DAI HOC PA NANG
TRUONG D@l HOC BACH KHOA
KDoA Sd PHAIT KY THEAT

GIAO TRINH

BIER SOAR :
LE CHRG - BO [TOR RGHYER LY - ChJ TIET DAY

s> DA NANG 2006 o=



CHUONG MO PAU
§1. Khai niém vé may va co cau

1. May

M4y Ia tap hop cdc vat thé do con ngudi tao ra, nhim muc dich thuc hién va mé rong céc chifc niang
lao dong.

e Can ct vao chiic nang, c¢6 thé chia mdy thanh cac loai:

a. Mdy ndng luong: dung d€ truyén hay bién doi nang lugng, gom hai loai:

+ May- dong co: bién déi cac dang nang lugng khéc thanh co nang, vi du dong co nd, dong co dién,
tudcbin...

+ M4y bién d6i co nang: bieén déi co niang thanh céc dang nang lugng khéc, vi du may phat dién,
may nén khi...

b. May lam viéc (mdy cong tdc): c6 nhiém vu bién déi hoac hinh dang, kich thudc hay trang thai clia
vat thé (goi 12 may cong nghé), hoic thay ddi vi tri chia vat thé (goi 1a mdy van chuyén).

Trén thuc t€, nhiéu khi khong thé phan biét nhu trén, vi cdc may néi chung déu cé dong co din dong
riéng. Nhitng mdy nhu vay goi 1a mdy t6 hop. Ngoai dong co va bo phan 1am viéc, trong may t6 hop
con ¢6 cdc thiét bi khdc nhu thiét bi kiém tra, theo ddi, diéu chinh... Khi cdc chitc nang diéu khién
ctia con ngudi doi véi toan bod qud trinh 1am viéc ctia mdy déu dugc dam nhan boi cac thiét bi noi
trén, mdy t6 hop tr& thanh mdy tu dong.

c. Mdy truyén va bién doi thong tin, vi du may tinh dién tir...

d. Ngoai céc loai mdy trén day, con nhiéu loai mdy c6 chic nang dac biét nhu tim nhén tao, tay may,
nguoi may...

e Khi phan tich hoat dong clia mot may, c6 thé xem mdy 1a mot hé thong gdm cdc bo phan dién
hinh, theo so do khoi sau:
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+ Bo nguon: cung cap nang luong cho toan may.

+ B chdp hanh: truc ti€p thuc hién nhiém vu cong nghé clia may.

+ Bo bién doi trung gian: thuc hién cc bién déi can thiét tir bo nguén dén bo chap hanh.

+ Bo diéu khién: thuc hién cc thong tin, thu thap cc tin tic 1am viéc ciia mdy va dua ra cac tin hiéu
can thiét dé diéu khién mdy.

2. Co cau

e Trong céc bo phan clia mdy, tap hop céc vat thé c¢6 chuyén dong xdc dinh, 1am nhiém vu truyén
hay bién d6i chuyén dong goi 1a co cdu.

e Theo dic diém cac vat thé hop thanh co ciu, ¢ thé xép cac co ciu thanh céc 16p:

+ Co cau chi gém cac vat ran tuyét doi.

+ Co ciu c6 vat thé dan héi, vi du co cau dung day dai, co ciu c6 10 xo, co cdu dung tic dung clia
chat khi, chat 16ng, co céu di chuyén nho thuy luc.

+ Co céu dung tac dung cua dién tir.
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82. Noi dung va phuong phap nghién citu cia mon hoc Nguyén 1y may

e Mon hoc Nguyén 1y may nghién citu van dé chuyén dong va diéu khién chuyén dong cia co ciu
va mdy. Ba van dé chung cua céc loai co cdu va mdy ma mon hoc Nguyén 1y mdy nghién ctu 1a van
dé vé cdu triic, dong hoc va dong luc hoc.

Ba véin dé néu trén duoc nghién ctiu dudi dang hai bai todn: bai todn phdn tich va bai toan tong hop.
Bai todn phdn tich cdu triic nhim nghién cttu cic nguyén tic cdu tric cha co ciu va kha niang chuyén
dong cua co cau tuy theo cau tric cta no.

Bai todn phdn tich dong hoc nham xac dinh chuyén dong ctia cac khau trong co ciu, khi khong xét
dén anh hudng cua cac luc ma chi can cit vao quan hé hinh hoc cta cac khau.

Bai todn phdn tich dong luc hoc nham xac dinh luc tdic dong 1én co cdu va quan hé giita cic luc nay
v6i chuyén dong ciia co cau.

e Bén canh cic phuong phéap cia mon hoc Co hoc 1y thuyét, dé nghién citu cdc van dé dong hoc va
dong luc hoc cla co ciu, nguoi ta sit dung cac phuong phap sau day:

+ Phuong phép do thi (phuong phap vé - dung hinh)

+ Phuong phép giai tich
Ngoai ra, cdc phuong phdp thuc nghiém ciling c6 mdt y nghia quan trong trong viéc nghién ctu cac
bai todn vé Nguyén 1y mady.

s e T i
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Chuong I :
CAU TRUC CG CAU

81. Khai niém va dinh nghia
1) Khau va chi tiét may

Pistong 3
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Hinh 1.2

Hinh 1.1
e Vidu vé mdy va co cdu
Xét dong co dot trong kiéu pittong-tay quay dugc dung dé bién déi nang luong clia khi chdy bén
trong xi lanh (nhiét nang, h6éa nang) thanh co nang trén truc khuyu (may nay dugc goi la may
nang lugng - hinh 1.1).
Dong co dot trong bao gom nhiéu co cau. Co cau chinh trong may la co céu tay quay-con truot
OAB (hinh 1.2) 1am nhiém vu bién chuyén tinh ti€n cta pistong (3) thanh chuyén dong quay cta
truc khuyu (1).
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* Hinh 1.3 Hinh 1.4
e Khdu va chi tiét mdy
+ May gdém nhiéu bo phan c6 chuyén dong tuong doi doi véi nhau. Mdi bo phan cé chuyén dong
riéng biét nay cia may dugc goi la mot khdu.
Khau c¢6 thé 12 mot vat rin khong bién dang, vat ran bién dang hoic c6 dang day déo.
Trong toan bo gido trinh ndy, trir nhitng trudng hop dic biét, ta xem khau nhu 1a mot vat ran
khong bién dang (vat ran tuyét doi).
+ Khau c6 thé 1a mot chi ti€t may doc Idp hay do mot so chi tiét may ghép ciing lai véi nhau.
Mai chi tiét mdy 12 mot bo phan hoan chinh, khong thé thdo roi nho hon duoc nita ciia mdy.
e Vi du, co cau tay quay con trugt OAB (hinh 1.2) ¢6 4 khau: Truc khuyu (1), thanh truyén (2),
pittong (3) va xi lanh (4) gén lién v6i vO mdy. Trong hé quy chi€u gan lién vé6i khau (4) (vO mdy,
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xi lanh), méi khau c6 chuyén dong riéng biét: Khau (1) quay xung quanh tam O, khau (2) chuyén
dong song phdng, khau (3) chuyén dong tinh tién, khau (4) co dinh.

Truc khuyu thong thudng 1a mot chi ti€t may doc 1ap. Thanh truyén gém nhiéu chi ti€t mdy nhu
than, bac 16t, dau to, bu long, dai 6¢... ghép cing lai v6i nhau.

2) No6i dong, thanh phan khép dong va khép dong

e Bdc tu do tuong doi giita hai khdu

+ S6 bac tu do twong d6i giita hai khau 1a s6 kha niang chuyén dong doc ldp twong d6i ctia khau
ndy do6i v6i khau kia (titc 12 s6 kha nang chuyén dong doc lap ctia khau nay trong mot hé quy
chiéu gan lién véi khau kia).

+ Khi dé' roi hai khéu trong khong gian, giita ching s& c6 6 bac tu do tuong doi.

That vay, trong hé toa do vuong géc Oxyz gan lién véi khau (1), khau (2) c6 6 kha ning chuyén
dong: T,,T,,T, (chuyén dong tinh ti€n doc theo céc truc Ox, Oy, Oz) va Q,,Q,,Q, (chuyén
dong quay xung quanh cic truc Ox, Oy, Oz). Sau kha nang nay hoan toan doc lap v6i nhau (hinh
1.3).

+ Tuy nhién, khi dé roi hai khédu trong mdt phdng, s6 bac tu do tuong doi gifta chiing chi con lai
1a 3: chuyén dong quay Q, xung quanh truc Oz vuong géc véi mat phang chuyén dong Oxy cla
hai khau va hai chuyén dong tinh tién T, ,T, doc theo céc truc Ox, Oy nim trong mat phang nay
(hinh 1.4).

+ S6 bac tu do tuong doi gitta hai khau ciing chinh 12 s6" thong so' vi tri déc ldp cdn cho tréc dé
xac dinh hoan toan vi tri ctia khau nay trong mot

hé quy chiéu géin lién véi khau kia (hinh 1.5).

That vay, dé xdc dinh hoan toan vi tri clia khau 22

(2) trong hé quy chiéu R gan lién vé6i khau (1), z .-
nghia 12 dé x4c dinh hoan toan vi tri ca hé quy ’ 2

chi€u R, gén lién vdi khau (2) so v6i hé quy chi€u v Y2

R, can biét 6 thong so: rfN

+ Ba toa do Xgy, Yoo Zoo cua goc O, cta he quy | .- X

chi€u R, trong hé R. e

+ Ba goc chi phuong a, B,y xdc dinh phuong 1 O A y

chiéu cua vecto don vi €, cua truc O,x, cta hé '
. (R)

R, trong h¢ R.

e Noi dong, thanh phan khop dong, khop dong X X2 Hinh 1.5

+ Dé tao thanh co cau, nguoi ta phai tap hop cic

khau lai v6i nhau bang cach thuc hién céc phép noi dong.

Néi dong hai khdu 1a bat ching tiép xdc v6i nhau theo mot quy cdch nhat dinh trong sudt qua

trinh chuyén dong.

No6i dong hai khau 1am han ché& bét s6 bac tu do tuong doi gitta ching.

+ Cho trén mbi khau ti€p xiic véi khau doc noi dong vé6i né goi 1a thanh phdn khop dong.

+ Tap hop hai thanh phan khép dong cua hai khau trong mot phép ndi dong goi 1a mot khdp

dong.

3) Cac loai khép dong va luge do khép

e Cac loai khop dong

+ Can ctt vao s6 bdc tu do tuong doi bi han ché di khi n6i dong (con goi la sé rang budc cia

khdp), ta phan khép dong thanh cac loai: khép loai 1, loai 2, loai 3, loai 4, loai 5 1an lugt han ché

1,2, 3,4, 5 bac tu do tuong doi.

Khong c6 khép loai 6, vi khép nay han ché 6 bac tu do tuong doi gitta hai khau, khi d6 hai khau

12 ghép ciing v6i nhau. Khong c6 khép loai 0, vi khi d6 hai khau dé rdi hoan toan trong khong

gian (lién két gitta hai khau ldc nay dugc goi 1a lién két tu do).

+ Can ctt vdo ddc diém tiép xiic ciia hai khdu khi n6i dong, ta phan khép dong thanh céc loai:

Khép cao: néu thanh phan khép dong 1a céc diém hay céc duong. Khdp thdp: néu thanh phin

khép dong 1a cac madt.

e Vidu vé khop dong
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+ Vi du 1: Cho hinh tru tron xoay (khau 1) tiép xiic v6i tam phang (khau 2) theo mot dudng sinh,
ta duoc mot khép dong (hinh 1.6). S6 bac tu do tuong d6i bi han ché di 1a 2 (hai chuyén dong
Q,.T, khong thé xay ra vi khi d6 hinh tru khong con tiép xidc véi tdm phang theo dudng sinh
nita). Khép dong nay 1a khop loai 2. Thanh phan khép dong trén khau 1 1a duong sinh AA’ cua
né hién dang ti€p xdc v6i mat phang clia khau 2. Thanh phan khép dong trén khau 2 13 doan
thang BB’ hién tring v6i dudng sinh AA’. Thanh phin khép dong 1a cdc dudng nén khép dong
nay la mot khép cao.
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Hinh 1.6 ™\ | Chot 3
.- Ranh4 Hinh 1.7
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Hinh 1.8 : Khép cdu c6 chét AY .
AY : 7L
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y4 X
<___ —_—— R
1 B
«2~ " Hinh 1.9 : Khép trugt 2

Hinh 1.10 : Khép quay
+ Vi du 2: Hai hinh cau tiép xidc v6i nhau (hinh 1.7) cho ta mot khép dong. S6 bac tu do tuong

doi bi han ché di la 3 (han ch€ ba chuyén dong T,,T,,T, ), nén day 1a mot khép céu loai 3. Thanh
phan khép dong 1a cdc mat cau, do vay khdp ciu néi trén 1a mot khép thap.

+ Vi du 3: Khdp cdau c6 choét (hinh 1.8): Khac v6i khdp cu loai 3 trén day, trén khau 2 cta khép
cau nay c6 gan thém chot 3, trén khau 1 ¢6 xé ranh 4. Khi d6, khau hai chi con hai kha niang
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chuyén dong tuong d6i so véi khau 1: chuyén dong quay Q, xung quanh truc x va chuyén dong

quay Q, xung quanh truc y. Khép nay han ché 4 bac tu do twong doi, do vay 1a khép loai 4.

Thanh phan khép dong la cdc mat cau nén day 1la mot khép thap.

+_Vi du 4: Khop tinh tién (khdp truot — hinh 1.9): s6 bac tu do twong déi bi han ché di 1a 5 (chi dé
lai chuyén dong tinh ti€én T, ) nén khép trugt 12 khép loai 5. Thanh phan khép dong 1a cac mat

phéng, nén khép truot 1a mot khép thap.

+ Vidu5: Khdp quay (khép bdn 1é — hinh 1.10): s6 bac tu do
tuong d6i bi han ché€ di 1a 5 (chi d€ lai chuyén dong quay Q, )
nén khdop quay 1a mot khép loai 5. Thanh phan khép dong la céac
mat tru tron xoay A va cdc phan mat phang B, nén day 12 mot
khép thap.

o Vi du 6: Khop vit (vi du vit me-dai 6¢c — hinh 1.11): khau 1 ¢6
hai kha niang chuyén dong tuong doi so vé6i khau 2, d6 1a hai
chuyén dong T, va Q,. Tuy nhién hai khd nang chuyén dong
nay phu thuoc 1an nhau (khi git vit me c6 dinh va xoay dai 6c
mot géc nao dé quanh truc Oz thi dai oc s€ tinh ti€n mot khoang
xdc dinh doc theo truc Oz). Do vay khdp vit 1a khép loai 5. Thanh
phan khép dong 1a cac mat ren vit nén day 1a mot khép thép.

e Luoc do khop

Trén thuc t&, két cdu khau va khép rat phitc tap. D€ thuan tién

Vit me 1

Hinh 1.11: Khép vit

Pai oc 2

cho viéc nghién cittu cic bai todn vé co ciu, ngudi ta biéu dién cdc khép dong khac nhau bing cic

lugc d6 quy udc.
Luogc d6 mot s6 khdp thong dung:

Khdép cau
(khép thap, loai 3)

(Khép thép, loai 4)

Khép tinh tién
(khép thap, loai 5) —

Khép cau c6 chot p/
[
(.

Khép ban 1&

(kh6p thép, loai 5) /3\ \d Al

Khép vit
(khép thép, loai 5) —N\ N —

Khép cao phang (khép banh riang
phéang, khép cam phang...)
(kh6p cao, loai 4)

4) Kich thuée dong ctia khau va luge do khau

+ Kich thuoc dong cua khdu 1a cac thong s6 xac dinh vi tri tuong doi giita cac thanh phan khép

dong trén khau.

Vi du, thanh truyén (2) trong dong co dét trong (hinh 1.1) dugc néi vé6i tay quay (1) va véi
pittong (3) bang cac khdp quay, cdc thanh phian khép dong trén thanh truyén 1a cdc mit tru trong
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c6 duong truc song song vGi nhau. Kich thudc dong cua thanh truyén 1a khoang o———
cach |, gitta hai dudng truc cua cac khép quay.

+ Mbi khau c6 thé ¢c6 mot hay nhiéu kich thudc dong.

Vi du, khau 3 trén hinh 1.17 dugc no6i dong véi ba khau 6, 2 va 4 bang cac khép
quay B, C, E. Khau 3 c¢6 ba kich thudc dong, d6 la khoang cach truc lgc, lpg, Ipc I,
gifta cac khdp quay.

+ Khau dugc biéu dién bang cac luge do goi 1a lugc do dong ciia khdu, trén d6
thé hién cdc kich thuéc dong cuia né va lugc d6 cac khép dong néi né véi céc
khau khac.

Vi du luge d6 dong cuia khau thanh truyén (2) trong dong co dot trong cho trén o—
hinh 1.12. Hinh 1.12

5) Chuoi dong va co cau

e Chuoi dong

+ Chudi dong 1a tap hop cdc khau duge noi véi nhau bang cdc khép dong.

+ Dua trén cau tric chudi dong, ta phan chudi dong thanh hai loai: chudi dong hd va chudi dong
kin.

Chubi dong hd 1a chudi dong trong d6 cac khau chi duge néi véi mot khau khac.

Chudi dong kin 1a chudi dong trong d6 méi khau dugc noi it nhét véi hai khau khéc (cc khau tao
thanh cdc chu vi khép kin, méi khau tham gia it nhat hai khép dong).

+ Dua trén tinh chat chuyén dong, ta phan biét chudi dong khong gian va chudi dong phang.
Chudi dong khong gian c6 céc khau chuyén dong trén cdc mat phang khong song song véi nhau,
con trong chudi dong phdng, tit ci céc khau chuyén dong trén nhitng mat phang song song véi
nhau.

Z
A
3 ) 3
2
4 1
4 y
1 P
Hinh 1.13 Hinh 1.14 /:’;; Hinh 1.15
VA
A
2 7
3
2 1
Z
; -
7 N
6 O s 1 -
1 o
£°x
Hinh 1.16 Hinh 1.17 Hinh 1.18

+ Vi du, chudi dong trén hinh 1.13, ¢6 4 khau n6i nhau bang 3 khép quay va 1 khép truot, cac
khép quay cé duong truc song song véi nhau va vuodng géc véi phuong trugt cua khdp truot, do
d6 ca 4 khau c6 mat phiang chuyén dong song song véi nhau. Hon nita mdi khau trong chudi
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dong noi dong vé6i 2 khau khac, nén chudi dong néi trén 1a mot chudi dong phdng kin. Tuong tu,
chudi dong trén hinh 1.14 ciing 1a chudi dong phang kin.

Chubi dong trén hinh 1.15 gém 4 khau, n6i nhau bang 3 khép quay ¢6 dudng truc vuong goc voi
nhau timg déi mot, do d6 cdc khau chuyén dong trong cic mat phang khong song song v6i nhau.
Mic khéc, khau 3 va khau 4 chi dugc néi v6i mot khau khiac nén day 1a mot chudi dong khong
gian ho.

e Co cdu

+ Co céu 1a mot chudi dong, trong dé6 mot khau duge chon lam hé quy chiéu (va goi la gid), céc
khau con lai c6 chuyén dong x4c dinh trong hé quy chi€u nay (va goi la cic khdu dong). Thong
thuong, coi gia la cd dinh.

Tuong tu nhu chudi dong, ta cling phan biét co cdu phdng va co cdu khong gian.

+ Vi du, chon khau 4 trong chudi dong phéng kin hinh 1.13, khau 6 trong

chubi dong phang kin hinh 1.14 1am gid, ta duoc cdc co ciu phiang. Chon

khau 4 trong chudi dong khong gian hd hinh 1.15 1am gi4, ta c6 co céu 1

khong gian.

Hinh 1.16: co cau tay quay con truot dung dé bién chuyén dong quay cua )
khau 1 thanh chuyén dong tinh tién ctia khau 3 va ngugc lai. Hinh 1.17: co

cau 6 khau phang st dung trong mdy sang lic, dung dé bién chuyén dong Hinh 1.19

quay cta khau 1 thanh chuyén dong tinh tién qua lai ctia con trugt 5. Hinh

1.18: co cdu tay may ba bac tu do.

+ Co céu thuong dugc tao thanh tir chudi dong kin. Co cau dugc tao thanh tir chudi dong hd nhu
co cdu tay may (hinh 1.18), co cau roto may dién (hinh 1.19).

§2. Bac tu do cua co cau

1) Khai niém bac tu do cua co cau

+ S6 bac tu do clia co cdu 1 s6 thong so vi tri doc 1ap can cho trudc dé
vi tri ctia toan bo co cdu hoan toan xac dinh.

S6 bac tu do clia co cau ciing chinh bing s6 quy luat chuyén dong can
cho truéc dé chuyén dong clia co ciu hoan toan xac dinh.

+ Vi du: Xét co cau bon khau ban 1€ ABCD (hinh 1.20) gém gid c6
dinh 4 va ba khau dong 1, 2, 3. Néu cho trudc thong s6 ¢, = (AD, AB)
dé xdc dinh vi tri cha khau 1 so véi gid thi vi tri clia co cdu hoan toan Hinh 1.20

xdc dinh. That vay, do kich thudc dong 1, da cho trudc nén vi tri diém

B hoan toan xac dinh. Do diém D va cdc kich thuéc 1y, 1o, da cho trudc nén vi tri diém C va do
d6 vi tri cdc khau 2 va 3 hoan toan xéc dinh. Néu cho truéc quy luat chuyén dong ctia khau (1) :
@, = @,(t) thi chuyén dong cua céc khau 2 va 3 s& hoan toan xac dinh. Nhu vay co cau bon khau
ban 1€ ¢6 1 bac tudo: W =1

2) Cong thirc tinh bac tu do cta co cau

e Xét co cdu gom gid c6 dinh va n khau dong.

Goi :

W, : tong s6 bac tu do cta cac khau dong cta co ciu khi d€ roi nhau trong hé quy chi€u gin lién

vl gia.
R : tong s6 céc rang buodc do cac khép trong co cau tao ra.
Khi d6 bac tu do clia co cau sé bang: W =W, -R
Do mdi khau dong khi dé roi s& c6 6 bac tu do nén téng sd bac tu do clia n khau dong:
W, =6n
Pé tinh bac tu do ciia co cdu, can tinh R.
e Dai v6i cic co cau ma luoc do khong cé6 mot da gidce nao cd, tic 1a khong c¢6 khép nao 1a khop
dong kin (vi du co cau tay may hinh 1.18), sau khi n6i n khau dong lai véi nhau va véi gia bang p;
khép loai j, tong s céc rang buodc bing: R = Z jp; (mdi khép loai j han ché j bac tu do tuong
i

d6i, nghia Ia tao ra j rang buoc).
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Do dé6: W =6n->" jp, (1.1
i

Vi du, véi co cau tay may (hinh 1.18): n = 3, p; = 3 (ba khdp quay loai 5) =W =3.6—-(3.5)=3.
e D0i véi cdc co cu ma luge d6 1a mot hay mot so da gidc dong kin, hoac doi v6i mot s6 co cau
c6 cdc ddc diém vé hinh hoc, ta phai xét dén cac rang budc tring va rang budc thira trong cong
thic tinh bac tu do. Khi doé:
W =6n- (z Jpj - Rtrung - Rthua) (12)

i

Ngoai ra, trong s cdc bac tu do dugc tinh theo cong thitc (1.2), ¢6 thé c6 nhitng bac tu do khong
c6 y nghia d6i v6i vi tri cac khau dong trong co cau, nghia la khong anh huéng gi dén cau hinh
ctia co cau. Cac bac tu do nay goi 1a bdc tir do thira va phai loai di khi tinh toan bac tu do cua co
céu.

Tém lai, cong thitc téng quat dé tinh bac tu do:

W =6n-— (Z Jp] - Rtrung - Rthua) _Wthua (13)
i

VGi: Ryt sO rang budc trung; R, : sO rang budc thura; W, : s6 bac tu do thura.

3) Cong thitc tinh bac tu do cua co cdu phang

e V6i co ciu phang, ngay khi con dé roi nhau trong hé quy chi€u gan lién véi gid, cac khau
duoc xem nhu nim trén cling mot mat phang (hay trén cdc mat phing song song nhau). Do d6
tong so bac tu do clia n khau dong: W, =3n

Goi Oxy la mat phang chuyén dong ctia co cdu thi cdc bac tu do T,,Q,,Q, clia mdi khau da bi
han ché.

Moéi khép quay c6 truc quay Oz vuong géc véi mat phang Oxy chi con han ché hai bac tu do 1a
chuyén dong tinh tién T, va T, .

Mbi khép truot c6 phuong truot nim trong mat phang Oxy (hinh 1.21) chi con han ché hai bac tu
do 1a chuyén dong quay Q, va chuyén dong tinh tién T, trong mat phang Oxy theo phuong
vuong gbéc véi phuong truot.

Mai khdp cao loai 4 nhu khép banh rang phang, khép cam phéng (hinh 1.22) chi con han ché
mot bac tu do 1a chuyén dong tinh tién T, trong mat phang Oxy theo phuong phdp tuyén chung
cta hai thanh phan khdp cao.

yA yA

v
v

Hinh 1.21: Khdp truot Hinh 1.22: Khép cao phang

Trong co ciu phang thudng chi diing ba loai khép trén nén téng s6 cdc rang buoc do cic khép
trong co cau phang taora: R=2p, +p,

Nhu vay, bac tu do ctia co céu : W =3n—-(2p,+ p,) (1.4)
Thong thudng c6 thé diing cong thiic (1.4) dé tinh bac tu do clia co céu.

Vi du, co cau 4 khau ban 1€ phéng (hinh 1.20): n=3; p,=4; p,=0=> W=33-(24+0)=1
Tuy nhién, ké dén cac rang buoc triing, rang budc thira va bac tu do thira, cong thifc tdng quét dé
tinh bac tu do ctia co cdu phang nhu sau:
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W =3n-— (2 Ps + P, — Rtrung - Rthua) _Wthua (15)

e Vidu vé rang buéc triung:

Trong co cdu phang, rang buoc triing chi ¢6 tai cdc khép déng kin clia da gidc gébm 3 khau néi
v6i nhau bang 3 khdp truot.

Vi du xét co cau trén hinh 1.23. Gia str 1ay khép B 1am khép dong kin. Khi n6i khau 1, khau 3 va
khau 2 bing cic khép A va C, khau 2 khong thé quay tuong doi so véi khau 1 quanh truc Oz, tic
la c6 mot rang budc gidn tiép Q, gitta khau 1 va khau 2 (hinh 1.24). Khi néi truc tiép khau 1 va
khau 2 bang khép dong kin B, khép B lai tao thém rang budc Q,. Nhu vay, & day c6 mot rang
bugc trung: R, =1.

Tém lai, bac tu do cua co cau (n =2, ps =3, p, = 0):
W =3n-(2p;+p,—Ry,q) =32-(2.3-1) =1.

trung

3 . 3
LI/ 777777777. Z
Hinh 1.23 Hinh 1.24

e Vidu vé rang budc thira:

By 2 5 By 2 &
C C
! 5 3 1 5 3
A W\JF4 D A W\JF'4 D

Hinh 1.25 Hinh 1.26

Xét hé cho trén hinh 1.25: n = 4, p; = 6. Bac tu do ctua hé tinh theo cong thic (1.4):
W =3n-(2p,+ p,) =3.4—(2.6+0) =0. biéu nay c6 nghia hé¢ da cho la mot khung tinh dinh.
Tuy nhién néu thay déi cdu tric hé nhu hinh 1.26 véi kich thu6c dong thdéa man diéu kién:
Lig = lop = lggs Le = Iy lge = 1, thi hé s& chuyén dong duoc va thuc su 1a mot co céu, tic 1a bac
tu do thuc cua hé phai 16n hon 0.

Diéu nay dugc giai thich nhu sau: Khi chua n6i khau 2 va khau 4 bang khau 5 va hai khép quay
E, F thi hé 12 mot co cAu bon khau ban 1€ phang c6 bac tu do W = 1, ¢6 luge d6 13 mot hinh binh
hanh ABCD. Do dic diém hinh hoc clia co cau, khoang cdch gitta hai diém E ctia khau 2 va diém
F ctia khau 4 véi 1, = I luon luon khong déi khi co cau chuyén dong. Thé ma, viéc néi diém E
ctia khau 2 va diém F ciia khau 4 bing khau 5 va hai khép quay E, F chi nhim muc dich gitt cho
hai diém E va F cdch nhau mot khoang khong d6i, nén rang budc nay Ia thira. Miac khdc, khi
thém khau 5 va hai khép quay E, F vao co ciu sé tao thém cho co cdu mot bac tu do bang (n = 1,
ps=2): W=3n-(2p,+p,)=3.1-(2.2)=-1, tic 1a tao ra mot rang budc. Nhu vay s6 rang

budc thira trong trudng hop nay s€ bang: R, =1.
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Toém lai, bac tu do ciia co cau: W =3n—-(2p, + p, —Ry,.) =34—-(2.6+0-1) =1.

e Vidu vé bdc tu do thira:

Trong co ciu cam cén lic ddy lan (dung dé bién
chuyén dong quay lién tuc clia cam 1 thanh
chuyén dong lac qua lai theo mot quy luat cho
truéc cua can 3 - hinh 1.27),tacé:n=3, p, =3

con lan 2

(ba khép quay loai 5); p, =1 (mot khép cam
phang loai 4). Bac tu do clia hé tinh theo cong
thic (1.4): W=33-23+1)=2.

Tuy nhién, bac tu do ctia co cdu : W = 1, bdi vi
khi cho cam quay déu thi chuyén dong clia cin
hoan toan xdc dinh. O day c6 mot bac tu do Hinh 1.27: Co ciu cam cin

thira: W,,,, =1, d6 1a chuyén dong cua con lan lac ddy lan

7777777 -
0,

cam 1

xung quanh truc cua minh, béi vi khi cho con lan
quay xung quanh truc ndy, cau hinh cia co cau hoan toan khong thay doi.
Tém lai, bac tu do ciia co cau: W =3n—-(2p, + p,) —W,,,, =3.3-(2.3+1)-1=1.

hua

4) Khau dan - Khau bi dan - Khau phat dong

e Khdu dan

Khau dén 12 khau c¢6 thong s6 vi tri cho truéc (hay néi khic di, c6 quy luat chuyén dong cho
trude).

Vi du trong co céu 4 khau ban 1é hinh 1.20, khau din 1a khau 1 ¢6 quy luat chuyén dong
@, =@, (t) cho trudc.

Thong thuong, khau dan dugc chon 1a khau n6i véi gid bang khép quay va chi can mot thong s6
dé xac dinh vi trf ctia n6. Thé ma, so bac tu do clia co cau 12 s6 thong sd vi tri can cho trudc dé vi
tri clia co céu hoan toan xac dinh, do d6 thong thudng co cau c¢6 bao nhiéu bac tu do s€ can co
bay nhiéu khau dan.

e Khdu bi dan

Ngoai gid va khau dan ra, cac khau con lai doc goi 1a khdu bi dan.

Khdi niém khau dan, khau bi dan khong ¢6 y nghia d6i v6i cdc co cau robot. Trong cic co ciu
ndy, khong c6 khau nao ma chuyén dong hoan toan phu thudc vao chuyén dong ctia mot hay mot
s6 khau khéc, chuyén dong ctia méi khau dugc diéu khién bing mot kich hoat riéng biét.

e Khdu phat dong

Khau phét dong 12 khau duoc ndi truc ti€p v6i nguon nang lugng lam cho mdy chuyén dong. Vi
du, v6i dong co dét trong hinh 1.1, khau phat dong 1a pittong. Con khau dan thudng dugce chon 1a
khau c6 van toc géc khong déi hay theo yéu ciu 1am viéc phai c6 van toc géc khong déi, & day
chon truc khuyu lam khau dan.

Khau phét dong c6 thé tring hay khong tring v6i khau din, tuy nhién thong thudng ngudi ta
chon khau dan tring v6i khau phat dong.

§3. Xép hang co cau phang

1) Nhom Atxua — Hang cua nhém

e Nhom tinh dinh :

Xét co cidu bon khau ban 16 ABCD (hinh 1.28). Tach khoi co cadu khau dan 1 va gia 4, s& con lai
mot nhém gém hai khau 2 va 3 ndi v6i nhau bang khép quay C (hinh 1.29). Ngoai ra trén moi
khau con mot thanh khép va duoc goi 1a khdp cho: khép cho B va khép cho C. Nhu vay nhom
con lai gébm c¢6 hai khau (n = 2) va ba khép quay (ps = 3), bac tu do cia nhém: W=3.2-23=0.
Pay 1a mot nhém tinh dinh vi khi cho trude vi tri clia cac khép cho thi vi tri cta khép trong C
hoan toan xac dinh.
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Nhém tinh dinh 12 nhém c6 bac tu do bang 0 va khong thé tach thanh cdc nhém nho hon ¢6 bac

tu do bang 0.

