitng géc
mong muén trong khong gian (song song, chéo hay vuong géc... véi nhau); _

- Hi¢u suét cao (n=0,96 + 0,98, tham chi 0,99 cho mét cap banh ring);

- Kich thuéec bo truyén twong d6i nhé gon;

- D4 tin cay cao.

* Nhuoc diém

-Khéng thyc hién duge truyén dong vo cdp;

- Khéng c6 kha nang twy bao V& an toan khi qui tai;

- C6 tigng 6n khi t6c do I6n;

- Dodi héi d6 chinh x4c cao trong ché tao va 14p rip;

- Ch€ tao tuong d6i phitc tap.

Tuy nhien cling cdn luu ¥ 13 so véi cic loai truyén déng banh rang khéc,
truyén dong banh rang than khaj cé wu diém vé cong nghe ché tao va van hanh
nhu: dung cu ct (dao cir) rang don gian, chi c4n m6: dao cit cling co thé cit
duge nhidu banh rang cing modun nhung cé s6 ring khdc nhau; an khép
chinh xdc ca khi thay ddi khoang cich truc; bién d6 rang c6 thé hi¢u chinh (c6
thé 14y bat ky doan nao trén dudng than khai) nhd d6 dam bio duge kha ning
lamt viéc t6i yu, nang cao hiéu suit vi nhiéy lgi fch khdc (s& néi & phén banh
rang dich chinh),

* Pham vi iimg dung

Truyén dong binh rang dugc 4p dyng Iong rdi trong linh vuc co khi va diéu
khién dé truyén chuyén dong v& co nang giita c4c cip banh rang, hoic bigén d6i
chuyén dong quay thanh chuyén dong tinh ti€n giita cap banh rang - thanh rang,
va nguoc lai. ' .

- T6¢ o c6 thé dat't6i 140m/s hoiic cao hon;

- Cong suft truyén dugc c6 thé rat nho (0,1 kW) nhur trong c4c dung cu do
va co cdu diéu khién, dén kh4 16n (300 kW) nhu trong céc miy mo, miy xay
dung va lam dudng, hozc rat 16n (100.000 kW) nhu trong c4c may phdt dién;...

- Ti 36 truyén (cia mot cip banh rang) c6 thé tir 1 dén 10 va cao hon,

19. T 289
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26.1.3. Bo truyén banh ring

B¢ truyén banh rang dung dé thyc hién truyén dong banh rang vira xem xét
0 trén. Thong thudng bo truyén banh rang gom mot cip banh rang an khép,
trong do6 banh nho con c¢6 tén goi 1a pinhéng.

B0 truyén bénh rang gém c6 cic kiéu sau:

1. BO truyén véi cap banh rang hinh tru, truc song song (hinh 26.2a, b, ¢);
2. BO truyén v6i cap banh rang con, truc giao nhau (hinh 26.2d, e):

3. B truyén v6i cap banh rang tru rang xoén, truc giao nhau (hinh 26.2f);
4. BO truyén véi cap banh rang con riang xodn, truc giao nhau (hinh 26.2g).

Hinh 26.2. Cic kiéu bo truyén binh rang.

Cép bédnh rang trong cic kiéu bo truyén vira néu c6 thé c6 riang thing (hinh
26.2a, d), rang nghiéng (hinh 26.2b), rang chit nhan (hinh 26.2c¢), ring cong
hodc xoén (hinh 26.2e, f, g).

B0 truyén banh rang con duoc chia ra:
- B truyén banh rang an khép ngoai (hinh 26.2), trong d6 cap banh rang an
khép quay nguge chiéu nhau;
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- B0 truyén bdnh rang an khép trong (hinh 26.3a),
an khdp quay ciing chiéu véi nhau:

trong d6 cap béanh ring

- B truyén banh rang - thanh rang (hinh 26.3b), trong dé thanh rang dugc
coi la mot binh rang cé dudng kinh dai vo tan, dung dé bién déi chuyén dong
quay cua bdnh rang thanh chuyén dong tinh tién (thing) cla thanh ring va

‘nguoc lai.

26.2. BO TRUYEN BANH RANG TRU - QUAN HE HINH
HOC VA PONG HOC

Céc thong s6 dac trung
cho cdp banh rang an khép
than khai (hinh 26.4) gém c6:

1. Vong lan, duong
kinh d, va d,, - 1a hai
vong tron duge tao ra khi
cap banh rang an khép lan
khéng trugt 1én nhau.
Ching chi xuat hién trong
bo truyén lic 1am viéc, con
khi ting bdnh riang dat
riéng ré thi khong cé khéi
niém vé vong lan nay;

truyén bénh rang - thanh rang (b).

Hinh 26.3. Bo truyén banh rang an khép trong (a) va bo

2. Vong chia, dudng kinh d, va d, — la hai vong tron ma khi ché tao rang,
dung cu cét lin trén d6. Néu dung cu cit la thanh rang thi budc rang trén thanh
rang va budc rang trén banh riang do theo vong chia la bang nhau. Céan chi y

rang khi ché tao rang
thi vong chia ciing
chinh la vong lan;

3. Tam an khép P,
la di€m ti€p xic chung
cua hai vong lan;

4. Buéc vong p,,
la khodng cach gitra hai
canh rang cung phia
cla hai rang lién tiép,
dugc do theo cung
vong tron chia. N6 la
tong chiéu day rang va
chiéu rong ranh giita
hai rang;

g

o

dan

D
i)
i . 30
b*‘; 5

<

e X

Hinh 26.4. Cap banh rang an khép than khai
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5. Ddu rang: v6i chidu cao duge ki higu 1a hy - I phﬁn rang ¢é Khoang
cdch giita vong chia véi vong dinh rang;

6. Chan rang: véi chidu cao dugce ki hiéu 1a hy - 1a phdn ring cé khodng
cich giita vong chia vdi vong chan ring; _

7. Chiéu cao rang h: 12 khoang cich gifta vdong dinh ring va vong chin
ring, tic 13 h = hy+hg;

8. Vong dinh rang: véi dudng kinh d, - 12 vong trdn di qua cc dinh rang;

9. Yong chan rang: v6i dudmg kinh d; - 12 vong trdn di qua cdc chan ring;

10. Cung an khdp: véi chiéu dai L - 1a cung thudc vong lin ma mét rang
di qua ké tir khi vio khép d€n khi ra khdp véi mot rang an khdp vdi né;
11. Hé sé tring khép € 1a ti s6 gita cung #n khép vdi budc ring, nghia la:

L

8 o —

Pi
D& cip banh ring dn khép 1am vigc lién tuc thi trudc khi d6i rang nay, ra
khép, da ¢6 mot doi ring Khdc vao khdp réi. Mu6n vay, L phdi 16n hon p,. Hé
" 56 triing khép cing 16n, cé nghia 14 s6 do6i rang cling an khép cang nhiéu va do
d6 bo truyén lam viéc cing ém. He s6 tring khdp cho bigt trung binh c6 bao
nhiéu d6i rang an khép ddéng thai - ching han £=1,4, 4y 14 c6 40% thdi gian c6

hai doi riing cling dn khdp, va 60% thoi gian chi ¢6 mét déi rang &n khdp.

Nhu viy, dé bg truyén lam viéc duge lien tuc va diéu hoa, cin c6 diéu kién
g >1 (16t nhét 14 & >1,2).

12. Khodng cich tryc A,: I3 téng ban kinh cha hai vong lan trén hai
de1 +du2
2
13. 86 rang Z: d6i v6i bdnh nho thi duge ki hiéu 13 Z;, d6i véi banh 1én 13 Zy;

banh rang an khop, nghia I2: A, = (26-1)

14. Modun an khép m: Ia i s6: m=2t,
T

Gi4 tri ca m ndm trong khodng 0,05 dén 100 mm, dugc tiéu chudn hod
trong TCVN 1064 - 71.

Tir cdc dinh nghia trén, ta c6 cac quan he sau:

- Pudng kinh:
d, =mz,
d, =d, +2h; =d  +2m; (26-2)

dg =d,, —2hs =d, ~2.5m;
(Ghi chit: & cdc banh rang v6i ring ngin thi h, =0,8 m; hy=m).
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- Khodng céch truc:

A, =£ZI§Z_2)=0,5mZC (26-3)
Trong d6: Z_ 1a tdng s6 rang cta cap banh rang sn khdp;
- Ti s6 truyén:

=& M _Zy (26-4)

Trong dé.: ®y, 0, 1an lugt 1a téc 46 géc ciia binh nho va bénh 16n (rad/gy);
n;, ny 14n lugt 1a t6c d6 vong chia binh nho va banh 16n (v/ph). Z,, Z; 14n luot 12
s6 ring cia bdnh nhd va banh 16n.

"Ti s6 truyén ciia hop t6c do mot cip c6 thé dat t6i 10, nhiéu c4p c6 thé dat
dén hang tram.

Khi chon s6 rang Z cdn chi ¥ ring s6 rang cang it cang lam gidm chiéu day
chan rang va dinh rang (hinh 26.5a, b), do d6 1am y&u rang (gidm d6 bén uén
cia rang). Vi th€ khong nen 14y s6 rang nho hon Zin- N Z < Z . s& xdy ra
hién tugng cit chan ring (hinh 26.5¢) 1am gidm manh d6 bén ciia rang. Khi cit
rang béng dung cu cit kidu thanh ring thi Zy, = 17. D61 véi hop giam tdc thi
nén 1dy Z,= 22 - 26 cho cap thic nhat, Z,= 18 - 36 cho cdp thi hai va thi ba.

Z=d0 22y _ Z<Zm
Hink 26.5. Anh hudng cia 56 rang Z dén dang rang.

D6i v6i bénh rang nghiéng (hinh 26.6a) thi cdn phan biét budc veng p, va
budc phdp (tuyén) p,, trong dé p, duge do tai mit d4u binh rang c¢dn p, dugc do
tai tiét di¢n phdp tuyén ciia ring (hinh 26.6b). Ta c6 c4c hé thic sau:

Pn =PicosPimy, =m cosp;
Véi B la géc nghieng cia ring, m, va m, lin lugt 12 Moddn phép tuyen va

Moédun mat ddu. Modun phép tuyén m, di dugc tiéu chudn hod theo TCVN
1064 - 71. '

Pé trdnh lyc chiéu truc qué 16n, ngudi 1a ldy p=8 - 15° (hi€m khi dé&n 20%).
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Hink 26.6. Binh ring nghiéng: a- cip binh rang in kh¢p; b- hinh biéu dién banh rang nghiéng.

Hinh 26.7 trinh bay ban v& k¥ thuat ctia cip banh ring tru rang nghiéng a
khdp, véi géc nghiéng cha rang trén hai banh déu phai 1ap.

dy ) dz

7

,/,
‘h._
NN
=t
NN
b

Op : dp

Hinh 26.7. Cap binh ring try ring nghi¢ng in khép (ndu rang thing thi [ =0)

Nhu vay, d6i v6i bo truyén bénh ring nghiéng, ta c6 he thitc sau:
- Budng kinh: ‘

d, =m,z,

d, =d, +2m_; | (26-5)

d; =d, =2,5m,_; ' “
- Khoidng céch truc:

':Am - mt(zl +.ZZ) = l'“rl.zc

2 2cosfp

(26-6)

Ghi chi: Tai ligu nay khong dé cap 16i hop giam téc bﬁnh rang. Khi cén
ban doc ¢4 thé tham khéo trong cde tai liei ghi & cuéi sich ([ 1, 6, 8,...).
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26.3. DICH CHINH

B¢ ndm duge dich chinh [ gi v lgi ich clia n6, ching ta hiy xem xét mdt s6 dac diém vé
in khap ring than khai duge the hién trén hinh 26.8.

Aw
‘b‘: %
b\
S
i
A L
W \ [
X [ a G,
w
mf pﬂ . &’2
a B
o, Al
- 'bg'
dw

Hink 26.8. Sut an khop ciia rang than khai ¢6 dich chinh.

1- Dudng an khdp N\N,, 13 quT tich céia cic diém tigp xic cha cic ¢ap réng an khdp khi
dich chuyén. Pudng nity di qua tdm an khép P;

2- Géc an khop o, 14 géc tao bi dudng an khdp vi dudmg ti€p tuyén chung ciia hai vong
lan tai 1am an khop. Géc ndy dugc 1y bing 20° (a1, = 20°);
3- Vong trdn co 96 dudmg kinh dy, va dy; 12 vOng trdn dya trén d6 dé vach ra dudng than

khai (xem hinh 26.1), ma bign dang ring 13 mdt phén cia dudng than khai ndy. Duong an khép
1i¢p tuy&n v6i hai vong trdn co s tai N, va N2 Tl‘t hinh 26.8, ta c6:

dy =d, COs QL ' 26-T)

4- Chidn dai #n khép L, 12 doan thing AB nim trén dudng in khdp, né xic dinh diém vao
khdp va diém ra khép cha mot doi rang. Pudmg kinh vong dinh ciia cdp binh rang &n khop cit
dutmg NN, tai hai diém A va B;

5- Véng rdn chia, dudmg kinh d,, d, {(xem dinh ngh:a trudc diy) - nhu trén hinh v& cho
thdy, budc vong p, duge chia trén vong tron ndy,

G nhitng cdp banh ring 4n khdp khong dich chinh (xem cdc cong thiic (26-2) va (26-5), v
khi dich chinh chiéu cao (xem dudi) thi vong lin va vdng chia 12 tring nhau, nghia 1a:

d=d, =mZ.