VI

Hinh 1.28 Hinh 1.29

e Hang cua nhom tinh dinh :
+ Nhoém tinh dinh chi ¢6 hai khau va ba khép duoc goi 1a nhom Atxua hang 1I.
C6 nam loai nhém Atxua hang II nhu sau (hinh 1.30):

ﬁﬁf&f

QQQ
Hinh 1.30

Nhom gbém cé hai khau va ba khép truot khong phai 1a mot nhém tinh dinh vi bac tu do cua
nhém bang 1.

+ Nhom Atxua co hang cao hon I1:

Né&u cac khop trong cua mot nhom tinh dinh tao thanh mot da giac thi hang cia nhém Atxua
dugc 1ay bang s dinh clia da gidc, néu tao thanh nhiéu da giac thi hang cia nhom 14y bing s6
dinh cta da gidc nhic¢u dinh nhat.

Vi du co cau trén hinh 1.31 ¢6 thé tach thanh khau din 1 n6i gi4 bing khép va mot nhém tinh
dinh BCDEG (hinh 1.32). Cac khép cho la khép B, E, G. Cac khép trong 1a C, D, E. Nhém nay ¢6
mot da giac khép kin 1a CDF c6 ba dinh nén la nhém hang II1.

. E
Hinh 1.31 Hinh 1.32

e Hang cua co cdu:

+ Co célu hang I 1a co cdu ¢6 mot khau dong noi véi gid bang khdp quay, vi du co céu roto may
dién.

+ Co ciu c6 s6 khau dong 16n hon 1 ¢6 thé coi 1a t6 hgp cia mot hay nhiéu co cdu hang I véi mot
s6 nhom Atxua. Néu co cdu chi ¢c6 mot nhém Atxua thi hang cta co cau la hang cia nhém. Néu
co ciu c¢6 nhiéu nhém Atxua thi hang clia co cau Iy bang hang ciia nhém Atxua c6 hang cao
nhat.
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Vi du co cau trén hinh 1.31 1a co cau hang II1.
Viéc x€p hang co cdu c¢6 y nghia thiét thuc trong viéc nghién cttu cic mot s6 bai tinh dong hoc
va luc hoc cua co cdu.

BAI TAP CHUONG I :

Bai 1: Tinh bac tu do clia co ciu dong co dot trong kiéu chit V (hinh 1.33).

Bai 2: Tinh bac tu do ctia co ciu vé& dudng thang ctia Lipkin (hinh 1.34).

Cho : 1,p = Ligs Ipp = Ipc = g = lgss 1ar = lgg

Bai 3: Tinh bac tu do cua co cau chuyén dong theo quy dao cho trude (hinh 1.35).
Bai 4: Tinh bac tu do clia co cdu vé& dudng thang (hinh 1.36).

Cho lgp = g = lips lep = lop = 1.961gp; lpp = Igg

BAI GIAI :

Bai 1:

S6 khau dong: n= 5

S6 khop loai 5 (khdp thap): ps =7 (5 khép quay A, B, C, D, E va 2 khdp trugt C,E)
S6 khdp loai 4 (khdp cao): p, =0

= W =3n-(2p;+ p,) =35-(2.7+10) =

Bai 2:

S6 khau dong: n= 7

S6 khép loai 5 (khép thap): p, =10 (10 khép quay: tai A c6 2 khép quay vi cé 3 khau noi dong
v6i nhau, tai B c¢6 2 khdp quay, tai C c¢6 1 khép quay, tai D ¢6 2 khép quay, tai E c6 2 khép quay,
tai F c6 1 khép quay).

S6 khép loai 4 (khép cao): p, =0

= W =3n-(2p,+ p,) =3.7-(2.10+1.0) =

Hinh 1.33 Hinh 1.34

Bai 3:

S6 khau dong: n= 5

S6 khép loai 5 (khép thap): p; =5 (4 khép quay: A, B, C, D; 1 khép truot G)
S6 khép loai 4 (khép cao): p, =2 (2 khép cao tai E va F)

= W=3n-(2p;+p,)=35-(25+1.2) = W =3

Trong co cdu néi trén ¢6 2 bac tu do thira: W, ., =2, d6 1a chuyén dong quay cta con lan 3 va

con lan 4 quanh truc cua minh.
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Tém lai, bac tu do cua co ciu:

G

5

1

A
EI E ‘

B con lan 3
: ) D
N R
F
Hinh 1.35 con lan 4

Bai 4:

S6 khau dong: n =6

S6 khép loai 5 (khép thap): p, =9 (1 khép quay tai A, 1 khép quay tai B, 2 khép quay tai C, 1
khép quay tai D, 1 khép quay tai E, 1 khép quay tai F, 1 khép quay tai G, 1 khép truot tai H.

S6 khép loai 4 (khép cao): p, =0

=>W=3n-(2p,+p,)=36-(29+1.0) = W=0

Tuy nhién, do dic diém hinh hoc ctia co ciu, nén khi chua néi diém C trén khau 3 véi gid bing
khau 6, khép quay C va khép truot H thi diém C trén khau 3 van chuyén dong tinh tién theo
dudng thang ding. Viéc noi diém C trén khau 3 v6i gid bang khau 6, khép quay C va khép truot
H ciing chi ¢6 tdc dung lam cho diém C trén khau 3 chuyén dong tinh tién theo phuong thang
dimg. Do vay rang budc nay la rang buoc thira. Mic khdc, viéc n6i diém C trén khau 3 véi gid
bing khau 6, khép quay C va khép trugt H tao nén s6 bac tu do bing
W =3n-(2p;+p,)=3.1-(2.2+1.0)=-1 (véin =1, ps =2, p,=0), tic la tao nén 1 rang budc
= S6 rang budc thua: R, =1

Tém lai, bac tu do cia co cdu: W =3n—-(2p,+ p, —Ry.) =3.6-(29+1.0-1) =
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Chuong 11 : .
PHAN TiCH DONG HOC CO CAU PHANG

e Noi dung bai toan phan tich dong hoc co cau:

So'liéu cho trudc:

+ Luoc do6 dong cta co cau

+ Khau din va quy luat chuyén dong ctia khau dan

Yéu cdau:

X4c dinh quy luat chuyén dong clia co cau

e Bai toan phan tich dong hoc co cau bao gobm ba bai todn :

+ Bai toan vi tri va quy dao

+ Bai todn van toc

+ Bai toan gia toc

e C6 nhiéu phuong phdp khac nhau dé giai bai toan phan tich dong hoc co cau. Chuong nay chi
yéu gidi thiéu phuong phap hoa d6 (phuong phap vé - dung hinh).

§1. Bai toan vi tri (chuyén vi) va quy dao

e S0 liéu cho trudc
+ Luoc do dong cta co cau
+ Khau dan

e Yéu cau

+ Xdc dinh quy luat chuyén vi clia cac khau bi din theo géc quay ¢ clia khau dan:
- Quy luat chuyén vi s = s(¢) néu khau bi din chuyén dong tinh tién
- Quy luat chuyén vi w = (¢) néu khau bi dan chuyén dong quay

+ Quy dao clia mot diém bat ky trén co ciu

e Vidu

» So'liéu cho trudc:

+ Luoc d6 dong cua co ciu tay quay- con trugt (hinh 2.1)
+ Khau dan 1a khau AB

» Yéu cdu:

+ Xdc dinh quy luat chuyén vi s = s(¢) ctia con truot C

+ Xéc dinh quy dao ctia diém D trén thanh truyén BC

» Cdch xdy dung do thi s = s(p)

+ Dung vong tron tam A, béan kinh 1,;. Chia vong tron (A, 1,;) thanh n phan déu nhau bang cac
diém B, , B, , ..., B..

+ Vong tron (B, l,.) cit phuong truot Ax clia con truot C tai diém C..

Chon vi tri C, clia con trugt C tuong Gng véi vi tri B, clia diém B lam goc dé xac dinh s. Chiéu
duong dé xdc dinh s 1a chiéu ngugc chiéu Ax. Chon Ax Iam g6c dé xac dinh géc quay ¢ cla

khau din AB. Chiéu duong dé xac dinh s 1a chiéu quay cta @,. Khi dé s, =C,C, 1a chuyén vi
cta con trugt C ting véi goc quay ¢, = )@E ctia khau dan AB.

+ V6i cdc cap (¢,,s;) khdc nhau, ta xay dung duoc do thi chuyén vi s=s(¢) cua con trugt C
theo géc quay ¢ cua khau dan AB (hinh 2.1).

> Cdch xdy dung quy dao cua diém D trén thanh truyén BC

+ Khi dung céc vi tri BC; clia thanh truyén BC, ta dung cdc diém D, twong ting trén BC..

+ No6i cac diém D, nay lai, ta duoc quy dao (D) ctia diém D (hinh 2.1).

Puong cong (D), qu§ dao ctia mot diém D trén thanh truyén BC duoc goi 1a duong cong thanh
truyén.
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Vi co céu chuyén dong c6 chu ky 13 véi chu ky bing ® = 27 (sau mot vong quay cta khau din
AB, co céu trd vé vi trf ban dau) nén quy dao cua diém D 1a dudng cong kin. Chu ky ® duoc goi
la chu ky vi tri hay chu ky dong hoc cua co cau.

6!
. - —— o
AN Hinh 2.1: Hoa do chuyén
\ \ Vi ctia co cdu va do thi
\ 2 .
N chuyén vi s(@)
m
s(p) | 'mm
_____________________ T __
____________________ -
| | |
| | |
| | |
L JI_ : 5
___________________ -
T T
I S N
R R
I R
I S
I R
I T
I | I | | I
S e e e B
S I | | | | | |
1 T »
G, : h ! l l l L
0 11 3 4 5 6 7
X 2% I 8
b, | [Rad
<> Ky | ——
| mm
e Ghi chu:

+ Hinh v& biéu dién vi tri twong d6i gifta cdc khau dng véi céc vi tri khdc nhau ctia khau dan AB
duoc goi 1a hoa dé chuyén vi clia co cau.

Hinh v& biéu dién vi tri twong doi giita cdc khau tng v6i mot vi tri x4c dinh cua khau din AB
duoc goi 1a hoa do co cdu.

+ Khi dung hoa d6 chuyén vi clia co cdu, ta da dung mot ty xich 1a g4 xdc dinh nhu sau:

Gid tri thyc clia kich thuée 1, { m }

* Kich thuéc ctia doan biéu dién  AB| mm
Tuong tu nhu trén, cdc truc s va ¢ cla do thi chuyén vi s=s(p) ciing c6 ty xich lan luot 1a

m N Rad
He| —— | Va ly| — |-
mm mm

§2. Bai toan van toc

H

e S0 liéu cho trudc

+ Luogc do dong cta co cau

+ Khau dan va quy luat van téc ctia khau dan
e Yéu cau
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Xac dinh van toc cua tt ca cac khau ctia co cdu tai mot vi tri cho trude.

e Vidul

» So'liéu cho trudc:

+ Luoc do dong ctia co cau bon khau ban 1€ ABCD

+ Khau dén AB c6 van téc géc 1a @, v6i @, = hang s6

» Yéu cdu:

Xdc dinh van toc cua tat ca cdc khau cua co céu tai vi tri khau dan c6 vi tri x4c dinh bang géc ¢,

(hinh 2.2)
b

MG

.\-
\'\ (A)

Hinh 2.2: Co cdu bon khdu bdn 1é f

) Hinh 2.3: Hoa do vdn toc
» Phuong phdp gidi bai todn vdn toc

+ Van toc cua mot khau coi nhu dugc xac dinh néu biét hodc van toc goc cua khau va van toc dai

ctia mot diém trén khau d6, hodc van téc dai cha hai diém trén khau. Do vay véi bai toan di cho,

chi can xac dinh van toc \7C cta diém C trén khau 2 (hay trén khau 3).

+ Dé giai bai todn van tdc, ta cin viét phuong trinh van toc.

Hai diém B va C thuoc cing mot khau (khau 2), do d6 phuong trinh van t6c¢ dugc viét nhu sau:
Ve =V, +V, 2.1)

Khau AB quay xung quanh diém A, do d6 van toc V, vuong géc véi ABva Vg = ol . .

Vs 12 van t6c tuong doi clia diém C so véi diém B: Vi, L BC va Vg, = @,ly. . Do gid tri clia @,

chua biét nén gia tri clia V; 12 mot 4n s6 cia bai toan.

Piém C thuoc khau 3, khau 3 quay quanh diém D, do d6: V., L DC va V. = @], . Do gi4 tri ctia

®, chua biét nén gia tri ctia V;, 1a mot 4n s& clia bai todn.

+ Phuong trinh (2.1) ¢6 hai 4n s6 va c6 thé gidi duoc bang phuong phap hoa do nhu sau:

Chon mot diém p lam goc. T p v& pb biéu dién \73- Qua b, v& dudng thang A song song véi

phuong cua \7CB' Tré vé goc p, v& dudng thang A’ song song véi phuong clia \7C . Hai duong A

va A’ giao nhau tai diém c. Suy ra ring pc biéu diénV. , vecto bc biéu dién V., (hinh 2.3).

+ Hinh vé& (2.3) goi 12 hoa do vdn téc cia co cau. Diém p goi 12 goc hoc do.

Tuong tu nhu khi v& hoa d6 co cu, hoa dé van téc ciing dugc v€ véi ty xich 1a g, xdc dinh nhu

sau:

_ gidtrithucciavantoc Vg | m
kich thu6c ctia doan biéu dién  pb| mm.s
Do cédc doan pc va be trén hoa do van toc, ta c6 thé xdc dinh gid tri cua cac van toc V. va Vg

Vel - s [rr‘;—f:‘]. pelmm]; Voo = 4, [Tn—insl.bc[mm]
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+ Cdch xdc dinh vdn toc géc cua khdu 3 va khdu 2
L Ve V,
Tacé: w,=—vaw, =—%
CD IBC
Chiéu clia @, vd @, dugc suy tir chiéu ctia V, va Vg, (hinh 2.2).
+ Cdch xdc dinh vdn téb\7E ciia mot diém E trén khdu 2 :
Do hai diém B va E thudc cing mot khau (khau 2), ta c6 phuong trinh van toc:
V. =V, +V, (2.2)

Ve, 1a van téc tuong doi ctia diém E so véi diém B: Vi, L BE va Vg, = ol .
Phuong trinh (2.2) ¢6 hai 4n s6 1a gid tri va phuong clia V. nén c6 thé giai bing phuong phip
hoa d6 nhu sau: Tir b vé be biéu diénV,, . Suy ra ring pe biéu diénV. .
+ Hai diém C va E ciing thuoc cing mot khau (khau 2), do d6 ta c6: Vi =V, +V. v6i Vi, 1a
van toc tuong doi cta diém E so v6i diém B. Mic khéc, tir hinh 3.3 ta thdy: pe= pc+ce. Thé
ma pc bidu diénV,, pe biéu dién V. . Do vay ce biéu dién V...
e Nhdn xét vé hoa do vin toc
+ Trén hoa d6 van toc (hinh 2.3) ching ta thdy rang:

Céc vecto ¢6 goc tai p, mut tai b, c, e... biéu dién van t6c tuyét doi cua cc diém tuong ing trén
co cdu: pb biéu dién V,; pc biéu diénV, ; pe biéu diénV. ...

Cic vecto khong c6 géc tai p nhu be, be, ce biéu dién van t6c tuong doi giita hai diém tuong
ting trén co ciiu: be biéu dién V., ; be biéu dién V,, ; ce biéu dién V. ...
+ Dinh ly dong dang thudn:
Hinh néi céc diém trén cing mot khdu déng dang thuan vé6i hinh néi mit cdc vecto van toc tuyét
doi clia céc diém d6 trén hoa d6 van toc.
That vay, ba diém B, C, E thudc ciung khau 2 (hinh 2.2). Miit clia cdc vecto van t6c clia cdc diém
B, C, E lan luot 1a b, ¢, e. Vi BC Lbc (hayV.,);BE Lbe (hayV.); CE Lce (hayV..)
nén aBCE ~abce. Mac khic, thi tu cdc chit B, C, E va b, ¢, e déu di theo cing mot chiéu nhu
nhau: hai tam gidc BCE va bce dong dang thuan véi nhau.
Dinh ly dong dang thuan duoc 4p dung dé x4c dinh van téc ciia mot diém bat ky trén mot khau
khi da biét van t6c hai diém khac nhau thuoc khau do.
Vi du x4c dinh van t6c ctia diém F trén khau 3 (hinh 2.2): Do ba diém C, D, F cung thuoc khau 3
va miit clia cac vecto van toc cltia cdc diém C, D Ian lugt 1a ¢ va d = p nén khi vé tam gidc cdf
trén hoa do6 van toc sao cho tam gidc cdf dong dang thuan vé6i tam gidc CDF trén co céu thi ﬁ
s& biéu dién van toc V.. clia diém F (hinh 2.3).
+ Dang hoa d6 van téc chi phu thudc vao vi tri co cdu (hay néi khac di, chi phu thudc vao géc

Vo @, Vo o

quay ¢, cta khau dan), do d6 céc ty s6: <&, —= —2 ... chi phu thudc vao vi tri co cau,
w w0 0 0

R/ V 0, o V. V 0,
nghiala: £ =—L(¢); —2=—2(p,);—<=—(p);—==—(,) ...
w @ @, @ w0 0

e Vidu2

» S0 liéu cho truoc

+ Lugc do dong cta co cau bon culit (hinh 2.4)

+ Khau dén AB c6 van téc géc lam, véi @, = hang s6

> Yéu cau

Xéc dinh van toc cla tit ca cdc khau clia co cau tai vi tri (thoi diém) khau din c6 vi tri x4c dinh
bang géc ¢, .

e Gidi
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+ Do hai khau 1 va 2 n6i nhau bang khép quay nén van téc diém B, trén khau 1 va diém B, trén
khau 2 bang nhau: \7Bl =\7Bz . Do khau 2 va khau 3 n6i nhau bang khép trugt nén @, = @,. Do

vy, d6i v6i bai todn nay, ta chi cin tim van t6c V, cua diém B, trén khau 3.

Hoa do gia toc

Hoa do vin téc

Hinh 2.4: Co cdu culit

+ Hai diém B, va B, thuoc hai khau khac nhau n6i nhau bang khép truot, do d6 phuong trinh van
toc nhu sau:

Vg, =V, +Ves, (2.3)
Do \7Bz =\7B1 va khau 1 quay xung quanh diém A nén \7Bz =\7B1 LABvaVy =V, =a)l .
\7|33Bz 12 van toc trugt twong doi ctia diém B, so v6i diém B,: \7BSBZ song song véi phuong truot clia
khép truot B. Gid tri cua \7B3B2 12 mot 4n s6 cla bai todn.
biém B, thuoc khau 3, khau 3 quay quanh diém C, do do: \7B3 1L CB va Vg =, Do gid tri
cua @, chua biét nén gid tri clia \783 12 mot 4n s6 cha bai toan.
+ Phuong trinh (2.3) ¢6 hai &n s6 va c6 thé gidi dugc bang phuong phdp hoa d6 nhu sau:
Chon mot diém p lam goc. Tix p vé& pT)2 bi€u dién \7Bz =\7B1 . Qua b,, v& duong thing A song song

vGi phuong clia \7B3Bz (ttic 12 song song véi BC). Trd vé goc p, vé dudng thang A’ song song véi
phuong cua \783 (ttc 12 vuong géc v6i BC). Hai dudong A va A' giao nhau tai diém b,. Suy ra
ring pb; biéu dién V, , b,b; biéu dién V,; (hinh 3.4).

§2. Bai toan gia toc

e So liéu cho trudc

+ Luoc do6 dong cta co cau

+ Khau dan va quy luat van toc, quy luat gia t6c ctia khau dan

e Yéu cau

Xdc dinh gia t6c cua tat ca cac khau cua co cau tai mot vi tri cho trudc.

e Vidul
» S0 'liéu cho trudc:
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+ Lugc d6 dong cuia co cau bon khau ban 1€ ABCD (hinh 2.5).

+ Khau dén AB c6 van t6c géc @, v6i @, = hiang s6 (tdc 1a gia toc géc cua khau 1: g =0)

» Yéu cdu:

Xdc dinh gia toc cua tat ca cac khau clia co cdu tai vi tri khau dan c6 vi tri xdc dinh bang géc ¢,
(hinh 2.5).

» Phuong phdp gidi bai todn gia toc
+ Gia str bai toan van téc da giai xong.
+ Gia t6c¢ ciia mot khau coi nhu dugc xéc dinh néu biét hodc gia t6c dai clia hai diém trén khau
do, hodic van toc goc, gia toc géc ctia khau va gia toc dai clia mot diém trén khau dé. Do vay, véi
bai todn da cho, ta chi can xdc dinh gia téc d; cta diém C trén khau 2 (hay trén khau 3).
+ Dé giai bai todn gia toc, ta cin viét phuong trinh gia toc.
Hai diém B va C thuoc cing mot khau (khau 2), do dé phuong trinh van toc duoc viét nhu sau:
d; =8 +ac

Hay: d. =d, +al +a, (2.4)
Do khau 1 quay déu xung quanh tam A nén gia t6c 8; cla diém B huéng tr B vé A va
8y = @l g -
de 12 gia toc tuong doi cta diém C so véi diém B.

V 2
%, 1a thanh phan phdp tuyén clia 8., : agy = @il =—2 va a7, huéng tir C vé B.

BC

dgp 12 thanh phén ti€p tuyén clia 8., @ ag; = &,lyc va a;; L BC.

T
=t
‘t\ dcs

Hinh 2.5 : Co ciu bon khau ban 1€

Hinh 2.6 : Hoa do gia toc
Mac khéc do khau 3 quay quanh tam D nén ta c6:

d, =al +4a (2.5)
Trong do6 :
V 2
a. la thanh phan huéng tam cla gia t6cd. cua diém C: a8 hudng tit Cvé D, a; = oyl = I—C
DC
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d: 12 thanh phan ti€p tuyén cla gia t6cd; : d; L DC va a; =&, . Do & chua biét nén gid tri
ctia 8. 1a mot 4n s6 cla bai todn.
Tu (2.4) va (2.5)suyra:

a.+al=a.=a,+a +a, (2.6)
+ Phuong trinh (2.6) c6 hai 4n s6 va c6 thé giai bing phuong phdp hoa d6 nhu sau: Chon diém 7
1am géc. Tt 7z v& zb" biéu dién &, . Qua b’ v& b'n,, biéu dién &7, . Qua n, v& dudng thing A
song song Vv6i dg, . Trd vé gbc 7, v& vecto zNe biéu dién a2 . Qua n. v& dudng thing A'song
song véi &' . Hai dudng thdng A va A' giao nhau tai ¢’. Suy ra ring zC' biéu dién &, , n.C'biéu
dién &. (hinh 2.6).
+ Hinh vé& (2.6) goi 12 hoa do gia toc cha co cau. Piém 7 goi 12 goc hoc do.
Tuong tu nhu khi v& hoa d6 van tdc, hoa do gia toc ciing dugc v€ véi ty xich 1a g, xac dinh nhu
sau:

a

3 gia tri thuc cua gia toc " m
kich thudc ctia doan biéu dién  7zb'[ mm.s®

Do doan zc' trén hoa d6 gia tdc, ta ¢ thé xdc dinh gid tri cua gia téc & :

m m/s?
—1= ¢’ Tmm
N S K L
+ Cdch xdc dinh gia toc goc cua khdu 3 va khdu 2:

t t
Ta co: &, :% vae, :?C—B.
CD BC
Chiéu clia &, va &, dugc suy tir chiéu cua d; va ag;.
+ Cdch xdc dinh gia toc@; ciia mot diém E trén khdu 2:
Do hai diém B va E thuoc cling mot khau (khau 2), ta c6 phuong trinh gia téc:
a. =a, +al, +a, (2.7)
Trong do6 :
dg; la gia toc twong d6i ctia diém E so véi diém B.
V 2
ag 12 thanh phan phdp tuyén cla 8, : agg = @)l ==
BE
dgy 12 thanh phén tiép tuyén cla 8y, : g = &,y va 85, L BE.

va ag; huong tir E vé B.

Phuong trinh (2.7) ¢6 hai 4n s6 12 gid tri va phuong clia d: nén c6 thé gidi bang phuong phap
hoa do nhu sau: T b’ vé& b'ng, biéu dién &°, . Qua ng, v& Nze’ bidu dién &', . Suy ra ring 7ze’
biéu dién & (hinh 2.6).

+ Hai diém C va E cling thudc cang mot khau (khau 2), do d6 ta ¢6: 8 =a, + 8. v6i ag 1a
van toc tuong doi cua diém E so véi diém C. Mic khéc, tir hinh 3.7 ta thdy: 7e'=7zc'+c'e'. The
ma ze' biéu dién &, zC' biéu dién &.. Do vayc'e' bi€u dién 8. (hinh 2.6).

e Nhdn xét vé hoa do gia toc

+ Trén hoa d6 gia toc hinh 2.6 ching ta thdy rang:
Cédc vecto ¢6 goc tai 7, mit tai b, ¢, e... biéu dién gia t6¢ fuyét doi clia céc diém tuong Gng trén

co cdu: zb' bi€u dién &y ; 7#C' biéu diénd, ; 7€' biéu diénd; ...

Cic vecto khong ¢6 goc tai 7 nhu b'c’, b'e', ¢'e' biéu dién van toc tuwong doi giita hai diém
tuong Gng trén co cau: b'c’ bi€u dién d.,; b'e’ bi€u dién d,; c'e’ biéu dién & ...

+ Dinh ly dong dang thudn:
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Hinh néi cdc di€ém trén ciung mot khdu déng dang thuan véi hinh noi mut cdc vecto gia toc tuyét
doi clia céc diém d6 trén hoa do gia toc.
That vay xét ba diém B, C, E thuoc cung khau 2 (hinh 2.6). Miit clia cdc vecto gia téc clia cdc

t
diém B, C, E lan luot 1a b’, ¢’, e’. Ta co: tg(b'—c',m) = af]B =€22|—B°=8—22=tga hay
acg Wl @
tg(b'c’, BC) =tga. Tuong tu: tg (b'e’, EB) =tga va tg(c'e’,EC) =tgea . Diéu d6 c6 nghia la céc
canh b’c’, b’e’, ¢’e’ clia tam gidc b’c’e’ da lan luot quay di mot géca theo ciing mot chiéu so
vGi céc canh tuong tng CB, EB, EC cta tam gidc BCE, nén hai tam gidc BCE va bce dong dang
thuan véi nhau.

e Vidu2

» S0 liéu cho truoc

+ Lugc do dong cua co cau culit (hinh 2.4)

+ Khau dén AB c6 van téc géc @, v6i @, = hiang s6 (tdc 1a gia toc géc cua khau 1: g =0)

» Yéu cdu:

Xdc dinh gia toc cta tit ca cdc khau cua co cau tai vi tri khau dan c6 vi tri xdc dinh bang géc ¢,.

» Gidi
+ Do hai khau 1 va 2 n6i nhau bing khép quay nén gia toc diém B, trén khau 1 va diém B, trén
khau 2 bang nhau: &, =4, . Do khau 2 va khau 3 n6i nhau bang khép trugt nén o, =@, va

&, = &;. Do vy, d6i v6i bai todn nay, ta chi can tim van toc &, cla di€m B, trén khau 3.

+ Hai diém B, va B, thuoc hai khau khdc nhau néi nhau bing khép truot, do d6 phuong trinh gia
toc nhu sau:

1 = =k =T
8y =8y t+dzp +azp (2.8)
Trong do6 :

Do &, =&, va khau 1 quay déu xung quanh diém A nén ds, =d; hudng tr B vé A,
2
8y, =8 =

dg s, 12 van toc truot twong doi clia di€m B, so véi diém B,: 8, song song véi phuong truot clia

| ag -

khép truot B. Gia tri cua éngz 12 mot 4n so cia bai todn.
k

a la gia t6c Coriolit trong chuyén dong tuong d6i cta khau 3 so v6i khau 2:
B;B,
é;ggz =2w, /\\7%52 , phuong chiéu cua égng dugc xdc dinh nhu sau: 1dy \75332 quay 90° theo chiéu
9 k
cla @,, 8gg =20\Vgp -
Mic khdc, diém B, thugc khau 3, khau 3 quay quanh diém C, do do:
= _=n , =t
a, =4 +a, 2.9)
Trong do6 :

2

dg, 1a thanh phdn huéng tam ctia &, : d; hudng tir Bvé Cvaag = w;l, = Ve,

CB

ééz 1a thanh phan tiép tuyén cua d; : éés 1CB va at,33 =&l . Do gid tri cua &, chua biét nén
gid tri cha & 12 mot dn s6 clia bai todn.
Tu (2.8) va (2.9) suy ra:

8y, +85 =8, =8, +a5, +ag, (2.10)

+ Phuong trinh (2.10) ¢6 hai 4n s6 1a gid tri clia 8, va clla 8y, nén c6 thé gidi dugc bang

phuong phap hoa d6 nhu sau: Chon mot diém 7z 1am goc. Tit 7 vé& zb," biéu dién dy . Quab,’
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v& b,'k biéu dién 5'5382. Qua k vé duong thing A song song Véi agng tic la song song véi
phuong truot clia con trugt B. Trd végoc 7, vE zn,  bi€u dién &g . Qua ng, vé duong thang A
song song voi phuong cta éés titc 12 vuong géc v6i CB. Hai dudng A va A’ giao nhau tai diém
by’. Suy raring 7zb," biéu dién &, , kb, biéu dién &, , Ny b," bidu dién &, (hinh 2.4).
Phuong phap phan tich dong hoc trén day duoc goi 1a phuong phdp hoa do vecto, thudng dugc st
dung rong rii cho cic co cu phang ma trong dé tat ca khép dong déu 1a khép thap: khép quay va
khép trugt (va dugc goi 1a co cAu phing toan khép thap).

e s s i

Bai tap chuong II :

Bai 1:

V& hoa do van toc va hoa do gia toc cua co ciu va xac
dinh van t6c¢ gbc, gia tdc goc ctia khau 3 tai vi tri ¢

@, =120°. Cho biét: I, =2l,; =2l =2l,, =0.1m;
@, =10rad /s = hang s6 (hinh 2.7)

Bai 2:

V& hoa do van toc va hoa do gia toc cua co ciu va xac
dinh van toc¢ goc, gia toc goc ctia khau 3 tai vi tri co

@, =60°. Cho biét: I, =2l,; =2l., =2l,, =0.1m; Hinh 2.7
@, =10rad /s = hang s6 (hinh 2.8)
Bai 3:

Tinh van t6c va gia toc diém F trong co cdu mdy sang lic néu tay quay quay déu véi van t6c goéc
@, =20Rad /s tai vi tri AB va CD thang ding, BC nim ngang. Cho biét kich thudc c4c khau:

L =loe = loe :IB7C:ID7F:O,1m (hinh 2.9).

R

Hinh 2.9 :

Hinh 2.8 :

BAI GIAI :
Bail:
+ Phuong trinh van tdc :

Ve =V, +Vg (2.11)
Véi: Vy, LAB;V, =al,

Veg L BC; Vg = @)le

V. L DC

Phuong trinh (2.11) ¢6 hai 4n s6 va c6 thé gidi duoc bang phuong phap hoa do.
Hoa d6 van téc nhu trén hinh 2.10.
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Tir hoa d6 van tdc, suy ra:
V. =V; =V = a@l,z =10.0,05=0,5m/s

@ _ Ve =£=10rad/s
0,05

, =—C
IDC !
Chiéu quay cua @, nhu trén hinh 2.10.
+ Phuong trinh gia toc :
d.+al =d, =d, +al, +a, (2.12)
Vé6i: & hudng tir Bvé A; a, = o/l = (10)>.0,05=5m/s’

2 2
a7, huéng tir C vé B; aly = w?ly. =\I/ﬂ= (0651) =2,5m/s?
BC !

é:(t:B 1BC; act:B = &lgc
a2 huéng tr C vé D; &l = w’l,. = (10)>.0,05=5m/s’
a. L DC; ag =&l

Phuong trinh (2.12) ¢6 hai 4n s6 va c6 thé gidi bang phuong phdp hoa dé.
Hoa d6 gia toc cho trén hinh 2.10.
5V3

a;v/3 B 5V3
3.0,05

—==2,88m/s* va ¢, = =57,7rad /s

Tir hoa do gia t6c suy ra: agg = 3 3

t
A
IDC

Hoa do6 van toc c Hoa d6 gia toc

Bai2:
+Taco: \7BS :\7BZ va @, = @,.
Phuong trinh van toc :
Vg, =Vg +Vge (2.13)
Véi: \7Bl LAB; Vg =alyg; \7BZBI Il AB; \7BZ =\7B3 LCB; Vg =Vg =yl

Phuong trinh (2.13) ¢6 hai 4n s6 va c6 thé gidi bang phuong phap hoa d6. Hoa d6 van toc nhu
trén hinh (2.11).Tr hoa d6 van toc suy ra:
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Vg, =Vp, =2V, =23 =2.10.0,1=2m/s; Vy 5 =V,

?—&:\@m/s

2
VB3 2 PN 92 N N 9 7 ~
@, =—=—=20rad /s; chiéu cua @, suy tur chiéu ctia V,_ (hinh 2.11)
ls 01 :
+ Phuong trinh gia toc :
8y +85 =8, =8, =8, +ay, +a5, (2.14)

V6i: &, huéng tir Bvé A, a, = afl,, =(10)°.0,1=10m/s?

ag g =Ngp o = 2+/3.10 = 204/3m/s?, chiéu cla 85 12 chiéu cla V,, quay di 90°
theo chiéu w,; a5 // AB

ag huong tr Bvé C, ag = w;l =(20)°.0,1=40m/s*; @, L CB; ay =&,le
Phuong trinh (2.14) ¢6 hai 4n s6 va c6 thé giai bang phuong phdp hoa d6. Hoa dé gia toc nhu trén
hinh (2.11).Tir hoa d6 gia t6c suy ra égz =0dod6 &,=0.
\783 :\782

Hoa d6 gia toc

phuong clia &

phuong clia &g

Hoa d6 van téc

Bai 3:
+ Co cau mdy sang lac bao gom khau dan 1va hai nhém tinh dinh hang II. Nhém gan khau dan
gom hai khau 2 va 3 va ba khép quay B, C, D (khdp cho 1a khép B va khép D). Nhom xa khau
dan gém hai khau 4 va 5 va ba khép : 2 khdp quay E, F va 1 khép truot F (khép chd 1a khép quay
E va khép truot F).
Bai todn van toc dugc giai cho nhém gan khau dan trudc, sau d6 d€n nhom xa khau dan.
+ Hai diém C va B thudc cuing khau 2, ta c6:

V. =V, +V, (2.15)
Giai phuong trinh (2.15) bang phuong phép hoa do, ta suy dugc van toc \7C .

Dua vao dinh 1y déng dang thuan, ta suy duoc van téc V. clia diém E trén khau 3.
Hai diém F va E thuoc ciing khau 4, ta c6:

Vo =V, +V, (2.16)
Giai phuong trinh (2.16) bing phuong phap hoa dé, ta suy duoc van téc V.. .
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Hoa d6 van téc nhu trén hinh 2.12.
Tudésuyra: V. =Vg; V. =V, =@l =20.0,1=2m/s
=g Ve Ve 2
Ve =V :70 va V. =V, =7C=E=lmls
Vg =0; Ve =0; @0,=0; @,=0
+ Hai diém C va B thudc cuing khau 2, ta c6:
a.+al=a.=4a,+a +a, (2.17)
Ve 2
Vé6i: a, =l =(20)°.0,1=40m/s*; al, =0; al =—S=—=20m/s’
lo,e 0.2
Giai phuong trinh (2.17) bang phuong phép hoa do, ta suy dugc van toc & .
Dua vao dinh ly dong dang thuan, ta suy dugc gia toc a; cta diém E trén khau 3.
Hai diém F va E thuoc cung khau 4, ta co6:

a, =a. +ar +a;, (2.18)
L . a
Véi : aE:7C;aEE=O

Giai phuong trinh (2.18) bang phuong phép hoa do, ta suy duoc gia toc dc .
Hoa d6 gia t6¢ nhu trén hinh 2.12.

a. _al 20 a. 10

T désuyra: a. =—<=-<="—=10m/s*; a, =—="—=5m/s?
2 2 2 2

E
2
phuong &', phuong a'.

phuong &

N =c’ phlIO'l’lg é(t:

Phuong ctia V.
Phuong cua V.

Phuong clia Vg

Phuong cua Vi Hoa d6 gia toc

Hoa d6 van téc

,—
b’=ngg

Ghi chi : Khi vé hoa d6 van toc trong hai bai tap trén, can luu ¥ rang hoa d6 co cau, hoa dé van
toc va gia toc c6 cac hinh dang dac biét, do vay ta khong can st dung ty xich ma chi st dung
quan hé giita cdc canh trén hoa dé d€ tinh todn gid tri clia van toc va gia toc.

N i e
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Chuong I1I:
PHAN TiCH LUC CO CAU PHANG

81. Luc tac dung trén co cau

Khi lam viéc co cu chiu tic dong clia cac ngoai luc sau :
1) Ngoai luc

e Luc phdt dong : Luc tir dong co dat trén khau dan cua co cau thong qua mot hé truyén
dan. Luc phat dong thuong c6 dang mot momen luc va ky hiéu la M b-

e Luc can ky thudt : Luc tir d6i tuong cong nghé tac dong 1én bo phan lam viéc cua may.
Luc céan k¥ thuat 12 Iuc can khiac phuc dé thuc hién quy trinh cong nghé clia mdy, luc nay
duoc dat trén mot khau bi dan cta co cau.

Vi du luc cat tac dong 1én cdc dung cu trong cdc may cat got kim loai, luc can cla dat tac
dung lén ludi cay trong mdy cay, trong luong cdc vat can di chuyén trong mdy nang
chuyén... Luc can k§ thuat duoc ky hiéu 1aP. hay M. .

e Trong luong cdc khdu : Néu trong tam cac khau di 1én thi trong lugng c6 tac dung nhu
luc can, nguogc lai néu trong tam di xuong thi trong luong c6 tac dung nhu luc phat dong.
Trong luong khau th i dugc ky hiéu 12 G, .

2) Luc quan tinh

Ngoai ngoai luc, trén cdc khau chuyén dong c6 gia toc con ¢6 luc quén tinh. Luc quén tinh
ky hiéu 1a P, , cdn momen lyc quan tinh ky hieu [a M.
3) Phan luc khép dong

e Dudi tac dong cua ngoai luc va luc quan tinh, trong
cac khép dong clia co cau xudt hién cac phan luc khop
dong.

e Phan luc khép dong 1a luc tir moi thanh phan khép
dong tac dong lén thanh phan khép dong dugc noi véi
no6 trong khép dong. Phan luc khép dong tir khau thit i
tdc dung lén khau thé j duge ky hieuR; .

e Trong moi khép dong bao gio ciing ¢c6 mot doi phan
luc khép dong truc doi véi nhau: Néu khau 1 tic dong
lén khau 2 mot luc ﬁlz , thi khau 2 s€ tdc dong lén khau
1 mot luc R,, v6i R, =—R,, (Hinh 3.1).

e Phan luc khép dong gém hai thanh phan:

+ Ap luc khdp déng : Thanh phan khong sinh cong trong chuyén dong tuong déi gitta cic
thanh phan khép dong. Ap luc khép dong vuong géc véi phuong chuyén dong tuong doi.
Ap luc khép dong tir khau thit i tic dung 1én khau thit j duoc ky hiéu 1a Nij .

+ Lyc ma sdt : Thanh phan sinh cong am trong chuyén dong tuong d6i. Luc ma sit song
song v6i phuong chuyén dong tuong déi (hodc xu huéng chuyén dong twong doi). Luc ma
sat tir khau thit i tic dung lén khau thtt j dugc ky hiéu la If-j . Luc ma sat trong khép dong

la mot luc can c¢6 hai, cong clia luc ma sat lam néng va lam mon cac thanh phan khép.
§2. Noi dung, so liéu cho trudc va gia thiét caa bai toan phan tich luc co cau

1) Sé liéu cho trudc va cac gia thiét cua bai toan phan tich luc co cau

e So'liéu cho trudc

+ Luoc d6 dong clia co cau, khau dan va van téc géc @, cua khau dan
+ Céc ngoai luc tic dong l1én cac khau

Bai giang Nguyén 1y may, Chuyén nganh Co khi ché’tao  Lé Cung, Khoa Su pham K5 thudt 27



+ Céc thong s6 quan tinh gom:
Khéi lugng m; va vi tri trong tm S, ciia mdi khau
Momen quan tinh J doi véi trong tam clia cac khau chuyén dong quay.

e Cdc gid thiét cua bai todn phdn tich luc co cdu

+ Khi phan tich luc trén khau dan, ngudi ta thuong gia thiét khau dan quay déu, tic 1a c6
van téc goc bang hdng so.

+ Mat khac, cac khép dong thuong dugc boi tron day du nén gia tri luc ma sat trong khép
dong thuong kha nho so véi gia tri ap luc khép dong tuong tng, do vay khi giai bai toan
phan tich luc nguoi ta thuong bo qua luc ma sat, nghia 1a dong nhat ap luc khép dong véi
phan luc khép dong.

+ Dai v6i co cau phing, dé bai toan phan tich luc duoc don gian, ta gia thiét cic luc tac
dung 1én co cdu nim trong cling mot mat phing song song v6i mat phiang chuyén dong clia
co cau.

e Noi dung cuia bai todn phdn tich luc co cdu

Bai todn phan tich luc co cau bao gom céc van dé sau:

+ Phan tich luc trén khau bi dan, cu thé 1a x4c dinh 4p luc tai cac khép dong trong cdc
nh6m tinh dinh cua co cau.

+ Phan tich luc khau dan, cu thé 1a xdc dinh luc hay momen luc can phai dat trén khau dan
dé bao dam cho khau dan c6 van t6c bing hing nhu da gia thiét. Luc vd momen luc néi
trén 1an luot duoc goi 12 luc cdn bdng ky hiéu 1a P, vA momen can bing ky hiéu 1a M .
Ngoai ra, con phai xac dinh ap luc tai khép dong néi khau dan véi gia.

§2. Nguyén tac va trinh tu giai bai toan phan tich luc co cau

1) Nguyén ly Dalambe

e Ap luc khép dong 12 noi luc d6i véi co cdu. DE lam xuat hién cdc luc ndy trong cong
thic tinh todn, ta phai hinh dung tich cdc khGp dong ra. Tai mdi thanh phan khép dong
duoc tach ra, ta dat phan luc tuong tng.

Vi du trong co ciu 4 khau ban 1€ (hinh 3.2), khi hinh dung tach cac khdp B, C, D ra, ta phai
dat tai cdc thanh phan khép dong B, C, D cic phan luc tuong tng: N,;; Ny, ;Na,; Ny N,
(hinh 3.3).

e Khi co cdu chuyén dong, cdc khau néi chung c6 gia toc, hé Iuc gom ngoai luc va cdc 4p
luc dat trén cdc thanh phan khép cua n6 khong phai 14 mot hé luc can bang. Nhu vay khong
thé viét cdc phuong trinh can bang luc dé giai tim ap luc khép dong.

Tuy nhién, theo nguyén ly Dalambe, néu ngoai cac ngoai luc va cac ap luc tai cac thanh
phan khép dong trén khau, néu thém vao d6 céac luc quan tinh va momen luc quan tinh cta
khau va coi ching nhu 1a nhitng ngoai luc thi s& duoc mot hé luc can bang. Khi d6 c6 thé
viét cac phuong trinh can bing luc cha tinh hoc cho khau va giai dé xdc dinh cdc 4p luc
khép dong.

2) Piéu kién tinh dinh ciia bai toan phan tich ap luc khép dong

Hinh 3.2 :
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e Khi viét phuong trinh can bang luc cua tinh hoc, néu chiing ta viét cho titng khau mot,
thi s6 phuong trinh can bang luc ¢6 thé nho hon s6 4n can tim. Vi du v6i khau 3 trong co
céiu 4 khau ban 1& (hinh 3.3) thi s6 4n s6 12 4 (phuong va gia tri clia céc luc N, ;N,;), s6
phuong trinh can bang luc bang 3 (2 phuong trinh hinh chiéu va 1 phuong trinh momen).

Vi vay can phai viét phuong trinh can bang luc cho mot nhém cdc khdu bi dan ké nhau thi
s6 4n s6 mdi c6 thé bing s6 phuong trinh can bang luc lap duoc.

e Xét moOt nhém gém n khdu bi dan ké nhau, trong d6 c6 ps khép loai 5 va p, khép loai 4
(ké ca cac khép cho cia nhém).

D6i v6i co cdu phang, ta thudng gap cdc khép thap loai 5 1a khép quay, khép trugt va cic
khép cao loai 4 nhu khép banh rang phiang, khép cam phéng.

+ Dai v6i khdp quay (hinh 3.4a), do dp sudt giita cac thanh phan khép quay dong quy tai
tam quay O ctia khép, do d6 ap luc N ciing di qua tam quay O. D€ xac dinh ap luc N trong
khép quay, can xéc dinh gié tri ciaN va géc a xdc dinh phuong cta N .

+ Dai v6i khép truot (hinh 3.4b), do dp suét gitta cdc thanh phan khép déu vuong goc véi
phuong truogt xx, do d6 ap luc N trong khép truot ciing vudng géc véi phuong truot xx. DE
xdc dinh 4p luc N trong khop truot, cdn xdc dinh gid tri ciia N va thong s6 x xdc dinh diém
dat ctaN .

Nhu vay, 4p luc tai méi khép dong loai 5 (khép quay, khdp truot) ting véi hai 4n s6 ciia bai
todn phan tich luc.

+ Doi v6i khép cao (hinh 3.4c), 4p luc N ¢6 diém dit 12 diém tiép xic M cta hai bién dang,
c6 phuong song song v6i phuong phap tuyén chung nn tai M, do d6 dé xac dinh N chi cén
xdc dinh gid tri cia N, tic 12 4p luc tai méi khép dong loai 4 tng v6i hai 4n s6 cla bai
todn phan tich luc.

. b) Khdp tinh tién
a) Khop quay ) Khop ¢) Khép cao

Hinh 3.4 :

Nhu vay s6 4n s6 can tim d6i v6i nhém néi trén 1a 2p, + p, .

Vi v6i méi khau (xem nhu 12 vat ran tuyét doi) ta viét dugc 3 phuong trinh can béang luc (2
phuong trinh hinh chi€u va 1 phuong trinh momen), nén s6 phuong trinh can bang luc lap
duoc bang 3n.

Dé giai duoc bai toan phan tich luc, s6 phuong trinh can bang luc 1ap dugc phai bang s6 4n
s can tim, titc 14 phai ¢6 diéu kién :

3n-(2ps+p,)=0 (3.1)
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e Tém lai dé giai duoc bai todn phan tich luc ta phai xét dong thdi cdc khau, cac khép
trong mot nhém tinh dinh. Diéu kién (3.1) dugc goi 1a diéu kién tinh dinh clia bai todn phan
tich 4p luc khép dong.

3) Trinh tu va vi du giai bai toan phan tich ap luc khép dong

e So liéu cho truéc
- Luoc d6 dong clia co cau tay quay con trugt
- Khau dan 12 khau 1, van téc géc khau dan bang @, véi @, = hang s6
- Ngoai luc tdc dong lén cic khau:
Khau 2 chiu tic dong cta luc F32, momen M , va trong luong Gz
Khau 3 chiu tic dong cta luc |33 , momen M3 va trong luong (§3.

- Khoi luong m,, vi tri khoi tam S, va momen quén tinh Jg d6i véi trong tam cia moi khau.

e Yéu cau
Giai bai toan phan tich ap luc khép dong tai vi tri dang xét cua co cau (hinh 3.5)

B -
. R
! 2
1
4
A g X

. “
P Khdu dan

Hinh 3.5a : Co cdu tay quay - con trugt Hinh 3.5b :

Khau (3) N, I~.

Khau 2) /g i
) Hinh 3.5d: Hinh 3.5¢ : Hoa d6 luc cua co cdu

Hinh 3.5c¢:
a) Tinh luc trén cac khau bi dan

Dé phan tich luc trén cdc khau bi din, ta tién hanh theo trinh tu sau day:
e Tdch co cdu thanh cdc nhém tinh dinh, con lai la khdu dan (hodc cdc khdu dan) noi gid.

Co cdu tay quay con trugt chi c6 mot nhom tinh dinh, d6 1a nhém goém hai khau (khau 2,

khau 3) va ba khép (khép quay B, khép quay C va khép trugt C). Khép chd ciia nhém 1a
khép quay B va khép truot C.
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Co cau c¢6 mot bac tu do nén sau khi tdich nhém tinh dinh ra, chi con lai mot khau dan AB
noi gia bang khép quay.

e Xdac dinh luc va momen luc qudn tinh tac dong lén cdc khdu.
e Ddt cac ngoai luc, cdc luc va momen luc qudn tinh, cdac ap luc khop cho lén cac nhom.

Gia st ring hé Iuc gém cdc ngoai luc ké ca luc va momen qudn tinh tdc dong lén khau 2
duoc thu gon thanh luc P, ; 1én khau 3 thanh Iuc P,, (hinh 3.5b).

e Viét va gidi phuong trinh cdan bang luc cho cdc nhém.

Bai toan phan tich ap luc kh6p dong duoc giai cho cac nhém xa khau dan trude sau d6 dén
nhém géin khau dan. Chuong nay chu yéu gidi thiéu phuong phdp hoa do.

- Hé luc tdc dong 1én nhém (2+3) gém cdc luc ﬁ,, , I3III , le, N43 1a mot hé luc can bang, ta
co:

le + I3|| + If)m + N43 =0 3.2)
Phuong trinh (3.2) ¢6 3 4n s6 (gi4 tri va phuong cia N,,, gid tri chaN,;), chua thé giai
duoc.
- D& giam s6 4n s6, ta phan tich N,, thanh hai thanh phan: N;, song song v6i BC, N,
vuong goc véi BC. Gia tri cua NIZ xac dinh nhu sau:
Momen d6i v6i diém C clia tat ca cdc luc taic dong lén khau 2 (hinh 3.5.¢):

ZMc:Pu-hu ~ N lge =0 = NIZZPH—'h”

lsc

- Phuong trinh (3.1) tr& thanh:
Nlnz + N1t2 + I5|| + F#)m + I\]43 =0 (3.3)

Phuong trinh (3.3) ¢6 hai 4n s6 va c6 thé gidi bang phuong phap hoa do nhu sau (hinh
3.5): Chon mot diém P lam goc. Tix P v& vecto PA biéu dién luc N},. Qua diém A v& vecto
AB biéu diénP, . Qua diém B v& vecto BC biéu dién P,, . Qua diém C, vé dudng thing
(A) song song vGi phuong cua N43. Qua goc P vé duong thing song song véi phuong clia
N1“T Hai duong thang nay cit nhau tai diém D. Suy ra rang vecto CD biéu dién N 43 VECLO
DP biéu dién N}, vecto DA biéu dién N,, .
- Xdc dinh diém dat ctia luc N, :

Momen déi vé6i diém C clia tat ca cdc luc tic dong 1én khau 3 (hinh 3.5d):

ZMC = N42.X—F)”|,h”| :O = X = P|||'h|||
N43
- Hé luc tic dong lén khau 3 gébm P, , N,,, N,; (hinh 3.5d) 1a mot h¢ luc can béng, ta c6:
st + I\]43 + F3||| =0 (3.4)

Phuong trinh (3.4) c¢6 hai 4n s6 12 gié tri va chiéu N,, nén c6 thé gidi dugc bing phuong

phép hoa d6. Tir hoa dé (hinh 3.5¢) suy ra ring vecto DB biéu dién N, .
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b) Tinh luc trén khau dan

e Véi co cdu mot bac tu do, sau khi tdch cac nhém tinh dinh, s€ con lai mot khau dan n6i
gid. (V6i co cu tay quay con trugt, sau khi tich nhém tinh dinh (2+3) s& con lai khau dan
AB ndi gid bang khép quay A).

Theo gia thiét cua bai todn phan tich luc co cdu, khau dan c¢6 van t6c @, = hang s0, tic 1a
luon ludn & trang thai can bing. DE bao ddm diéu kién can bing luc nay, phai dait 1én khau
din mot luc can bing P, hay mot momen can bing M, dé can bing véi toan bo tic dong

ctia phin con lai ctia co cau lén khau dén (tic 14 can bang véi luc N, ).

Po
= I§|.41
NZl
Hinh 3.6a:
o Truong hop ddt lén khdau ddn mot momen can bang M, (hinh 3.6a) :
Momen déi vé6i diém A clia tit ca cdc luc tic dong lén khau dan:
ZMA:Mcb_Nzrhu:O = Mg, = Ny hy
Xét can bang luc khau dan, ta cé: N, =—N,,
o Truong hop ddt lén khau ddn mot luc can bing P, (hinh 3.6b):
Momen d6i vé6i diém A clia tat ca cdc luc tic dong lén khau dan:
N,,..h
ZMA:PCb'hcb_Nzthl:O = Pcb:%
cb
H¢ luc tac dong 1én khau dan 1 gom I?’Cb, N,,, N,; 1a mot hé luc can bing, ta cé:
P,+N, +N, =0 3.5)

Giai phuong trinh (3.5) bing phuong phap hoa dé, suy duoc N 4, (hinh 3.6b).
4) Phuong phap di chuyén kha di dé tinh M, hay P,

e Tacé thé tinhM_, hay P, ma khong cin phan tinh ap luc khép dong trén toan bo co ciu
dé tim ra N, bang cich dp dung nguyén 1y di chuyén kha di nhu sau: Téng cong sudt tic
thoi clia mot hé luc can bang bang 0.

e Hé luc gom cac ngoai luc Fﬁ’I , cdc momen ngoai luc M, tdc dong 1én co cau (trong d6 ké
ca cac luc va momen luc quén tinh tic dong 1én co cdu) va momen can bang Mcb (hay luc

can bang P, ) 12 mot hé luc can bang.
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e Truong hop ddrt lén khdu dan mot momen can bang M, , ta c6:
D PV, + > M@ + M@, =0

= Mcbz—i[ZF?\Z +> M@ |

Trong dé: Isi; Mi 1a ngoai luc vd momen ngoai luc tic dong lén khau thit i (k€ ca luc va

momen luc quén tinh); \7I : van toc diém dat luc |3I ; @;: van toc géc khau tha i trén d6 c6

dat momen M;.
Néu M, >0 thi M, cung chiéu v6i @,. NéuM_ <0 thi M, ngugc chiéu véi @, .

o Truong hop dat 1én khdu ddn mét mot luc can bang P, , ta c6:
Zﬁ\z +2Mia_ji +|5cb\7cb =0
= Iscbvcbz_Z[lsi\ZJFMi@i}

Trong d6: V., 1a van toc diém dit luc P, .

TR P,
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Chuong 1V :
MA SAT TRONG KHGP PONG

§1. Pai cuong
1) Khai niém

e Ma sdt la hién tuong xdy ra & ché hai vdt thé ti€p xtic v6i nhau v6i mot dp luc nhat dinh,
khi giita hai vat thé ndy cé chuyén dong tuong doi hay cé xu huéng chuyén dong tuong doi.
Khi d6 s& xuat hién mot luc c6 tdc dung can lai chuyén dong tuong d6i goi 1a luc ma sdt.

e Ngoai hién tugng ma sat ndi trén goi 1a ma sat ngodi, con xuat hién mot hién tugng xay ra
bén trong cia mot vat thé khi n6 bi bién dang goi 1a ma sat trong.

e Ma sat thuong 1a mot loai luc can c6 hai. Mot mat né tiéu hao cong suat, giam hiéu suét cua
mady. Cong cta luc ma sat phan 16n bién thanh nhiét 1am néng cac thanh phan khép dong. Mat
khac, ma sat Iam mon cac chi ti€t may, do d6 sic bén giam st va chi tiét may c6 thé bi hong.

e Phdn loai ma sat

+ Tuy theo tinh chét ti€p xdc gitta hai bé mat vat thé, ta phan biét cdc ki€u ma sit sau day:

- Ma sét kho : khi hai bé mat vat thé truc tiép tiép xtic v6i nhau.

- Ma sdt w6t : khi hai bé mat vat thé dugc ngan cach nhau hoan toan bing mot 16p chat 16ng
boi tron.

Gifta hai kiéu ma st nay, con c6 nhitng kiéu ma sét trung gian:

- Ma sét nita kho : khi gitta hai bé mat vat thé c¢6 nhiing vét chét 16ng, nhung phén 16n dién tich
ti€p xtic van la chat ran.

- Ma sét niZa wét: khi phin 16n dién tich hai bé mat vat thé dugc mot 16p chat 16ng boi tron
ngan cach, nhung vin con nhitng chd chét ran truc tiép tiép xudc véi nhau.

+ Khi giita hai bé mat vat thé méi chi c6 xu huéng chuyén dong tuong doi, ma sat giita ching
12 ma sét finh, ngugc lai khi gitta hai bé mat vat thé c6 chuyén dong tuong doi, ma sét giita
ching 1a ma sat dong.

+ Tuy theo tinh chat clia chuyén dong tuong doi (hodc xu thé chuyén dong tuong doi) gitta hai
bé mat vat thé, ta phan biét cac kiéu ma sit sau:

- Ma sét truot : khi hai bé mat vat thé truot twong doi doi véi nhau.

- Ma sét ldn : khi hai bé mat vat thé lan tuong d6i trén nhau.

2) Ma sat truot kho - Pinh luat Coulomb

a) Luc ma sat Q

e Xét hai vat ran A va B ti€p xic nhau theo mot mat (A)

phing (z) (hinh 4.1). Dat len vat A mot luc Q vuong B

géc v6i mat phang (7). Duéi tic dung clia luc nay, s& - ()
xudt hién mot dp luc N tir B tic dong lén A. Ta ¢6 : (B) y
N=-Q. ) Hinh 4.1 :
Pat thém lén A lucP song song v6i mat phing tiép N

xtc (7) (lucP dugc dat tai mot diém rat gin v6i mat
ti€p xtdc, dé khong gay ra mot momen da 16n 1am vat A bi lat).
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e Cho gid tri ctia luc P tang dén tix 0. Liic ddu ta thdy A chua chuyén dong so vé6i B. Khi P dat
dén mot gia tri P, nhét dinh thi ta thay A bat dau chuyén dong twong doi so véi B.

Sau khi A da chuyén dong tuong doi so véi B, dé duy tri chuyén dong déu ctia A thi luc P chi
can c6 mot gid tri P, gdn bang va nho hon P : P, < F,.

Néu P > P, thi ta thay A chuyén dong nhanh din so véi B.

e C6 thé phan tich qud trinh trén nhu sau :

+ Khi cho P tang déin tir O thi A chi méi c6 xu huéng chuyén dong tuong doi so véi B. Ma st
giita A va B Iiic nay 12 ma sat tinh. Diéu kién can bing luc ctia A chiing t6 phai c6 mot luc F,
luon luon can bang véi P : IEt =-P. Luc IEt duogc goi 1a luc ma sdt tinh.

Luc ma sat tinh tang dan theo gi4 tri ctia luc P . Khi P dat dén gi4 tri P, thi A bt ddu chuyén
dong tuong doi so v6i B. Diéu nay chiing to ring gia tri ca luc ma sdt tinh P khong tang nita
ma dat dén gid tri cuc dai bing : F,, =P,

+ Khi P dat dén gia tri P, v A chuyén dong tuong doi so vé6i B. Giita A va B bay gid c6 hién
tuong ma sat dong.

Néu A chuyén dong déu so véi B thi tir diéu kién can bang luc ctia A ta thdy phai c6 mot luc F
can bang véi lucP. Luc F goi 12 luc ma sdt dong. ThE ma dé chuyén dong tuong d6i ciia A
so v6i B la chuyén dong déu thi lucP chi cdn c6 mot gid tri 1a P, véi P, <P, nén :
F=P,<P=F

max - 1UC ma sat dong nho hon lyc ma sat tinh cyc dai .

Hinh 4.2 biéu dién luc ma sit tinh va luc ma st dong theo luc ddy P.

Ma séit dong Ma sét tinh Ma séat dong
Hinh 4.2 :

b) Pinh luat Coulomb vé ma sit truot kho

e Luc ma sit dong F khong phu thudc vao luc gy ra chuyén dong 12 luc P ma phu thuoc
vao ap luc N .

Thyc nghiém cho théy gitta luc ma sat F va dp luc N c¢6 méi quan hé sau : F = f.N

Hé s6 f duoc goi 1a hé s6 ma sat truot.

e Hé sO masatf:

- phu thudc vao vat liéu bé mat tiép xdc

- phu thuoc vao trang thai bé mat ti€p xtc

- khong phu thudc vao ap luc va dién tich ti€p xtc
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- hau nhu khong phu thudc vao van toc truot tuong doi gitta hai bé mat tiép xidc

- tang cung véi thoi gian ti€p xuc ban dau (tdc 1a thoi gian c6 ap luc N ma khong ¢6 luc ddy
P)

Dinh luat Coulomb chi phan 4nh gin diing quy luat chia ma sat truot kho, tuy nhién vin c6 thé
ap dung né trong rat nhi€u bai tinh k§ thuat.

b) Hinh nén ma sat

® Xét hai vat thé A va B tiép xic nhau theo mat o

phéing () (hinh 4.3). L 0

Pit lén A mot luc Q. Duéi tac dong cta luc Q, B

s€ tac dong lén A mot ap luc N vuong géc véi mat i \ /(A
phing (7): N=-Q. B i

bit théem lén A mot luc ddy P song song v6i mat A
phing (7). Tai ché ti€p xic giita A va B s& phat \B)

()

sinh mot luc ma sat F . K i
® Xét mot hinh nén (N) ¢ dinh O ndm tai cho tiép N ; ) )
xtic, ¢6 truc vuong géc véi mat phang (), c6 nira / ! / No6n ma sat
g6c & dinh biang ¢ v6i tgp = f v6i £ 1a hé s6 ma --s

sat.
Géc ¢ duoc goi la géc ma séat. Hinh nén (N) duoc Hinh 4.3 :
goi la hinh n6n ma sét.

® Goi S lahopluccia P va Q : S=P+Q va « lagéc giita SvagQ.

Tuy theo quan hé giita P va Q ma « c6 thé 16n hon, bing hay nhd hon géc ma sit ¢ .

- Khi hop luc S nim ngoai néon ma sit (N) tic la khi a>¢ thi
P =Qtga > Ntgp = N.f =F : chuyén dong tuong doi ctia A so v6i B 1a chuyén dong nhanh
dan.

- Khi hgp luc S nim trén mép nén ma sat (N) tic 1a khi a = ¢ thi P =F : chuyén dong tuong
doi clia A so v6i B 1a chuyén dong déu.

- Khi hop luc S nim trong n6n ma sat (N) tic 1a khi a < ¢ thi P < F: vat A khong chuyén
dong tuong doi so véi B.

\\ ) (‘P ' S~ ~<
b) Hién tuong tu ham / : i

Van xét truong hop vat A ti€p xuic véi vat B i 210
theo mat phéng nhu trén hinh 4.1. Tuy nhién N\
thay vi tdc dong 1én A hai lyc P va Q doc BN

A

lap nhau, ta tic dong Ién A mot luc S duy ‘
nhat (hinh 4.4). (B) y
Luc S hop véi truc ctiia hinh nén ma sat mot ’
géc bang a va dugc phan lam hai thanh /
phan : SN e N

— 7 I A

- Thanh phian Q vuoéng géc v6i mat phing / i .

(7). Duéi tac dong cua Q, Btic dong lén A -~ L

motapluc N : N =-Q Hinh 4.4 - Noén ma sét
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- Thanh phan P song song v6i mit phing (z): P =Qtge. P gay nén xu hudng chuyén dong
twong d6i hodc mot chuyén dong tuong doi, do d6 tai chd ti€p xic gilta A va B xuat hién mot
luc ma sit F véi F = f.N = Ntge.

Khi luc S nam trong hinh nén ma séat (N), tic la khi « < ¢ thi cho du gia tri cta luc S ¢616n
bao nhiéu di nita, ta vin luon c6 P = Qtga < Ntgep = N.f =F , nghia la luc ddy P luon luon

nho hon luc ma sit F : A khong thé chuyén dong tuong d6i so v6i B. Hién tugng nay duoc goi
la hién tuong tu ham trong ma sat trugt kho khi ti€p xic theo mat phang.

3) Ma sat lan
a) Hién tuong ma sat lan

e Xét hinh tru A tiép xtdc v6i mat phiang B theo
mot duong sinh cua né. Hinh 4.5 trinh bay mat
cat ngang cua hinh tru A vA mat phing B. Ta sé&
xét bai toan trén mat cat ngang nay.

Pit 1én hinh tru A mot lucQ di qua tam O cla
hinh tru va vuong géc véi mat phang B. Dudi tic
dong cua (j, B tic dong lén A mot 4p luc N - Hinh 4.5 :

vuong géc v6i mat phang B: N =-Q.

Dit tiép 1én B mot luc P c6 gia tri khong déi, c6 diém dat 1a H, c6 phuong song song véi mat
phing B. Piém dat H ctia luc P cdch mat phing B mot khoang béng h, vé6i P < £.Q.

Luc P dattai H tuong duong v6i mot luc P, dat tai diém ti€p xic I va mot momen M; = P. h.
o Xét luc I3I dat tai I. Luc ndy c6 xu huéng 1am cho vat A truot trén mat phang B. Do d6 tai

diém tiép xic I, xudt hién mot luc ma sat F can lai chuyén dong nay : F =—P vaF=fN. Do
P < f.Q = f.N = F nén A khong thé truot trén B.

e Xét momen M, = P. h. Cho gid tri momen M, tang dan tir O (bang céch tang dan khoang
céch h tir 0), thi ta thdy lic diu A chua chuyén dong. Khi M, dat dén mot gi4 tri nhat dinh M,
thi A bat dau lan trén B. Néu giit nguyén gia tri M; = M, thi A s& lan déu trén B. Néu ti€p tuc
tang M; thi A s€ lan nhanh dan.