Con & nhitng cip bdnh rang &n khép cé dich chinh (trix khi dich chinh chiéu cao) thi vong
l&n va vdng chia khOng tring nhavu. .
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1. Binh nghia vé dich chinh: D6 ia sy dich chinh dung cuy cit khi ch€ tao rang theo hudng Kinh
mdt lugng x.m (hink 26.9), vdi x duoc goi 1y he 56 dich chinh, vi vi th€ doi khi cdn goi 12 dich dao.

Khi dich chira, bien
dang rang duoc tyo ra vin
ndm lot trén dudng than ' thanh rang { dao cit)
khai te2n hinh 26.1 ntumg
da duge xé dich di doc
theo dutmg than khai 5.

- Dich chinh duong;
xm > 0 - L khi dich dac
ct ra xa 1am bidnh rang.

- Dich chinh am,
xm < 0 - 12 khi dich dao cit o
d¢n gin tAm bédnh rang. ®

Khi dich chinh, vong
chia khong d8i vi s6 ring

Z viin giit nguyen. Vong co s ciing khong ddi, chi thay ddi doan cong trén duimg than Khai do dao
cif tao ra dya trén vong co sd Ay ma thoi.

Dutng trung binh cla

Hinh 26.9. Sy thay d6i dang rang khi dich chinh.

2. Hé qua ciia dich chinh: nhu trén hinh 26.9 cho thdy, khi dich chinh (hay dich dao)
duong “hi chan rang s& day [n 1am tang 49 bén ring, nhung dinh ring s& bi nhon di, cho nén chi
¢6 thé :;ch chinh dén mot gidi han cho phép thoi. Khi dich chinh (dich dao) am thi che két qua

- ngugc lai,

3. Cic phrrong phdp dich chinh: cé hai phuong phdp théng dung nhit, 46 14 dich chinh
chidu cao va dich chinh gdc.

- Dich chinh chiéu cao, 12 khi binh rang nhé dugc dich chinh duong (x, > 0), con banh rang kén
dugc dich chinh am (x, < 0) va 6ng do dich chinh bing khong: xy =X +X; = 0, nghild x, =-x,.

S&r di goi 12 dich chinh chiéu cao vi & day chiéu cao ddu rang ciing nhu chan rang di bi
thay déi. .

Pac diém khdc coa dich chinh chiéu cao 13: vdng lan va vdng chia trung nhau nhu & cap
binh rang an khdp khong dich chinh, con khodng cdch tryc A, , géc an khép a, va h¢ s6 tring
khdp € déu khéng thay déi. _

" _ Dich chinh géc, 12 khi t8ng 46 dich chinh xgkhidc khong (thudng x,>0vax,>»0.0
day vong chia vd vdng lin khong tring nhau, do dé vong lan ndm & mot vi ol

khac(d,, > d.8,; > d3). tam hai binh rang in khép 1ui xa nhau khi#n khoidng cich tryc tang
1én. Nghia la:

A = dml +dﬂ:2 . dl +d2
® 2 2
S& di goi 1 dich chinh géc vi & day gdéc an khdp o, dd duge tang len, He qué (xiu) coa
dich chinh géc I 1am gidm hé s6 tring khop £,
4. Loi ich ciia dich chinh: nhir dich chinh ma chit lugng 4n khdp cia cap banh ring dugc
ning cao. Cu thé la: :

a) Khic phuc duge hien tugng cét chan ring & binh din (binh nhd) khi bdnh nay c6 it ring
{(Z, bé); )
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b) B¢ ben utn cia ring dugc nang cao;
<) D¢ bén 1i&p xic cla-ring duge lang ién;
d} Do chong mai mon clia ring t6t hom, v. v,

" Tuy nhien ciing cdn fwy y ring dich chinh o6 tic dyng céi'thien modt chi tien 'na‘ly thi lai lam
dnh hudng xdu den chj tigu khic. Didm nia 1a khj bdnh ring c6 Z 16n th dich chinh khong lam -
‘thay d8i gi nhiéu den dang ring. Vi th€ SO dua ra quy dinh nhy sau:

+ Khi 38 ring bénh riha Z, 230 thj khOn-g ¢he tao theo cich dich chinh;

+ Khi 36 rang b4nh nhe Z, < 30, déng thai s ring dng Z, = Z, +Z, > 60 thi chon cich
dich chinh chidu cao, véi X =0,03(30-Z)vax, = -X,;

+ Khi s6 rang téng Z = Z; +Z, < 60 thi ch¢ tao theo céch dich chinh £6¢ v6i 49 dich chinh
X1=0.03(30- Z,) va x, = 0,03(30 . Z,).

DY dich chinh téng cdn b han che nhy sau;
Xz =X +Xx5 £09 péy (Z,+Z,) < 30
X S 1L8+0.03(Z; + Z,) néw 30 < (Z,+Z,)<60.

5. Céc quan hé hinh hoc: pgi v6i cip banh rang try dn khép, ta c6 cic hé¢ thifc co ban nhu
trong biéng sau: )

Tén dai lrgng Cong thic tinh Ghi cha j
Khodng cich tryc Ay =m(0,5Z_ + Az — Ay) Z,=7,+ Zyixy =Xy + X3
khi dich chinh chigu cao th xg =0

He s6 didu chinh b 4y : duge xdc dinh theo Khi x3 =0 thi Ay=0
sung d6 thj 26.10 dudi day.
Chicu cao rang h=m(2,25- Ay)
Buimg kinh vong chia [d=mz
Burdimg kinh vang lian 24 . _Z

dwl == 2 ' ==

] i+1 Z]
dyy = 24, —dy

Budmg kinh vong dinh dy =d+2m(fy + x - Ay) He 56 chidu cao ring f, =

rang (*) Néu 1 rang thap thi £, = 0.8, .
Duong kinh vdng chan dr =d~-2m(fy ~x +¢) Heé 56 khe he dudng kinh ¢ = 0,25,
ring * .

(*) Chii y: D6i véi binh ring tru, réng nghiéng v ting chif nhan thi trong cong thic tink d,
| vi'd, phii dang Modun phip m, .

6. Bo truyén banh rang nghiéng it khi dugc dich chinh, vi 50 vgi ring thing, rang
' nghieng chiu ugn khoé hon. Mat khdc, néu musn dim bio khoing cich truc 43 cho thi chi cin
thay déi géc nghiéng cia ring (xem cong thifc (26-6)), trong' khi d6i véi bo truyén bdnh ring
thing, diéu nay chi ¢6 thé thyc hi¢n duge bing cich dich chinh rma thoi

7. B truyén banh rang con ciing it khi duoc dich chinh, boi vi trong nhiéu trugmg hop
chi cdn thay déj khodng cdch nén cling ¢6 thé gidi quyet dugc vin dé,

8. Xdc dinh gia tri cia Ay: Vi du di bist Xy =028 va Z = 40, Hay sit dung d6 thi trén
hinh 26.10 d¢ tim gid trj clta Ay ?
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26.4. BO TRUYEN BANH RANG CON .- QUAN HE

Trong cdc b6 truyén banh rin
g6c 90" (hinh 26.11). Lic dé ti s6

Vi 5,
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PONG HOC VA HINH HOC

truyén i s& la;

n, 2,
|-_—_-___=__...=t 8 =t 8
n, Z £0) £0,

g con, thudng hai tryc ciia chiing cit nhau mot

(26-8)

.83 14n luot 1a nira géc dinh ctia nén lan (ma trong b truyén khong
dich chinh, nén 1an va nén chia trung nhau) ctia banh 1 va banh 2.



day
Ayt

deg
0oz

Hinh 26.11. Cap binh ring con rang thing an khép, vai & +38; = 90%
Ti 56 truyén clia cip bénh rang c6n d€ hér cé thé dat t6i i =6,3.

- Quan hé hinh hoc: céc kich thuée lien quan truc tiép t&i ddy con lén la co
s& d€ tinh toan céc kich thudc hinh hoc khadc cta bo truyén bénh ring cén. Véi
cac ki hig¢u nhy sau:

+ d.;, d 1dn luot 12 dudng kinh vong chia ngoai cia banh 1 (bdnh nho) va
banh 2 (banh 16n);

+.m, 12 moédun vdng ngoai (day 12 moédun 16n nhét, con duge goi 14 moédun
sinh va thudng dugc quy tron theo tiéu chudn);

+ R, 1a chiéu dai ndn chia (hay con goi la khoang cich c6n ngoai). R, la
théng s6 quan trong nhét cla bo truyén banh ring cdén, cé ¥ nghia quan trong
nhu khoang cdch truc A, cta bo truyén banh ring try;

Ta co: dey =meZyidgy =m Zy;
— de - dea |
® 2sind, 2sind,’

m, = 2R,

| VZ3+7}
Trong 46 Z,, Z, 14n luot ia s6 rang banh nhé va bénh 16n.
Péi vdi bo truyén trong hop kin thi nén ldy Z,2 (18 - 24) ring.
Duséi day 1a cdc cong thifc danh cho b6 truyén banh rang co6n khéng dich chinh:
- Budng kinh vong nén dinh rang:
d, =d¢ +2m, cos 8y
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d,, =dez +2m, cosd,;
. - Putmg kinh vong nén chan rang:
| dp =dg; —2.5m, cosS,;*
dgs =dgp QZ,Sme c08dy;
- Dudng kinh vdng chia trung binh:
d) =2(R, —0,5b)sind;;
d; =2(R, —0,5b)sind,;
v@i b 1a chiéu dai rang (hinh 26.11).
- Médun trong tiét di¢n trung binh (con goi 12 moédun vong trung binh):

d d
m=d 92

Zy 7,

26.5. VAT LIEU LAM BANH RANG

- Banh rang dugc ché tao tir thép cacbon va thép hop kim; khi kich thudc
16n (dudng kinh 500 mm trés 1én) thi diing thép diic;

~ V&i bo truyén dé hd, chiu tai trong nhe va ém thi c6 thé ding gang xdm
mdc 15 - 32 va 18 - 36; :

- V6i bo truyén dé hd, chiu tai trong rat ning hodc banh ring cla hop gidm
t6c thi nén diing gang xdm mdc 32 - 52 va 35 - 56;

- Khi t6c d¢ ti€p tuyén dudi 6m/s, c6 thé diing gang diic 46 bén cao(BY45-0,
BY60-2) thay th€ cho thép duic; :

- Khi yéu cau khéng c6 ti€ng 6n ma tai trong lai nhd thi sir dung vit liéu
phi kim loai nhu chét déo, téchtélit, gé ddn ép,... 1a hop ly. Thudng thi chi mot
trong hai banh ring an kh6p duge 1am bing vat lidu phi kim, con banh rang kia
lam bang gang hoac thép.

Khi lya chon vat ligu thi c4n chi ¥ cho banh nhd ¢é co tinh cao hon banh
16n mot it. Ciing c6 thé ci hai ciing Iam bing mét loai vat ligu nhung banh nhd
dugc nhiét luyen cao hon. Ching han ca hai cing 1am bing thép 40X, nhung
banh nhd thi 16i cai thién, con bdnh 16n thi thudmg hod. S& di ¢6 su chénh léch
vé do cing nhu vay vi rang trén banh nhod phai lam viéc (ti€p xdc) nhiéu va
ning hon; mat khéc, ring trén bdnh nhé ciing chiu mdi usn niang hon so vaGi
rang trén binh lén. Theo kinh nghi¢m, d6i véi c3p binh rang #n khép ¢6 do
cing dudi 350 HB thi nén chon banh nhé c6 do ciing cao hon bdnh 16n khoing
20 - 30 HB, nghia la:

HB, > HB, + (20 - 30)
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26.6. TINH TOAN BO TRUYEN KIN'

B¢ truyén kin 12 bo truyén dit trong hop ddu hay hop giam tSc. Phép tinh &
day dugc ti€n hanh theo hai budc: tinh todn thi&t k€ va tinh todn kiém tra. Trong
budc thii nhét, ngudi ta tinh todn d6 bén rang theo \ng su4t ti€p xiic d€ ddm bao
bé mat lam viéc ring khéng xudt hién cic vét nit moi. Trong budc thit hai,
ngudi ta tinh todn do bén ring theo ng sudt uén dé rang khong bi sit gay nhim
dam bao d¢ tin cay ciia bo truyén, theo nghia loai trir hiém hoa do rang bj héng
(gay) vi moi. Du6i day sé trinh bay tm tat hai budc néi trén:

26.6.1. Tinh toan dd bén ring theo Ung suat tiép xac

Xudt phdt tr cong thic chia Hec vé Ung suat ti€p xic 16n nhét sinh ra giita
ving ti€p xiic clia hai tru tron dai vé tan, truc song song vé&i nhau. Sau khi tinh
todn va bi¢n ddi, ngudi ta thu duge céc cong thiic gdn ding sau day:

L. Di vo6i cip banh rang hinh tru:
E4M;K

Ofxi“Waky

A, = 0;816(1i1)# (26-9)

2. Doi v6i cip banh rang con:

dg, = 1,7zd E‘dMZ‘KZ (26-10)
[cBa- 05WRe ) WRe ki

Y nghia cdc dai hrong trong haj cong thifc trén nhu sau:

Ay - khoz’m_g cdch tfuc cha cap banh rang tru, mm;

d.; - Pudng kinh vdng chia ngoai ctia banh cén lén (bi dan), mm;

M, - M6men xoén trén truc bj din, N.mm;

K - H¢ s6 tai trong; , . _

1 - ti 58 truyén: i=Z,/Z,, véi dfu trir trong cong thic (26-9) 1a danh cho bo
truyén #n khép trong;

WA =—'Ab— - h¢ s6 chiéu rong banh ring - néu 1 b6 truyén chiu tdi nhe thi
w .
18y gén can duéi, néu chiju tai trong idn thi 14y gdn can trén trong céc trudng
hop sau: Hop gidm t6c cong dung chung 14y w4 = 0,25 - 0,63: banh rang chir
nhan ldy y, = 0,4 - 0,8 (trong hop gidm t6c nang 14y dén 1,25); bo truyén
trong hop kin va hop t6c d6 v6i cac binh din dj trugt, ldy w=0,1 - 0,16.