Co6 thé phan tich qua trinh trén nhu sau :

+ Khi momen M; tang dan tir O thi A méi chi c¢6 xu huéng lan trén B. Giita A va B lic nay c6
hién tuong ma sét lan tinh. Diéu kién can bang luc cta A ching té phai ¢6 mot momen My ¢
can lai chuyén dong lan. Day chinh 12 momen ma sdt lin tinh.

Momen ma sat tinh M,,q ; tang dan theo gia tri cia momen M, . Khi M, dat gia tri M,, thi A
bat dau lan trén B, di€u nay ching td6 M, + dd dén mot dat gia tri cuc dai.

+ Khi M; dat gia tri M;, va A lan trén B, ma sat giita A va B bay gio 1a ma sat lan dong. Néu
A lan déu trén B thi theo diéu kién can bang luc clia A chiing to phai ¢6 mot momen M, céan
lai chuyén dong lan : My, = M. My, duoc goi 12 momen ma sdt lin dong.

e Thuc nghiém cho thdy momen ma sat lan dong ty 1& thuan véi ap luc N :
My =N
Hé so k; duoc goi 1a h¢ so ma sat lan .

b) Nguyén nhan cua hién tuong ma sat lan

e Tinh dan héi tré cua vit liéu
C6 thé giai thich hién tuong ma sat 1an nho tinh dan hoi tré ciia vt liéu nhu sau :
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Véi cing mot bién dang, thi tng suét khi tang bién dang s€ 16n hon tng suét khi giam bién
dang. Hinh 4.6a mo ta quan hé giita (ing suat bién dang va duogc goi la duong cong tng suat -
bién dang.

Trén hinh 4.6a ta thdy véi cuing mot bién dang &, ing suat o; khi tang bién dang 16n hon tng

Q

suat o, khi giam bién dang.

Tang bién dang i

v

€
Giam bién dang

/

Puong cong tng suat bién dang

Hinh 4.6a : Hinh 4.6b : Hinh 4.6¢ :

e Gidi thich hién tuong ma sdt lin

+ Khi dit 1én A ngoai luc Q di qua O va gia st chi c6 A bién dang con B khong bién dang, thi
A va B s€ tiép xic nhau theo cung CD. Bién dang & vung ti€p xdc phan bd doi xing nhau qua
phuong cta luc Q. Do tng sudt ty 1¢ v6i bién dang, nén phan b tGng sudt ciing tuong tu. Ap
luc N tir B tic dong lén A 1a t6ng cia céc tng sudt nay s& di qua tam O va N =— Q (Hinh
4.6b).

+ Khi dat tiép Ien A luc ddy P va A dang ldn déu trén B thi bién dang van phan bd d6i xing
qua phuong ctia Iuc Q nhu true, nhung trén cung DT c6 qué trinh tang bién dang, con trén
cung CT c6 qua trinh giam bién dang, do d6 tng sudt khong con phan b d6i xing nita, ma
léch vé phia D. Do su phan bo 1éch clia cic ting suét nén dp luc N tir Blén A cling léch vé
phia D mot doan k; (Hinh 4.6¢).

Hailuc N va Q v6i N =-Q tao thanh mot ngiu luc c6 momen M,,q = k;.Q can lai chuyén
dong lan cta hinh tru A va day chinh 1a momen ma sat lan Mg, .

Hé s6 ma sat lan k; phu thudc vao tinh chét dan hoi cua vat liéu.

e Cdc truong hop chuyén dong ciia vit A

Tiy theo gid tri ctia luc P va khoang cdch h ma hinh tru A c6 cdc chuyén dong so v6i mit
phang B nhu sau :

Khi P<F va M; < M,y thi A khong lan khong trugt (ding yén) so véi B

Khi P>F va M, < M, thi A trugt khong lan so véi B.

Khi P<F va M, > M,y thi A lan khong trugt so v6i B

Khi P>F vaM; > M,y thi A vura lan vtra truot so véi B.

e Vong tron ma sdt lan - Hién tuong tw ham khi lan

Xét mot hinh tru A tiép xdc v6i mot mat phang B theo mot dudng sinh clia né (hinh 4.7).
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bat Ién hinh tru A mot luc Q vuong géc v6i mat phang B va c¢é phuong nim cich tam O cua
hinh tru mot khoang bang x.

Ngoai Iuc Q vira ¢6 tac dung gay ra mot ap luc N tir B tic dong lén A : N =—Q, vira c6 tic
dung gay ra mot momen lan M, c6 gi4 tri bang : M; = Qx.

Hay xét vong tron tam O, ban kinh k; v6i k; 1a hé s6 ma sét lan. Vong tron tam O ban kinh k;
duoc goi la vong tron ma sat lan.

+ Khi ngoai luc Q cét vong tron ma sat lan tic 1a khi x < k, (hinh 4.7a), thi di1 gid tri cta luc
Q c¢6 16n bao nhiéu di nita, vin luon c6 M, = Q.x < Mg = Q.k; : A khong thé lan trén mit
phang B. Hién tugng nay duoc goi 12 hién tuong tu him khi lan.

+ Khi ngoai lucQ ti€p xdc voi vong vong tron ma sat lan tic la khi x = k; (hinh 4.7b) thi M,
= M, : chuyén dong lan ctia A trén mat phang B la déu.

+ Khi ngoai lucQ khong cét vong vong tron ma sét lan tic 1a khi x > k; (hinh 4.7¢) thi
M, > M,,q : chuyén dong lan clia A trén B 1 nhanh dan.

Q

Hinh 4.7a : Hinh 4.7b : Hinh 4.7¢ :

82. Ma sat truot kho trong khép truot
1) Ma sat trong ranh hinh tam giac

+ Trong khép truot, cic thanh phan khép dong c6 thé 1a mdt phdng hay mdt tru. Mo hinh sit
dung khi nghién ctu dinh luat Coulomb chinh 1a mot khép trugt trong d6 méi thanh phan khép
dong 1a mot mat phang.

D6i véi ranh hinh tam gidc (hinh 4.8) méi thanh phan khép dong 1a hai mat phang ab va cd
l1am v&i nhau mot géc nhi dién bang 2y .

Goi f 1a hé s6 ma sat truot.

Ta tim cdch quy truong hop ma sat trong ranh hinh tam gidc vé ma st trén mat phang.

+ Dit 1én A mot ngoai luc Q vuong géc v6i phuong truot va nim trén mat phan gidc clia géc
nhi dién 2y . Khi d6 trén cdc mat phang tiép xic ab va cd s& xudt hién cic 4p luc N, va N, tir
B tac dong lén A. Ap luc qu vuong géc véi mat phang ab, ap luc qu vuong géc vGi mat
phang cd.

Téng ap luc tir B tic dong lén A : N=N,+N, “.1)
Do tinh chat doi xing cta ranh nén : N, =N,
Chiéu (4.1) 1én phuong ciia N : N =N,siny +N,siny

= N =2N,siny 4.2)
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+ Néu dat them lén A mot luc P song song véi phuong truot dé tao ra chuyén dong tuong déi
ctia A so vé6i B, thi trén cdc mat phang ab va cd xudt hién c4c luc ma st Ifl va If2 song song
V61 phuong truot :

F, =fN,
F,=1fN,

Tong luc ma sét tir B tdc dong lén A :
F=F+F,

= F=F+F
= F=1N,+ N,

=  F=2fN, (4.3)
Tur (4.2) va (4.3), suyra: F= L N
siny
Hay : F=f"N 4.4)
Vi : f'= L 4.5)
siny

> duoc goi 1a hé s6 ma sdt thay thé.

Nhu vay, ma sit trong rdnh hinh tam gidc c¢é thé quy vé ma sit trén mat phang bang cach st
dung hé s6 ma sat thay thé f’. Biéu thiic (4.5) cho thdy ma sit trong ranh hinh tam gidc 16n
hon ma sit trén mat phang.

Q Q
y . A
p
N,
2) . F
B
ANy

Hinh 4.8 :
2) Ma sat trén mat phang nghiéng

Xét mot vat A nam trén mot mat phiang nghiéng B. Vat A tié€p xiic v6i B theo mat phang va
chiu tac dong ctia mot luc Q thing ding. Goi a 1a géc nghiéng ctia mat phing. Goi f 1a hé s6
ma sat trugt, ¢ 1a géc ma sat véi tgp = f .

+ Khi a<¢ thi Q nim trong non ma sat (hinh 4.9a) va vat A bi tu ham khi di xuong (tic l1a
dit Q c6 gid tri 16n bao nhiéu di nita, vat A vin khong thé di xuéng trén mat phang nghiéng).
Dé cho vat A di lén déu hay di xuéng déu, phai tic dong 1én A mot luc ddy P sao cho hop luc
S =P +Q nim trén mép trén hay mép dudi ca nén ma sat.

Gia sir luc ddy P c6 phuong nim ngang (phuong vuong géc véi Q).

Dua trén hinh 4.9a, ta suy duoc :

-Pé A di lén déu : P=PR =Qtg(p+a)
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- Dé A di xuong déu : P=P =Qtg(p-a)

Mép trén

Hinh 4.9a :

+Khi @ > ¢ (hinh 4.9b) thi Q niim ngoai nén ma sat (N) va khi d6 vat A di xuéng nhanh dén.

\ :

«
|:_5 \ \ P| >
X \ o
L. N
S Ve
Hinh 4.9b : B
Tuong tu nhu trén, ta c6 :
Dé A di lén déu : P =R =Qtg(a+¢)
Dé A di xuéng déu : P=P, =Qtg(a-9)

2 . N A A 7Z- N z A ? z 7z N z A
+ Trong ca hai truong hop trén, néu a+¢ > 5 thi mép trén cua nén ma sit nam phia trén

dudng thing nim ngang Ox (hinh 4.9a, b). Khi d6 di gia tri ctia luc P ¢ 16n bao nhiéu di nita
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thi hop luc S =P +Q ciing khong thé vuot ra ngoai mép trén ctia nén ma sét : A bi tu ham khi
di lén.

3) Ma sat trén ranh nghiéng hinh tam giac

+ Xét mot vat A ndm trén mot ranh nghiéng hinh tam gidc B (hinh 4.10a). Hinh 4.10b mo ta
mit cat ngang cua ranh nghiéng, 2y 12 géc nhi dién cla ranh nghiéng.

Goi « 1a géc nghiéng clia phuong truot clia rinh nghiéng so véi mit phiang nim ngang, ¢ la
g6c ma sét

Gia sir vat A chiu tdc dong ciia mot luc Q thing ding.

+ Tuong tu nhu trén, ta c6 thé quy trudng hop ma sét trén ranh nghiéng hinh tam gidc vé
truong hgp ma sat trén mat phiang nghiéng, bang cich thay hé s6 ma sit f biang hé s6 ma st

y f . y .
thay th€ f'=—— | thay gc ma sit ¢ bang géc ma sat thay th€ ¢' véi tgep'= f'.
siny

I-1(da xoay) :
Q

HZl

7

Hinh4.10a: /5 \ R .-

] X I ’,—”””
! /\ Hinh 4.10b :

Luc ddy nam ngang dé vat di 1én hay di xuéng déu ciing nhu diéu kién tu ham khi vat di 1én
hay di xuong trén ranh nghiéng dugc suy luan tuong tu nhu truong hop vat di 1én hay di xuong
trén mat phang nghiéng :
- Khi o < ¢' thi vat A bi tu ham khi di xuéng trén ranh nghiéng.
- Luc ddy nim ngang P dé vat A di lén hay di xudng déu trén rinh nghiéng:
Khi a<¢': |P=R=0Qtg(p+a);, |P=P,=0Qtg(p'-a)
Khi a>¢': [P=PR=0Qtg(a+¢")}|P=P, =Qtg(a—¢’)

“Khi a+¢' z% thi vat A bi ty him khi di len.
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4) Ma sat trong khop ren vit
a) Cau tao cua khép ren vit
e Cho mot hinh tru (I'), mot dudng

z
xoan 6c¢ trén (I') c6 goc xoan 1a o. (M)
12 mat phéang di qua truc ctia hinh tru.

bat trén (M) moét hinh chit nhat abcd. @) \_/ .
ad nam trén mot dudng sinh cta hinh I Mat phang (M)

~

Hinh 4.11:

Q.

tru, dinh a nim trén dudng xoén oc. B N db— ¢
Cho (M) quay quanh truc zz va ludn giit S :I D [>

cho a chay trén dudong xoan 6c thi khi R S B

do6 cac canh ab, cd ctua hinh chit nhat s€

vach nén nhitng mat goi la mdr ren !
vuéng (Hinh 4.11). R R [¥
e Néu thay hinh chit nhat abcd bang :

mot hinh thang hay mot hinh tam gidc

thi mat ren duoc tao ra s€ la mat ren

thang hay mat ren tam giac.

e Khdp ren vit gom c6 hai khau hoac

hai chi tiét : dai 6c c6 ren trong va vit

c6 ren ngoai (hinh 4.12a, 4.12b).

Khép ren vuong (hinh 4.12a), khép ren hinh

thang dung dé bién chuyén quay thanh chuyén

dong tinh tién trong kich vit, trong co ciu vit

me-dai 6c. Khép ren hinh tam giac (hinh

4.12b) thuong dung trong cac mdi ghép dung

dé ghép chat cac chi tiét may vé6i nhau.

b) Ma sat trong khop ren vuong

+ Goi (j 1a tai trong doc truc (thing ding) dat

lén dai 6¢ A. Ta can tinh momen M, can thiét

dé vian cho dai 6c di lén (van vao) hay di

xuong (ndi ra) trén vit (hinh 14.12a).

+ Ma sat trong khép ren vuong c6 thé xem nhu

tuong dwong ma sdt trén mat phang nghiéng,

géc nghiéng clia mat phang 14 géc xoin o clia

duong xoén oc.

+ Viéc van dai 6c vao hay néi long dai o6c ra

tuong duong vGi viéc dai oc di 1én hay di

xuong déu trén mat phang nghiéng nhd mot

luc ddy luc ddy nim ngang P :

P=Qtg(a+¢)
+ Viéc tdc dung vao dai 6c mot momen M, dé
van dai 6c tuong duong véi viéc tac dong vao
dai 6c mot luc ddy nim ngang P véi :

M re Prtb
Nhu vay, momen dé vin dai 6¢c vao hay néi Hinh 4.12a :
long dai oOc :
M, =Qrytg(a*¢)
+ Viéc dai 6c khong tu ndi 10ng ra dir gid tri ctia luc Q c6 16n dén bao nhiéu di nita tuong
duong véi viéc dai oc bi tw ham khi di xuong trén mat phang nghiéng, titc 12 khi :
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¢) Ma sat trong khop ren hinh tam giac
Goif la nlra géc & dinh cua
hinh tam gidc (/£ con dugc goi
la géc tiét dién ren).

Ma sat trong khép ren tam gidc
c6 thé xem nhu tuong duong véi
ma sit trén ranh nghiéng hinh
tam gidc v6i goc nghiéng cuia
phuong trugt clia ranh nghiéng
bing gbc xo0dn o cla dudng
xo0an 6c, goc nhi dién cla ranh
bang 2y (hinh 4.12b) véi :

T
7=5 B

Ly luan tuong tu nhu truong hop
ma sat trong khép ren vuong, ta Hinh 4.12b -
co:

- Momen dé vin dai 6¢ vao hay

ndi long dai 6c trong ren tam giac :

M, =1, Qtg(a+¢)

Véi @’ la géc ma sat thay thé : tgep'= '

f
f” 1a hé s6 ma sat thay thé : f'=; hay |f'=
siny cos S

- biéu kién dé dai 6c khong tu néi 16ng ra di gid tri ctia luc Q c6 16n dén bao nhiéu di nita :
a<o'

83. Ma sat truot trong khop quay

Trong khép quay c¢6 hai khau dugc néi véi nhau 12 truc va 6 truc. Chi tiét trong 6 truc truc tiép

ti€p xdc voi truc 1a 6t truc. Phan truc truc ti€p ti€p xdc voi 16t truc goi 1a ngong truc. Hinh

4.13b mo td mot mat cat ngang cta khép quay. Ta s& st dung mat cat ngang nay dé nghién

ctru bai toan. I

s SN

1) Momen ma sat trong khép quay

Q
7 ,Neongtryc PP SRR A
A
(I .
| =
b L6t truc
Hinh4.13a :

Hinh 4.13b :
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e Gié sit truc quay déu duéi tic dung cia tai trong Q (thing ding) qua tam O cua truc va
momen M nim trong mat phang vuong géc vdéi truc quay (hinh 4.13b).
Truc va 16t truc ti€p xuc theo cung tron AB = £. Gia st ap sudt tur 16t truc tdc dung lén ngdng
truc phan bo theo quy luat p(«) nao dé trong cung ti€p xtc AB .
Hay x4c dinh momen ma sat M, trong khép quay.
Chiéu duong ctia truc Ox va chiéu duong dé x4c dinh céc géc dinh huéng nhu trén hinh 4.13b.
e Xét phan t6 dién tich tiép xtc dS, chin cung da. Vi tri cua dS duge xadc dinh biang géc o so
v6i phuong cta luc Q (so véi truc Ox). Ta c6 :

dS =brda
véi r 12 ban kinh ngdng truc, b 1a chiéu dai ti€p xdc gitta 16t truc va ngdng truc.
+ Trén dS, ap luc tu 16t truc tdc dung 1én ngong truc la dN . Do dS khd nho nén c6 thé xem
nhu 4p suat phan bé déu trén dS va ¢6 gia tri bang p(a). Do d6 :

dN = p(a)dS =brp(a)da
Do cdc ap sudt p(a) déu di qua tam O cua truc nén ap luc dN cling di qua tam O.
+ Khi truc quay, trén dS xudt hién luc ma sat dF c6 chiéu huéng nguoc véi chiéu quay cuia
truc. Ciing do dS kh4 nho nén ta c6 thé coi nhu dS 12 mot mat phing, theo dinh luat Coulomb
taco:

dF LdN va dF = fdN =brfp(a)da
vGi f 1a hé s6 ma sat truot.
+ Momen ma sat trén phan t6 dién tich dS :

dM,,, = rdF =bfr’p(a)da
Suy ra, momen ma sdt tir 16t truc tdc dung 1én ngdng truc :

Mys = [dM s =[bfr?p(a)da
B B
= Mys =bfr’ [ p(a)de (4.6)
B

e Cong thitc (4.6) méi chi cho ta quan hé giita momen ma sit M, va 4p suat p(a). D€ tinh
M, theo tai trong Q cdn xéc dinh quan hé gitaQ va p(a).

Goi : dR =dN +dF

Tacé: dR= VN2 +dF? = JdN? + (fdN)? = dN |1+ f?
= dR =bry1+ f?p(a)da

Va: tg(dﬁ,dﬂ)zj—;: f =tge

=N (dR,dN) =g

Mic khdc:  (dN,Q)=7—-«a

=3 (dR,Q) = (dR,dN) +(dN,Q) = p + (7 — )

= (dR,Q)=7+9p-a

Tur diéu kién can bang luc cua truc (hinh 4.13b va hinh 4.14a) suy ra :

(j+jdfa:0 4.7
B

Chiéu phuong trinh (4.7) 1én phuong cta luc Q, suy ra:
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Q+decos(dﬁ,cj) =0
B

- Q+J.br«/1+ f2p(a)dacos(z+p—a)=0
B
- Q=bryl+ f? [ @) cos(p-a)da (4.8)
B
Tit (4.6) va (4.8) suy duoc :
[ p(@)de
5 f
M, = rJ = (4.9)
I p(a)cos(p—a)da 1+
B
Day 1a cong thic t6ng quat dé tinh momen ma sét trong khép quay.
f
Goi: |[f'= la hé s6 ma sat thay thé.
J1+ f?
[ pl@)da
A= L 12 hé s6 phan b6 4p suat (4.10)
[ p(@)cos(p-a)da
B
Toém lai :

M,s=Af'TQ

2) Téng ap luc N va tdng luc ma sat F
a) Quan heé giira téng ap luc N va luc ma sat F
Trén phan t6 dién tich ti€p xidc dS kha nhé (va duoc coi nhu 12 mot mat phang), 4p luc dN va
luc ma sat dF c6 quan hé nhu sau theo dinh luat Coulomb : dF L dN va dF = fdN
Goi N 1at8ng dp luc va F 1a tdng luc ma sét trong khép quay :
N=dN va F =Y dF

Giita téng 4p luc N va t8ng luc ma sit F ciing c6 quan hé nhu sau : FLNvaF=1N. Hay
ching minh diéu nay.
» Cdch thir nhdt :

Taco: (dN,0X) =-7—a
Va: (dﬁ,&)z(dﬁ,dlﬁ)ﬂdlﬁ,@):%—ﬁ—a - (dﬁ,&):-%—a
Biéu dién dN va dF bing s6 phic, ta ¢6 :

dN == dN

dF —¢' 2 gF

N=>YdN=>e"dN =e "> e dN
Nhu vay :

F=SdF =3¢ 2 dF = 2 e faN
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Suy ra : F-c2fN

Diéu nay ching to :

» Cdch thir hai :

Z\

Hinh 4.14a :

Xét hai phan t6 dién tich ti€p xuc bat ky dS, va dS, (hinh 4.14b). Trén dS,, luc ma sat va ap luc
tir 16t truc tdc dong lén ngdng truc 1a dF, va dN, véi dF, L dN, vadF, = fdN,. Trén dS,, luc
ma sit va dp luc tir 16t truc tic dong lén ngong truc 1a dF, va dN, véi dF, LdN, va
dF, = fdN,.

Goi dF, =dF, +dF, va dN; =dN, +dN,

Hay chting minh ring : dF;, L dN; va dN, = fdF,

Dua vao hoa d6 luc trinh bay trén hinh vé 4.14b, ta thay rang hai tam gidc abc va ade dong
dang v6i nhau. That vay :
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g6c b= g6c d (gbc c6 canh vuodng goc)
ab _dN, bc _dN, 1

ad dF, de dF, f

Suy ra : aciae;§=% tic 1a: dF, L dN; va dN, = fdF,
ae

Vi hai phan t6 bat ky, tong ap luc va téng luc ma sdt tuan theo dinh luat Coulomb. Do vay
bing phuong phap quy nap todn hoc, ta c6 thé két luan ring :

va FLN

b) Tong ap luc N va téng luc ma sat F

e Tong dp luc N

v’ Diém ddt :

Do cdc dN déu di qua tam O cua truc nén téng 4p luc N di qua tam O.
v’ Phuong chiéu :

Goi R=N+F.
Diéu kién can bing luc cta truc cho ta : Q =—R
Thé ma : tg(ﬁ,lﬁ)=%=f=tggp
= (RIN)=¢
= (Na’_ﬁ) =—Q
Nhu vay, téng 4p luc N hop vé6i phuong cua luc Q mot g6c bang géc ma sét ¢ .
» Gid tri :
Q Q Q

N= Rcos¢ = = = N=

\/l+tg(p2 \/1+f ? J1+f?

e Tong luc ma sdt F :
v’ Phuong chiéu :

Nhu di chiing minh & trén téng luc ma sat F vuong géc
véi téng dpluc N : F LN

v Gid tri:
f
F= N = F= Q =f'Q
N
v’ Diém ddt :
Canh tay don a cta luc F duogc xac dinh nhu sau :

Mys =D dM s = > M(dF),, =aF
Mys _Arf'Q _ArF

= a= = - '
F F F V \

= :

Tir biéu thic (4.10) ching ta thdy ring nén Hinh 4.16 :

3) Vong tron ma sat va hién tugng tu ham trong
khép quay

e Xét vong tron tam O (O la tam cula truc) ban kinh p = Arf '. Vong tron (O, p) dugc goi la
vong tron ma sét trong khép quay (hinh 4.17a, b, c).
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o]l

o, \/F(
:_/ .

|

Hinh4.17a : Hinh4.17b : Hinh4.17¢ :

e Gi4 sir truc chiu tic dung cia tai trong Q (thdng ding) léch khoi tam O mot khoang bing x.
Luc Q tao ramot momen bing M ¢ = Qx ¢6 xu hudng lam cho truc quay quanh tam O.
+Khi Q cit vong tron (O,p) tic la khix < p thi Qx=M < Arf'Q =M, : du gid tri cha lyc

Q ¢6 16n bao nhiéu di nita, truc vin khong quay duoc. Hién tuong niy goi 12 hién tuong tu
ham trong khép quay (hinh 4.17a).

+ Khi Q tiép xtc v6i vong tron (O,p) tic la khi X = p thiM, =M : chuyén dong quay cla
truc 1a déu (hinh 4.17b).

+ Khi Q cit vong tron (O,p) titc 1a khi x> p thi M 0> Myt chuyén dong quay cua truc 1a
nhanh dan (hinh 4.17c¢).

4) Cac truong hop cu thé cua khép quay
a) Khép quay c6 do ho

Trong khép quay c6 do hd, ban kinh ngdng truc nhoé hon ban kinh 16t truc. Hinh 4.18a mo ta
mat cit ngang clia khép quay c¢6 do hd. Ta s€ st dung mat cit ngang nay khi nghién ctu bai
todn.

e Dat lén truc mot luc Q thang ding va di qua tam O cua truc. Duéi tac dung ctia luc Q truc
va 16t truc tiép xiic nhau tai diém thap nhat A.

Dat thém Ién truc mot momen M niam trong mat phing chuyén dong clia truc.

Cho M tiang dan tir 0. Khi M 16n hon momen can lan gitta truc va 16t truc, truc bat dau lan va
leo 1én 16t truc cho dén khi diém ti€p xuc gitta truc va 16t truc dat dén diém B véi AB = ¢ (v6i
¢ 1a géc ma sat truot) thi truc dimg lai tai d6 (hinh 4.18b). Néu momen M biang momen ma
sat trugt M, trong khép quay thi truc s& quay déu, con néu M 16n hon M, thi truc s& quay
nhanh dan.

Diéu nay c6 thé gidi thich nhu sau : B& mat 16t truc c6 thé xem nhu 12 tap hop cic mdt phdng
nghiéng lién ti€p c6 géc nghiéng tang lién tuc tir 0. Tai diém A géc nghiéng clia mat phang
nghiéng bang 0. Lic dau géc nghiéng « nhd hon géc ma sat @ nén truc bi tu hdm va khong
thé truot xuong trén mat phang nghiéng. Nhd d6 truc s& lan va leo 1én dan 1én 16t truc. Khi leo
dén diém B thia =¢, truc hét bi tu ham, khong thé leo l1én cao hon ma truot tai chd. Khi dé,
néu M =M, thi truc quay déu, néu M > M, thi truc quay nhanh dan.
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e Do truc va I6t truc tiép xdc nhau theo mot diém B nén t8ng dp luc N va tdng luc ma sat F
tir 16t truc tdc dung Ién truc tap trung tai diém B (hinh 4.18b).
Cénh tay don a cua luc véi r 12 ban kinh ciia ngdng truc.

A=1

Heé s6 phan bo ap suat

Momen ma sit trong khép quay ¢6 do hd bang : [M,,s =1f 'Q

Q

Hinh 4.18a :
b) Khép quay khit con méi

Khi ban kinh clia ngdng truc va cua
16t truc bang nhau thi khép quay
duogc goi la khdp quay khit.

e Dai v6i khép quay khit méi ché
tao, truc va 16t truc ti€p xuc trén nua
cung tron AIB. Ap suit tir 16t truc
tic dung lén truc xem nhu phan bo
deu trén cung ti€p xdc : p(a) = p,=
hing s& (hinh 4.19). Do d6 ap luc
N nim trén dudng thing doi xing
OI cta cung AlB.

Khi truc quay déu dudi tic dung ctua

tai trong Q va momen M, ta c6 :

(N,-Q)=-¢ p(0) = hing s6 | N
Hé s6 phan bo 4p suit :

3 v
| poda Hinh 4.19 -
1= N _Z
%w 2
'[ P, cos(p —a)da
i
Suy ra : z:% a=%r MMS:%rf'Q (4.11)
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¢) Khép quay khit da chay mon

e Trén thuc t€, truc duoc lam bing
thép t(“)i\cfmg, 16t truc lam bang vat Truc chua ldn Q Truc da bi lin
litcu mém hon (dong thanh, bac : >
bit...) nén c6 thé gia sir chi c6 16t N
truc bi mon, con truc khong mon, _/1'\2\_\

ma chi lin xuéng mot lugng 1a u, / E
theo phuong cta 4p luc N (hinh /
4.20). !
Truc va 16t truc ti€p xuc nhau theo

N

ntra vong tron AIB = £ = 7 d6i xing \

nhau qua N . \)
Khi truc quay déu dudi tic dung clia o\
luc va momen M thi (N,-Q) =—¢. 'ulo\‘ A
e Tai mot diém ti€p xic M bat ky ba

gifta truc va 16t truc (vi tri clia diém
M dugc xdc dinh bang géc a), do
mon CM theo phuong ap luc N Ia
nhu nhau va bang u, con do mon
DM theo phuuong hudng tam O cua
truc bang :
uU(a) = DM =CM cos DMC

= u(er) = u, cos(a — @)
e Gia sir toan bo cong ma sit duoc Hinh 4.20 :
ding dé 1am mon 6. Khi dé 4p suét
p(a) tai diém ti€p xic M s& ty 1é v6i do mon u(a) : p(a)= p,cos(a —¢) nghia Ia dp sudt
phan bo theo quy luat hinh cosin. .
eTurdo: | (j

20 ~ =M

I P, CoS(ax — p)da i

Zip 4
ﬂ/: 2 = — M|
T

T
“+o

2
J. p, cos* (o —p)da |

Suy ra : /1:% a:%r MMS:%rf'Q ‘HHT I HHT‘

(4.12) dp -

Tur cac biéu thic (4.11) va (4.12) ta thdy rang momen  Po
ma sat trugt trong khép quay khit da chay mon nhé hon
momen ma sat trong khép quay khit con méi.

83. Ma sat trong khép quay chan
Khép quay chin ding dé chiu luc chiéu truc tic dung
lén truc. Trong khép quay chan, truc va 16t truc ti€p xuc

nhau theo mot hinh vanh khan ban kinh trong 1a r,, ban Hinh4.21a
kinh ngoai la r, (hinh 4.21a).
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1) Khép quay chan con méi (6 chan)

e Trong khép quay chin con méi, khi ché tao chinh x4c, c6 thé gia thi€t 4p sudt phan bo déu
trén toan bo dién tich ti€p xdc gitta truc va 16t truc. Gid tri 4p suat bang p, (hinh 4.21).

e Xét phan t6 dién tich ti€p xuc dS hinh vanh khan c6 ban kinh trong r, ban kinh ngoai r+dr.
Tacé: dS=2zrdr

Trén phan 6 dS, 4p luc N va luc ma sat dF tir 16t truc 1én truc 14n luot bing:
dN= p,dS =27 p,rdr
dF = fdN= 27 fp,rdr
Momen cua luc dF d6i véi truc quay :
dM,,, = rdF = 27 fp,r’dr
Do d6. momen ma sat trong khép quay chan :
r2

My = IdMMS = _[27z fp,ridr
rl

= My =§7zfp0(r23—r13) (4.13a)
Xét can bang cua truc, ta ¢o :

__Q
P, = —ﬂ(rzz o (4.13b)
Thay (4.13b) véo (4.13a) suyra:
_ ()
] Q (7 -r)

2) Khép quay chan da chay mon

e Thong thuong truc dugc 1am bang thép toi cing, 16t
truc 1am béng vat lieu mém hon nén c6 thé xem nhu
chi c6 16t truc mon con truc khong bi mon, sau khi
mon mat tiép xic giita truc va 16t truc van phang (hinh
4.21b). Nhu vay, do mon u tai moi diém ti€p xidc I (xac
dinh bang béan kinh r) 1a nhu nhau.

e Thi nghiém cho thdy do mon u tai diém tiép xic I ty
1é vGi 4p sudt p va van toc truot tuong doi V=ro tai
diém do.

Do vay : u=Cpv véi Cla hing so ty 1€.
Trdésuyra: u= Cpra)

Hay: pr=——= A = hang s6
Ca)

Nghia la 4p suat trén bé mat ti€p xuc giira truc va 16t
truc phan bo theo quy luat hinh hypécbon.
e Xét phan t6 dién tich ti€p xuc dS hinh vanh khan ban kinh trong r, ban kinh ngoai r+dr. Ta
c6 :  dS=2zrdr
Trén phan t6 dS, 4p luc dN va luc ma sat dF tir 16t truc 1én truc 14n luot bing:
dN= pdS =2z prdr =27 Adr
dF = fdN= 2z Afdr
Momen ma sat trén phan t6 dS :
dM,,s =rdF =27 Afrdr

Do d6 momen ma sét trong khép quay chéan :

Hinh 4.21b :
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My = [dM s = TZﬁAfrdr
rl

= My =7Af (7 -r?)
Xét can bang cta truc :

Q=[dN =T27zAdr

1
= Q= 27Z'A(r2 - rl)
Thay (4.14b) vao (4.14a) suy ra :

My, - 120
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Chuong V
CAN BANG MAY

§1. Noi dung cua can bang may
1) Tac hai cua luc quan tinh

e Co cadu néi chung chuyén dong cé gia toc, do d6 trén cac khau trong co cau xuat hién cic
luc qudn tinh. Luc quén tinh bién thién c6 chu ky bang chu ky vi tri @ cla co cau, nén thanh
phan phan luc do n6 gay ra (con goi la thanh phan phdn luc dong phu) cling bién thién cé chu
ky.