Tuy nhién, trong tat ca moi truong hop phai ddm bio diéu kien: b <d, d¢i
v61 banh rang thing; b <1,5d, d6i véi banh rang nghiéng; b <2,5d, d6i véi
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binh rang chir nhan. Troﬁg hop gidm tSc hai cdp thi céip cham ldy ¥, 16n hon
cip nhanh. : '

b - Chiéu réng banh ring 16n (hinh 26.7) né€u 1a cap banh rang try, hoic b la
chiéu dai rang hay chiéu rong vanh rang do doc theo nén chia (hinh 26.11) né€u
1a banh ring cén, mm;

Yo =iE— » 12 he s6 chiéu dai rang, laytrong khoang 0,25 - 0,30. Theo ti¢u

e
chuin, nén 14y b< 0,3R, va b< 10m,;

R. - Chiéu dai nén chia (hinh 26.11), mm:

ky, - He s6 kiéu banh rang: 14y kbél d6i véi banh tru hoic c6n ring thing;
Ky =1,15 - 1,35 d6i vdi banh ring tru hodc con rang nghiéng;
2E;E

__.1_2_) , du‘qc

Eyy - Médun dan héi tuong duong cha cdp banh rang (B4 =
El + EZ

lay nhw sau:
- Cé hei binh déu bang thép:E,y =E; =E, =2,15.105N/ mm?:
- Ci hai banh déu bing gang: E =E; =E, =1,0.10° N/ mm?:
- Mot bianh bing thép, binh kia bing gang: E',d =1,36.10° N/ mm? :
- Mot bénh bang thép, banh kia bing techtelit:
- E,4=0.135+0,154).10°N/mm?

- Cap bénh ring bé"mg techeolit ciing c6 thé duge tinh theo hai céng thiic
trén, néu chip nhan sai s€ ~2%.,

Sau khi xdc dinh dugc A, theo cdng thic (26-9) hoic d., theo cong thikc
(26-10), ta tién hanh x4c dinh t6c do tiép tuyén v, chon cép chinh xdc bo truyén
va chinh xdc hod h¢ s6 tai trong K d€ kiém tra lai iing suat ti€p xic xem
o1 sinh ra (N/mm?) cé bj khic xa véi [cr]lx khong. Cic cong thiic kiém tra d6
nhu sau:

- D8i véi cap banh rang tru:

. — .
! AV iKpr '

- D6i véi cap banh rang con: _
2,28 M,KE ,i
(I“O’SWRe) dzzwkekb(

<[s],, (26-12)

&3
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Y nghia clia cic dai lugng trong cdc cong thifc ndy ciing giéng nhu trong
cdc cdng thite (26-9) va (26-10), nhumg & day hé s6 K da dugc chinh xdc ho4.
lai, cdc he s6 y,,wp. cing dugc tinh todn lai theo gid tri m6i cha b, A,, va R..

Sau khi tinh kiém tra theo cong thitc (26-11) hoac (26-12), néu k&t qua cho
-0, khic xa v6i [o], thi phai chon lai vat lieu réi tinh lai A,, (d6i véi banh rang
try) hodc d., (d6i v6i banh ring con).

26,6.2. Tinh toan dg bén réng theo ung suit udn

Nhw trén di néi, day 1a budc tinh toan kiém tra do vOi b truyén trong hop
kin theo d6 bén u6n tren rang.

1. Péi v6i cdp banh rang tru:
_2MKeosp 1y

——— < (26-13)
Zybm kbl‘
2.D6i véi cap binh rang con:
: 2,36MK cos B < [U]“ (26-14)

ZybmZky, |

Y nghia cla cdc dai lugng trong hai cong thitc trén nhu sau:
o, Vvi [cr]u lan luet 12 vng suat uén sinh ra trén rang va mg suit uon cho phép
(N/mm?). [cr]u duge 1ay trong s8 tay thiét ke, tuy theo loai vat lieu va cich nhiét
luyén; M - mémen uén trén rang ca banh ring dang duge kiém tra {(N.mm): néu
bénh nho thi 1 M, n€u banh 1én thi la M,: K - hé 56 tdi trong nhu & cong thitc (26-
9) va (26-10); B- géc nghiéng cia rang (do). D6i véi rang thing thip=0; Z - s
_rdng trén banh rang cén kiém tra: néu banh din 1a Z), n€u binh bi dn 1a Z,; y - hé
$6 dang rang, dugc chon trong sé tay thi€t k& tuy theo s6 rang Z (d6i v6i banh rang
nghiéng va banh rang con thi y duoc chon thy theo s6 rang twong duong Z,4, véi

_ Z
Zyg = Z}ﬁ n¢u 1a rang nghieng; Z,, =—L v Zia = Z; néu 12 binh

cos c0s 9, cos 5y
T . ' Zl : ' Zz .
rang con rang thang ; Z,, = T VA Zyp =———"—— néu Ia binh
‘ cosd) cos” cos8d, cos” B

rang con nghiéng. Chii ¥ ring, chi s6 1 ding cho banh dén, chi s6 2 ding cho banh
bi dan; b - chidu rong banh ring (n€u 12 banh rang con thi 1a chiéu rong vanh rang),
mm; m - modun (néu Ia ring nghieng thi thay bang médun phdp m,, véi

m, = mB “cho ca banh ring tru va banh ring con. Chd ¥ rdng d6i v8i banh ring

cos
con thi médun & day dugc do trén vOng trung binh; -
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ky,, - hé 58 xét t6i kiéu banh ring: 14y gid tri 1,0 d6i v6i banh ring tru hoic
con riang thing; ~1,2 - 1,4 d6i véi banh rang try hoic c6n ring nghiéng;

Cha y: 1. Phép tinh kiém tra do bén uén cla rang néi trén duge ti€n hanh d0'1 voi
bédnh rang nao cé tich s y [0'] nho nhat trong hai banh; ;

2. Céc hé s6 2,28 trong cong thic (26-12) va 2,36 trong cong thiic (26-14) cé
dugc 13 vi dd dua thém hé s6 0,85 vao cic céng thitc d6 dé xét t6i anh hudng x&u khi
banh ring con thudng duge dat cong xon.

26.7. TINH TOAN BO TRUYEN DE HO

Do dé ho, khéng duoc béi tron t6t nén & day rang bj mai mon nhanh, din
dén hong (st mé hodc gay) vi udn xay ra sém hon 12 hong do moi vi tiép xic.
Vi vay d6i vdi bo truyén dé ho, ngudi ta chi tinh toan vé do bén udn (thong qua
x¢.c dinh médun) cha rang ma thoi. Tir (26-13) va (26-14) ta thiet lap dugc:

1. Déi véi cap banh riang hinh try:

3’ 2MKy cos 3 mm (26-15)
ZY[G]U wmkbr

2. Doi véi cap banh rang con:

’2 36MKycosB . (26-16)
ZY|0-||,| l‘1"mkbl‘

¥ nghia hdu hét cdc dai lugng trong hai céng thifc trén cling gidng nhu da
ndi tai hai cong thitc (26-13) va (26-14) truée day, trir cdc dai luong sau:
y=125-15, 12 h¢ s6 xét d&n sy gidm thdp moémen chéng udn tai ti€t dién

nguy hi€m clia ring trong bo truyén d€ h& do mai mon: gid tri 16n dugce 14y khi
_mé&l mon kich ligt;

Y =R - H2 s6 chiéu réng banh ring so v6i modun: néu la banh ring tru
m
rang thang thi y,, = 6—10d8i véi banh rang dic; y, =10-12(d6i khi dén 20)
d6i véi banh rang duge gia cong trén mdy lam rang; néu la banh riing tru rang
nghiéng thi vy, :L =15 - 40 va bing 30 - 60 (do6i khi cao hon) d6i véi banh
m .

i

. : 1,112
rang chit nhan; néu l1a binh rang con thi —[; ?)—-’gw véi gid tri nhé
sind;

danh cho binh rang ¢ d¢ chinh xac ché tao khong cao.

Ché ¥: cing nhu di ndi tai cong thitc (26-13) va (26-14) trudc day, phép tinh d6i
v6i modun m & trén ducgce 1ién hanh d6i v6i mot trong hai bdanh rang cta bod truyén céd
tich 6 y[o], 12 nhé nhat.

304



26.8. KIEM TRA PO BEN RANG KHI QUA TAI

Day Ia phép tinh danh cho ¢ hai loai b0 truyén kin va bo truyén d€ hé nhim dim béo hai
diéu kién: : :

L. Dim bio d¢ bén ti€p xiic trong didu ki¢n qua tai:

M,
O iemax = Oix 1’% slolam (26-17)

© 2. Dim bao élo bén w6n (tinh} trong didu kign qud tii:

M
umu =0y <o), (26-18)

Y nghia cic dai lugng trong hai cong thie trén nhu sau:
O V& Oy max 1dn lrot 1d ting suft ti€p xic sinh ra trong didu Kién téi trong binh thudng
[tinh theo cong thic (26-11) hodc (26-12)] va dng sudl ti€p xdc sinh ra trong diéu kién qui ti;

M va M, ln luot 13 téi trong (momen) binh thudmg va ti trong (mémen} & ché d6 qud 1ai,
ddi vdi banh nhé 13 M, va M, .. v&i binh rang I6n 1a M, va M, ,,, Nmm;

. [a]“_gh vi [U]u,p,h l4n lugt 12 ing sudt ti€p xiic gi6i han cho phép va gng sust udn gisi han

cho phép', duoc 18y theo bang dudi day, v6i chi ¥ o, 13 gigi han chay, op vd opyld gidi han
bén vi gidi han bén kéo:

ng suit giéi han cho phép, N/mm?
Vat liu lam bénh rang | Do cing (HB)
- [k g o). o
. Thép <350 3oy, 0804
>350 41,3 HRC 10,3604
Gang 18G5 0,60

Ghi chd: khi bo truyén 1am viéc khéng c6 hién tuong quﬁ tdi thi khong cin thyc hién phép
todn Kiém tra niy. '

26.9. KET CAU BANH RANG |

Binh rang dugc ché tao bing cich rén, dap, dic hodc hin. Tuy theo kich thude ta ¢6 cic
cidch ch& tao phoi va phuong dn k&t cfu sau day:

1. Banh rang tru:

- Bénh rang try kich thuéc nhé (d, < 200mm)thudng ducc rén’lién khéi khong 6 vich
(dia) nhu trén hinh 26.12a hoac lién véi truc goi IA truc ring, nhu trén hinh 26.7;

- Bdnh rang try kich thudc 16n (d, <500mm), dege rdn (hinh 26.12b} hoic dap ¢hinh
26.12c), hodic diic (hinh 26.13a) thudng c6 véch n6i moayo véi vinh ngodi; '

- Bdnh rang try kich thudc lén (d, = 400-—100_0mm} duoe dic thudng cé nan hoa (hinh

26.13b), néu 12 s3n xust don chi€c thi duge han ma vanh rang thi lam bing thép 16t theo yéu cdu
cdn vich, g& v moaya thi lam bing thép CT.3 (hinh 26.14).

2. Binh rang con:
- Banh ring con rén va ddp khi d, £ 500mm (hinh 26.15);
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- Bdnh rang con dic c6 vich (dia) khi d, >300mm (hinh 26.16a),
d, > 400mm (hinh 26.16b),

- Binh ring con khi san xust don chiéc Chinh 26.17).