Khi van t6c¢ ctia mdy 16n thi thanh phan phan luc dong phu nay c6 thé rit 16n so vé6i thanh phan
phan luc do ngoai luc gay ra.

e Phan luc dong phu la nguyén nhan gy ra cac hién tuong c¢6 hai nhu tang thém ma sat trong
khép dong, giam hiéu sudt clia mdy, tang do mon cta cac thanh phan khép.

Do bién thién c6 chu ky, phan luc dong phu la mot trong nhitng nguyén nhan gay ra hién
tuong rung dong co hai cia mdy va mong may. Khi tin s6 kich thich gan bang tin s6 riéng cua
may, trong may s€ xudt hién hién tugng cong hudng, may rung dong manh, cac chi ti€t may bi
pha huy nhanh chéng. Hién tugng rung dong tac hai dén do chinh xdc clia san pham duoc gia
cong trén may, anh hudng dén siic khoé cong nhan va moi truong xung quanh.

2) Noi dung cua can bang may

e D¢ giam rung cho mdy va nén méng, dam bao bién do rung khong vuot qua giGi han cho
phép dong thoi giam ma sét trong khép dong, nho d6 ting do bén mon cta cdc thanh phan
khép va tang hiéu suat mdy, can phai khit hoan toan hay mot phdn phan luc dong phu bing
céch thay doi hoac phdn bo lai khoi luong céc khau sao cho céc luc quén tinh tdc dung lén co
céu can bang 1an nhau, khong truyén 1én khép dong hay truyén lén méng mdy. Day chinh 1a
noi dung ctia can bang may.

e Nhu vay, dé mdy can bing, phai c6 : leqi =0 va ZMqi =0, v6i leqi va qui lan
luot 12 téng céc luc quan tinh va momen luc quén tinh tic dong 1én cdc khau trong co cau.
e C6 hai loai bai tinh can bang may :

+ Can bang vat quay
+ Can bang co cau nhiéu khau

§2. Can bang vat quay

v ant quay mong la vat quay ma khdi luong cua né coi nhu phan bg trén cing mot mat
phang vuong gdc vdi truc quay vi du dia xich, banh rang... (khi ty s6 chiéu dai L theo phuong
truc quay va ban kinh R vat quay: VR <<1)

v/ Vat quay day 13 vat quay ma khéi lugng clia né coi nhu phan b trén ciac mat phang khéc
nhau vuong géc vdi truc quay roto cua dong co dién, puli nhi€éu bac... (khi ty s6 % khong

nho 1am).
1) Can bang vat quay mong
a) Nguyén tic can bang vat quay mong
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e Xét mot vat quay mong (goi la dia) c6 cac khoi luong m; (i = 1,2,3...) coi nhu phan bo trong
cling mot mit phang vuodng géc vé6i truc quay. Vi tri ctia khéi luong m, dugc xdc dinh bing
ban kinh vecto [, trong hé toa do Oxy géan lién véi dia.

e Khi dia quay déu véi van toc géc @, moi khéi luong m; gay ra mot luc quén tinh ly tam I3qi :

. .
Pqi = Ml

Cac lyc quan tinh B, nam trong cling mot mat phang va dong quy tai tam O clia dia. Hop luc
cua ching bang : Z I3qi = a)zz m.F.
e Goi m va S lan luot 1a khoi lugng va khoi tam cua dia : m= Zmi , vi tri cua khoi tam S
duoc xdc dinh bang bén kinh vecto T trong hé toa do Oxy gan lién vdi dia, ta c6 :

mrs = Z miﬁ
+ Néu f; =0 tdc 1a khi khéi tAm cua dia nam trén truc quay cla né thi Zmiﬁ =0. Khi d6
> P, =0 va dia duoc coi nhu duoc cdn bdng.
+Néu 1, #0 thi Z I5qi # 0, khi d6 dia chua can bang. Dé can bing dia, phai gan trén dia mot
kha6i lugng m, tai vi tri dugc x4c dinh bang ban kinh vécto T, trong hé toa do Oxy gén lién
v6i dia sao cho luc quan tinh FA’Cb =w’m, T, do né gay ra can bing v6i hop luc quéan tinh
B, . B+YF, =0

m

cbrcb +Zmiri =0

Suy ra : Myl = _Z m;F; = —mfg
Khoi lugng m,,, dugc goi 1a doi trong cdn bang va dai lugng m,r, duoc goi 1a momen tinh cua

Hay :

no.
e T6m lai dé can bing vat quay mong cdn va chi cin mot doi trong can bang m,, dat trong
cling mat phang véi céc khoi luong mat can bang m,.

b)
Hinh 5.1 :
e Ghi chu
+ Goi Iy 1a ban kinh vecto xac dinh vi tri khoi tam méi S’ cua dia.
Tacé : (M+my )y = > T +my 7,
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Do dé : =0

Nhu vay, thuc chit clia can bang vat quay mong 1a phdn bo lai khéi lugng cua dia sao cho
r; =0, hay khéi tam mdéi S’ cua dia nam trén truc quay.

+ Thay vi dat mot d6i trong can bang my, tai vi tri T, ¢4 thé bdt di mot khéi lugng m,, tai vi
tri xuyén tam doi T, .

+ Trong truong hgp néu két cdu cua dia khong cho phép hoac khong tién cho viéc thém hay
b6t khéi lugng my, tai cdc vi tri T, va —F, , c6 thé ding hai d6i trong can bang m,, va m, sao
cho: MepaPeps + Mepo oo = Mo T

+ C6 thé dung phuong phép hoa do nhu trén hinh 5.1b dé xac dinh dai lugng m, T, .

b) Phuong phap can bang vat quay mong

D€ can bing vat quay mong, can xdc dinh momen tinh m_F, cta d6i trong can béng, tic 1a
khoi lugng m, va ban kinh vecto 1, xdc dinh vi tri ciia khoi lugng nay. Viéc nay dugc tién
hanh bang thi nghiém. Khi thi nghiém ta thudng chon trudc T, , do d6 can tim m,,,

C6 nhiéu phuong phdp khdc nhau dé can biang vat quay mong nhu phuong phép do truc tiép,
phuong phap don can, phuong phap doi trong thir. Sau day sé trinh bay phuong phdp do truc
tiép.

e Dit truc cua dia cAn can bang 1én hai ludi dao nam ngang, song song vGi nhau (hinh 5.2).
Néu dia chua can bang tic 1a 1, # 0 thi dia sé€ tu lya mot vi tri sao cho trong tam S ndm & vi tri

thap nhat (nim trén ban kinh thang ding huéng xuéng OT clia dia).

Dap mattit vio mot diém thuan tién trén ban kinh thang ding huéng léen OC ctia dia. Thém
hodc b6t mattit cho dén khi dia can bang phiém dinh (nghia 1a du dat dia trén dao & vi tri ndo,
dia cling nam yén va khong lan).

Tai vi tri dap mattit ta gan c6 dinh mot doi trong c6 khoi lugng bing khoi luong mattit, hoac
tai vi trf xuyén tam doi cta vi tri gan mattit, ta khoan di mot khoi luong nhu vay.

e Phuong phap do truc ti€p ¢6 uu diém 1a thiét bi don gian nhung nhugc diém I1a do mét nhiéu
thoi gian va khong chinh xac do c6 ma sét lan gitra truc va dao.

e Ghi chi : Cic phuong phdp can bang vira néu trén day dugc thuc hién khi khong cho dia
quay, do dé dugc goi 1a phuong phdp cdn bdng tinh va viéc can bang vat quay moéng duoc goi
12 cdn bang tinh.

2) Can bang vat quay day
a) Nguyeén tiac can bang vat quay day
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e Trong vat quay day, khéi lugng coi nhu phan bo trén cdc mat phang khac nhau va vuong

gbc véi truc quay. Sau khi trong tam S cua vat quay day da dugc dua vé nam trén truc quay,

tic 12 téng luc quan tinh ctia n6 : Z |5qi =0 (vat quay coi nhu di can bang tinh), vat quay day

vén c6 thé chiu tdc dong mot momen luc quan tinh z M ¢ =0 vuong gdc Vvdi truc quay.

e Xét vat quay day (hinh 5.3) c6 hai khéi lugng m,, m, lan lugt nam trén hai mat phang (1) va

(2) song song vGi nhau va vuong goc véi truc quay. Vi tri cia m; va m, lan lugt duge xac dinh

bang céc ban kinh vecto I, va ,. Gid st m, =m, va I, =—T,.

Cho vat quay déu véi van téc géc @ . Cac khoi luong m,, m, gy nén luc quén tinh ly tam
N . 5 2 = » 2 —

bang : Pp=0"mi =-PF, =—-o"m,,

Ro& rang : Z |5q = I3ql + I5qz =0 va vat quay da dugc can bang tinh, khdi tam S cua vat da

nam trén truc quay.

Tuy nhién, do I5ql va I3qz khong ndm trén cing mot mat phang, ching khong triét tiéu 1an

nhau ma tao thanh mot ngéu lyc c6 momen : M, =P, .L = o’mrL . Ngiu luc ny gay ra cic

phan luc dong phu R %! ﬁB trong cac khép quay A va B.
Dé can bing vat quay day, can phai can bing ca luc quan tinh vd momen luc quén tinh, nghia
12 phéi c6 : > P, =0va Y M;=0

|
1D

e Nguyén tdc cdn bang vit quay day

Dé can bing vat quay day cin va chi can hai d6i trong can bing. Hai doi trong nay dugc dat
trong hai mat phing khac nhau tity chon va vuong géc véi truc quay.

Chitng minh

Xét vat quay day c6 n khéi luong m, phan b6 trén cdc mat phang (1), (2),..., (i),..., (n) song
song v6i nhau va vudng géc véi truc quay. Vi tri cia khoi luong m, trén mat phang (i) duoc
xdc dinh bang béan kinh vecto T, .

Cho truc quay déu véi van téc goc @ . Mbi khoi lugng m; gay ra mot luc quén tinh bang :

ISqi = a)zmiri

Goi (I) va (I) 12 hai mat phang tuy chon gan lién véi vat quay va vuong géc véi truc quay.

va lan luot

Chia mdi lyc qudn tinh B, thanh hai thanh phan : B, va P, song song véi P,

nam trén cdc mat phang (I) va (II) :
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P. =P

o = Paioy TR

qi(1)
Trén mat phang (I), hé luc gém cac luc I5qi (y 1a mot he luc dong quy. Dé can bang ching, ta
dat trén mat phiang (I) mot doi trong can bing Mgy tai vi tri xdc dinh bang bén kinh vecto

Fep(1)» $20 cho luc quan tinh If’cb(,) = a)zmcb(,)fcb(,) do né gay ra can bang vdi céc luc If’qi(,) :
Poqy + 22 Py =0

. 1
= Moy Fenr) :_Ezpqi(l)

P

| /
o
/

0.

3y Ta2qn

m3’ 3 \/
! P \ |
| ch(IN/
| |
|

P

P
Moy I

|
i Meyiiy
!
|
!
(3)
a) ~
P, _
b(ll) Pq3(||)
b) ©)
P .
i qu(u)
Hinh 54 :

Tuong tu, trén mat phang (II), ta dat mot doi trong Mg,y tal vi tri xdc dinh bang ban kinh

vecto Ty, d€ can bing hé lyc gém cic luc dong quy Z Isqi(,,) :

. 1 =
My anfesany = —;Z Iin(u)

Ta c6 thé diing phuong phap v& nhu trén hinh 5.4b va 5.4c dé xé4c dinh dai lugng my, |\F, ) va

Mooy Feb iy -

Mat phang (I) va (IT) duogc goi 1a céc mdit phdng cdn bdng. Cac dai lugng m, T, = —Mey () Fepry VA

My, Ty = —My ooy duoc goi la cdc luong mdt can bang cua vat quay day.

b) Phuong phap can bang vat quay day
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e Mudn can bang vat quay day, can phai xdc dinh cdc lugng mét can bang m,f, =-m, \F,
va m = —My Fipa) cta nd. BE xac dinh céc lugng mét can bang, phai tién hanh thi nghiém
trén may can bang dong. Thi nghiém dugc thuc hién khi vat quay dang & trang thai chuyén
dong, nén viéc can bang vat quay day con duoc goi 1a cdn bang dong.

e C6 nhiéu phuong phdp va kiéu thiét bi khac nhau dé xdc dinh cdc lugng mét can biang. O
day, chi gi6i thiéu mot kiéu mdy can bing dong c6 mot g6i do dan hoéi va phuong phép ba lan
thir.

> Mo td mdy cdn bang dong

e Mdy gobm mot khung (1) dat trén mot goi do cing A va mot goi do dan hoi B, va cac dung
cu do can thiét. Lo xo (2) dung dé d& va duy tri dao dong ctia khung. Hop giam chéan dau (3)
dung dé dap tit cic dao dong tu do ctia khung. Déng hé do (4) hay cdm bién ding dé do bién
do dao dong tai mot diém M trén khung.

1 _—

R

Hinh 5.5 :
» Phuong phdp ba ldn thi
Trén vat quay can can bang, ta chon hai mat phang (I) va (II) vuong géc véi truc quay, trén dé
s& dat cac doi trong can bang.
e D¢ xdc dinh lugng mat can bang m,F, trén mat phang (I), ta gd vat quay lén mdy sao cho
mit phang (II) di qua goi d& A.
Do mit phang (II) di qua goi d& A nén khi cho vat quay thi chi ¢6 luc quén tinh do lugng mat
can bang trén mat phang (I) gay ra méi Iam cho khung dao dong lic quanh diém A.
Chuyén vi géc ctia khung quanh diém A ty 1¢ v6i thanh phin thang ding ctia luc quén tinh do
lugng mat can bing trén mat phang (I) gay ra. Trong thuc t€ can bing, do chuyén vi lic clia
khung kh4 bé, nén c6 thé xem chuyén vi géc néi trén ty 1& véi chuyén vi dai cha mot diém M
trén khung. N6i khac di, luc quan tinh do khéi luong mat can bing trén mat phang (I) gay ra ty
1é vé6i bien do dao dong do dugc tai diém M.
+ Cho vat quay déu vdi van téc géc @, van toc nay sé dung cho cac 1an thir k€ tiép.
Lugng mat can bang m,F, trén mat phang (I) gay ra luc quan tinh : |3I = w’m,T, . Bién do dao
dong do dugc tai M trén khung 1a A,.
Do dé : Fﬁ\:kA, v6i k 1a he so ty le.
+ Gan thém lén vat quay, trong mat phang (I), tai vi trf xdc dinh bing ban kinh vecto T, mot
doi trong thit ¢6 khoi lugng m. Cho vat quay déu véi van toc géc @ .
Luogng mét can bang trén mat phang (I) bay gio la m F va m,F, gay ra luc quan tinh :
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B _F 4P
V6i P = w’mr 12 luc quén tinh ly tam do d6i trong thir m gay ra.
Bién do dao dong do duoc tai M 1a A,.
Do d6 : Pl=k.A
e Thio d6i trong thir m ra va gin nd vao vat quay trong mat phang (I), tai vi tri xdc dinh bing
ban kinh vecto —F . Cho vat quay déu véi van téc goc @ .
Lugng mat can bang trén mat phang (I) bay gidla —m F va m,F, gay ra luc qudn tinh :

B—F-P
Bién do dao dong do duoc tai M 1a A,.
Do d6 : ‘ﬁ,‘:k.A)
C
c
A,
B \*
e @ L -
i
2A
A
P =—o’mr O P =o’mr 0

Hinh 5.6 :
e Thuc hién xong ba Ian thir, ta dung hinh dé xédc dinh lugng mét can bang m,T, (hinh 5.6) :
Dyng hinh binh hanh OACB c6 hai canh lan lugt 1a || va |P,
oC =2|R|

Vi cac gia tri A,, A,, A, do dugc, ta dung tam giac oac c6 canh ba canh lan lugt 1a :
oa=A,; ac=A,;oc=2A,

, dudng chéo OC sé bang :

. . . . ) A A

Hai tam gidc OAB va oab dong dang vé6i nhau vi ¢6 céc canh ty 1€ : O—= AC = oc =k . Do
O0a ac ocC

d6, néu goi I 1a trung diém ctia OC, i 1a trung diém ctia oc va (0i,ai) = & thi :

+ (IB,1C) =« tiic 1a géc hop bdi cdc ban kinh vecto F, va ban kinh vecto F bing

(F,1,) = a|: phuong chiéu clia ban kinh vecto F, da xéc dinh.
oi_ Ol oo B mpr oi
ar Al ar P mr al

Nhu vay ta xdc dinh dugc luong mat can bang M, T, trén mat phang (I), tir d6 xdc dinh dugc
khai lugng doi trong can bang va vi tri dat doi trong trén mat phang (I) :

m T = =My Ty
e Dé xéc dinh lugng mat can bang m, T, trén mat phang (II), ta g4 vat quay lén may sao cho
mat phang (I) di qua goi d& A. Sau d6 1am lai thi nghiém nhu trén s& xéc dinh dugc lugng mat
can bang m, T, , tr d6 xdc dinh dugc khai lugng d6i trong can bang va vi tri dat doi trong trén
mdt phang (ID): My f = =Moo ooy
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§2. Can bang co cau nhi¢u khau

e Khi co cau chuyén dong néi chung khoi tam chung ctia co cau (khéi tAm chung clia cic
khau dong) luon Iuon chuyén dong. Ung v6i méi vi tri clia co cdu, khai tam chung S ¢6 mot vi
tri hoan toan xac dinh.

Heé luc quén tinh tic dong lén cdc khau clia co cau khi thu gon vé khdi tam chung S bao goém :
Hop luc ctia luc quan tinh 1a If’q va ctia momen luc quan tinh Ia Mq. Co cau hoan toan can
bang néu nhu |5q =0va M ¢ =0. Viéc can bing momen luc quan tinh M o kha phtc tap va kho
thuc hién, nén thong thudng chi can bang luc quén tinh I3q va vi vay viéc can bang co cau
duoc goi 1a cdn bang tinh.

e Lyc quén tinh trén co cdu: P, =-md; v6im la tong khoi lugng cac khau dong, d; 1a gia t6c

kh6i tam chung S ciia co cdu. Dé can bang luc qudn tinh, tic 1a dé P, =0, phdi c6: & =0,
nghia 12 S phai chuyén dong thang déu hay S c6 dinh. Tuy nhién, co cdu chuyén dong cé chu

ky nén khoi tam chung S khong thé chuyén dong déu, do d6 dé P, =0 thi S phai c6 dinh.

e T6m lai dé cdn bdng tinh co cau hay néi khdc di dé can bang luc qudn tinh P can phai
thay doi hay phdn bélai khoi luong cac khau sao cho khoi tam chung S ctia co cau 1a ¢6 dinh.
e Vi tri khoi tdm chung cua co cdu

+ Xét co cau bon khau ban 1é phang (hinh 5.7a).

Khéi luong cac khau dong 1, 2, 3 14n luot bang m,, m,, m;. Khéi tam S,, S, S, cua cdc khau 1,
2, 3 dugc xdc dinh bang béan kinh vecto Iy, = AS,, I;, =BS, , I,, =CS,.

Hay xét mot vi tri bat ky ctia co cau. Khai tam chung S cua hé cac khau 1, 2, 3 duoc xac dinh
bang ban kinh vecto : Iy = AS.

|

Taco: 5, =S

= G, =h+5,

= o=l +1,+8

= 1[ms+m +s) 3(E+Tz+§3)}

+ Néu khoi tam S,, S, S, ctia cdc khau 1, 2, 3 1an luot nam trén doan AB, BC va CD (hinh 5.7a),
- m,S, + m,l, N m,s, +m,l, N m,S,

ta co:
m m m
= o =h+h,+h,

Trong d6 cac vecto ﬁl, ﬁz, ﬁg lan luot c6 phuong chiéu cua E,I;,l;Vé gia tri cua ching khong
phu thudc vao vi tri co cau.

e Diéu kién cdn bang tinh ciia co cdu

+ Trong trudong hop khéi tam ctlia céc khau 1, 2, 3 1an lugt nam trén AB, BC va CD nhu vira
néu trén, ta thay :

- Do céc vecto hy,h,, h, 14n luot c6 phuong chiéu ctia I, 1, I, va vi trf clia chiing khong

phu thudc vao vi tri co cdu, nén néu S nim trén AD thi khi co cau chuyén dong, S luon
luon co6 dinh (hinh 5.7b).
- Hoac néu c6 quan hé hy =h, =h, =0 tdc 1a r; =0 thi khéi tam chung S cua co cau
s€ luon trang véi diém c6 dinh A.
+ Nhu vay dé can bing tinh co ciu cin dat cdc d6i trong can biang trén cdc khau sao cho khoi
tam S vé ndm trén AD hay S vé triing véi diém A.
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+ Hinh 5.7c trinh bay mot phuong phap bé tri ddi trong can bing m,, m, my, trén cdc khau dé
dua khai tam chung méi S vé tring vé6i diém A.

Hinh 5.7b :
Hinh 5.7a :

myy

Hinh 5.7¢ :

my

Vi tri khéi tam chung méi ctia co cdu S’ dugc xdc dinh bang bén kinh vecto . :
I . . e —
@.z—f[m§f+mﬂ,+ny(h+szy+m”(h+luy+mgﬂf+g+sg+wm”(h+544m)}
m

Trong d6 m’ 1a khéi lugng clia co ciu ké ca khoi luong cac déi trong.

H . F _ m1§l+m||| +m2Il+m||I1+m3Il+m|||I1 m2§2+mlllll +m3I2+m|||I m3§3+m|||||||
RARC m' " m' " m'

fs.:ﬁl'+ﬁz'+ﬁs'

Dé dua khéi tam chung méi S’ vé tring vé6i diém A phiicé h'=h,'=h,'=0

mIIIIIII = _m3§3
Suy ra : m,l,, =—-(m,S, + m,l, +m,,1,)
m, I| = _(mzll + m3|1 +m, Il +my, |1 + m1§1)
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Chuong VI:
CHUYEN DONG THUC CUA MAY

Bai todn phan tich dong luc hoc co cdu gom hai ndi dung :

+ Xac dinh lyc tac dong Ién may hay co ciu

+ Quan hé gitta nhitng luc nay véi chuyén dong cia co cau.

Chuong nay nghién citu quan hé giita cc luc tic dong lén co ciu va chuyén dong clia co céu.

§1. Pat van dé

» Khi nghién cttu bai todn phan tich dong hoc va phan tich luc trén co cdu, ta da gia thi€t van
toc géc cua khau dan w, = hang s6. Tuy nhién, trong thuc t&, dudi tdc dong cua cdc ngoai luc,
may s& c6 mot chuyén dong xdc dinh (va néi chung van t6c géc thuc @, cua khau dan dao
dong xung quanh mot gid tri trung binh @, nhat dinh). Do vay can phéi nghién cdu chuyén
dong thuc ciia may.

Vi chuyén dong ctia céc khau trong mdy phu thuoc chuyén dong ctia khau dan, nén mudn biét
chuyén dong thuc ctia mdy, chi cin nghién cttu chuyén dong thuc cta khau dan (Bai todn
chuyén dong thuc ciia mdy).

» Neéu bién do dao dong cta van t6c goc thuc o, cia khau dan vuot qua mot gia tri cho
phép, ta phai lam déu chuyén dong mdy, tic la tim cdch gidm bién do clia @, sao cho phu hgp
Vv6i yéu cdu (Bai todn lam déu chuyén dong mdy).

§2. Phuong trinh chuyén dong

Phuong trinh dong luc hoc cho phép xac dinh van toc goc thuc clia may dugc goi l1a phuong
trinh chuyén dong ctia may. Sau day, chiing ta s& suy dién phuong trinh chuyén dong clia mdy
viét dudi dang dong nang.

1) Cac dai luong thay thé
a) Momen quan tinh thay thé

e Gia sit may c6 n khau dong. Goi m,, J; : khoi lugng va momen quan tinh (d6i v6i trong tam)
cta khau thit i; Vg va @, 1an luot 1a van toc trong tam S; va van téc goc cua khau thi i tai mot
thoi diém t nhat dinh.
e Tai thoi diém t, ta c6 :

2 2

Dong nang cta khau thiti: B, =m =L+, —-
2

n n 2 2
Pong nang clia may : E:Z:Ei =Z(miv—23i+ Jg %)

i=1 i=1

07 & V. ’ o, ’
= E:_]-E m. _Si +J.|
2 1 Si a)

1 1

Pat : J. :i mi(\ﬁ) +3g [“’—j 6.1)
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e Dai luogng J; c6 tht nguyén cia momen qudn tinh va duoc goi 1a momen qudn tinh thay thé
vé khdu dan 1 ciia tdt cd cdc khdu trong may.
Nguyén tic thay thé€ 1a su tuong duong vé dong nang : Dong nang E cla toan bo co cdu bang
dong nang ctia mot khau ¢6 van téc géc bang van toc géc @, cua khau dan, c6 momen quin
tinh bang momen qudn tinh thay thé J..
Vg .o ., s . Ao s N
e Vi —;— chi phu thudc vao géc quay ¢ clia khau ddn ma khong phu thudc vao @,, nén
w, o
J; cling chi phu thudc vao ¢ : J; =J; () .
Momen quan tinh ndi chung la mot dai lugng bién thién theo ¢ va c6 chu ky la chu ky dong
hoc ¢ (hay chu ky vi tri) cua co céu.

b) Momen thay thé cua cac luc

e Goi P va M, : luc va momen luc tic dong lén khau thi i.

V. va @, :vantoc diém dat luc P va van toc géc clia khau i tai thoi diém t.
e Tai thoi diém t :
Cong sudt tic thoi clia cac luc dat trén khau thi i :
Ni = FW. + Mi@i
Cong sudt tuc thoi cla tat ca cac luc dat trén cac khau trong may :
n n

N :ZNi :Z[Isi7+mi@i:|

i=1 i=1

]
Hay : N=w LM, —
1;{ &y “’1}
¢ Goi M; 1a mot momen luc dat trén khau dan, c6 phuong trung véi @, , ¢ gia tri :
SV L@,
M, = P—+M,— (6.2)
' 'Zl‘{ @ a)j

M;, ¢6 cuing chiéu v6i @, néu My > 0 . M; c6 nguoc chi€u v6i @, néu M; < 0.
n

9 9 7 — \7 - _>- s ,
Cong suat cua momen luc M; : M; @, =M;.@, = a)lz{Pi —+M, ﬂ} =N (bang cong suat
= @ @,

cua tat ca cac luc tac dong 1én co céu).
bai lugng MT dugc goi 1a momen thay thé'vé khdu dan cua tdt cd cdc luc tac dong lén co cdu.
Nguyén tac thay thé 1a su tuong duong vé cong sudt : Cong sudt ca tit ca céc luc tac dong lén
co cau N bang cong suét cia momen MT coi nhu dat trén khau dan.
~ V i . O ? N z 2 X N
e Vi ZSI;I chi phu thuoc vao géc quay ¢ cua khau dan ma khong phu thu¢c @,, nén M,
1 1

cta cling chi phu thudc vao ¢ : M; =M, (p)

2) Phuong trinh chuyén dong ciia may

t
t-t

t
t—ty

e Dinh ly vé do bién thién dong nang : AE| = A|

Véi: Ag |:_t0 : do bién thién dong nang ciia mdy trong khoang thoi gian At =t -t

Al

., - tongcong cua cic luc tac dong 1én may ciing trong At .
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e Taco: AEt =E-E,

t-t,
V6i E va E, : dong ning clia may tai thoi diém t va t,.
Goi @; @, : géc quay ctia khau dan tuong ting v6i cdc thoi di€ém t va t,.

a)2 0)2
Suy ra : AELO =3 (p) 2 ((P)_JT (05) (2(00)

e Tdng cong clia cic ngoai luc tdc dong 1én co cau trong At :

Acl ., = j Ndt = j M o,dt

f f

¢
Hay : AE|:_tO :jMwa

Po

e Suy ra huong trinh dong ning ctia may : |J; (@ )a)l () -J;(9,) “ (2% I M.dep| (6.3)

3) Khau thay thé

Xét mot khau c6 van t6c goc @, cua khau dan, c6 momen quén tinh thay
thé tai timg thoi diém bing momen qudn tinh thay thé J, trén dé dat mot
momen luc tai ting thoi diém biang momen thay th€ M, cta cdc luc. Khau
nay duoc goi 1a khdu thay thé” (Hinh 6.1).

Ta thay phuong trinh (6.2) ciing chinh 12 phuong trinh chuyén dong cua
khau thay th€, do d6 viéc nghién citu chuyén dong thuc clia co ciu nhiéu
khau c6 thé quy vé viéc nghién citu chuyén dong thuc ctia khau thay thé.

8§2. Van toc goc thuc cia khau dan

¢ A A A R 7, A
1) Cac ché do chuyén dong cua may 0
¢ Khi mdy chuyén dong, néi chung van toc géc o,
ctia khau dan bién thién theo géc quay ¢ cua né (c6
thé tang dan, giam dan hay dao dong xung quanh
mot gia tri trung binh @, c6 dinh).

vS

e Tuy theo tinh chat bién thién cia @, ma c6 cac
ché€ do chuyén dong khac nhau clia mdy. Che do ¢ huyen

’ X X dong binh on
a) Ché do chuyén dong binh on

, , , Hinh 6.2.
e Ch&€ do chuyén dong binh on la ch€ do chuyén

dong ung v6i van toc géc cua khau dan bién thién c¢6 chu ky quanh mot gid tri trung binh @,
c0 dinh.
N6i chung, ch€ do chuyén dong binh 6n ting vdi giai doan lam viéc chia mdy.

o Tu (6.3)suyra:

wl(m:J;(f"’)) oo+ o ol

Dé w,(p) bién thién c6 chu ky, thi sau tiing khoang thoi gian nhat dinh, phai dong thoi ¢6 :

j M, dg (6.4)

Bai gidng Nguyén Iy mdy, Chuyén nganh Co khi ché'tao Lé Cung, Khoa Su pham Ky thudt 65



J: (9)=3:(9,)

®
[Mrdp=0
Po
Do J; (@) bién thién c6 chu ky la chu ky dong hoc @ cta co cdu, nén sau méi chu ky @ :
J; (¢, +n®) = J; (¢,) v6in la s6 nguyén

[
Nhu vay, con cin phéi c6 j M, dp = A|Z triét tieu c6 chu ky.
0

Po

@o+md 5
e Goi @, la chu ky triét tiéu clia cong A, suy ra : I M.dp = A|Z°+mA =0
Po
Goi @, 1a boi s6 chung nho nhat cia ® va &, (&, = pd =qd,), suy ra:
JT (¢0 +CD[H) = JT (¢o + p(I)) = JT ((Do)
@+ D @+ pD
0 ® 0 A (6.5)
[ Midp= [ Midp=0
Po Po
, L2 2 "
e Tathdy : @, (p+®,)= | — 2 —.0/(p) +————— M. de (6.6)
' (g +@,) 1 I (g, +D,) i !

K&t hop véi bi€u thiic(6.5) suyra: @, (p+®,) = o, (¢,)
Nhu vay, ®, chinh la chu ky bién thién cua @, (¢) va duoc goi la chu ky dong luc hoc(hay

chu ky lam viéc) cia may: |®, = p® =qd,

e Diéu kién dé mdy chuyén dong binh on

Diéu kién dé may chuyén dong binh on 1a cong A|" phai triét tieu c¢6 chu ky. Thé€ nhung

¢ _ @
A(ﬂo_ADfﬂo

céan tdc dong lén mdy trong khoang thoi gian tir t, dén t. Suy ra diéu kién dé€ mdy chuyén dong
binh 6n 12 cong dong va cong cdn phdi can bang nhau sau mot khodng thoi gian nhdt dinh:

? _ AP
AD|¢/’0 - A:|¢’o

4
?