3. Binh su bo dudng kinh truc d: vi d 13 kich thudc co ban d€ thigt ké ket ¢fu banh rang

nén trudng hop chua quyst dinh d chinh thifc, ta ciing cdn xdc dinh 5o b0 gii tri ciia né theo cing
thifc kinh nghi¢m sau: : '

d2 K“VN_l,mm;

Trong d6: M 13 momen xodn tren truc, Nimm; K, - hé s& xét dén ¢

hodc c¢6 nan hoa khi

(26-19)

6¢ 46 quay cha bdnh
rang, 14y K,=0,6 khi 0 <100v/ph , K, = 0,8 khi n ~ 1000v/ph v& K,=0,95 khi n » 3000v/ph .

b
0) ___,0145" b)
S " A, : - —
7 )
% N
&
SlolH-—— 8 S 5
//// Ler
o
,3":‘""’ 2x a5
b
'—___..
i’e [ . —‘Q
*
L3
P I |
i N
_|_|frx45"

Ler

Hink 26.12

a- Banh ring rén, d, <200mm ; b - biah ring en, d, <500mm ; ¢ - binh rang dap d, < 500mm

dudng kinh truc d; Butmg kinh moaye der = 1,6 d; Chidu dii mMOoays Loy 2 b déng thoi phai dam bio
Ly =(1,2~1,5d ; Chidy day vich c=0,3b vi ¢’
nhung khong dusi 8mm;
mép n = 0,5m,,,

=(0,2-0,3)b; Chidu diy vanh ring 8 =(2,5-4)m,,
Dq va dy -xéc dinh theo ket ciu (khi d, nhé thi khong cé 18 dy): var
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a) nx 45
|
Y 7
inal ; Déc 1:20
c -
71
AT
B
£
-2 ——LCT— ]
LY A7
/
/]
T 7 L1
"
/Y
S
b) “ :F —— L
5%
b ) Dée 1:20
ICy
A/
SRS | s/ L
oo LCT
- "4 7"/ Q\“
. / s . /
VL7 - :
_lr_ —— T )
__"I_ ax£5°
p .

Hinh 26.13
i - bdnh ring diic ¢6 véch (dia) nGi moayo véi vanh fang: d, =500mm ; b - bénh rang diic ¢é nan
hoa: d,; = 400 -1000mm: d - dudmg kinh truc; dm‘)’ng kinh moayo der = 1,0d néu 13 gé.ng diic va der
= 1.6 d néu la thép dic; Chiéwr dii moayo Ly 2 b ddng this phii ddm bio Ler =(1,2-1,5)d ; chiéu
day vich c=02b; c,=0,2H nhung ¢ vA ¢; khong duéi 10mm; chidu day vanh rang
8 = (2,5~ 4)m, nhung khong dudi 8mm; Dy va dy) - xiic dinh theo ket csu; H = 0,84.; H;=08H;S=
0,15H nhung khong duéi 10mm; ¢ = 0,83 ; vitmép n<0.5m,
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Dg
dor+10
I—
4

q
o

Hinh 26.14: Banh ring hinh tru han.

d - dudmg kinh ln_lé; det dudng kinh moayo, der = 1,6 d; chidu dai mouyo L'(,{T 2 b, déng thoi
phdi ddm bdo L, =(1,2-1,5)d; chidu day véch ¢ = 0,15b nhumg khong dudi 8mm; S = 0.8¢;

8 = 2,5m, nhung khong nhd hon 8mm, Dy, dy - xdc dinh theo két cfu; vit mép n = 0,5m,,; chiéu

cao mdi hin K, = 0,id va Ky, = 0,05d nhung khong dudi 4dmm.

a) . b)

ler

g

{
d
der

!

Hinh 26.15. Bénh rang con véi d, < 500mm .
a. i&n; b. Dap; d - dutmg kinh tryc; dudng kinh moayo dep =
Lot =(L2-1,5Md ; chidu day vich ¢ = (02 -0
Dy vi dyy - xdc dinh theo két cau, ’

1.6 d; chiéu dai moayo
b A= (2,5~ 4)m, nhung khong nhd hon 10mm;
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/
4
4

N
|

fer |

Hink 26.16. Binh rang con dic. _
-©6 dia khi d,>300mm; b. 6 nan hoa khi d, >400mm; d - dudng kinh truc; dutng kinh moayo der = 1,6
d6i v6i thép dic vi dop = 1,8 d d6i véi gang dtc, chi¢u dai moayo Lep =(1,2-1,5)d ;A = (2,5~ 4m
hidu day diz ¢ = (0,2 - 0,3)b ntumg khohg nho hon {0mm; S = 0,8c; Dy va dy- xdc dinh theo ket
i H=08dvaH; = 0.8H; ¢ =02 H nhung khong du6t 10mm; Sy =08¢. :

Hinh 26.17. Binh rang c6n dic: d - dutmg kinh truc; dutmg kinh moayo dor = 1,6 d; chidu dai
moayo Ler =(12-1,5d; chidu day dia c = (0,2 - 0,3)b nhung khong nho hon 8mm; § = 0,8c.
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26.10. TRINH TU THIET KE BO TRUYEN BANH RANG

26.10.1. Pai véi bd truyén kin

1. Chon vat li¢u lam banh rang, cdch nhiét luyén, xc dinh co tinh cha vat ligu:
gidi han chay o, gidi han bén opg, 40 cﬁng HB va HRC;

2. Xdc dinh ng sudt cho phép;

3. Chon so bo hé sd tai trong K;

4. Chon heé s6 wa Ky, :

5. Tinh so bd khoang cdch truc A, néu la cap bdnh rang try, hoac dudng kinh
viing chia ngoai cia banh rang 1én d,; n€u 14 cap banh rang con;

6. Tinh so bo t6c do tiep tuyén v, tir dé dua vao s6 tay thiét ké dé chon cdp chinh xic
b6 truyén va he s6 dong luc K, (he s6 tap trung tai rong K, ciing duge chon trong s6 tay).
Heé s6 tai rong K = K. K, gi% day da dugc chinh xdc hod:

7. Tinh lai ing suit tiép xic theo hé 6 K vira duge chinh xdc hod xem &y sinh ra
¢6 khéc xa véi [crlI khong. Néu khOng chap nhén dugc thi trd vé bude 1, néu chdp nhan
duge thi chuyén sang budc 8;

8. Kiém tra bo truyén vé iing suil mdi udn theo cic cc’mg thiic (26 13) va (26-14).
Pé thuc hién dugc budc nay cdn phii:
+ Chon géc nghiéng P cua ring;
+ Xéc dioh modun m va sérang Z;

+ Tinh s6 rang tuong duong Z,, d& tra gia tri ciia hé s dang rang y trong sé tay
thiét k&;

+ Xac dinh banh rang nao trong hai binh rang c6 tich s6 y[c]u nhé hon dé tién
hanh tinh kiém tra.

Néu két qua thu duge khong dat yéu cdu thl-chon lai m réi lam lai budc 8. Néu vin
khong dat yéu cdu thi trdy vé bude 1, chon lai vat liéu va 1am lai tir ddu. Né&u két qua thu
dugc dzt yéu cdu thi chuyén sang busc 9.

9. Néu ¢6 tai trong dot ngdt thi kiém tra do bén rang khi qua tai theo cdc cong thife
(26-17) va (26-18). Trutmg hgp khong dat yeu cdu thi phai chon Jai vai li¢u va trd vé budc 1.

10. Tinh céc kich thudc hinh hoc cla b truyén.

26.10.2. D&i voi bd truyén dé hé

1. Chon vat lidu va xéc dinh co tinh clia vt liéu, xdc dinh tng suét uén cho phép;

2. X4c dinh he s6 tai trong K;

3. chon gé¢ nghiéng P vaséring Z;

4. Choncdc hé s8 v,y Ky, 3

5. Tinh s6 rang twong duong Z,, d€ tra ra gié tri cia hé s y trong s6 tay thi€t ké; -

6. Tinh modun m theo céc cong thiic (26-15) va (26-16) cho bdnh rang nao cé tich
s6 y[o], 1 nhé nhat;
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7. Kiém tra do bén rang khi qu4 tai theo cong thifc (26-17) va (26-18) trong trudng
hop bo truyén 1am viéc c6 (ai trong 4ot ngdt. Néu khong dat yeu cdu, chon lai vat licu
va trd vé bude 1; '

. 8. Tinh céc kich thuéc hinh hoc cia bd truyén.

26.11. VI DU TiNH TOAN

Tinh todn bé truyén ¢€ hé cho teén hinh 26.7 v6i céc 56 lieu nhut sau: cong suit dugc truyén

N = 41kW; t6c d6 quay binh din n; = 975v/ph, binh bj d4n ny = 195v/ph, bo truyén quay mot
chi€u khong ¢6 tdi trong dot ngot.

Gidi:
1. Mémen xedn trén binh by din:
My =N o 4110 _ 2.10'Nm = 2,105N.mm ;
0, 204
Trong dé:
oy =2 _ B9 _ o) Radss ;
o 3o
2. Ti 58 truyén:
I
n, 195

3. Choun vit ligu va xic dinh co tinh: i
- DXi v6i bdnh 16n: chon gang x4m mic 32 - 52, ¢6 opy = 320N/mm?, do ciing 187 - 255 HB:

- )i v6i banh nho: chon gang do bén cao BY460.2, cé ayg =600N/mm? , do cing 197 - 269 HEB;
4. Xdc dinh @ng sudt uén cho phép: '
- D6i v6i bdnh ton:
L3o_) _15(0,550h) 1,5.0,55.320
F|, =i = = =
[ ]u [ (]]u [nku [ﬂ]kn. T L9
- Déi v6i bdnh nho:
: L5(0,55apk )  1,5.0,55.600
[U]u =[UD]|. = B =

[nk, 19.L1
5. Chon hé s6 tdi trong: K =1 ,4;

% 126N/ mm? :

= 237N /mm?:

6. Chon géc nghing cia rang: B=12°, 56 rang Z, = 25 7y =iZ; =525=125;
T7.Chon y=14;ky =1,3; y,, =£=35;

8. 36 rang tvong duong:

z 25 ) 25
Zy = s — s 3~ 30
cos' B cos'(20")  (0,9397)
Z 125 125 .
zr,d2= 2 _ . ;

= = ] l
cos'B  cos’(20")  (0,9397)° _
Tra tir bing " h¢ s6 dang ring" trong 8 tay thict ke 1a cé: ¥i =0,432; y; = 0,486;

9. Tinh Médun m theo binh 16n (vl tich s& y[uL ciia binh lén bé hon so véi banh nho),
theo cong thic (26-15):
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m J 2MKycosp _[22.10°1,4.1,409397 [ 7367.10°

VDbl vk, ¥ 1250486126351 Vom0

Theo TCVN 1064 - 71 v modun bénh réng, l4y m = 3mm;
1:. Tinh cdc kich thude hinh hoc cia bo truyén ;
- Khodng cich tryc: )
_mZ,  325+125 3150
- 2cosp 2c0s(20%) 20,9397

=2,75mm

= 239,43§m_m :
- M&dun mit diu:

my, 3
ms= = =3,1925mm ;
cosf 09397 :
- Puding kinh vodng lan: N
dg = B2 _ 325 _ o0 61 3mm
cosf 0,939
3,
o= D22 3125 sog et
cosff 0,939

- Dromg kinh vong dinh: _
dy1 =d,; +2m, =73,.813+2.3 = 79.813mm:
dyz = dgz +2m,, =395,064 + 2.3 = 405,064mm:
- Budng kinh vong chan:
dpy =dg—-2.5m, = 73,813-2,5.3 = 66,31 3mm:;
drz = dgz - 2.5m, = 399,064 ~2,5.3 = 391,564mm:;
- Chiéu rong binh rang:
Binh Ién: b =my, =3.35=75mm;
Banh nhé: by =b; +5=75+5=80mm

CAU HOI ON TAP
1. Phan tich uu, nhuge diém va pham vi tng dung ciia truyén dong banh rang ?

2. Trinh bAy quan hé hinh hoc vi ddng hoc cia banh rang try, rang thing vA ring
nghiéng khéng dich chinh ? ' '

3* Trinh bay quan h¢ hinh hoc va dong hoc ctia binh rang tru rang thing va rang nghiéng
~ *dich chinh ?

4* Dich chinh 12 gi ? Thé ndo 1a dich chinh duong, dich chinh 4m ? He qua cta dich
chinh ?

5* Trinh bay hai phl.rong phap dlCh chlnh dich chlnh chiéu cao va dich chinh géc ? Lgi
fch cita dich chinh 12 g1 ?

6* Tai sao cdc b truyén banh ring nghi¢ng va bénh rang con it khi duge dich chinh ?
7* Trinh bay quar i déng hoc va hinh hoc ctia bo truyén bédnh ring cén ?

8* Doi v6i bo truyén kin, ngudi ta tinh todn theo hai bude, d6 13 nhitng budce nao va muc
dich tinh todn clia timg budc ?
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Chuong 27
" TRUYEN DONG TRUC VIT - BANH ViT

©27.1. KHAI NIEM CHUNG
27.1.1. Nguyén tic lam viéc va phan loai

1. Nguyén tic lam viéc: truyén déng truc vit - bdnh vit (ma dudi day
chdng ta s& goi tat 1a truyén dong truc vit", 1am viéc theo nguyén tic vit -
dai dc, trong dé truc vit déng vai trd vit, con bénh vit déng vai trd dai 6¢c. Su
khéc nhau 12 & chd, ren cia dai 6c duge uén cong vé phia trong d€ 6m tron 1dy
vong ren cia vit, do d6 khi vit quay ma khong tinh ti€n thi s& lam cho ren cia
dai 6c chuyén dong thing, nguoc lai ren clia banh vit duge usn cong ra phia
ngodi cho nén khi truc vit quay ma khong tinh tién thi sé 1am cho ren cia
banh vit chuyén dong quanh tam bdnh vit v d6 12 nguyén nhan khién cho
banh vit quay chit khong tinh tién nhu dai 6c.

V& nguyén tic, truyén déng truc vit c6 thé truyén chuyén dong giffa hai
tryc giao nhau v6i mét gée bat ky, nhung trong thuc t& thudng 13 géc 90° nhu
trén hinh 27.1a.

2. Phan loal bé truyén truc vit - banh vit (dudi diy s€ goi tat 1a "bo
truyén truc vit"):
a. Theo v tri tuong d6i cua truc vit so véi bénh vit cé thé chia ra:
- B truyén truc vit ndm trén (hinh 27.1b);
- Bo truyén truc vit nim dwdi (hinh 27.1¢);
- BO truyén tryc vit nim bén canh (hinh 27.1d).
b. Theo hinh ddng truc vit cé:

- B truyén truc vit tru (hinh 27.1 va 27.5), trong dé truc vit ¢6 hinh tru
nhu trén hinh 27.2a;

- Bo truyén truc vit 16m, hay cdn duge goi li bo truyén glObolt trong dé
truc vit duge khoét 16m nhur trén hinh 27.2b dé ¢6 nhiéu ren cing an khép.
 ¢.Theo bién dang (prophin) ren co: '

- B§ truyén truc vit acsimet, ¢6 canh ren thﬁng trong mat cit doc chira
dudng tam tryc, tuong ty nhu ren thang can (hinh 27.3);

- Bo truyén tryc vit kénvélut, cé canh ren thing trong mit cit phap tuyén
véi dudng ren.
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- BY truyén tryc vit thdn khai ¢6 canh ren thing trong mat cit doc tiép
tuy€n v4i mat try co so.

3. Cong nghé ché tao

a. D6i véi tryc vir: viéc lua chon bien dang nao trong ba bién dang ké trén
s€ quyét dinh cong nghé ch& tao. Hinh27.4 gidi thiéu vi tri dat dao khi lam ren.
trén may cong cu.

a) b)

c} d}

|
T
==H(| (=
{

Hink 27.1. b0 truyén truc vit. |

a- tryc vit an khop véi binh vit; b- hop gié‘um téc m'ot cdp, truc vit dat trén; c- hop gidm
td¢ mot clp, trec vit dat dudi; d- hép gidm t8c mot cfp, truc vit dat ban canh.

a)

Hinh 27.2. wryc vit: a- tru; b- 16m (globoit).
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Hinh 27.3. truc vit try Hink 27 4, Vi i dat dao khi [am ren truc vit trén may
Acsimet. cong cu: a- 1am ren Acstmet; b- |dm ren konvolut; c- tam
ren than khai;

- Truc vit acsimet dugc ch€ tao trén may tién théng thudng, véi dao cat
hai lu6i d6i ximg c6 géc cit nhy nhav, huéng an dao thing géc voi dudng tam

- Tryc vit kénvélut cling dugc ché tao giong nhu truc vit Acsimet, nhung &
day dao cat va huéng an dao déu Song song vdi dudng xo4n 6¢ (hinh 27.4b).
Trong mit cit doc chita dudmg tam truc vit, bien dang rang 1a dudng cong nhu
trén hinh 27.2a. _ _ , _ '

= Truc vit than khai c6 thé dugc maj ren bing d4 mai det (hinh 27.4¢) do
d6 dugc ding khi cdn c6 do cing mat ren trén 450 HRC, Trong mat cét ngang
(vudng géc véi dudng tam truc vit), dudmg ren cé dang dudng than khai va vi
'thé c§ tén goi 1A truc vit than khai. " -

b. DG v6i banh vir: bnh vit thuomg duge ché tao bing dao phay lan, cg
hinh ding giéng nhy truc vit s& an khdp véi né, chi khic mot diéu 1a dudng

cling gi6ng hét nhy qud trinh 4n khép giita truc vit v&i banh vit, dé d6 khi bo
truyén 1am viec sau nay, ren truc vit va banh vit cling sé& tiép xiic theo dwong
nhu khi ren ciia dao phay ti€p xiic theo dudng trén mat rang banh vit ma né
dang cit. .



- 27.1.2, Uu nhuge diém va pham vi ing dung
. L. Uun diém
- Ty s6 truyén 16n ma kich thuéc bo truyén lai nho gon;
- Lam viéc ém va khéng 6n;
- C6 khd ning ty him- 12 mét dic diém rdt cén thist trong nganh mdy
nang, miy xay dyng...
2. Nhuge diém
- Hiéu suat thap (do t6n that cong suat vi ma sat ldn);
- Phit nhi¢t nhiéu (do ma sét 16n):;
- - Vatlieu 1am bédnh vit thudng phai ¢6 tinh giam ma st t6t (d6ng thanh...)
nén dit tién.
3. Pham vi \ing dung
- Do hi¢u suit thip nen thudng chi ding trong trudng hop céng suat nhd hoic
vira, tifc ]a khong quéd 50-60 kW (trudng hop dic biét ¢6 thé dén 200kW);
- Ty s6 truyén i = 20 - 60 (46i khi cé thé d&n 100) néu la dé truyén tai

‘trong, i <300 néu la dé truyén chuyén dong (nhu trong co cdu phan do, dung
cu dém...);

- B truyén kin (hop gidm t6c) thudng duge ding trong may cong cu, mdy
nang chuyén..., bo truyén hé thedng duge ding trong co cdu quay tay, trong
cdc mdy khong quan trong.

Gii chi: do bo truyén truc vit try Acsimet (d4c biét 1a truc vit Acsmet ren
phai) dugc sir dung rong rai hon cd nén phin con lai clia chuong nay chi néi
vé bo truyén truc vit try Acsmet ma thoi, Vé cic bo truyén truc vit 16m
(globoit), truc vit try than khai va truc vit convolut ban doc ¢6 thé tim hiéu
trong [3, 5, 6] va céc tai liéu chuyen khio khic.

27.2. QUAN HE HINH HOC VA DONG HOC BO TRUYEN
TRUC VIT KHONG DICH CHINH

Do truc vit thudng 12 56 phan-din, bénh vit 1a bo phan bj din nen ngudi ta
quy udc truc vit duge danh chi s6 1, banh vit chi s6 2 (hinh 27.5).

- Dudng kinh vong lan d, va dudng kinh vong chia d: ciing nhu trong bo
truyén banh ring di xét trudc day, khi khong dich chinh thi d,=d, tic1a d = d;;
dy2 =d; (hinh 27.5). '

- Bude ren p, modun m va géc bien dang rang o =20° duoc do trong ti€t dien
chita dudng tam truc vit (hinh 27.3). Giifa budc ren va médun c6 quan hé sau:

m=E. @27
it
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Gid triciam duge tieu chugn hoj theo hai day theo [hli'. tr wu tién:
Day I: 1,0; 1,25; 1,6; 2; 2,5; 3,15; 4,0; 5,0; 6,3; 8.0; 10; 12,5; 16; 20;
Day 2: 1,5:3,0:3,5; 6,0, 7.9; 12; 14; -
- He s6 dudng kinh q cia ri-uc vit:
. q=d;,/m; (27-2)
- Gid tri clia q duoc tieu chudn héa theo hai day sau (theo ti &ty uu tidn):
Day I: 8,0; 10,05 12,5; 16,0: 20,0; 25,0;
Day 2: 7.1; 7,5;9,0; 11,2; 12,0; 14,0; 18,0; 22 4;
=S8 m6i ren Z, ciia trucvi: Z, =1 - 4;

- SO rang Z, cia banh vir: Z; =27 - 80. P& dam bio didu kign khong cat
chan rang, cdn 15y Z,228;

- TY s6 truyén i: : i=~n—1~=—zi;
ny Z

Néu Z, ¢6 gid wi nho nhat (z, = 1) trong khi Z, 6 gid trj I6n nhat (Z, = 80
va trong nhimg bg truyén tai trong nhé c6 thé rg; Zy =120) thi ty s6 truyén ciia
b6 truyén tryc vit c6 the dat t6i i = 80 - 120, Ty s4 truyén j dugc tiéu chuidn
ho4 thanh haj day theo thi tu vu tigy:

Day I: 8; 10; 12,5; 16; 20; 25; 31,5; 40; 50; 63: 80;

Day 2: 9; 11,2; 14; 18; 22,4, 28; 33,5; 45; 56; 71;

Khi thjét k&, c6 thé 14y gig uj Zyva Z, trén cq s& 1Y 56 truyén i nhy trong
bang 27-1 dusi day: . . . :

Bing 27.1. Gis tri cita Z, vi Z, nen chon ding cho by truyén phi tiéu chugn,

i 7.8 9-13 14-27 28 - 40 >40
z, 4 3.4 2.3 - 1-2 t
Z 28 - 32 27-52 | 28-3; | 28 - 80 > 40

Gé6c nang Y c@a dudng ren do trén tru chia cia truc vit (hinh 27.3);

gy =21 _Zi | | (27-3)
d; q

Gid trj ciia y ng véi gia trj q tieu chudn duge tnh sin va cho trong bang 27-2.
- Cic dufmg kinh cia truc vit (hinh 27.5):
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dl = qm

dyy =d; +2m=(q+2)m;
dfl :dl ~2_,4m=(q —2,4)m;

(27-4)

Bing 27-2. Géc nang y clia dudng ren do trén truc chia cila truc vit:

z Gi tri clia y ng véi q:
1
16 14 12 10 9 $ 7,5
1| 33435 4°05'09" | 4%as5'99° | 5042138 6%2025° 7P0730" | 7"3541"
2 | %730 | 8%748" | 9%2744". 11918°36° | 129317447 | 14%02'10* 1495553¢
3] 10%3715" | 12540 | 14%02710% | 16041567 18°26'06" | 20°33'22" | 21%48°00"
4 1 14%2710" | 15%56'43" | 18%25'06" | 21%48°05* 23957'45" | 26Y33'54° | 28%04721"
by P
P
= N
s 4-1—tslold
O
=iy
by

- Céc dudng kinh cha bénh vit tron

Hinh 27.5. Céc thong 56 hinh hoc cia bo truyén truc vit,
- Khe h& huéng kinh: e = 0,2m;

dién chiéu tryc):
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- Khodng cich tryc: A, =

dy =mZ,;

dyy =ds +2m=(Z, + 2)m;

de =d2 - 2,41’[’1 =(ZZ - 2,4)m;

dl +d2

2

2

=(q+22)m

g i€t dién doc chia duomg tam (tiét

(27-5)

(27-6)

- Hi¢u suat an khép ngy bo truyén khi tryc vit 1 truc dan, trong tv nhu &
b truyén vit - dai 6c;




Nak

__ tgy
tg(y +p)

(27-7)

Trong dé:'}':arctg—%i- g6c nang cia duOng ren truc vit; p- g06c ma sit,
q

gid tri phy thugc vao van tdc trugt v, cho.trong bang 27.3

Bing 27-

banh vit bing déng thanh thi€c - phospho.

3. H¢ s6 ma sdt f va géc ma sitp gifta truc vit bing thép véi

_ Van toc f p Van tic f P

trugt vy, Trugt vy,

. 0,01 0,10-0,12 5%40 - %50 2,5 0,03 - 0,04 1%40° - 2%¢
0.1 0,08-0.09 | 4%0-s"0 | . 3,0 0,028 - 0,035 | 1™30 -2%¢
0,25 0,065 - 0,075 | 3% - 4% 4.0 0,023 - 0,03 1"20° —1%40'
0,5 0,055 - 0,065 | 3¢ 3% 7.0 0,018 - 0,026 1°%00" - 193¢
1,0 0,045 - 0,055 | 293¢ _30 ¢ 10,0 0,016 - 0,024 055 - 1920
1.5 0,04 - 0,05 2920 — 2% 15,0° 0,014 - 0,020 0"50' - 110
2,0 0,035 - 0,045 | 2%y _2% -

Ghi chii:

L. Gid tri thdp \ing v6i b truyén dwoc bi tron 161, tryc vit duoe (6i va ddnh béng mat ring.
2. Khi bénh vit IAm bing ddng khong thidc hay déng thau thi tang gid tri trong bdng l&n 30-50%.