0

+ A |zo , trong d6 : Ay |ZO va A |ZO lan lugt 1a cong cua cac luc phat dong va cac luc

b) Chuyén dong khong binh 6n
e Ung véi van téc goc ciia khau din c6 xu thé tang dan hay giam dan. Chuyén dong nay néi
chung dng véi giai doan m& mdy hay tat mdy.

e Néu nhu cong Az khong triét tiéu c6 chu ky, tic 1a luon luon duong hay luon luén am, thi
0

mdy s& chuyén dong khong binh 6n.
2) Xac dinh van téc goc thue cia khau dan

e C6 thé giai phuong trinh dong nang (6.3) dé xdc dinh van toc goc thuc @, (@) chia khau dan.
Chuong nay chi trinh bay phuong phap do thi.
Trong phuong trinh (6.3), J; chi phu thuoc géc quay ¢ khau din. Con M, c6 thé phu thuoc ¢,

phu thudc @, hay phu thudc dong thoi ctia ¢ va @,. Tuy theo tinh chat bién thién cia M; ma
¢6 cdc phuong phap khadc nhau dé xdc dinh @, (@) .
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e Trong trudng hgp M; 1a ham ctia géc quay @ : M, = M, (@), c6 thé dung d6 thi E(J;) dé
xéc dinh @, ().

e Xdc dinh vdn toc goc thuc o, (¢) cua khdu dan dua vao do thi E(J)

» S0 'liéu cho trudc :

+ D06 thi momen thay thé€ cla tat ca cic lyc phat dong : M., =M, (9)
+ D6 thi momen thay thé clia tat ca cac luc can: M;c =M (9)
+ D6 thi momen quan tinh thay thé clia tit ca cac khau: J; =3 (9)
+ Dong nang clia co ciu ¢ thoi diém ban dau t,: E, =E(g,)
Jr

Hinh 6.3:

¢

AE, A

» Xady dung do thi E(J;):
Trinh tir tién hanh nhu sau (hinh 6.3):
+ Do M; =M;, + M. nén néu cong hai d6 thi M.,(¢) va M;.(¢) sé suy duoc do thi

M- (9).
@

+ Vi A|Z = J- M;dg, do vay néu tir d6 thi M, (@), ding phuong phép tich phan do thi sé suy
P

duoc do thi A(e)

+ Do AE|Z = A|Z nén do thi A(e) ciing chinh 14 d6 thi AE(p).
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+Tacéd: E(p)=E,+ AE|ZO . Do vay khi dich truc ¢ ctia d6 thi AE(p) xudng phia dudi mot
doan E, s€ suy duoc do thi E(¢).

+ Bang cach khir ¢ tir hai d6 thi E(@) va J; (@) sé& xay dung duogc dé thi E(J;).

» Cdch khwt ¢ tir hai do thi E(¢) va J;(p)

Ung v6i mot gid tri ¢, nhat dinh, nhd d6 thi E(p) va d6 thi J; (¢), ta xdc dinh dugc cic gid
tri E(p,) va J;(p,) tuong ing. Véi cap gid tri [J; (¢,);E(p,)] s€ xdc dinh dugc diém K
tuong ting cua d6 thi E(J;). D6 thi E(J; ) chinh 1a tap hop cdc diém K vira xéc dinh.

» Ghichi

+ Trong ché& do chuyén dong binh 6n, ¢t sau mot chu ky dong luc hoc @, ctia mdy, J; (@) va
A(p) (hay AE(¢)) tré vé gia tri ban diu, do d6 diém K ciing tr& vé vi tri ban dau. Do d6
duong cong E(J;) 1a mot dudng cong kin khong bao quanh goc O.

+ Viéc cho ¢, bién thién ciling tuong tng véi viéc cho diém K chay trén dudng cong E(J;)
va nguoc lai.

» Xdc dinh o, (¢) e
* Tir phuong trinh (6.3) hay tr bidu thic E Hinh 6.4.
E:JTw—lz,suyra: EdJ,)
2 T
2« (.Y xyybb—|—_—_ e —
E(p) = 3; (p) 20 = p2(p,) = 25 i o
2 JT (¢k) e |
Gid tri ¢, tGng v6i mot diém K trén d6 thi E(J;). .

Goi (x,,y,) 1a toa do clia diém K. g, ;4 : ty xich

hai truc cua d6 thi E(J;),tacé:

Taco : JE((%)) = Yikte :'[g‘I’k.ﬁ /'/ X X, I
X
7\P 2k:u.] H; o Y. g 0 (MJ)
Suy ra: o, () = He tg¥, (6.6)
H

e Trong ché do chuyén dong binh 6n, E(J;) Ia dudng cong kin khong bao quanh géc O. Do
d6, néu goi Ot’ va Ot’’ 1 ti€p tuyén dudi va trén cua do thi E(J;)14n lugt hgp véi truc hoanh

goc W i W thi W, s€ dao dong gilta hai cyc tri W ;W 0 @ Wiin S W SV
Ung v6icaccuctri W, ;¥ . tacé ciccuctri o, ;m,, ctavantéc géc khau dan
24
— E
a)l(¢)m§x - tglPkm?;( = Oy < O S Dy
min J

84. Lam déu chuyén dong may

1) Pai cuong vé 1am déu chuyén dong may
a) Hé so khong déu

e Trong giai doan chuyén dong binh 6n, van toc géc thuc @, (¢) khau dan bién thién c6 chu

ky xung quanh mot gi4 tri trung binh nhat dinh (nghia la khau dan chuyén dong khong déu).
e D¢ ddnh gia tinh khong déu ctia chuyén dong, ngudi ta ding hé s6 khong déu S :
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a)lmax + a)lmin
2
* Doi v6i mbi mdy, ngudi ta quy dinh mot gid tri cho phép [S] clia he s6 khong déu.

Trong d6 : oy, ; @, 12 cac cuc tri clia @, (@) va o, =

Néu 6 <[5] : mdy duoc goi 1a chuyén dong déu.

b) Van toc cuc dai va cuc tiéu cho phép cua khau dan
Ung v6i méi gia tri ®,, cta khau dan va gid tri hé s6 khong déu cho phép [5 ] , ta suy dugc cac
cuc tri cho phép cuia van téc goc thuc @, (¢) cua khau dan. Ta cé :

[a)lmax ] + [a)lmin ] = 2a)tb

[a)lmax ] _[a)lmin] = Oy [5]
[9]

S PN L] N L

¢) Bién phap l1am déu chuyén dong may

Hinh 6.5:

AE, A

e Khi & >[6] : mdy duoc goi la chuyén dong khong déu. Khi d6, phai 1am déu chuyén dong

mady, tdc 1a gilt nguyén @, , tim cach giam hé s6 khong déu & sao cho: & < [5 ] .
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e Thong thuong, momen quén tinh thay thé€ J; ciia mdy bién thién tuan hoan theo géc quay
clia khau dan ¢ va gobm haiphan: J; =J.+J,

Véi J. 1a momen qudn tinh thay th€ cho ban than khau dan va cdc khau c6 ty s6 truyén co
dinh doi v6i khau dan; J, 1a momen quén tinh thay thé cho cdc khau con lai cia mdy, J, 1a

dai lugng bién thién theo géc quay ¢ cta khau dan.

¢ D& dang chiing minh dugc rang: Khi git nguyén @, va ting momen qudn tinh thay th& J;
thém mot lugng J; bang hing s6 (momen quén tinh thay thé lic nay bang : J; = J; +J, ) thi
hé s6 khong déu & s& giam xudng.

e Trong trudng hop My, va M chi phu thudc vao géc quay ¢ :

Mip =M (@) ; Mc =M (@) 6 thé dung d6 thi AE(J;) d€ chiing minh nhu sau :

+ Khi tang J; thém mot luong J, = hang s6 (tdc 14 momen qudn tinh thay thé€ lic nay bang

Yy =1J:+17,), van t6c géc @, cha khau dan c6 thé bi thay d6i, nhung do J; chi phu thuoc ¢,

nén dé thi J; (@) khong déi dang, chi ¢6 truc ¢ doi vé phia trdi mot luong J,.

b6 thi E(J;) tré thanh E'(J;). Van téc @, cua khau dan tré thanh ;.

+ Do momen thay th€ M; = M, + M, chi phu thudc vao géc quay ¢, nén do thi AE(p)

khong thay déi.

+ Tir d6 suy ra rang do thi AE(J;)vaE(J;) khong déi dang. Chi ¢6 truc E’ cua d6 thi E*(J;)

doi vé phia trdi mot lugng J,. Goc O’ cua d6 thi E'(J;) nam tai mot vi tri x4c dinh trén truc

E’.

+ Tir O ké hai ti€p tuyén dudi t, va trén t, v6i d6 thi E(J;), suy duogc hai goc W ; W . Ung
cta o, (hinh 6.6).

+Goi a=t N truc E’, b=t, N truc E’. Ta xét ba truong hgp sau :

* Trudong hop O’ thuoc nira dudong thang ay* :

V61 CAc CcucC trl @, pax

Tur O’ ké hai ti€p tuyén dudi va trén vé6i do thi E'(J;), ta suy ra dugc hai goc W;,,; Vi UNg
v6i cac cuc tri @)} @, CUA @) .

’ ®_ +w . o+
Ta thdy : Vo<W = Omx <Opmax = @) =—0_mn o _lmx _1min _ g

min min min min 2 2

Tic 1a o, giam xudng (trdi v6i gia thiet).
* Truong hop di€ém O’ thuoc by :
Tuong tu nhu trén, ta cling thdy rang e,, tang 1én ( trai véi gia thiét).
* Truong hop diém O’ thudc ab: Ta c6: W, <YW, i Yiin > Yrin = Dnax < Prmaxs

@rin > O » do vAy ¢6 thé gilt nguyén gid triw,, .
. . s .- O =0
Khi o, dugc gilt nguyén thi: § =0 _mn o _Limx _lmn _ 5
Wy, Wy,

Tic 1a hé s6 khong déu & da giam xudng.
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Hinh 6.6.

Hinh 6.7.

AE(Jy) hayE’(J'p)

[\Pmax]

[lein]

e Bién phdp lam déu chuyén dong mdy
Tu chitng minh trén, ta thdy ring : Dé hé s6 khong déu gidm xuéng, cin ting momen quan
tinh thay thé€ J; thém mot luong J, bing hing s6. Mu6n vay phai lap trén khau din (hay trén
khau ¢4 ty s6 truyén c6 dinh d6i v6i khau dan) mot khoi lugng phu goi 1a bdnh da.

Gid tri momen quén tinh J, ciia banh da phai dugc chon sao cho: & <[4].

Ta s& xét truong hop gidi han: 6 = [5] .

2) Xac dinh momen quan tinh cua banh da

e Truong hgp My, va My chi phu thudc vao géc quay @ : My =M (@) ; M. =M (9),
c6 thé dung do6 thi AE(J;) dé xdc dinh momen quén tinh cta banh da (Phuong phép nay dugc
goi l1a phuong phap Vit-ten-bauo).

e So liéu cho truvce
D6 thi My =M, (@) 5 M =My (9); J; =7 () . Cho themw,, va [5].

e Gia str banh da ¢c6 momen quan tinh J; dugc 1dp vao khau dan. Khi 1ap banh da vao khau
dan, mmen quén tinh thay thé J; s& ting thém mot lugng J, bang hang s6 : J'; = J, + J;.
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Van t6c géc @, c6 thé bi thay déi, nhung do J; chi phu thudc vao géc quay ¢, do d6 do thi
J; (¢) khong déi dang, chi c6 truc hoanh doi vé bén trdi mot lugng J,. Do M, chi phu thuoc
géc quay @ nén do thi AE(p) va E(@) ciing khong ddi dang (hinh 6.5).

e T d6 suy ra rang d6 thi AE(J;) va E(J;)ciing khong ddi dang : d6 thi AE(J;)va
E(J;) trude va sau khi 1dp banh da c6 dang nhu nhau. Truc E’ cia E'(J;) doi vé bén trai so
v6i truc AE mot lugng 1a J,. Goc O’ cua do thi E'(J;) nam tai mot vi tri nao d6 trén truc E’.

e Do vay, momen qudn tinh cta banh da dugc xdc dinh bang cach : T goc O’ cua do thi
E'(J;) ha doan thang O’H vuong géc véi truc E’. Momen qudn tinh ctia banh da :

J, =OH.y
e Cdch xdc dinh goc O cua do thi E (J;)

Néu biét trudc d6 thi E'(J;) va gbc O’ cha d6 thi nay, c6 thé suy ra cdc g6¢ [W e [V min |

tuong tng véi cac cuc tri cho phép [a)max];[a)min] cta van téc géc @, (@) cua khau dan : Tur
goc O’, ké hai ti€p tuyén trén va dudi v6i do thi E'(J;), [W pa|;[W min ] chinh 12 géc hop boi
hai ti€p tuyén néi trén véi truc hoanh.

Nguogc lai, nhd biét truée d6 thi E'(J;), nhung chua biét goc O, ¢ thé xdc dinh goc O’ nhu
sau : Ké hai ti€p tuyén trén t, va dudi t, véi do thi E*(J;), 1an lugt hop véi truc hoanh cic goc
[ e i [ min |- Giao diém cula hai tiép tuyén trén chinh 1a goc O’ cha do thi E'(J;)(Hinh
6.7).

e Cach xdc dinh [‘Pmax];[‘l’min]

Gia tri [‘Pmax];[‘lfmin] tuong tng v6i cdc cuc tri cho phép cua @, (p) va v6i hé s6 khong déu
cho phép [5 ] .

Théma: 19| ¥y, |= 22 [@,,]
min | Z,UE min
_ _ 12
— tg| ¥, |= H, a)ti 1im voi [5] <<1
L min | Z,UE 2 ]
= (o] I :2’uJ a)ti(li[é])
min | E

e Trinh tu xdc dinh momen qudn tinh ctia banh da bang do thi AE(J;):

Tém lai, c6 thé xdc dinh momen quén tinh ctia banh d theo trinh tu sau :

+ Cong hai d6 thi M, = M, (9) ; M. = M. (9), ta dugc do thi M, (@) .

+ Tich phan d6 thi M, (¢) suy dugc d6 thi A(p) . Pay cling chinh 1a d6 thi AE(p).
+ Khr ¢ tir hai do thi J; (@) va AE(p) suy dugc do thi AE(J;).

+ Tinh [W o Ji[¥ min | theo biéu thifc tg {\PW} = 2’: o (1£[5]).

min E
+ K¢ hai ti€p tuyén trén t, va dudi t, véi do thi E'(J;) (hay ciing chinh 1a d6 thi AE(J;)), 1an
luot hop véi truc hoanh céc géc [W o |i[W min |
+ Goi O’ =t, nt,. Ha O’H vudng gbc véi truc tung clia do thi AE(J;)
Tacé: J, =0OH.y,

i o S
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Chuong VII :
HIEU SUAT

§1. Khai niém vé hiéu suat
e Ta da biét ring khi may chuyén dong binh 6n, sau tiing khodng thdi gian bing chu ky dong
Iic hoc @ clia mdy, cong dong cung cip cho mdy va cong can ma mdy tiéu hao phai can
bang nhau:

A=A
Thé ma : A=A+ Ay
Véi: A, va Ay lan lugt 1a cong dung dé khic phuc cac luc can c6 ich va cong tiéu hao béi
céc luc ma st trong cdc khdp dong trong mot chu ky dong luc hoc cla may.
Do do : Ay =—(Aus + Ay)
Nhu vay, cong dong cung cip cho mdy mot phan ducc dung dé khic phuc cac luc can ¢ ich,
phan con lai tiéu hao do ma sat trong cdc khép dong.
e D¢ danh gia hiéu qua st dung cong dong clia mdy, ngudi ta sit dung hiéu suét n:

|Ad|
77:_
A,
(7.1)
® DOAD:_(AMS"'A(:l) :>|Ab||:AD_|AMS| = 77:%
|Avs|
= 77:1——
A,
(7.2)
e Goi (p:% 12 hé s6 tén that, ta c6 :
(7.3)

e Trong co cdu, cong clia luc ma sat luon luon khac khong, do do tir (7.2) suy ra: 77 <1.
Khi |AMS| = A, , tic la toan bo cong dong cung cép bi tiéu hao do ma sat trong cac khép dong,
tue (7.2) suy ra: n=0.

Dé mdy hay co cau chuyén dong dugc, phai c6: A, >|A|, do d6 tir (7.2) suy ra: 17>0.

Tém lai: 0<np<l
Khi tinh todn néu hiéu sudt 7 < 0thi diéu nay ching to rang co céu dang roi vao trang thai tu
ham.

§2. Hiéu suat cua mot chuéi khép dong (hay chuéi co cau)

Hiéu sudt cla timg khép dong c6 thé xdc dinh bang thuc nghiém hay tinh toan. Trong céc tai
liéu k¥ thuat, thuong cho trudc hiéu suit ctia cac khép dong thong dung, vi du hiéu suit cla
mot cip banh ring, cta 6 bi... LAm thé ndo dé xdc dinh hiéu suat cia mot chudi khép dong
hay ctia mot chudi co céu ?

1) Truong hop chuéi khép dong néi tiép

Xét mot chudi gdm n khép dong néi ti€p (hinh 7.1).

Goi 7, 1a hiéu suit cta khép dong thu i.
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v’ Xét khép dong thi 1 : Goi A, 1a cong dong cung cap. Cong c6 ich nhan duge 1a A, . Hiéu

Al
suat ciakhép: 7, = |
A
v Véi khép dong thi 2, cong cung cdp 1a A, cong cé ich nhan dugc 1a A,. Hiéu suit cua
A
khép dong : 7, = ||A1||
v" Vi khép dong thi n, cong cung cdp la A, cong c6 ich nhan dugc 1a A, . Hiéu sudt cua
Aol
khép: 77, = 1Al
(Al

v' V6i chudi khép dong, cung cung cap 1a Ay, cong c6 ich nhan duge 1a A, .
Do d6, hiéu suat cta chudi khép dong noi tiép :

AL _ AL AL AL AL

= n=n.n,-0, ==
i=1

m=
A ALTTAL AL A
A A A
— > n | — 2 T —>
Hinh 7.1:

2) Truong hop chuéi khép dong song song
Xét mot chudi gébm n khép dong song song (hinh 7.2).
Goi 7, 1a hiéu suat cua khép dong thi i.

h A )

\ 4

v' Vi khép dong thit i: Cong cung cap A, cong c6 ich A
Al (gt
nhan dugc A . Hiéu sudt cua khép: 7, = A
v V6i toan bo chudi khép dong : Cong suét cung cép A > Ao
-1

n n > — A,
A :z ’ = i‘ Cong suidt cé ich nhan "t A

=) A

> A

dugc A, =Y A . Do d6, kiéu suat cta chudi khép \
i=1 Hinh 7.2:

Al _Zn:W
A, Z|Aﬁ| Z|Aﬁ|

i=1 77| i=1 77|

dong song song: n=

3) Truong hop chuoi khép dong hon hop
Xét trudng hop tong quét : He thong gobm m chudi khép dong néi ti€p bo tri song song vdi
nhau (hinh 7.3). M6i chudi khép dong néi ti€p gom n khép dong.

v Vi toan bo hé thong: Cong cung cép : A, = Z A , cong c6 ich nhan dugc : A, = Z A

=t j=1
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_ A

Hiéu suat clia hé thong : 7= A = J;l == (7.4)
LA XA
j=1 j=1
v Véi chubi kh6p dong noi ti€p thit j : Cong cung cdp : A;, cong c6 ich nhan dugc : A,.
A Ca A
Hi€u suat cua chuoi khdp dong thi j : 77; = ol Suyra: A; =—.
j 7

Goi 77; 1a hiéu suat cua moi khép dong trong chudi thit j (i=1,2, ..., n), taco: 7} = H”ij )
i=1

Do d6 : A'—H—Lj‘ (7.5)
i .
g H77ij
i=1
>|A
Th 3 . _ |Ab|| _ =
ay (7.5) vao (7.4),suyra:|n= =
A iiAj B
= H77ij
i=1
A 3\

My (=t 1 |—| T HA&

—AD—> : My = i |—t Thi ——> A > Ay

A 4

\ 4

Tho = i =t Tl |—> A’ﬂ Y,

Hinh7.3:
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Chuong VIII : ,
PIEU CHINH TU PONG CHUYEN PONG CUA MAY

§1. Pat van dé :

e Dé mdy chuyén dong binh 6n, sau mot khoang thoi gian nhat dinh, cong dong va cong can
phai can bang nhau : Aj = A.. Khi d6 van toc géc @, cia khau dan bién thién c6 chu ky xung
quanh mot gia tri trung binh @, xac dinh. Néu bién do dao dong cta @, vugt qua gia tri cho
phép, thi phai ding banh da dé 1am déu chuyén dong mdy. Pay 1a noi dung clia bai todn lam
déu chuyén dong thuc clia may.

e Tuy nhién, trong qua trinh 1am viéc, tai trong clia mdy c6 thé bién thién bat thudng. Khi d6
cong dong va cong can khong can bing nhau nita, chuyén dong ctia mdy sé mat binh 6n. Dé
bdo dam chuyén dong ctia may luon luon binh 6n, miac du c6 su thay doi bat thudng cta tai
trong, phai diing bién phap diéu chinh tu dong dé diéu chinh cong dong cung cip cho mdy sao
cho cong dong va cong can trd lai can bang nhau.

e Diéu chinh tu dong chuyén dong clia mdy 1a mot linh vuc hep cua 1y thuyét diéu chinh tu
dong.

e C6 thé diing cdc bo diéu chinh khac nhau ding dén cdc thiét bi dién, dién tir hay co khi, O
day, chi gi6i thiéu bo di€u chinh van téc ly tam 1a loai chi ding céc thiét bi co khi. Bo diéu
chinh van téc ly tam dugc st dung rong rii trong cic dong co nd.

§2. Bo diéu chinh van toc ly tam truc tiép

1) Cau tao
B0 diéu chinh van t6c ly tam truc ti€p bao gdm cac phan tir sau day (hinh 8.1) :
1. Truc quay OO
2. Co cau tay quay con truot kép ABCD mang qua nang A.
3. Heé thong canh tay don EFGH.
4. Van V.
5. Ong dan chit sinh cong.
6. Lo xo.
x O
e

Hinh 8.1 :

G
O

@)
H

[(4)

. 'V (5)

®)

2) Nguyén ly lam viéc

e Truc quay OO dugc n6i véi khau dén ctia mdy bang mot co cau c6 ty s6 truyén khong doi,
do d6 van t6c gbc trung binh cua truc quay OO ty 1€ v6i van téc goc trung binh @, cta khau
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dan.
e Khi mdy chuyén dong binh 6n truc OO ¢6 van t6c gdc trung binh 12 @, .

Liic nay, luc ly tam do c4c qua nang A : P, = 2m,w?X

Véi: m, khoilugng cia qua nang A; x : khoang cach tir tam qua nang A dén truc OO

e Luc ly tam P, c¢6 xu huéng kéo qua nang A di 1én va duoc goi 1a luc ndng.

Trong luong qua nang, trong luong cdc khau, luc phuc hoi cua 10 xo... ¢6 xu huéng kéo qua
nang di xuoéng. Cac luc nay dugc goi la luc ha.

Duéi tac dong clia luc nang va luc ha, qua nang A hay co cau s& ¢6 mot vi tri can bang nhat
dinh, Gng v6i mot gia tri cua luc nang P, hay ting v4i mot vi tri nhat dinh cua con trugt D (xac
dinh bang toa do z). Vi tri can bang nay Gng v6i mot gid tri nhét dinh cla @, .

e Khi c6 su thay ddi bat thuong clia tai trong bén ngoai, vi du khi tai trong tang. Khi d6 cong
can A. ma mdy tiéu thu tang lén, van toc @, giam xuong, khién luc nang P, giam xuéng, lam
cho qua nang A va con trugt D di xuong, thong qua hé thong canh tay don EFGH m& rong van
V, tang thém cht sinh cong di vao dong co. Nho d6 cong dong A, cung cap cho mdy tang trg
lai, su can bang gilta cong dong va cong can dugc phuc hdi, van téc gécw, trd lai 6n dinh
(hinh 8.2).

chuyén tiép
Hinh 8.2 :

3) Mot s6 khai niém co ban

Hay 1am quen v6i mot vai khdi niém co ban dung trong ly thuyét diéu khién tu dong :

+ Dong co né dugc goi doi tuong cdn diéu chinh

+ Van t6c géc @, cla truc quay OO dugc goi 1a thong sé can diéu chinh

+ Su thay ddi bat thudng ciia tai trong bén ngoai duoc goi 1a kich dong

+ Su sai léch cua thong s6 dieu chinh e, so véi gid tri ban dau dugc goi 1a tin hiéu diéu chinh
+ Con trugt D va co cdu tay quay con truot kép ABCD c6 nhiém vu phat hién su sai 1éch cua
thong sd di€u chinh so v6i yéu cau dugc goi la phdn it nhay

+ Hé thong cénh tay don EFGH chiu tdc dong cla phdn tir nhay va ¢6 nhiém vu déng md van
V, diéu chinh chat sinh cong di vao dong co, dé dua thong so diéu chinh trd vé gid tri yéu cau,
dugc goi 1a phdn tit chdp hanh.

+ Heé thong gébm bo diéu chinh tu dong va doi tuong can diéu chinh (dong co) dugc goi 1a hé
diéu chinh tu dong.

4) Uu nhuoc diém cua bo diéu chinh van toc ly tam truc tiép

B0 di€u chinh vira néu trén day duoc goi 1a bo dieu chinh van téc ly tam truc ti€p. S6 di ¢ tén
goi nhu vay, boi vi phan tir nhay cua bo di€u chinh nay duoc néi truc ti€p v6i phan tir chap
hanh.
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o Uu diém

B0 diéu chinh van toc ly tam truc ti€p c6 két cdu don gian.

e Nhuoc diém

- B0 diéu chinh van toc ly tam truc ti€p khong nhay véi céc tin hiéu nho :

Cong phat sinh do su bién thién cla luc quan tinh P, khi @, thay déi, vira dung dé nang ha cdc
qua ning (tdc 1a cung cap nang lugng cho phan tir nhay), vira duge diing dé déng md& van (tiic
l1a dan dong phan ti chap hanh). Do d6, khi kich dong khong du 16n, nang luong ndi trén
khong dii d€ din dong phan tir chap hanh, hé thong sé khong hoat dong.

- Bo diéu chinh van toc ly tam truc tiép dé lai mot sai s6 tinh khdc khong sau qué trinh diéu
chinh:

Khi chuyén dong binh 6n mdi dugc xéc lap, cong can A. va do vay cong dong A, da khac
trude, do d6 vi tri van V va con trugt D cling phai khac truéc. Vi méi vi tri ctia con trugt D
ing v6i mot van toc @, nhét dinh, nén trong ch€ do chuyén donh binh 6n mdi dugc tdi Idp,

van toc @, da c6 mot tri s0 @, khdc truéc : w; # @, . Sai s6 Aw =, —w, duoc goi 1a sai s6
tinh : Aw # 0 (Hinh 8.2).

§3. Cac bo diéu chinh van toc ly tam gian tiép

+ D€ khic phuc nhugc diém khong nhay véi cdc tin hiéu nhd clia bo diéu chinh truc ti€p,
nguoi ta dung bo dié€u chinh gidn tiép, trong d6 nang luong dan dong phan tir chap hanh khong
lay truc ti€p tr phan tir nhay ma thong qua mot phan ti khuyéch dai.

+ Trong céc bo diéu chinh van téc ly tam gidn ti€p, phan ti khuyéch dai 1a mot hé thong thuy
luc con dugc goi la dong co tro dong.

1) B0 diéu chinh van téc ly tam gian tiép phi tinh

a) Cau tao

Khéc véi bo diéu chinh van toc ly tam truc ti€p & chd cé thém mot hé thong thuy luc gébm
pittong 1 va 2 chuyén dong trong céc xi lanh 3 va 4 chita ddu va cic ong dan a, b, c,d , e
(Hinh 8.3).

b) Nguyén ly lam viéc

e Khi mdy chuyén dong binh 6n, co cdu ¢6 mot vi tri can bing nhat dinh tng v6i mot vi tri
nhét dinh cta con trugt D, tng v6i mot van toc géc trung binh @, nhat dinh cuta truc quay OO.
Khi d6 pittong nam & vi tri dong kin céc ctra d, e. Cac khoang cta pittong 2 duge titc dau, sé
duoc gitt & mot vi tri xac dinh, tng véi mot vi tri xac dinh ctia van V.

e Khi c6 su thay ddi bat thuong clia tai trong bén ngoai, vi du khi tai trong tang. Khi d6 cong
can A. ma mdy tiéu thu tang lén, van toc @, giam xuong, khién luc nang P, giam xuéng, lam
cho qua nang A va con trugt D di xuong, thong qua hé thong canh tay don EFGH kéo pittong
1 di xudng, clra a thong véi d, clra e thong véi ¢, diu cao ap tir ong a di qua 6ng d vao khoang
trén cla pittong 2, dau & mat dudi cua pittong 2 theo 6ng e va c thoat ra ngoai. Nho d6 pittong
2 di xudng, thong qua hé thong canh tay don EFGH mé rong van V, tang thém chét sinh cong
di vao dong co, khién cong dong A, cung cip cho may tang trd lai, mot mdt phuc hoi su can
bang gitta cong dong va cong can, van téc géc w, tang trd lai. Mdt khdc, khi van toc géc @,
bat ddu tang tro lai, luc nang P, tang 1én, con trugt D va pittong 1 di 1én tro lai, déng dan hai
ctra d, e. Chi khi nao pittong 1 tré vé€ vi déng kin hoan toan hai ctra d, e (vi tri ban dau) thi
pittong 2 méi thoi di xuéng va van V méi ngimg hén, khong mé rong nita.
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Hinh 8.3:

A
|

It
pittong 2 -:-:-:-:-:-:-:-:-:-:Tc
Xi lanh 2 i
- o [
| pittong 1
~ xi lanh 1
H
|l
— \Y%
¢) Uu nhuoc diém
e Uu diém
- B0 diéu chinh van toc ly tam giéan ti€p phi
finh nhay v6i nhiing tin hiéu nhod, boi vi @
nang lugng dé dan dong phan tir chdp hanh Ao, =0

khong 14y truc ti€p tir phan to nhay ma
thong qua phan tir khuyéch dai.

- Bo diéu chinh van t6c ly tam giédn ti€p phi
tinh khong dé lai sai s6 tinh
Aw=wy—w,=0. That vay, khi ch¢ do
chuyén dong binh 6n mdi dugc xic lap,

cong can A, va do vay cong dong A, da

khac trude, do d6 vi tri van V ciing khac chuyén tiép
truéc. Tuy nhién vi tri pittong 1 van nam
tai vi tri dong kin cdc cua d va e, nghia la Hinh 8.4:

vin nhu trong ché do binh 6n ban dau, do
d6 vi tri ctia con trugt D cling nhu van téc géc @, van khong khéc trude : @, = @, tic 1a sai s
tinh Aw =wy—w, =0 (hinh 8.4).

e Nhuoc diém

Trong bo diéu chinh van téc ly tam gidn ti€p phi tinh c6 thé xdy ra hién tugng mat 6n dinh
dong luc hoc : That vay, khi cong dong A, tang 1én dé phuc héi ché do chuyén dong binh 6n
thi @, hién dang giam tang trd lai, lam cho pittong 1 di 1én trd lai, trd vé vi tri dong kin hai
ctra d va e. Chi khi nao pittong 1 déng kin hoan toan hai ctra d va e thi van V mdi ngimg han,
khong md rong nita. Tuy nhién, do ¢6 qudn tinh, van V ¢6 thé di m& qua mic céan thiét, 1am
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cho A, 16n A, quéa trinh diéu chinh nguoc lai c6 thé xay ra, khién cho van V ¢6 thé dao dong
lién tuc (hién twong nay dugc goi 1a hién tuong mat 6n dinh dong luc hoc).

2) Bo diéu chinh van toc ly tam gian tiép co lién hé nguoc cing

Pé khic phuc hién tuong mat 6n dinh dong luc hoc ctia b diéu chinh van téc ly tam gidn ti€p
phi tinh thi can phai déng dan hai ctra d va e cta xi lanh 1 ngay trong qua trinh déng mé van
V, tiic 1a ngay trong qua trinh diéu chinh.

Muon vay, phai c6 thém mot lién hé nguoc sao cho ngay khi hé thong canh tay don EFGH
hoat dong déng md van V thi dong thoi, thong qua lién hé nguoc, ciing dua pittong 1 vé vi tri
dong dan hai ctra d, e. 0

C
B Hinh 8.5 :
)]
(NN A
M D
P o a
P D) E wb
0
] —
- o d
p{’tt()ng2 |||||||||||||||||| :Hc
R e ¢ l
|g| F p{’t{()nﬁll
@ X1 lan
E
H
|l
— \Y
a) Cau tao

Tuong tu nhu bd di€u chinh van téc ly tam gidn ti€p phi finh, nhung & day c¢6 thém lién hé
ngugc. 1a hé thong canh tay don PMDNQ ndi tit phan ti chdp hanh EFGH dén pittong 1. Lién
hé ngugc nay dugc goi la lién hé nguoc ciing vi hé thong canh tay don PMDNQ 1a hé thong
ctiing, giita tin hiéu hai dau lién hé ngugc c6 quan hé ty 1é (hinh 8.5).

b) Nguyén ly lam viéc

e Khi mdy chuyén dong binh 6n, co cdu ¢6 mot vi tri can bing nhat dinh tng v6i mot vi tri
nhét dinh cua con trugt D, hay ting v6i mot van toc géc trung binh @, nhét dinh cua truc quay
0O0. Khi d6 pittong nam & vi tri déng kin cdc ctra d, e. Cdc khoang cua pittong 2 dugc tiic dau,
s€ dugc gilt  mot vi tri xac dinh, ing v6i mot vi tri xac dinh cta van V.

e Khi c6 su thay ddi bat thuong clia tai trong bén ngoai, vi du khi tai trong tang. Khi d6 cong
can A ma mdy tiéu thu tang 1én, van téc @, giam xudng, khién luc nang P, giam xuéng, lam
cho qua nang A va con truot D di xu6éng. Do lic bat diu qua trinh diéu chinh, hai khoang clia
pittong 2 dugc tdc ddu, nén khi con truot D di xudng, diém N va vi vay pittong 1 ciing di
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xudng, mé 6ng a thdng véi d, 6ng e thong véi ¢. Dau cao 4p tir a qua d vao khoang trén cua
pittong 2, dau tir khoang dudi cla pittong 2 qua e va ¢ chay ra ngoai, khié€n cho pittong 2 di
xuong:

- Mot mat, thong qua hé thong canh tay don EFGH, md rong van V, tang thém chit sinh cong
di vao dong co, nho d6 cong dong A, ting 1én, phuc hoi su can bang gitta cong dong va cong
can.