- T6¢ d¢ trugt (hinh 27.3) 1a hiéu vécto cua tée do tiép tuyén v, cla truc vit va vy

cla bénh vit: v, =

COS

- Ty 56 toc do: Y2 =gy,

vy

_—vl— m/s; trong d6: v, =
¥

ﬂdln

60

Kdzﬂz

., m/fs;

- Van t6c trugt 16n 12 nguyén nhar lam giam higu suat cda bo truyén;

- Hieu sust n ctlia bo truyén:

n=(0.95-0,97) N,

Trong d6 he s6 (0,95 - 0,97) 1a dé xét t6i tén that cong suft do luc can cha diu
trong hop va do ma st & g6i d&; 1, duoc tinh theo cong thic 27.7, Khi tinh todn so

Zy

|1 -

2

3

b6, chua biét gid tri clia y vA v, nén cé thé can et vio Z; d& tam 14y nhur sau:

4

N

0,70 - 0,75

0,75 -0,82

0,82 - 0,87

087 - 0,92

- Cdc gid tri tieu chudn clia Ay, i, Z;, Z, vi hé 56 dich chinh x duoc cho
trong bang téng hop cha tieu chuén nha nudc (TOCT 2144 -76 cita Lién x6)
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27.3. KET CAU TRUC VIT VA BANH VIT

27.3.1. Két ciu truc vit

Truc vit (hinh 27.2 + 27. 5) duge cidu tao duva theo cong thitc (27-4) va
‘theo goi ¥ rong bang 27-6 dudi day.

Bang 27-6. Lya chon chiéu dai phdn cé ren b, clia tryc vit, dudng kinh
dym2 va chiéu rong b, ciia banh vit,

Cxic dint (mwy | imb ot o 30 mél ren cia trye vit 2,
' 1 [ 2 3 4
-1 = (10,5 +Z)m 2 (10,5 +Z)m
by -0.,5 -2 (8 +0,06Z5)m z (9,5 + 0,09Z,)m
0 2 (11 +0,06Z; )m 2 (12,5 + 0,09Z,)m
+1 2(11 +0,i Zy )m 2(12,5+0,1Z3)m
+0,5 2 (12 +90,1Z,)m 2 (13 + 0,1Zy)m
damz - <dys +2m £dgy + 1.5m sdy +m
by - <0,75 d,, £0,67d,,

Ghi chii: néu 1 tryc vit duge phay va mai thi gid uj b trong bang nén duge ting them mot lugng
nhu sau: 25mm khi m< 10mm; 35 - 40 mm khi m =

10 -16 mm; 50mm khi m >16mm.

27.3.2. Két cau banh vit

Bdnh vit (xem hinh 27.6
+ 27.10) dugc cdu tgo dua
theo cong thife (27-5) va theo
goi ¥ trong bing 27.6

Dé tigt kiem kim loai mau
dit tién, binh vit khong dugc

ch& tao nguyén khéi ma chi vanh -

ngodi duge 1am béng dbng rdi
ghép voi than bing gang diic.

MG6i ghép gilis hai chi tiél nay

theo ch€ d¢ lip chat (hoic mdt
chi Ligt theo ch& do Map trung
gian) 16t bit vit ¢6 dinh dé
chdng xoay giita vanh déng vii
than pang (hinh 27.6 vi 27.7a).
B 1 vi khi 1am viéc bo wuyén
bi néng 1&n 1im mbi ghép ép bj
ldng ra do he s6 din nd dai cla
ddng (vanh ngodi) |én hon cia
gang (than).

Khi binh vit ¢é duimg kinh
ngodi cling d,yp > 400mm thi than
diic ciia né ¢ gan (hinh 27.7b).
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- Hink 27.7. Cdu tao bidnh vit ghép.

a- vanh dugc 1dp ép; b- than ddc c6 gan ( khi d,\;>400 mm ); c- vinh duge bat bu
long vio véi than; d- dudmg kinh truc: d = (1,6 - 1,8)d; Ly=(1,2 - 1,8 )d; C=0,3b;
d=2m, nhung khong duéi 10 mm; Dhﬁ(l.2-l,5)m; 1ly=0,3b; 1,=1,+0,25d,; X=2-3mm;
C,=0,2b, nhumg khéng dudi 10 mm; C,=0,25B; f=1,7m; d, - xdc dinh theo tinh todn.

Binh vit c6 vanh duge bit bing bulong vio véi than qua 16 doa duge gidi thigu trén hinh 27.7¢, 56
luong va dudmg kinh bulong duge xéc dinh bing phép tink v& stc bén cit véi ing sudt cit cho phép
[tL = O’ZGch . .

Binh vit duong kinh khong lén duge ch€ tao nguyén khéi (hinh 27.8), cdn néu san xudt
hing loat thi duge dic ludng kim (hinh 27.9): vanh déng duge diic 1y tam trong khudn kim
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Hinh 27.8. Hop giam tdc truc vit véi banh Hinh 27.9. Binh vit dugce dic Sugn kim.
vit nguyén khoi.

loai, trong khuon di dit sdn than bing i
gang réi. Dé chéng xoay vinh, trén mat
tiép xic véi vanh cia than gang cé tao
nhitng khéc 16m dé khi dic thi déng s&
duoc dién diy vao dé. SN . +2¢2920:¢ B

Bénh vit bing chit déo (hinh 27.10) /
gém nhiéu tim mong ghép thanh khéi
bing dinh tdn hodc buléng, déi khi bing ;
céch dan. DE bao vé cdc tim chat déo EEEE]
khoi bi v& roi ra, hai md ngodi ciing la
hai tim thép day 2 - 4mm. Hinh 27.10. Binh vit chit déo véi moayo thép

27.4. TRINH TU THIET KE BO TRUYEN TRUC VIT

1. Du dodn van tdc truot v,,, chon vat liéu va cich ché tao, phuong phdp nhiét luyén va
cip chinh xdc cia bo truyén;

2. Xdc dinh @ng sudt cho phép;

3. Chon s6 moi ren Z,, hé¢ s6 dudng kinh q, tinh s6 riang banh vit Z, = iZ,, chon so bo
hiéu sudt n;

4. Tinh so bo khoang céich truc A, vda moédun m, ldy m theo tiéu chudn;

wn

Kiém nghiém van t6c truot v,,, hé s6 tai trong K va hiéu sudt n:
Kiém nghiém dng sudt uén cia ring bénh vit;

Xdc dinh cdc kich thudc chinh clia bo truyén;

Kiém nghiém do bén ciia than truc vit (sé trinh bay & chuong "truc");
Tinh kiém tra hop gidm t6c truc vit vé nhiét.

©® N0

CAU HOI ON TAP
1. Trinh bay uu nhugc diém va pham vi img dung ctia truyén dong truc vit — banh vit ?
2. Trinh bay quan h¢ hinh hoc va dong hoc clia bo truyén truc vit khong dich chinh ?

3* Muc dich chinh ctia viéc dich chinh d&i véi bo truyén truc vit 1a gi ? Viét céc cong thic
phan 4nh quan hé hinh hoc ctia bo truyén truc vit cé dich chinh ?
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Chuong 28
TRUC

28.1. KHAI NIEM CHUNG

28.1.1. Céng dung va phan loai

1. Cong dung: truc dung dé d& va lip dat cic chi tié mdy quay. Truc
chiu uén do ing luc xudt hién trong cic chi tiét caa bo truyén, do trong luong
cua céc chi tiét dy va do trong lugng ban than truc. Mat khéc, truc con duogc
ding dé truyén chuyén dong quay va dé chiu xoén.

2. Phan loai: theo dic diém
chiu tai, truc duge chia ra: truc

2%
truyén va truc tam.
- Truc truyén vira chiu uén,
vira chiu X04n. Vi du truc (6) trén 4
hinh 28.1 chiu mémen u6n do luc X X i
an khép cia cap banh rang Z, va
Z, sinh ra, lai chiju mémen xodn XN x N
do dong co dién truyén téi (théng Fr )
qua noi truc, khong thé hien tren ;¥
hinh v&). ! ’ | |
: e : L Iu 1 III'
! y 67 82
#r"""-‘ % l‘,+
1" d
— |
Y ioe * 1<
2 i 9
Sl Tore

Hinh 28.1. Hop giam t6c binh rang tru rang nghiéng mot cip:

1- v6 duéi; 2- bulong vong; 3- vo trén; 4- thude do ddu; 5- nit thdo ddu; 6- truc
rang dén; 7- dém kin: 8-ndp 6 dd; 9- truc bi din: 10- binh ring.
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= Tryc tdm chi chiu momen udn. Vi du truc d& tang cudn cdp trén hinh
28.2 chi chiu mémen udn do lyc cing cha cdp va trong lugng cha tang gay ra.

Truc tam True tam
Hinh 28.2. Truc tAm d& tang cudn cdp:

a - truc quay cing v tang nhé ¢d then; b - truc ding vén, tang quay tron trén truc.

Ngoai ra con cé cédcloai truc dac biét nhu fruc mém (dung trong may mai
di dong ...), truc khuyu (ding trong mdy nd ...), truc truyén ddn xa (ding
trong m4y bom siu, mdy ning chuyén ...) v nhiéu truc chuyén dung khic
dugc gidi thiéu trong céc tai liéu chuyén nganh. O day ching ta chi xem xét
truc truyén — Ia loai truc théng dung nhét, duoc ding dé da cdc chi ti€t truyén
dong nhu banh dai, banh xich, banh rang, bdnh vit ... trong cdc bo truyén co
khi ma ta d& nghién ¢gu trong ciac chuwong truéce.,

28.1.2. Mot s6 quy wéc khi tinh tryc
- Mgt phdng chiéu: luc twong tic giita hai chi ti€t din va bj dan (nhu cap
bénh ring, ciap banh vit - truc vit ...) duge phan tich thanh ba thanh phin vuong
' gbc véi nhau 13 P, T va Q nhu trén hinh 28.3. Do vay biéu dé momen uén ducgc
xay dung trong hai mit phang chi€u vuoéng géc véi nhau 12 mat phang thing
ding (mat phing y - z) va mat phing nim ngang (mat phing x - z);
- Lutc tiép tuyén P (hay con goi 12 luc vong): ti€p tuyén vdi vong lan cla
hai chi ti€t an khdp (cdp banh rang, cap bdnh vit - truc vit ...);
- Lyc huéng kinh T hudng tir di€ém an khop 16i tam truc;
- Lirc chiéu truc Q song song véi dudng tadm cla truc;
- Cdc chi s¢' d& x4c dinh chiéu tdc dung cia luc, ching han Ps, 1a d€ chi
luc ti€p tuyén, tic dung tir banh 2 (bi din) sang binh 1 (binh din). D€ don
- gidn cho phép tinh, ching ta s& bd qua luc ma st giira cap chi tiét an khdp, do
dé sé coi Py = Pay; Tyy =T,y va Q)3 = Q,, (hinh 28.3).
Trén so d6, truc duge thu gon thanh mot nét dam. Chi nhilng noi c6 ngoai
luc tdc dung thi méi ké thém mot doan tir dudng tam truc dén noi dat luc dé
hinh v€& cic vécto lyc khong dé 1én nhau.

Momen xodn M, trén tryc dan thi cing chiéu véi chiéu quay o cia truc

dén, trong khi momen can hiru ich sinh ra trén truc bi din lai nguoc chiéu véj
chiéu quay oy cla truc nay.
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a)

Mg

Hinh 28.3. BS truyén mot cfip, binh rang ry rang nghieng: a- so d8 b truyén; b- luc in
khop: ¢- so d6 tii trong céia tryc din trong hai mat phing vuong géc cing bidu d6 momen
udn va biu 46 momen xofn trong hai mat phing niy; d- so 46 tai trong ciia truc bi dén.

Ghi chd: Mac db truc truyén dugc dung trong t4t cd bo truyén co khi,
nhung do khuén khé cia gido trinh, phin con 1ai cia chuong ndy chiing ta chi
xem Xé€t tryuc trong bo truyén banh rang try mot cap. Ban doc c6 thé van dung
cdc phuong phdp ti€p can & day dé ip dung vao viéc thiét k€ tryc trong cic bo
truyén khac. Khi cén nghién ciru sau hon, ¢6 thé tham khio trong c4c tai lien
ghi & cuéi sich. : ' .

28.2. XAY DUNG BIEU 6 UNG LUC

Dé tinh todn duge dudmg kinh tryc, ta cdn x4y dung biéu d6 \ing luc trén
toan b9 chiéu dai cia né. Muén vay, phéi xédc dinh duge ngoai luc tic dung
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ten truc — ma d6i VvGi bo truyén bénh rang try, d6 chinh 1a luc an khép cla céc
- ¢dp bénh rang duoc 14p tren truc (bo qua trong lugng ban than cia cdc chi tiat

cla b truyén). Cong thic tinh todn lyc an khép cho trong bang dudi day, véi
chi y B 12 g6c nghiéng cia ring (d6i véi rang thing thi § = 0) .

Lire an khép Binh nhd (bénh dan) Rinh lén (banh bi dan)
Tiép tuyén Py = 2:'1 Pip = 2My
! d;
Hudng kinh Tot = tga Tiq = Py (EE
2t =Py cosp 12 =P12 cosp
Chiéu truc Q31 =Py 1gp Q12 =Pja1gp

Ghi chi: trong cdc cong thifc trén, M; vi M, [dn lugt 13 mémen quay (xodn) trén truc
. 16°N
din v tryc bi dén, v6i cha yring M=— —(N.mmi N I cong sudt rén truc (kW) va
' ©

© 12 t6c do gée cita truc (Rad/s);d| va d; 14n lwen 13 dudng kinh vong chia cia binh din
vi banh bi din, va nhé ring trong bd truyén khong diéu chinh thi dudmg kinh vong chia vi
vong lin tring nhau, nghia l4 dy =dgy|.d3 = de2:ald géc an khop trong tigt dign phip
tuyen; B1a poc nghing ciia rang. Véi banh rang thing thi B=0 (xem chuong 26);

Nhu trén di xdc dinh: P2| =Pyq; Ty = Ty3; Qg = Q3.

Cén luu ¥ ring trén tryc bi dan, ngoai cdc lue an khép da néu, con ¢6 luc
cong son S tic dung ma trén so dé 283 khong duge thé hién. Lye dg, tuy timg
truong hop cu thé, c6 thé 1a Iuc cang cia bo truyén xich hay cia b6 truyén dai,
hodc ciing ¢6 thé 1a luc sinh ra do ni truc duge lp khéng déng tam, ... Néu
khong biét 15 phuong cia S thi dé duge an toan, nén cho né triing véi phuong
chiéu ciia lyc tiép tuyén P, dé tinh. Cdch x4c dinh lyc c6ng-xon S cia b6 truyén
xich va b truyén dai 43 duge trinh bay trong cic chuong 23 va 24 trude day.

28.3. VAT LIEU CHE TAO TRUC

Truc duge ché tao tir thép cicbon va thép hop kim. Khi khong cdn nhigt
luyén thi ding thép CT.5, khi cdn nhiét luyén thi ditng thép 40, 45, 40X, ...
bB6i v6i truc chiu tai ndng trong cic mdy quan trong thi ding thép 40XH,
40XHMA, 3XT'T ... r6i nhiét luyen,

Céc truc quay nhanh tren géi do trugt thi d€ nang cao d6 chiu mai mon
cha ngdng truc, nén dung thép xémentit hod 20, 20X - néu quay diac biet
nhanh thi diing thép 12XH3A, 18XTT ...

28.4. PINH KET CAU TRUC

Vé mit keét cau, truc thudng ¢6 bac (xem hinh 28.1). Viéc tao ra bac trén truc
12 dé c8 dinh cdc chi tist ldp trén truc va ngay ca ban than truc nira, khong bi di
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chuyén theo chiéu doc, déng thoi ciing Ia d€ c6 thé 1p céc chi tiét d6. Khi 1ip
ghép, chiing cén di chuyén ty do dugc trén truc dén v tri mong muén.

- Pudmg kinh tryc tai nhing noi 1ip ghép khong thé I4y tuy tién ma phai
dugc quy tron dén gi4 tri phi hop vé6i Tieu chuin Nha nudc (TCVN 192 - 66)
vé kich thuéc vu tién. Sau day 1a mdt khoang trong diy uu tién thit 3 (c6 4 day
uu tién): 16, 18, 20, 22, 25, 28, 32, 36, 40, 45, 50, 56, 63, 71, 80, 90, 100,
110, 125, 140, 160, 180, 200 va 220 mm. - o

- Rieng dudng kinh truc & chd lip 6 lan thi phai phii hgp véi dudng kinh
16 clia bac trong cia 6 lan dé. _ o

- D€ ¢6 dinh chi tiét may theo chiéu truc thi ngudi ta ding vai g& (hinh
28.4), chiéu cao vai g& h c6 thé 14y nhu sau:

~ d (mm) 20 - 40 40 - 60 60 —-30 80 - 100
b (mm) 3.5 5-8 7-9 | 7.10
£ 1]
R | VR
| l %%

45 * Q h =]
SQ - \Cxd45 e
) KR

Hinh 28.4. Kich thuéc vai go
trén truc.

Hinh 28.3. Bin kinh géc luong trén truc (R), trén
chi tiét duge lip (R} vi canh vit mép wen 16 (C).

- - Ban kinh géc lugn R khi chuyén tiép tlr dudng kinh d sang dudng kinh D
16n hon trén tryc ma & d6 khong c6 chi tiét nao duge lap ghép nhu trén hinh 28.4,
c6 thé 1ay theo quan heé sau:

(D-d), 2-4 4-8 g8 -12 12- 16 16 - 20
mm
R, mm 1-2 2-3 3-5 4-7 5-8

- O nhitng méi ghép c6 dinh nhuv m6i ghép gita banh daj hay bdnh ring
v6i truc thi truc ¢ géc lugn véi bén kinh R, con 16 chi tiét duge vat mép vdi
chiéu cao C theo didu kién C > R d€ dam bio mit moayd cha chi ti€t &p s4t
vao vai truc (hirh 28.5);

d (mm) 10-15. 15 - 40 40 - 80 820 - 120
R (ram) 1.0 1,5 2,0 2.5
C (mm) 1,5 2,0 3,0 4,0

Déng thdi ban kinh géc luon trén truc (R) ciing phi nho hon ban kinh
goc lugn & mép 18 (R,) cha bac trong ctlia vong bi: R < R, (hinh 28.5).

- T4t ca cdc ddu tryc, néu khong c6 yéu cdu gi riéng thi dugc vt mép
(sang phanh) 45° nhu & hinh 28.4 va 28.6a; con & ché chuyén tiép lén doan
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[ Duong kian
| true d (mm

Cxd5° a, ~
«E“ ? - ===
'-—j—_m
a) b)
Hink 286, vi; meép (a)-ddu tryc; (b)-nui chuyén ti€p déh ma;j ghép ¢6 dg dai.
truc cé méi

gheép cang (C3, C2, C1) va gh¢p trung gian (T4 - TCVN 20 -63)
thi vit con nhy & hinh 28.6b;

28.5. CHE DO LAP GHEp CUA CAC CHI TIfT
CHU YEU CUA BO TRUYEN VOI TRUC

Cic che do lip ghep duoc trink bay ki trong gido trinh "Dung sai vi lap ghép". Dugi diy
chi dua ra mot 56 891 ¥ nén ding: _
- Binh ring va banh vil, khi chju tgj nang va dap: A/C2 (H7/s6); khi chiu tii binh thuimg:
A/CI (H7/16); ' '
- Bdnh rang thutmg phii thio lap ludn: A
- Bac chan: A/L1, A/L3 (H7ms, H/h;

- Bdnh dai, binh (dia) xich: A/TI, AfLL (H7/j6, H7/h6);
- Néi tryc,

khi chiju tai binh thudmg: A/T4, A/T3, A/T2 (H7me, H7/ms, H7/x6):
tdi ning va dip: A/C) (H7m6);,

fT4, AfT3, AfT2 (H7/n6, H7/ms, H7/6);

khi chiy
- Bac trong ciia 6 Ian ve; lrue: T2,, Ti, (k6, J6): néu duom
" chiu ta; ning va dap thi chon T3, T4, (ns, .

thi chon L1, L3, (hinh 28.6, 23.7),

Ché ¥ ring ki higu che do lip ghép ngoaj Ngode don li theo TCVN 20 _ 63, trong ngojc
don 13 theo [SO.

128.6. TINH TOAN TRUC

Phép tinh vé truc duge tien hanh theo

I. Giai doan thg nhat: tinh to4n thiét
cdu tryc. Thén

k€ (hay tinh to4n s¢ b)) va dinh ket
£ qua giai doan nay, ta xic

dinh dugc dudng kinh tai ti€t dien
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nguy hi€m hoic tai mot s§ tigt di¢n dic biét tren tryc, d6ng thai thiet k& ket

cdu chia né. Khi thit k& (dinh) két c4u truc, cin tinh tdi kha nang di chuyén cic

chi ti€t trén truc dén vi tri 1dp ghép va khi nang c6 dinh chiing theo chiéy doc.

Day 1a phép tinh thudce giai doan mét, nhim xdc dinh dudng kinh diu truc
T3 1a tryc quay chim clia hép giam toc hay bo truyén (hinh 28.1 va 28.7).
Bing céch chi dua vao moémen xoin véi ing suit cho phép [t]dﬁ dugc giam di
nhiéu dé bt vao ché momen usn chua duge bigt, ta cé cong thirc:

M
d, = £, mm 28-1
k VO,2|1I (28-1)

Trong d6: M, - mémen xodn trén truc, N.mm;
[x]=20- 35 N/mmZing sudt tigp cho phép.

phai chap nhan. o _
28.6.2, Xic dinh dudng kinh truc & cic vi tri trung gian
D6 1a noi 14p banh rang (hinh 28.1 va 28.7) bédnh vit va doi khi 13 8 da.
Putmg kinh d tai noi c6 ma; 8hép (bénh rang, bénh vit ...) cting duok tinh theo
cong thiic (28-1), nhung ing sudt cho phép duge 14y rat thap: [1]= 10-20 N/mm?.
Sau khi tinh duogc dudng kinh dy hay d theo cong thifc (28-1), ta ti€n hanh

dinh két ciu tryc. khi dinh két cu truc, cdn thit k€ sao cho cé thé 13p dé
dang 8 48, banh rang, banh vit, banh dai ..., va ¢6 thé ¢6 dinh chiing len tryc

theo chiéu doc. .
28.6.3. Xac djnk khoang cach & 43

Pé tinh duoc .phan lue g6i d5 va xay dung dugc bidu d6 momen, ta cin
bi¢t khodng cdch giira hai géi da ciling nhu khoang cdch giita cic chi tiét dugc
l4p trén truc véi nhau vi v6i g6i da,
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S Déi véi bo truyén banh ring tru mét cdp (hinh 28.7), ta c6 cong thitc tinh
- . khoéng céich giira haj g6i dd nhv sau: '

I=Ler +2x+W . mm _ (28-2)

~ Trong dé: Loy, - chidu daj moayo cia banh rang, c§ thé bing chiéu rong
b=y, A, hoic Leri=b;+(5-10) mm; X = (8 - 15 mm) - khe hg giita mit bep
moayo véi thanh trong cia vo hép giam toc (hodc mat bén cia goi d&); W -
chiéu rong ctia thanh vo hop (hoac cia goi diy), 18y theo bang 28.1 dusi day

(trong dé c6 cho gid tri cua f - khoang cich ur dudng tam g6i d3 14 dudng
tAm cha chi tigt duoc 1dp & ddu truc ra).

Déu "gén bing" trong cdng thifc (28-2) nguy ¥ réng tuy timg trudng hop cu
thé, khoang cdch 1 ¢6 the lay 16n hon hoac bé hon mot it.

- f '. !

W
=

X
el |

Ler,

L 7/R

Hinh 28.7. Xic dinh khedng cdch £6i do ciia hop gidm 18¢ binh rang tru
mot cdp (Lo - chiéu daj moayo cua chi tiét 4p & diy tryc).
Bang 28-1. Gis tri cdc dai luong W va § trén hinh 28.7
Momen W ] F | Mémen {w {mm) F Momen | W (mm) | F (mm)

xoin M, | (mm) | (mm) xodn M, : (mm) | xodn M,
{N.m) " {N.m) (N.m)

20-40 | 135.50 60-80 30-55 55-75 | 400-600 45-85 80-115
23-45 | 40.55 80-100 30-60 | 60-80 600-800 | 50-9¢ 90-125

25-50 [ "45-65 100-200 | 30-70 60-90 | 800-1000 55-95 95-135
25-55 | s50-70 200-400 | 40-80 70-105

di
i
I




Vi vay phép tinh chinh x4c truc vé co ban 12 phép tinh d6 bén méi, va phép
tinh d¢ bén mdi & day rot cudc lai 12 xdc dinh he s& an toan bén tinh todn n
d6i véi ti€t dien duoc coi I nguy hiém ctia tryc. Didu kién bén nhu sau:

Dghy

n=—=tto> [n] (28-3)

ng +ny

Trong d6 : [n] = 1,3 - 1,5 - He¢ 56 an toan yéu cdu d€ dam bao vé d6 bén;

va [n] = 2,5 - 4 dé dam bio vé d9 cing vimg; n_va n_lan luot 1a he sd an toan
bén theo ing suat phép va theo ing sut 1i&p:

g = % (28-4)
'—G'ca + Yol
a

T-1

n, = (28-5)
—1511 + Yot

8-; a T'm

Y nghia céc dai lugng trong hai cong thitc trén nhw sau:

6_va 1_; lin luot 12 gidi han méi cia vat li¢u tryc khi chiv uén va chiu

x0dn theo chu ky d6i xing. Theo két qué thy nghiém, cé thé can cf vio tng
suat bén dé 14y: :

- D6i vai thép cécbon: o_] =0,43cp (2_8-6)

- D6i véi thép hop kim: o1 = 0,350 + (70~ 120)N/mm? (28-7)

--Gi6i han mai khi chju xoén T_) ¢4 quan hé véi gi6i han mdi khi chju
udn theo he thi: Ty ~(0,5-0,58)0_ . (28-8)

CarTa V3 Gy, Ty 14n luot 12 bien do ing sudt va ing sust trung binh coa
Ung sudt phip va (ing suat ti€p. Khi tditrong chiéu truc khong 16n, ¢6 thé 14y:
- M, . '
Oy =0y =—; .
w, - (28-9)
O, =0; o
Con d6i véi tng sust tiép thi dugc 18y theo trudng hop bat lgi nhat, dé 1a
khi mémen xoén tren truc thay déi theo chu ky mach dong. Nghia la:
1 M, '

Ta =Tn 2—%=W— . (28-10)
X

Véi M, va M, 12 mémen uén va mémen xodn, W, va W, 1a mo s6 chéng
udn va chéng xoén tai tiet dién dang xét cla truc;

kgva ko 14n Juot 1a he s6 tap trung (ng suét khi uén va khi xoan (bang 28-2);
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€ VA &; ldn luot 1a he s6 ty 1é duon

g sudt xodn (bang 28-3);
" W VA y. l4n Iuot 13 he s6 xét dén anh huéng cia ¥ng sudt trung binh t6i-
d6 bén mai uén va xoin (bang 28-4).