- Mat khdc, thong qua lién hé ngugc PMDNQ, kéo pittong 1 di 1én, déng dan dan hai cira d va
e. Khi su can bang giita cong dong va cong can dugc phuc hoi hoan toan thi pittong 1 cling vira
déng kin hai ctra d va e, van V khong mé rong thém nita. Nho vay khac phuc duge hién tugng
mat 6n dinh dong luc hoc.

¢) Uu nhuoc diém

e Uu diém
Khic phuc dugc hién tugng mat 6n dinh dong luc hoc.

e Nhuoc diém

Bo diéu chinh van t6c ly tAm gidn ti€p c6 lién hé ngugc ciing dé lai sai s6 tinh khac 0. That
vay, khi ché do chuyén dong binh 6n mdi duoc phuc héi, cong dong Ay va vi vay vi trf van V
khdc tru6c. Do hé thong canh tay don HGFEPM 1a mot hé thong cing nén vi tri diém M ciing
phai khac truée. Trong khi d6 khi chuyén dong binh n méi duoc téi lap, vi tri pittong 1 va do
vay vi trf diém N van nhu cii, nén con trugt D phai ¢6 mot vi tri méi khéc trude tng v6i mot
van toc goc @y khédc trude : sai s6 tinh Aw=wy — @, #0.

3) Bo diéu chinh van toc ly tam gian tiép co lién hé nguoc mém

Dé khic phuc nhugce diém 1a dé lai sai so tinh khac 0 ctia bo diéu chinh van toc ly tm gidn
ti€p c6 lien hé nguoc ciing, dong thoi vin bdo ddm vin ddm bdo duoc tinh én dinh dong luc
hoc clia hé thong, ngudi ta phai diung lién hé nguoc mém. Lién hé nguoc mém ciing noi tir
diém E dén diém M nhu lién hé nguoc ciing, nhung c6 bo tri thém mot 10 xo va mot bo gidm
chéin, nhd d6 quan hé chuyén vi clia hai diém E va M khong con la tuyén tinh.

V6i lién hé nguoc mém, hai nhuoc diém 1a mét 6n dinh dong luc hoc va sai s6 tinh khdc khong
ctia céc bo diéu chinh van t6c ly tam duoc khéc phuc.

83. Nhan xét vé cau triic cua mot hé diéu chinh tu dong

Mot hé diéu chinh ty dong néi chung bao gém (hinh 8.6)

1. Doi tuong cdn diéu chinh v6i thong s6 can diéu chinh

2. B¢ diéu chinh tu dong gobm c6 cac phan tir :
+ Phdn it nhay : ¢6 nhiém vu phét hién do 1éch cla thong s6 di€u chinh so véi yéu cau va
dua ra tin hiéu diéu khién.
+ Phdn tir khuyéch dai : nhanm tang thém cong sut cla tin hiéu diéu khién.
+ Phdn tir chdp hanh: c¢6 nhiém vu thuc hién dong tdc diéu chinh déi tuong diéu chinh dé
dua thong s6 diéu chinh trg vé gid tri yéu ciu
+ Ngoai ra, cOn c6 lién hé nguoc (hay con goi 1a phan héi phu) dé cai thién diéu kién lam
viéc cta hé thong.
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Poi tuong diéu chinh

Bo diéu chinh tu dong

Phan tir
chip hanh

Phan tu

khuyéch dai

Phan tur
nhay

A

Lién hé ngugc
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Chuong IX:
CG CAU CAM

§1. Pai cuong

1) Khai niém vé co cau cam

e Co cdu cam 12 co céu c6 khdp cao, duge ding dé tao nén chuyén dong qua lai (c6 thé ¢6 lic
dimg) theo mot quy luat cho trudc ctia khau bi dan.

Khau dan ctia co cau dugc goi 1a cam, con khau bi dan duoc goi 1a cdn (hinh 9.1).

e Co cdu cam phang la co cau cam, trong d6 cam va cin chuyén dong trong cing mot mat phang
hay trong cdc mat phiang song song v6i nhau. Trong chuong niy, chiing ta chi nghién cttu co cdu
cam phdng.

e Trong co cdu cam, cam va can dugc ndi véi gid bang khdp thap (khép truot, khép quay) va
dugc noi véi nhau bang khép cao. Thong thudng, cam duge noi véi gid bang khép quay.

Khi cin ndi véi gid bang khop truot, tic 1a can chuyén dong tinh tién qua lai, ta ¢6 co ciu cam
cdn ddy (hinh 9.1a). Khi cdn ndi vé6i gid biang khép quay, tic 1a cin chuyén dong lic qua lai, ta
c6 co ciu cam cdn ldc (hinh 9.1b).

Ll L

0O,

b)
Hinh 9.1 : N

B

iy

Hinh 9.2 :

Hinh 9.3 : Cdc goc cong nghé

Thanh phan khép cao trén cam trong khép cao ndi cam véi can la mot duong cong kin goi la bién
dang cam. Ban kinh vecto 16n nhat cua bién dang cam la R,,,, ban kinh vecto nho nhat 1a R,

(hinh 9.1).
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Thanh phan khdp cao trén céan trong khép cao n6i can véi cam ¢6 thé 1a mot diém hay mot duong
thang. Khi thanh phan khép cao nay 1a mot diém, ta c6 cdn ddy nhon (hinh 9.1a), con khi né 1a
mot dudng thang, ta c¢6 cdn ddy bdng (hinh 9.2).

Pé gidm ma sit va mon, ta lap trén can ddy nhon mot con lan, khi d6 can duoc goi 1a cdn ddy ldin
(hinh 9.1b).

e Xét co cdu cam cin ddy day nhon nhu trén hinh 9.1a. Cam va cén ti€p xdc nhau tai diém B.
Bién dang cam c6 bon phan khéac nhau : Hai cung tron be va da ¢6 tam O, va c6 ban kinh 1an lugt
bang R, va R, Khi cho cam quay (1) quay lién tuc, can (2) s& chuyén dong dugc nho su thay
d6i cia ban kinh vecto O,B clia diém tiép xic B giita cam va cdn.

Vi chiéu quay ctia cam (1) nhu hinh 9.1a, ta thdy khi diém ti€p xtic B ndm trong cung ab, ban
kinh vecto (ﬁ tang dan tr R, ;, dén R, : cin di xa dan tam cam (tir vi tri gan dén vi tri xa tam
cam nhat), con ting véi cung cd, ban kinh vecto O,B gidm dén : c4n di vé gan tam cam (tir vi tri
xa dén vi tri gan tam cam nhat), tng vGi cung tron be (hay cung tron ad), ban kinh vecto 61§
khong déi : can s& ding yén & vi tri xa tam cam nhat (hay gin tAm cam nhat).

2) Cac thong s6 co ban cua co cau cam

a) Thong s6 hinh hoc cia cam

e Ban kinh vecto 16n nhéat R, ,, va ban kinh vecto nhé nhat R, cua bién dang cam.

e Cdc goc cong nghé 1a goc duoc xéc dinh trén bién dang cam tng v6i cdc cung lam viéc khac
nhau ctia bién dang nay. Dé cin chuyén dong qua lai va c6 lic ding thi trén bién dang cam phai
c6 bon goc cong nghé :

Go6c cong nghé di xa y, : ung v6i giai doan can di xa tam cam

max

Go6c cong nghé ding xa y, : tng v6i giai doan can ding yén & vi tri xa tam cam nhat
Go6c cong nghé vé gany, : tng véi giai doan can vé gan tam cam
G6c cong nghe ding gan y, : Ging v6i giai doan can ding yén & vi trf gdn tam cam nhét
D€ can chuyén dong qua lai, t6i thiéu trén bién dang cam phai ¢6 hai gécy, va 7, .
b) Thong s6 dong hoc ctia co cau cam
e D06i v6i co ciu cam cin ddy day nhon (hinh 9.4a) :
Do léch tam e = O,H,, trong d6 H, 1a chan cta duong vuong goéc ha tir tam cam O, dén
phuong truot xx cua can.
Khi e = 0 titc 12 khi phuong truot xx di qua O,, ta ¢6 co cau cam cdn ddy chinh tam.
Doi v6i co ciu cam can lac day nhon (hinh 9.4b) :
- Khoang cach tam cam - tam can I, o,
- Chiéu dai cin 1,5, (chiéu dai doan thing n6i tam cin va ddy nhon clia cin)
e Cdc gbc dinh ky 1a géc quay chia cam tng véi cdc giai doan chuyén dong khdc nhau cta can.
C6 bon goc dinh ky tuong tng véi bon goc cong nghé ndi trén :
Goc dinh ky di xa ¢, tng v6i giai doan can di xa dan tam cam
Goc dinh ky ding xa ¢, Ung véi giai doan can ding yén & vi tri xa tam cam nhat
Go6c dinh ky vé gin ¢, tng véi giai doan can di vé gan tam cam
Goc dinh ky ding gén ¢, tng v6i giai doan can ding yén O vi tri gan tam cam nhét
e Cdch xdc dinh géc dinh ky di xa trong co cdu cam cdn ddy ddy nhon (hinh 9.4a)

Goi B, va B, 1a di€ém dau va di€ém cudi clia cung di xa trén bién dang cam : BO,B =y, . Gia st
ban diu cam va cin dang tiép xiic nhau tai diém B, lic nay ddy cin dang & vi tri gdn tam cam O,
nhat. Goi B',, 1a giao diém ctia vong tron tam O, ban kinh R, = O,B,, v6i phuong truot xx. Cho
cam quay tir vi tri ban ddu dén khi diém B, dén tring véi diém B’,, khi d6 ddy can s& dén vi tri

B’, xa tam cam O, nhét. Nhu vay, géc dinh ky di xa bang ¢, = B, O,B; .

m m
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Tuong tu d6i v6i co cdu cam can lac ddy nhon (hinh 9.4b), néu goi B’ 1a giao diém cua vong
tron tam O, ban kinh R, = O,B,, v6i vong tron tam O, ban kinh 1_,, = O,B, thi géc dinh ky di xa

bang ¢, = B,0,B;, .

w

b)

Hinh 9.4 : Géc dinh ky ¢,

e N6i chung cdc géc cong nghé va cac géc dinh k¥ tuong ting khong bang nhau :

Ya Pas NWFEPy
Do6i v6i co cdu cam can ddy ddy nhon, dé géc cong nghé va géc dinh ky tuong tng bing nhau, thi
phuong trugt xx di qua tam cam O, tifc 12 Gng vé6i co cdu cam can ddy ddy nhon chinh tam (hinh
9.4a), con d6i v6i co ciu cam can lac ddy nhon, phai c6 diéu kién : ba diém O,, B, va B',, thing
hang (hinh 9.4b).
¢) Thong s6 luc hoc cua co cau cam

RSRERRN

b)

Hinh 9.5 : Géc dp luc ddy cdan
e Géc dp luc ddy cdn 1a géc hop boi phdp tuyén Bn clia bién dang cam tai diém tiép xiic B giita
cam va cdn va van téc V,, clia ddy cAn B tai vi tri nay : @ = (Bn,V,,) (hinh 9.5).
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Go6c ap luc day can n6i chung bién thién theo vi tri ti€p xic B giita cam va can.

e Go6c dp luc ddy can dac trung cho kha nang truyén luc clia co cau cam. That vay, xét co ciu
cam cdn ddy ddy nhon trén hinh 9.5a. Goi N v F 14n luot 1 4p luc va luc ma sat tir cam tac
dung lén cin, va P=N+F thi cong suit duoc truyén tir cam sang cAn: W = PV,,.cos(a + @)
vGi @ la géc ma sét gitta cam va can. Khi géc dp luc « cang bé, cong suat truyén dong cang 16n,

hay néi khac di hiéu qua ctia luc ddy P cang 16n.
§2. Phan tich dong hoc co cau cam

Noi dung ctia bai toan phan tich dong hoc co cau cam :

+ So'liéu cho trude : Luge d6 dong clia co cau cam, quy luat chuyén dong cuia cam.

+ Yéu cdu : X4c dinh quy luat chuyén dong clia cin, cu thé 12 x4dc dinh quy luat chuyén vi, quy
luét van toc va quy luét gia toc cua can.

Trong chuong nay chu yéu gidi thiéu phuong phap d6 thi (phuong phap vé dung —dung hinh).

1) Bai toan chuyén vi

+ 86'liéu cho trudc : Luge d6 dong cua co ciu cam.

+ Yéu cdu : Xac dinh quy luat chuyén vi ctia cin theo géc quay ¢ cuia cam, cu thé 1a quy luat
bién thién gbc lic w = (@) cua cin theo géc quay ¢ ctia cam doi v6i co cdu cam cén lac, quy
luat chuyén vi s =s(¢) cua cin theo géc quay ¢ clia cam doi vdi co cdu cam cin day.

a) Xac dinh quy luat chuyén vi cia can trong co ciu cam can day day nhon

e Ung vé6i cung diing xa va cung ditg gan trén bién dang cam, chuyén vi s ctia can 13 khong déi,
do d6 ta chi can xédc dinh chuyén vi clia can Gng vé6i cung di xa va cung vé gan.

e Gia st ban dau cin va cam dang ti€p xdc nhau tai diém gan tam cam nhat B, (diém dau clia
cung di xa). Goi H,, 1a chan duong vuong géc ha tir O, xuéng phuong trugt xx cua can. Tai vi tri
ban diu nay, phuong truot xx ti€p xtc véi vong tron tam sai (c6 tam 1a O,, ¢6 ban kinh bang
e = O,H,) tai diém H,.

e Chuyén vi ciia cin so vdi gid khong phu thudc vao viéc chon khau nao 1am hé quy chiéu, do d6
ta c6 thé xét chuyén vi clia cin so vé6i gid trong hé quy chi€u gin lién véi cam, tic 12 xét trong
chuyén dong tuong d6i clia co cau d6i v6i cam.

Trong chuyén dong tuong doi nay, cam coi nhu ding yén, con can va gid coi nhu quay xung
quanh tam cam O, véi van téc géc bang —@; , tuy nhién phuong trugt xx ctia can van luon ti€p xdc
v6i vong tron tam sai (O, e).

Khi cho gid quay tir vi tri ban dau tng vé6i diém H, dén vi tri ma diém tiép xiic giita phuong truot
xx va vong tron (O,, e) 1a H; thi géc quay cla gid trong chuyén dong tuong do6i bing :

@, =H,OH, . Géc quay ¢, =H,OH, ciing chinh bang géc quay cua cam trong chuyén dong
tuyét doi (hinh 9.6).

Lay diém tié€p xidc H, 1am goc dé xdc dinh chuyén vi s, clia cin so vdi gia, goi B, 1a diém ti€p xiic
gifta cam va cin trong chuyén dong tuong doi (B, 1a giao diém clia bién dang cam va dudng thang
qua H; tiép xtic vdi vong tron (O,, e)) thi s, =H,B; chinh Ia chuyén vi tuong tng cla cin so véi
gid trong chuyén dong tuong doi.

Nhu vay, trong chuyén dong tuyét doi clia co cdu, S, = H;B, chinh Ia chuyén vi cta cén so véi

gia tuong tng véi goc quay ¢, = H,O,H, cua cam.
e Tir d6 c6 thé xay dung d6 thi chuyén vi s =s(p) clia can theo trinh tu sau day :
- Xdc dinh géc dinh ky di xa ¢, : V& vong tron tam sai (O,, €). Qua B,,, ké dudng thang tiép xuc

v6i vong (O,, e), diém ti€p xic la H,. Suy ra: ¢, =H,OH
- Chia vong tron (O,, €) thanh n phan déu nhau bang cdc diém H,, H,, H,, .. H,,..., H

m*
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- T H,, ké tiép tuyén vé6i vong tron (O,,e) cét bién dang cam tai diém B,. Suy ra: s, = H;B, chinh

1a chuyén vi ctia cin ting véi géc quay ¢, = H,O,H, ctia cam.

- Véi cdc cap (¢;,S,) khéc nhau, ta xay dung dugc d6 thi chuyén vi s =5s(p) cla cin tng véi géc
dinh ky di xa g, .

- Tién hanh tuong tu nhu trén dé xay dung d6 thi chuyén vi s=s(¢) clia cin ting vé6i géc dinh
ky vé gan ¢, .

- Ung véi cdc goc dinh ky di xa ¢, va vé gan @, d06 thi chuyén vi s =s(p) ctia can la cic doan

thdng nim ngang.

Ee

¢y ¢,

27

Hinh 9.6 :

b) X4c dinh quy luat chuyén vi ciia can trong co cau cam can lic day nhon

e Tong tu nhu trong co cdu cam cin ddy ddy nhon, ta ciing xét chuyén dong tuong do6i clia co
cdu doi v6i cam. Trong chuyén dong twong d6i nay, cdn va gid quay xung quanh tam cam O, véi
van toc géc bang—a,, tam can O, vach nén vong tron tam cin tdm (c6 tam O, va ban kinh

1., = O,B,). Khi cho gid quay theo chiéu —e,, tir vi tri ban du tng 0,0, dén vi tri 0,0}, tic la

quay mot géc ¢, =0,0,0; thi diém tiép xtic giita cam va can di chuyén dén vi tri B, giao diém

véi bién dang cam. Goéc lac twong ting clia cin so voi gid s&

can

clia vong tron tam O} bén kinh 1

bang : w, =0,0;B, .

—

Nhu vay, trong chuyén dong tuyét d6i clia co cau, w, = 0,0,B, chinh la géc lac clia can so véi

gid tng v6i géc quay ¢, = 0,0,0; ctia cam (hinh 9.7).
e Tir d6 c6 thé xay dung d6 thi bién thién géc lic y = () cla cin theo trinh tu sau day :
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- Xac dinh goc dinh ky di xa ¢, : V& vong tron tam can (O,, 1;,). V& vong tron tam B, , ban
kinh 1

- Chia vong tron tam cn thanh n phan déu nhau béng cic diém O,,0,,07,...,0,,...,0}.

cét vong tron tam can tai 0,'. Tacé : ¢, =0,0,0; .

can’

- Tir O}, v& vong tron tam O} ban kinh 1, cit bién dang cam tai B, Suy ra w, = 0,0,B, chinh la

can?

chuyén vi géc clia cin ting vé6i géc quay ¢, = 0,0,0; clia cam.

- Véi cdc cap (¢,,w;) khdc nhau, ta xay dung dugc d6 thi chuyén vi w =y (@) cla cin tuong tng
v6i géc dinh ky di xa ¢, .

- Tién hanh tuong tu nhu trén dé xay dung d6 thi y =y () clia cin tuong Gng véig,, @, va ¢, .

}
-t —=--
1 1
[} [}
1 1
1 1
} }
1 1

- —————q-=-

O
P O P03 0
b) PR ' g, ?,
1

Py

AS)

1
Hinh 9.7 :

¢) X4c dinh quy luat chuyén vi ciia cAn trong co cidu cam can day lan

e Trong chuyén dong tuong doi clia co cau doi v6i cam, tam I ciia con lan vach nén mot dudng
cong cédch déu bién dang cam mot khoang bang ban kinh r, ctia con lan. Pudng cong cdch déu
nay goi la bién dang cam ly thuyét, con bién dang cam ban dau goi 1a bién dang cam thuc.

Nhu vay bai todn phan tich dong hoc co céu cam can ddy lan dugc quy vé bai toan phan tich dong
hoc ¢o céu cam can ddy nhon v6i ddy nhon nam tai tam I cha con lan, con bién dang duoc st
dung khi phan tich dong hoc 1a bién dang cam 1y thuyét.
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e Cach v€ bién dang cam ly thuyét tir bién dang cam thuc : V&€ mot ho vong tron con lan cé tam
nam trén bién dang thuc, ¢6 ban kinh béng r,. Bao hinh ctia ho vong tron ndi trén chinh 1a bién
dang cam 1y thuyét tuong ting (hinh 9.8).

b

\

Bién dang thuc

-

Bién dang ly thuyét /

Hinh 9.8 : Cdch vé bién dang ly
thuyét tir bién dang thuc

d) X4c dinh quy luat chuyén vi ciia can trong co cau cam can day day bang

Xo = Xg

X2

0123456738

Xq

Hinh 9.9 :

e Tuong tu nhu trong co cdu cam cin ddy ddy nhon, ta cling xét chuyén dong tuong doi clia co
cdu d6i véi cam. Trong chuyén dong twong d6i nay, cin va gid coi nhu quay quanh tAm cam O,
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vGi van toc géc bang—a, , tuy nhién phuong trugt xx ctia can van luon di qua O, (hinh 9.9). Khi
cho gid quay theo chiéu —a@,, tir vi tri ban dau O,x, dén vi tri Ox;, tic 1a quay dugc mot

goéc g, = X,0,X; , thi diém ti€p xic gilta ddy can va cam di chuyén dén vi tri B,. Néu ldy tam cam
O, 1am g6c dé xdc dinh chuyén vi s, clia can so v6i gid, thi s, =O,l, chinh 1a chuyén vi tuong tng
clia cin so v6i gid trong chuyén dong tuong doi.

Nhu vay, trong chuyén dong tuyét doi cta co cau, S, =0O;l, chinh la chuyén vi ctia cin so véi gia

tuong tng véi géc quay ¢, = X,0, ctia cam.
e Tir d6 c6 thé xay dung d6 thi chuyén vi s =s(p) clia can theo trinh tu sau day :

- Qua tam cam O,, céc ké dudng thang O;x; phan bo déu xung quanh O,. Suy ra : @, = X,0,X,

- K¢ dudng thang 1B, vuong géc v6i Opx; va ti€p xdc vé6i bién dang cam tai B,. Suy ras, =01,

chinh 13 chuyén vi clia can ting v6i géc quay ¢, = X,O,X. ctia cam.

- V6i cdc cap (¢;,s;) khac nhau, ta xay dung dugc do thi chuyén vi s =s(¢p) ca can.
2) Bai toan van toc va gia toc

e Noi dung ciia bai todn vdn toc va gia toc

+ S6'liéu cho trudce : Luoc d6 dong cua

cO cdu cam, van tOc géc @, cua cam. S

Gia thiét @, = hang s6 (tic 1a gia téc

gécciacam: g =0). a) i \

+ Yéu cdu : Xac dinh quy luat van toc / N P
va gia téc clia can theo géc quay ¢ cua ds
khau dan. D6i v6i can ddy, quy luat van -
toc (dai) va gia toc (dai) 1a v=v(p) va b)
a=a(p). Dai véi can lac, quy luat van ¢
toc (goc) va gia toc (goc) la o = w(p)
va e =¢(p). d’s A
e TruGc day, khi giai bai toan van toc dg?
va gia toc, ta da dung phuong phdp hoa  ¢)

do vecto. Phuong phdap nay dugc s

dung chi yéu cho cic co cdu phang 5P
toan khép thap. Doi véi co cau cam la
co cau c6 khép cao, dé thuan tién ta sir
dung phuong phap do thi dong hoc.

Sau day s€ giai bai todn van toc va gia ?, ?, ?,
toc cho co cidu cam cin ddy ddy nhon. <<
e Bai todn vdn toc
Taco: Hinh 9.10 : Dé thi vén téc va gia toc cia cdn
ds ds de ds
V=—=—"—""=@w,— 9.1)

S dt dedt ‘de
T d6 thi chuyén s(p) , ding phuong phép vi phan d6 thi, ta suy duoc dé thi S—S (@) (hinh 9.10b).
»

S , < 2 , - N . ds ~ . 2 N 2 . Q2 . x
Do @, = hang s6, nén tu bieu thic (9.1) ta thiy do thi d—(go) cling ¢6 thé dung dé bicu dién van
»
toc dai v(¢) cta can.
e Bai todn gia toc
Taco:
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==l i —=—tO——— =5, —+ 0} —
dt dp tdtde de Mt dg? tde el

godv_df ds)_do ds d’s ds dp d’s ds ,d’s
dt dil ‘de
2

Do: &=0= a:wf% 9.2)
¢

d?s

2

Tir d6 thi S—S (), dung phuong phép vi phan do thi, ta suy dugc do thi () (hinh 9.10c). Do
4

d3s

2

@, = héng s6, nén biéu thiic (9.2) cho thy doé thi (@) ciing c6 thé dung dé biéu dién gia toc

a(e) cta can.

83. Phan tich luc trén co cau cam
1) Luc tac dung trén co cau cam - Géc ap luc té6i han va goc ap luc cuc dai cho phép

Hinh 9.11 :

Hay xét co cau cam céan ddy ddy nhon (hinh 9.11a). Goi B 1a diém ti€p xdc giita cam va cén, nn 12
phdp tuyén clia bién dang cam tai diém tiép xiic B.

e Luc tic dung 1én can bao gom :

+ Luc tir cam tac dong 1én cén :

Ap luc N, nim theo phuong phap tuyén nn.

Luc ma sat lfl2 vuong goc vGi phap tuyén nn.

Goi P lahop luc ctia N, va F, : P=N,, +F,,. Géc giita P va N,, bing ¢,, v6i ¢, 1a gbc
ma sat gitta cam va can.

+ Tai trong Q (bao gém trong luong, luc quén tinh cha cin, luc phuc héi cia 1d xo bao toan khép
cao gitta cam va can...).

+ Luc tir gid tdc dong 1én can :

Ap luc st vuong goc vGi phuong truot xx cua can.

Luc ma sét If32 song song v4i phuong truot xx cua can.
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Goi Ry, lahgp luc ciaN,, va F,, :
g4c ma sat gilra can va gia.

Ry, = sz + IE32- Goc gitta I:332 va st bang @, V6i ¢y, la

e Diéu kién can bing luc ctia cAn chota: R, + P+Q =0

Tir hoa d6 luc trén hinh 9.11b, suy ra :
CcOoS

A Q = |P=Q Pu 9.3)

cos(a+@y, + )

. (r - (x
Sin E"'(Dsz sin E_a_(/’sz_%z

e Tur biéu thic (9.3) ta thay khi a + @y, + ¢, =% thi P — co. Di¢u nay c6 nghia 1a ngay khi luc

can Q rat nho, cho di gid tri ctia luc ddy P ¢6 gid tri 16n bao nhiéu di nita, co cdu vin khong thé
chuyén dong duoc : co cau cam roi vao trang théi fu ham.
Go6c ap luc tng v6i khi co cau bi tv ham goi 1a goc dp luc toi han va duge ky hiéu la «, :

T
Q= E Pz — Py

Nhu vay, khi a <« thicociu cam bi tu ham.

e D¢ tranh hién tuong tu him cla co cau, hon thé nita dé cho co ciu 1am viéc duoc nhe nhang,
bao dam mot hiéu sudt hop 1y, phai thiét ké sao cho tai moi vi tri tiép xiic gitta ddy can va cam,

g6c ap luc ddy can phai nho hon hay bang mot gid tri cuc dai cho phép [amax] :

Vo, .« S[a

maX]

Trong d6 : [ e | <

2) Quan hé giira goc ap luc, vi tri tam cam va quy luat chuyén dong cta can
- Xac dinh goc ap luc va phap tuyén cua bién dang cam

a) Truong hop co cau cam can ddy day nhon

e Hiy xét co cau cam cin ddy ddy nhon (hinh 9.12). Gia sit cam va cin dang ti€p xtic nhau tai
diém B, tai d6 phdp tuyén v6i bién dang cam 1a nn. Ha O,H, vuong géc v6i phuong truot xx ciia
can. Géc giita phap tuyén nn va van toc Vy, clia diém tiép xiic B trén day cin chinh 1a géc 4p luc
ddy can .
e Ta hdy tim tam quay ttc thdi clia can trong chuyén dong twong d6i doi véi cam.
Trong chuyén dong tuong doi nay, van téc ctia diém B, trén ddy can 1a V;, i vuong géc véi phap
tuyén nn, con van téc cta diém H, trén cén la \7H o2iy Yuong goéc voi O H,. Do do, tam quay tic
thdi cia can trong chuyén dong tuong doi doi véi cam 1a diém P =O,H, nnn.
Néu goi P, va P, 12 hai diém lan luot thuoc khau (1) va (2) hién dang tring nhau tai P, thi trong
chuyén dong tuyét doi clia co céu, ta c6 :

Ve =Ve,

ds| .. .. RPN
= a)lP01=‘E v6i s 1a chuyén vi cua cén.

= PO, = ‘:—S vGi @ gbc quay cta cam.
@

Hon nita, trén hinh 9.12a ta thdy phuong chi€u cua vecto P—O1 1a phuong chiéu clia vecto Vj,
quay di 90° theo chiéu clia ;.
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so=HyB, , 4 /-,/'
7 at
————— 4
......... = 2 :
Y =
/
n 0)1
b)
Hinh 9.12 :
e Tai vi tri ti€p x1dc B gilta cam va can (hinh 9.12a), ta c6 :
ds
PH, PO,+0OH do| °
tgg=—2=—=~1-10 = tgazw— (9.4)
H,B H,B S, +S

Trong d6 : s la chuyén vi clia cin (goc dé xadc dinh chuyén vi s 1a B, vi tri gdn tAm cam nhat cla
day can), e 1a do 1éch tam cua co cau cam.
Hé thiic (9.4) cho ta m&i quan hé gitta géc ap luc ddy can, vi tri tam cam (tam sai e) va quy luat

chuyén dong clia cin (s va j—s ).

e Xic dinh géc dp luc va phdp tuyén ciia bién dang cam
Néu biét vi tri B clia ddy can (B ciing 1a diém ti€p xic giita ddy cin va bién dang cam), tAm cam

Rvi 9 « 2 . N N L3 . dS » ~ 7 2 » . 7 2
O,, van t6cV,, cua diém B trén day can va gia tri o tuong ung thi c6 thé x4ac dinh dugc goc ap
4
luc ddy cin « va phdp tuyén nn cta bién dang cam tai diém ti€p xdc B néi trén nhu sau: Dung

diém E v6i BE = ‘j—s , phuong chiéu ciia vecto BE 1a phuong chiéu ctia vecto V,, quay di 90°
o

theo chiéu ctiae,. N6i O,E. Do BE = PO, nén PO,EB 1a mot hinh binh hanh. Do d6 O,E song
song v6i PB, nghia la phap tuyén nn clia bién dang cam tai diém ti€p xiic B song song véi O,E;
gdc giita \7B , va OE chinh la goc dp luc ddy can (hinh 9.12b).

b) Truong hop co cau cam can lic day nhon
e Trong chuyén dong tuong doi clia co ciu d6i v6i cam, van téc Vg, /(1) cia diém B, trén cn

vuong géc v6i phap tuyén nn cia bién dang cam tai diém tiép xic B, van toc V,, /(1) cua diém O,
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trén can vuong goc véi 0,0,. Do d6 tam quay tic thoi P trong chuyén dong tuong doi gitra cin va
cam 1a P = 0,0, nnn (hinh 9.13a).
e Tuong tu nhu trong co cau cam can ddy ddy nhon, ta ciing tim duoc méi quan hé gitta goc ap

7z N . , . , S N 2 9 S N d
luc ddy can «, vi tri tam cam O,, vi tri tam can O, va quy luat chuyén dong cua can (y va d—l’[/ ).

e Xic dinh goéc dp luc va phdp tuyén ciia bién dang cam
+ Do P 1a tam quay ttc thoi, nén trong chuyén dong tuyét doi, ta c6 :

Vi, =V, = PO, = O('j—'/t’ PO, = PO, = ‘;—V’ PO, 9.5)
Tir O, ké duong thang O,E song song véi PB, suy ra : Egl = :B—E
2 can
" e dy
Két hop v6i bieu thic (9.5), suy ra: BE=1_, ol
4

Hon thé nita, phuong chiéu chia vecto BE chinh 1a phuong chiéu clia vecto V,, quay 90° theo

chiéu o, .

+ Nhu vay néu biét vi tri B ctia ddy can, tam cam O,, van t6cV;, clia diém B trén ddy can va gid
. d 2, N z J 7 . z 2 7 N N 2 7 .

tri d_w tuong tng thi c¢6 thé xac dinh dugc géc dp luc ddy can o va phuong cua phap tuyén nn

dy

o7

chia vecto BE 1a phuong chiéu clia vecto Vy, quay 90° theo chiéu @, . N6i O,E. Phap tuyén nn s&

cua bién dang cam tai di€ém ti€p xdc B nhu sau : Dung diém E véi BE =1 , phuong chiéu

can

song song v61 O E va goc gilta OE va \752 chinh 1a géc ap luc ddy can.