Bang 28-2. He s6 tap trung tn

dang tiét dién truc khac nhau.

g kinh truc d6i v6i (ng sudt uén va

g sudt kg,k, vA mé s6 W,, W, d6i véi cic

Yéu t8 tap trung iing ko | k. Sor dé Ma 56
suat oy @ do W, mm> W, mm’
S 00 21000 | £ 700 > M)
Gée lugn Dfd = 1,25-2 r
. r
Khi =00 2,50 | 350 | 1Lgo | 2.0 ol [ xl? i
0,06 .85 | 2,00 { 140 | (.53 32 15
0,10 160 [ 1aa | 125] 1,35
Ld ngang 3
L 190 | 2,00 | 1,75 { 2,00 2 rsady | My
Khi E:o,us—n,zs iz d 16 d
T
- N .
Ranh ving khi 3002 [ 1901235 | 140 { 1,70 t']_ ! xd® a0
006 | 1,80 | 2,00 | 1.35 | 1.65 ‘ | = 2 16
0,10 170 [ 1,85 | 1,25 | 1,50 0
b -
-
Riinh then 1,75 | 2,00 | 1,50 | 1,90 m®  bd 1) | nd’ _btd—1)?
32 2d 16 2d
d
3 ’ 3
Then hoa ¢hit nhat 160 | 1,75 | 2,45 | 2.80 L nd
g £
32 16
Dai vai then hos loai nhe: £= 1,125
TH: E=1,205: Nang: £=1,265
Then hoa than khai va | 1,60 | 1,75 | 1,50 | 1.60 rd” rd*
irue (bénh) ring "-E 1_6‘
Ren truc vit 2,30 { 2,50 | 1,70 ] 1,90 n‘d“r 1|:d'1r
12 16
Ren 18124 12| 1s - — ) nd?
32 16
Mai ghép cd do doi 24 | 4.6 1.8 | 2,5

Gli chii: Neu c6 nhidu y&u 18 tip trung ing

h¢ s6 k 16n nhit dé dua vio phép tinh.

sudlt tai cing mot ti€t dien thi chi Idy yé&u 16 nio cé
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Bang 28-3. Gid tri cha hé s6ti 1€ €, Vi ¢,

Puimg Kinh truc (mm)

Dang taitrongvaloai | 20 | 30 | 40 | 50 [ 70 [ 100 | 200
vat li¢u
_ . €5 va E,
Ubn d6i véithépcacbon | 092 | 088 | 085 | 081 | 076 | 070 | 061
Ut ddi véi théphopkimva | 0,83 | 077 | 073 | 070 | 065 | 059 | 052
xofin d6i v& moi loai thép. : o

Bang 28-4. Gid tri clia he s6 y;va y,

Gid t1] cua hé s6

Loai thép
Va Yq
Thép cdcbon thdp 0,15 0,05
Thép ciacbon trung binh 0.02 0.10
Thép hep Kim 0,25 0,15

28.7. VI DU TINH TOAN

Tinh truc din ciia hop giam tdc mot cAp banh rang tru rang nghiéng (hinh 28.8a), voi

cic 56 lidu zau:

Cong sudt duge truyén N = 10 kW, 16¢c d0 quay n, = 955 v/ph (=100 rad/s); vat lieu truc: thép 45
thudmg hod, gidi han bén v gidi han chiy o, =360 N/mm?*; dudmg kinh vbng chia cia binh ring lip
trén truc: d,'= 110 mm; chidu dai moayo cia bdnh rang: L., = 80 mm; goc nghiéng clia ring = 10°
truc chiu lyc phu Sy = 0,3 P,, do n6i truc bi mat can bing tao ra (hinh 28.8¢),

Gidi: .

1. Momen xodn duge truyén: M,

2. Luc an khop (xem bing & i€t 28.2):

- Luc ti&p tuyén: Py,

- Luc huéng kinh: Ty; = Py,

- Luc chidu truc: Qj, = PyytgB = 1820tg10° = 1820.0,176=320N;

_N a0}
(l)] 100
5
L = 1820 N:
d, 110
[/ -
tgot = 1820 tg20 =18200’364
cosf cos 0P 0985 -

=670N;

=1 00N.m=100.1*N.mm;

3. Luc phu do ndi truc mét cdn bing gay 1a: Sy = 0,3 P,, =0,3. 1820 =550 N;
4. Khodng cdch giita hai 8 dg [cong thic (28-2)]:

IsLep +2x+ W =80+2.12+56 = 160 mm:

Trong d6 ching ta di 1ay x = 12 mm; W = 50mm theo bang 28-1:

5. Khoing cdch tir giita ndi tryc dén gita & 4@ trdi, theo bang 28.1 chon f = 80 mm;
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4 My» 2000004 1

Hinh 28.8. Truc din ciia hdp giam ld’c bdnh ring try rang ng;hiéng.
6. Phan luc g6i 45 trong mit phing thing dimg (hinh 28.8b):

¥ d o L .. -32055+67080 _, .
MB =—AYI_Q2|T—T2]E=P Ruira. Ay——mo————220N.

d, | . e _320.55+670.30_ .
E M, =—Byl—Qzl-2—-——-T215=0, Rt ra: _BY_T_450N‘

7. Mémen udn trong mat phing thing ditng:

M’y = —A, = = ~220.80 = ~17600 N.mm;
2

M", =~B, ) - _450.80 = ~36000 N.mm;
2
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8. Phin lyc g6i do trong mat phing nim ngang (hinh 28.8¢):
D My =Sy(+H+A1-Py % =0;

Ritra: A, = -550.24:) 6:) 182080 _ o0

3 My =-B,l+Py % +Spf =0;

Rt ra: B;=«m$9:§9=usow;

9. Mémen ubn trong mat phing nim ngang:
M,a = S f = 550.80 = 44000 N.mm:

M, = B, — = 1180.80 = 95000 N.mm;
2

"10. Momen uén tdng hop tai tié’i dién chiu tij lén nhit (tai ndi 1dp banh rang):

My = (M) +(Myy)? = /360007 + 950007 = 102.10*N.mm
1. DBudng kinh ddu truc vio (noi lap ndi truc) theo cong thiic (28-1):

3
dy = 3ot <y 10010 476700 = 26 mm;
02l "V 0230

Dé xét dén ranh then tai noi l4p ndi truc 1am y&u tryc, ldy d, ting 1&n. Theo tiéu chudn
Nhi nude ndi & ti€t 28.4, ldy d, = 28 mm;

12. Liy dudng kinh chd 4p 6 lan d, = 35 mm (nhd rAng d, phai 12 bdi cita 5 va phdi tén
hon d, = 28 mm);

13. L&y dudng kinh doan chuyén 1i¢p t6i chd 14p 8 bi, d,.,= 32 mm (nhé ring d _, phii 16n hon
dy d€ c6 vai tl cho ni tryc, mat khic d, , phai nhd hon d, 88 c6 thé dua vdng bi vao vj tri lip);

14. LAy dwdng kinh truc chd lip bdnh réng d = 36 mm (chd ¥ ting d phii 16n hcm d, dé
¢é thé dua vong bi vao vj trf 14p);

15, Ly dudng kinh vai g&r d, = 44 mm - dé c6 chléu cao vai g&d h cho bénh ring va vong
bi véi h = 3 - 5 mm nhu 45 néi & gt 28.4. .

16. Gidi han méi cha thép 45:
- Khi u8n {cong thitc (28-6)]: o_; = 0,430 =0,43.610=260 N/mm?;
- Khi xodn [cong thitc (28-8)]: 1_ 0,580 _; =0,58.260=150 N/mm*;

17. Ung su4t phdp tai tiét dién c6 lip bdnh rang [cong thuc (28-9)]:

N
g, =a, =h"’lq—g-l0—=26N!mm!; o =0;
W, 3950
Trong 46, theo bing 28-2 ta cé
3 e
W, =Ejdz__b(_(1_a—l')_ : theo TCVN 149-64 vé then bing, vdi d = 36mm ta c6 chiéu rong

rinh then b = 10 mm, chiéu sau rinh then t = 4,5 mm,

736" 104,536 -4,5)°
32 2.36

Do dé: W, = ~ 3950 mm?;
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" lB.'fhg.sua’t ti€p tai i€t dign cé lip bénh ring duoc ldy cho trudmg hop mémen xodn
thay déi theo chu ki mach dong [cong thite (28-10)]:
- _ - Tmax _ Mx .
Ta TI‘I‘I 2 2Wx 1
Trong d6 M, 12 momen xodn tai ti&t dien dang xét, chinh M, trén biéu d6 hinh 28.8, c6
gid tri bang 100.10" N.mm (két qua tinh duoc & diém 1);
Theo bing 28-2 ta cé: ' ’

w o bid-v?  36° 104,536 - 4,5

x = 8570 N.mm:;
16 2d 16 . 2.36
100.10°
Vay: 1, =1, = 58570 6 N/mm;

19. H¢ 56 tap trung éng suat (do rinh then) d8i vGi thép 45 cé < 700 Nfmm?, theo bing
28.1 ta cé: ko =175 vi k, =150;

20. He s6 ti 1¢ khi d = 36 mm, theo bing 28.2 1a c6: £, =086:¢, =074

21. He 56 w, v w, d6i vdi thép cdcbon trung binh, theo bang 28-4 ta c6:
Yy =020y, =0,10;

22. He¢ s6 an todn bén theo img sust phip [cong thife (28-4) :

ng = c a_ - 3 260 =49;
go, YO0 086 26 +0,20.0
23. Hé 56 un todn bén theo Gng sudt iép [cong thitc (28-5)]:
T L B 5 0 _47
;—t—tu +y Ty, m.ﬁ +0,10.6
24. He 6 an todn bén t6ng hop n [cong thikc (28-3)):

Ng0, 49.11,7
n= =
Jni w2 ya92 411,72
25. Két ludn: n=4,6 > [n] = 1,3-1,5 : ruc dam bac an toan vé do bén;
> [n] =2,5-4: Tryc ddm bdo an toan vé dd cing viing.

= 4,6;

CAU HOI ON TAP
1. Cong dung cia truc ? Phan biét truc truyén va truc t4m ?
2. Tryc thudng duge ché tao tir loai vat lieu gl ?
3. Khi dinh ket cdu truc, ¢dn chd y dén van dé gi ? Cho vi duy minh hoa ?

4* Phép tinh vé truc dugc ti€n hanh theo hai giai doan, dé 13 nhitng giai doan gi va
muc dich ciia hai giai doan dé ?

5* Lam lai vi du muc 28.7 v6i N = 12 kW, d, = 120 mm, L, = 90 mm, céc s6 liu khdc gitt
nguyén ? :
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lNTEHNAT!ONAL
GOLD STAR
FOR QUALITY

( TiM BOC GIAC TRINH DUNG CHO CAC THUONG E}AO TAO HE

TRUNG HOC CHUYEN NGHIEP CUA NHA XUAT BAN GIAQ DUC

1. An todn dién

2. K§ thuat dién

3. May dién

4. Ky thuat lap dat dién

5. Dién dan dung va cdng nghiép

6. Cung cap dién

7. Do ludng cac dai lugng dién va khong dien
8. Ky thuat diéu khién dong co dién

9. Pién t& cong sudt

10. Linh kign dién tir va tmg dung

11. Dién tr dan dung

12. Ky thuat s&

13. Ki thuat mach dién tr

14. Ca ki thuat

15. An toan lao déng

16. V& ki thuat

17. Vit ligu va cong nghé cd khi

18. Dung sai I&p ghép va ky thuat do ludng
19, Ky thuat sira chira &5, may nd

20. Céng nghé hin (i thuyét va img dung)
21, Co sd ky thuat cat got kim loai
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Ninh Ditc T6n, Nguyén Thi Xuan Bay
Nguyén T&t Tién, D& Xuan Kinh
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