\732 /(1) - n N ‘ n

7 B
Vo, /(1) Px

e

-
e
-

s -

B' _B __________ o

=L — 77777 _ S 77777777
N O, n O 0,

Hinh 9.13 :

84. Téng hop co cau cam

e Noi dung ciia bai todn tong hop co cdu cam :

Cho tr6c quy luat chuyén dong cta can, phai thiét k& co cdu cam thuc hién dugc quy luat chuyén
dong nay.
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V6i co cdu cam cin ddy : quy luat chuyén vi s =s(p) cua cin theo géc quay ¢ cla cam, v6i co
céu cam can lic : quy luat bién thién géc lic y = w () cua cin y = w(p) theo géc quay ¢ cua
cam.
e Badi todn tong hop co cdu cam gom hai budc :

+ X4c dinh vi tri tam cam

+ Téng hop dong hoc co cdu cam hay x4c dinh bién dang cam

1) Tong hop co cau cam can day nhon
Trong co ciu cam cin ddy nhon, géc 4p luc ddy cdn « thay ddi theo vi tri ti€p xiic gifta cam va
can. Ung v6i méi vi trf tiép xic, géc dp luc ddy cdn o c6 mot gid tri xdc dinh.
Dé bao dam cho co cau cam lam viéc dugc nhe nhang, khong bi tu ham, thi géc dp luc ddy cana
ing v6i moi vi tri ti€p xic phai nho hon hay biang mot gia tri cuc dai cho phép :

Va0 <[ O] < (9.6)
Thé ma, nhu chitng minh & phén trén, khi cho trudc quy luat chuyén dong ctia cin, géc 4p luc ddy
can « lai phu thudc vao vi tri tam cam O,. Nhu vay, dé thoa man diéu kién (9.6), cAn phai chon
vi tri tam cam O, mot cach hgp 1y.

a) Xac dinh vi tri tam cam can day day nhon
e Mién tam cam trong co cdu cam cdn ddy ddy nhon
V' Xét co cau cam can ddy ddy nhon (hinh 9.14). Goi B, 1a diém tiép xtc gilta cam va cin va ¢
la géc ap luc ddy can tai vi tri dang xét.
. . ’ o - ds .
Khi cho trudc tam cam O,, néu dung diém E,; v6i B,E, = ‘d— trong do
4

ds ‘ o
—| 1a gid tr1 tuyét doi
do|.

, (ds )y, o L ST s s
cua 9o ting v6i vi tri ndi trén, phuong chiéu cua vecto B,E; 1a phuong chiéu clia vecto van toc
4

\7;2 cua diém B, trén ddy can quay di 90° theo chiéu @, , thi géc ap luc e, Gng véi vi tri ti€p xtic B,

chinh 12 géc giita Vi, va O,F,

*

Hinh 9.14 :
+ Nguoc lai, khi chua biét vi trf tam cam O,, néu qua E, ké duong thang (A,) hop véi van téc Vi,
thi :

mot goc bang [ |
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Khi O, nam trén dudng (A,),tacé: «

= [amaX]

i
Khi O, ndm phia du6i (A;), ta c6 : ¢ <[]
Khi O, ndm phia trén (4;), ta c6: &> [y ]

Luu y rang ta c6 thé dat dudng (A;) vé phia bén phai hay vé phia bén trdi cia diém E,, ing vdi
phia phdi ta c6 dudng (A, ), con tng véi phia trdi ta c6 dudng A, .

v' Nhu vay dé théa man diéu kiéne; <[, | thi tam cam O, phai ndm phia du6i hai dudng
thang A, va A, hay néi khdc di tam cam O, phai nam trong mién (3, ) .

v Dé thoa man diéu kién Ve, @ <[, | thi tam cam O, phai ndm phia dudi moi dudng thing
A, va A7, tic 1a trong mién (6) giao clia moi mién (5, ) néi trén (hinh 9.15).

+ Cdch dung hinh dé tim mién tam cam

. 7iv
v/ id § i‘\‘: Vez
B2

(Pd (pv

(ds/dp),* |

Hinh 9.15 :

Ta can dung tit ca dugc cdc dudng (A;) va (A7) tGng véi cdc vi trf ti€p xdc khédc nhau trén bién
dang cam, khi biét tréc d6 thi chuyén vi s = s(@) va géc dp luc cuc dai cho phép [amax] .
Trinh tu tién hanh :
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- Dung phuong truot xx clia cin (xx song song véi truc ¢ cta do thi s =s(¢)). Dung diém B, —
vi trf gdn tam cam nhat clia ddy cin, diém B, — vi tri xa tam cam nhat clia ddy can.
- Chia hanh trinh s_, = BB, clia cin thanh n doan bing nhau bing cic diém B,, B,,..., B,,..., B,.

max

- Tur 46 thi s =s(¢), dung phuong phdp vi phan do thi, suy dugc do thi S—S(go). Tir d6 xac dinh
2

.. [ ds D
duogc gid tri | — | tuwong Ung véi vi tri B, cua ddy can.
- Tir B, dung diém E, tuong ting. Ung véi géc ¢, , ta dung dugc céc diém E,, E,, E,, E...E,. Ung

vé6i géc ¢, , ta dung dugc cac diém E', E',E’,, E';...E’,.

dsd

Vi du dé dung diém E, tng v6i géc e, ta tién hanh nhu sau : Dung doan B E, =|—| , phuong

1
chiéu ctia vecto B,E, 1a phuong chiéu ctia vecto van t6cV sz clia diém B, trén ddy can tng véi
hanh trinh di quay mot géc 90° theo chiéu @, .

- Tt E,, dung hai dudng (A, ) va (A7) tuong ting : ting v6i géc ¢, s& c6 cdc duong (A) va (A?),
con ting véi géc @, sé c6 cac dudng (A') va (A).

- Mién tam cam (@) chinh Ia mién nim dudi moi duong (A"), (A™?), (AY) va (A") néi trén.

v' Ghi chu :

Dai v6i co cdu cam cin ddy ddy nhon, cdc duong (A?) va A} song song véi nhau, céc duong
(A") va (A") song song véi nhau, do vay chi cin néi cdc diém E, thanh duong cong kin (E) va
ké hai tiép tuyén (A?) va (AY) & phia dudi cta (E), hop véi phuong truot xx mot géc bang

[ e | : mién tam cam 12 mién nam phia dlrIléi hai duong (A?) va (AY).

Hinh 9.16 :
e Mién tdm cam trong co cdu cam lac day nhon
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v’ Tuong ty nhu trén, dé thoa man diéu kién Ve, o, <[«

moi dudng thdng (A;)va (A]). Diém E, dugc xdc dinh nhu sau :

dy

Bi Ei = Ican dl//
de

, trong do

max ]

dy
@

la gia tri tuyét doi cua (d—J ung vGi vi tri ndi trén; | 1a

thi tAm cam O, phai nam phia dué6i

Tu B, dung diém E; véi

can

chiéu dai clia cn lic ; phuong chiéu cia B.E, 1a phuong chiéu ciia vecto van téc V,, cia diém

B, trén day can quay di 90° theo chiéu @, (hinh 9.16).
v’ Cdch dung hinh dé tim mién tam cam

[amax] E’ E’szszm [amax
E’,
s
E’ / §4 Va4
3 \ 3 Z
) 2 W ima
2 1 1
E’, E’ #B,>
v
a)l
mpk— — - —_—_—.
2_ .........
W | 3o A .
= _.—. D
L I LT . l .. : Q
0 i1!2|3i4!5 m Tm  Tsh3Tay1 o~
dy R R R R R
rr Y o N A B A R
e AN
AN
o AR | L1 A
L | mr o |
A | [ |
d e . . - ~o- v
(dwj | 1 P (dw]
do ), Py !(Dx! I [ | do );
< =>K ; >l
Hinh 9.17 : '
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- T d6 thi y =w (), ta xdc dinh dugc géc lac cuc dai v, cua can. Dung cung tron B,B,, ¢6
tam 1a tam can O,, ban kinh bang chiéu dai can 1, va chan mot géc bang . .

- Chia géc lic cuc dai w,, cua can thanh n phan déu nhau bang cac diém By, B,, B,, ..., B,...., B,.

Chia doan biéu dién vy, trén truc w cta do thi w =y (@) ciing thanh n phan déu nhau bang cac
diém 0, 1, 2...., i,..., m.

- Tr d6 thi y =y (@), dung phuong phap vi phan d6 thi, suy dugc do thi d—l//((o) . Tt d6 xac dinh
4
... [dy . e o aa A
gia tri 90 tuong ung véi vi tri B, cua ddy can.
- Tir B, dung diém E; tuong ting. Ung véi géc @, , ta dung dugc cic diém E,, E,, E,, E,...E,. Ung

v6i géc @, , ta dung duoc cdc diém E',, E'\,E’), E'5..E',..
d

dy
de

PN 9 B = 1N ION 9 A g —id ) - R A 2 A 2,0
Phuong chiéu cua B E; 1a phuong chiéu cua vecto van toc V ez cua diém B, trén ddy can tng véi

Vi du dé dung diém E, tng véi gbce,, ta ti€n hanh nhu sau: Dung doanBE, =1

can

1

hanh trinh di quay mot géc 90° theo chiéu w, .
- Tir diém E,, dung hai dudng (A,) va (A]) tuong tng. Ung véi géc ¢, s& c6 cic duong (AY) va
(A7?), con ting v6i géc ¢, s& c6 cic dudng (A)) va (AY).
- Mién tam cam () chinh 12 mién nam dudi moi duong (Ay), (A;?), (A) va (A") (hinh9.17).
e Ghichu
+ Tam cam O, ¢6 thé chon tai mot vi tri ndo d6 trong mién tam cam (@) . Khi chon O, tai dinh D
ctia mién (@) thi kich thudc co cdu cam s€ nho gon nhat.
+ Khi chon xong tam cam O,, ta bié€t thém mot s6 thong so sau :
- D61 v6i co cau cam can lac ddy nhon :
Ban kinh vecto nhé nhat R, = O,B,valén nhatR,_, = OB,
Khoang cach tam cam tam can : 1,,,,
- D6i v6i co cau cam can ddy ddy nhon :
Ban kinh vecto nho nhat R, = O,B,valénnhatR = O,B,
Do léch tam e = O,H,, (H, 1a hinh chi€u ctia O, 1én phuong trugt xx ctia can).
cang nho thi mién mién tam cam (@) cang xa diém B, - vi tri gin tam cam nhat cla

+ Néu [ty |

day cén, co cdu cam cang cong kénh.

b) Téng hop dong hoc co cau cam (Vé bién dang cam)
Bai todn tong hop dong hoc co cdu cam chinh 1a bai todn nguoc cta bai to4n phan tich dong hoc.

e Tong hop dong hoc co cdu cam cdn ddy ddy nhon

+ So'liéu cho truoce

Quy luat chuyén vi clia can : s = s(@) ; Bén kinh vecto nhoé nhat R ; Do léch tam €.

+ Yéu cdu

V& bién dang cam thuc hién quy luat chuyén dong da cho cua can.

+ Cach vé bién dang cam (hinh 9.6)

- Dung phuong truot xx clia cdn (xx song song véi truc s ctia do thi s = s(¢) ). Dung diém B, — vi
tri gan tdm cam nhat cta ddy can. Dung tam giac O,B;H, v6i OB, =R, O,H,=e; OH, L xx.

min?®

Tam cam chinh 1a diém O,.

Bai giang Nguyén 1y may, Chuyén nganh Co khi ché tao Lé Cung, Khoa Su pham Ky thudt 99



- V& vong tron tam sai (O,, e). Trén vong tron (O,,e), xuét phét tir diém H, 1an luot dat céc
g6c ¢, @,,9,,¢, theo chiéu ngugc véi chiéu ctiaw, .

- Chia cung ¢, trén vong tron (O,, ¢) lam n phan déu nhau bang céc diém Hy, H,, H,, ..., H,...,
H,,. Dong thoi cling chia doan bi€u dién gbc ¢, trén truce cha do thi s=5(p) 1am n phan déu

nhau. Dya vao d6 thi s(¢), xdc dinh gid tri chuyén vi s; cla cdn tuong tng vdi goc

quay ¢, = H,O,H, cta cam.

+ K¢ ti€p tuyén véi vong tron (O,, ), diém tiép xtic 1a H,, trén tiép tuyén nay dung diém B, véi
HB, = H,B, + s. Diém B, chinh 12 mot diém thudc bién dang cam. N&i cdc diém B, bang mot
dudng cong tron, ta dugc bién dang cam tng v6i goc ¢, .

- Lam tuong tu dé v& bién dang cam tng véi goc ¢, .

- Bién dang ting v6i céc goc ¢ ; @, 1a hai cung tron tam O, ban kinh [a R, va R, = Ry, + S
e Téng hop dong hoc co cau cam can ldc day nhon

+ So'liéu cho trudc :

Quy luat bién thién géc lac clia can : y = y/(¢) ; Ban kinh vecto nho nhatR
Chiéu dai can 1
+ Yéu cdu :
V& bién dang cam thuc hién quy luat chuyén dong da cho cuia can.

+ Cach vé bién dang cam (hinh 9.7)

- Dung vong tron tam can c¢6 tam O, béan kinh bang 1,,. Trén vong tron tam can, xuat phat tir vi
tri ban dau O, ctia tam can, lan lugt dat cic géc ¢,,@,,9,,, theo chiéu ngugc véi chiéu ciaw, .

va l6én nhat R ;

n
Khoang cich tam cam tam can |, ,.

can?

- Chia cungg, trén vong tron tam cadn 1am n phdn déu nhau bang cdc diém
0,,0,,07,...,0},...,0 . Dong thoi ciing chia doan biéu dién géc ¢, trén truce cha do thi
w =y (@) lam n phan déu nhau. Dua vao do thi v =y (), xdc dinh gia tri chuyén vi w; cua cin

tuong ting véi géc quay @, = 0,0,0; clia cam.

- Ké dudng thing hop véi 0,0, mot géc bang v, +v, ., trén d6 dung diém B, véi OB, =1__ .
biém B, chinh 12 mot diém thudc bién dang cam. Noi cdc diém B, bang mot dudng cong, ta dugc
bién dang cam tng véi géc @, .

- Lam tuong tu dé v& bién dang cam tng véi goc ¢, .

- Bién dang cam ting v6i cdc goc ¢ ; ¢, 1a hai cung tron tam O, ban kinh [a R, vaR

max *

2) Téng hop co cau cam can day lan

e Trong chuyén dong twong doi clia co cau doi v6i cam, tam I chia con lan vach nén bién dang ly
thuyét, dong thoi tai diém ti€p xic B, giita bién dang cam va con lan, phdp tuyén clia bién dang ly
thuyét va bién dang thuc tring nhau. Do vay, bai todn téng hop co cdu cam cin ddy lan duoc quy
vé bai todn téng hop co cau cam can ddy nhon v6i ddy nhon nim tai tam I clia con lan, bién dang
cam v€ dugc chinh 1a bién dang cam ly thuyét.

e Cdch vé bién dang thuc tix bién dang ly thuyét

V& ho vong tron con lan ¢6 tam I, ¢6 ban kinh bang bén kinh r; ctia con lan, tam I ndm trén bién
dang 1y thuyét. Bao hinh ctia ho vong tron con lan néi trén chinh 1a bién dang cam thuc can tim
(hinh 9.18).

e Cdch chon bdn kinh con lan r,

Khi bén kinh r; cang 16n, t6n that do ma sit & ddy cdn cang bé. Tuy nhién, néu r, 16n dén mic
I > Puin VO Py 12 ban kinh cong nhd nhat cua bién dang cam ly thuyét, thi trén bién dang cam
thuc ¢6 thé xay ra hién tuong tu giao. Con néu I, = p, . thi trén bién dang thuc c6 thé c6 di€ém
nhon, tai diém nhon s& c6 va dap giita cAn va cam va diém nhon dé bi mon.
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Trén hinh 9.19, ta thiy khi I, > p;, va bién dang cam thuc la bao hinh phia trong cta ho vong
tron con lan thi trén bién dang cam thuc s€ c6 hién tugng tu giao. Do d6 trong truong hop nay,
ban kinh r; phai thoa man diéu kién : 1, < p,... , thong thuong nén 1dy r, =0,7 0, -

Bién dang thuc

-

Bién dang th

. o ve
Bién dang ly thuyét Hinh 9.19 : Hién tuong tu giao
Hinh 9.18 : Cdch vé bién dang cua bién dang thic

thuc tir bién dang 1y thuyét

3) Tong hop co cidu cam can day day bang
a) Xac dinh vi tri tam cam

e V6i co cdu cam cdn ddy ddy biang, géc ap luc ddy cidn a chinh 12 géc hop bdi dudng thing
vuong gbc véi ddy can va phuong trugt xx cta can. Do d6 géc @ khong phu thudc vi tri tam cam
nhu trong trong co cdu cam can ddy nhon, ma chi phu thudc vao hinh dang ddy can : néu ddy can
vuong géc phuong trugt xx thi & =0, néu khong « béang hang s6 (hinh 9.20).

7
n 2

T

n

B!

a) b)
Hinh 9.20 :
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Nhu vay, khi téng hop co cdu cam can ddy ddy bang, khong can dua ra diéu kién :
Va0 <[y |

e Tuy nhién, véi co cdu cam cin ddy ddy bang, dé moi diém clia bién dang cam c6 thé ti€p xiic

duoc lién tuc v6i can thi bién dang cam phai 1a mot duong cong 1oi.

Khi cho tru6c quy luat chuyén dong clia cén, tuy theo vi tri tam cam O, ma cam c6 thé 16i hay

16m. Do d6, can phai chon vi tri tam cam hop 1y dé bién dang cam 12 mot dudng cong 16i.

—

Q
M *

Hinh 9.21 :

Hinh 9.22 -

® Duong cong loi

Cho dudng cong kin (C) va mot diém M chay trén dudng cong nay theo mot chiéu c6 dinh.
Puong cong kin (C) dugc goi 1a /6, khi tai moi vi tri chia diém M trén dudng cong nay, tam cong
cua dudng cong luén nam vé mot phia ctia né. Vi du dudng cong trén hinh 9.21 1a mot dudng
cong 16i, bdi vi khi cho M chay trén dudng cong nay theo chi€éu nguoc chiéu kim dong ho, thi
tam cong I cua dudng cong ting v6i M luon luén nam vé phia trai ctia n6.

® Diéu kién 10i cua bién dang cam
v’ Xét co céu cam cin ddy ddy bing (hinh 9.22). Goi B la diém tiép xic gilta cam va ddy cén,
nn 1a phdp tuyén cta bién dang cam va A 1a tam cong clia bién dang cam {ing vdi diém ti€p xiic

Khi xét chuyén dong twong doi clia cin so v6i cam, thi diém tiép xiic B giita cam va cén coi nhu
chay doc theo bién dang cam theo chiéu ngugc véi chiéu cta @,. D€ bién dang cam la 16i, tam
cong A ctia bién dang tng v6i diém ti€p xidc B phai luon luén nidm phia trdi clia diém A. Nhu vay
trong chuyén dong tuyét doi, tam cong A phai lu6n nim phia duéi diém ti€p xic B.

Néu chon chiéu duong trén phdp tuyén nn huéng 1én trén, di€u kién 16i ctia bién dang cam:

p= AB >0 ( p 12 ban kinh cong clia bién dang cam tai diém ti€p xtc B)

v’ Sau day suy dién diéu kién 16i cho truong hop ddy cin vuodng gbc véi phuong trugt xx.
T O, vé& dudng thang O,H vuong géc véi AB. Dudng thiang song song véi ddy can va tiép xic vdi
vong tron tam O, ban kinh R, (R,,;, 12 ban kinh nho nhét cua bién dang cam), cit AB tai M.

Taco: p=ﬁ

= p=AH +HM + MB
= p=7+R,, +S
v’ Tinhz

Tai thoi diém hay vi tri dang xét clia co cau, ta thay thé khép cao tai B biang khau (3) va hai khép
thap : khdp truot dat tai B c6 phuong truot song song véi dday can, khdp quay dat tai tam cong A.
Sau khi thay thé nhu vay, van t6c va gia toc cta cdc diém tuong tng trén khau (1), khau (2) trong
hai co cau hinh 9.23 va hinh 9.24 1a hoan toan nhu nhau.
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Vi co cau trén hinh 9.24, do hai diém B, va B, 1a hai diém tring nhau thuoc hai khau khéc nhau
no6i nhau bang khdép truot, nén phuong trinh gia toc:

dy, = 8gy +8p,p5 + égzss 9.7
Khau (3) néi v6i khau (2) bang khép truot, khau (3) lai n6i gid bang khép truot, nén khau (3)
chuyén dong tinh tién. Suy ra : 8,, =8,, =4, .
ap,5s 12 gia toc tuong doi clia diém B, so vdi diém B,, d,,, song song vdi ddy can.

k
Agops = 2.0, V5,5, =0 do v, =0.

dg, song song vGi phuong trugt clia can.
Tit phuong trinh (9.7), ta dung dugc hoa do gia toc (hinh 9.24).
Hai tam giac AO,H va na’,b’, dong dang nén :

d’s
ﬂ-_bé:ﬂ-_ai = @: aAl = W:a)lzolA Z:—dzzs2 :>sz252
AH OA  z OA z  OA dt?.’ de

+ T6ém lai, dé bién dang cam 12 16i thi tai moi vi tri ti€p xtic B gifta cam va cin, hay néi khac di
2

ting v6i moi gid tri chia s va — phdi ¢6 :

2

szmin+[s+ d S?_ >0
do
b ? e g/
% ’2 b, ag % ﬁ
2 B2B3 s s s
gBZ
- 2
) - )
T
B
[
[
S
........... v (3)
Rmin
zZ

Hinh 9.23 :

o A A N 2 » N
® Mién tam cam trong co cdu cam can ddy dday bang
+ Dé bién dang cam 12 16i thi tai moi vi tri ti€p xuc gifta cam va ddy céan, phai luon luon co :

2
szmin+[s+ d szj>0
dp

2

ViR, >0vas>0,con c6 thé am hay duong tuy theo vi trf tiép xiic, do d6 chi cin xét diéu

2

de
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2

S<0.

kién trén ting véi cac vi tri ti€p xdc ma tai do : e
2

+ Tur do thi s(¢), dung phuong phéap vi phan d6 thi, suy duoc do thi :—S((p). Tir d6 thi g—s(go),
®» 2

d?s

2

ti€p tuc dung phuong phédp vi phan do thi, suy duoc do thi (¢). Cong hai do thi s(p) va

d? ) 4?

d sz(¢), ta duoc do6 thi s+ 52
4

d’s

do’

(chi cén cong hai do thi nay Gng v6i phan am cta d6 thi

(@)

2 2

+ Goi min (S +— j 1a cyc tri am cua d6 thi s+—— . Nhu vay, d€ bién dang cam 12 16i, ta phai

) d3s
min| s+
d(p2
2

+ Goi (A) 1a dudng thang ti€p xdc vé6i do thi s+

de

c6 diéu kién : R >

tai diém c6 cuc tri Am clia né. Ta thdy, néu

2

®

. d3s
min| s+
do’

Tém lai, mién tAm cam 12 mién nim phia du6i dudng thang (A) (hinh 9.25).

tam cam O, nam phia dudi (A) thi R, > va bién dang cam la 16i.

Al
o
Vi tri thap nhat chia ddy can (0]
A
. d’s
min| S+ q 7
I S S R @& A
P
d__ Ol_
¢

Hinh 9.25 : Mién tdm cam trong co
cdu cam cdn ddy ddy bdng

® Ghichu :
Sau khi chon dugc tam cam O, ta xac dinh thém dugc ban kinh nho nhit R
(khoang cach tlir tam cam O, dén vi tri thap nhat cua day can).

cta bién dang cam

min
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b) Tong hop dong hoc co cau cam can diy day bang

+ So'liéu cho trudc

Quy luat chuyén vi chia can : s =s(¢) ; Béan kinh vecto nho nhatR . .

+ Yéu cdu :

V& bién dang cam thuc hién quy luat chuyén dong da cho cua can.

+ Cach vé bién dang cam (hinh 9.9)

- Dung phuong truot xx clia can (xx song song vdi truc s ctia do thi s = s(¢) ). Dung diém B, — vi
tri gan tam cam nhat clia ddy can. Dung diém O, nim trén phuong truot xx v6i O,B =R, day
chinh la tam cam.

- Chia mat phang 1am n phin déu nhau bing cdc diém tia O,x,, O,X,, 0,X,, ..., OX,, ..., O,X,. Dua

17712

vao do thi S((o) , ta xdc dinh dugc chuyén vi s; cla can tuong Gng véi géc quay ¢, = X,0,%, cua
cam.

- Trén tia O,x;, dung diém I, v6i O], = s, + R,;,. Qua diém I, vé dudng thiang (D,) vuéng géc véi
day can. Bao hinh ctia ho duong thang (D,) n6i trén chinh la bién dang cam cén tim.

:

R

Q.

Hinh 9.26a:

AR

SRR
LR
T

vanh
l-~ cam

Hinh 9.26¢: Cam rdanh Hinh 9.26d: Cam vanh

D6i v6i co ciu cam 1a co ciu c¢6 khép cao, can phai ¢ bién phdp thich hop dé bao dam su tiép
xuc lién tuc gitta cac thanh phan khdp cao ctia cam va can (bién phap nay duoc goi la bién phap
bao toan khép cao).

C6 hai cach bao toan khép cao : bao toan bang luc va bao toan bang hinh.

® Bdo toan bdng luc :

Dung luc phuc hoéi ctia 10 xo (hinh 9.26a), ding trong luong cta can (hinh 9.26b) hodc nhd 4p luc
ctia chat 16ng...

® Bdo toan bang hinh :
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Dung cac rang budc hinh hoc phu nhu dung cam rdnh (v6i cam ranh, hai bién dang cam 1a hai
duong cach déu nhau - hinh 9.26¢), cam vanh (dung hai con lan ti€p xtc ¢ hai phia vanh cam -
hinh 9.26d), cam kép (hai co cau cam cho ciing mot quy luat chuyén dong cuia can - hinh 9.26¢),
cam déu clr (day chinh 1a co ciu cam cin ddy chinh tam, bién dang cam c6 dic diém la khoang
cach giita moi cap diém doi tng trén bién dang cam 1y thuyét clia cam 12 mot hiang s6 - hinh
9.26f), cam can khung (bién dang cam c6 dac diém la khoang cach gitta hai ti€p tuyén song song
cua n6 1a mot hing s6 - hinh 9.26g)...

——

Hinh 9.26f : Cam déu cu
Hinh 9.26e : Cam kép

ey

A

Can khung

Ly

/

Hinh 9.26g : Cam cdn khung

%
%
|é

i s s i
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CHUONG X :

CO CAU BANH RANG THAN KHAI PHANG

81. Dai cuong

1) Khai niém

e Co ciu banh ring c¢6 hai khau dong dudc ndi véi nhau bang khdp cao, dung dé truyén
chuyén dong quay gilia hai truc véi mét tf sé truyén xdc dinh (thudng 13 bing hdng s6). Hai
khau dong dudc goi la banh rang.

e Ty sd truyén clia co cu : i, = % véi,, ,: van tdc géc clia truc din va truc bi dan.

2

e Co cAu banh ring truyén chuyén dong gitia hai truc song song goi 1a co ciu banh ring
phdng (Co cAu banh ring try tron ring thdng - hinh 10a, co cAu banh ring try tron ring
nghiéng va rang cht V - hinh 10b va 10c¢).

Co cdu banh ring truyén chuyén dong gilia hai truc khdng song song goi 1a co cu banh ring

Hinh 10a:

Hinh 10c :

khong gian. Hai truc c6 thé cit nhau, vi du co cdu banh ring ndn - hinh 10d; c6 thé chéo nhau,
vi du ¢d cAu banh ring tru truc chéo - hinh 10e, cd cdu banh ring ndn chéo - hinh10f, co cdu
banh vit-truc vit - hinh 10g).
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Y. I
an khdp ngoai cn khdp trong
Hinh 10.2:

Hinh 10g :

e Ngudi ta cling chia ra ¢o cAu banh ring thanh : Co cdu banh ring dn khdp ngoai (ngoai tiép)
khi vanh ring banh no nim ngoai banh kia, van tdc gdc hai banh ngudc chiéu nhau; Bo truyén
banh ring dn khdp trong (ndi tiép) khi vanh ring banh nhd ndm trong vanh ring banh Ién, van
tdc goc hai banh cung chiéu nhau (Hinh 10.2).

e Khi truyén dong, céc ring clia banh dan 1an lugt thay nhau tiép xuic vdi cdc ring cia banh
bi din, ddy banh bi din cung chuyén dong. Qua trinh nay dudc goi 1a qud trinh dn khdp cla
cdp banh rang (Hinh 10.3).

vong co sO

vong ldn

vong lan

Hinh 10.3 :

e Bénh ring tru tron ring thdng hay ring nghiéng, c¢é dang hinh tru tron xoay. Vanh rdng
gdm cac ring giong hét nhau bé tri cdch déu nhau. Trén mot mat cit vudng goc vdi truc quay
cia banh ring hinh try, vanh ring dugc gidi han bédi hai vong tron dong tam O: vong dinh
(O,r,), vong chan (O,r,) . Gitia vong dinh va vong chan c¢6 vong chia(O,r) chia ring thanh

hai phan: dinh ring va chan ring. Mdi ring clia banh ring dudc gidi han bédi hai doan dudng
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cong, goi 1a bién dang rdang (hay canh ring), déi xing nhau qua dudng thdng di qua tim O
clia banh ring. M&i khoang tréng gitia hai ring goi 1a mot ranh rdng.

Trén vong tron (C,) tam O ban kinh r, véi r, <r, <r,, ta co cac khai niém : Budc rang p, :
khodng cach gifia hai bién dang ring cung phia cla hai ring ké nhau. Chiéu day rdng s, :
khodng cdch cua hai bién dang ring clia mot ring ; Chiéu rong ranh W, : khodng cdch cta hai

bién dang ring cla mot ranh ring (Hinh 10.4).

Bé rong by, /|

w

Bién dang

rang/canh rang A& Vong dinh (C,)

T Vong tron (C,)

‘ , -Vong chan (C
Hinh 10.4: Banh rang try tron ring thing 2 (©

Ta c6 quan hé : p.=s,tw,

Goi Z 1a sé ring clia banh ring. Do cdc ring dugc bd tri cach déu nhau trén vanh ring,
T S 27,

nén chu vi cua vong (C,) bang : 2zr, =2Zp, = |p, = 7 X

2) Pinh ly co' ban vé in khép banh riing

(Piéu Kkién dé ty sé truyén ciia mét cip bién dang ring bing hiing sé)
Ty sd truyén trong c6 cAu banh ring phu thudc vao dang dudng cong dude chon lam bién
dang ring (con goi 1a canh ring). Vi diéu kién nao ty so truyén clia mot cdp bién dang rang
béng hiing s6 ?

a) Ty so truyén cia mot cip bién dang ring Vosoi

P TITCH! CETERe
.
.
5
5
— J
5
o
O 0
o
[9) o
K
.

\

Xét hai bién dang ring (b,) va (b,) bat ky 1an lugt thudc
banh ring (1) va (2) tiép xic nhau tai diém M (Hinh 10.5).
Goi M, va M, 1a hai diém thudc banh ring (1) va (2) hién
dang tring nhau tai M. Goi nn 1a phdp tuyén chung tai M
cta (b,) va (b,). Banh (1) va banh (2) lan lugt quay quanh
tam O, véi van toc géc @, va o, .

Xét chuyén dong fiong déi cia co ciu ddi véi banh (1).
Trong chuyén dong tucng déi nay, van tdc cia diém O,
trén banh (2) : V,,,, L 0,0,, van tdc cta diém M, trén banh

(2) ndm trén tiép tuyén chung tai M véi hai bién dang : 3 kg

Viiomi L NN . Do do, thm quay tiic thoi P ctia banh (2) trong /I'—‘\

chuyén dong tuong déi so véi banh (1) : P=0,0, nnn A 01
Hinh 10.5:
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Trong chuyén dong tuyét déi clia co clu, ta cé: Vp, =Vp, VGi P, va P,1a hai diém lan lugt
thudc banh (1) va banh (2) hién dang trung nhau tai P.
Tu do suy ra: ®,0O,P =w,0,P
Nhu vay ty s6 truyén cta cip bién dang ring (b,) va (b,) bing : i, = % = %

2 1
b) Pinh Iy c¢ ban vé in khép (Pinh ly Willis)
Do cdc tam quay O, va O, c¢b dinh nén dé ty sd truyén i,, clia cdp bién dang rdng bing hing
s thi diém P phai Ia diém ¢ dinh trén O,0, .
Tt d6 ta ¢6 dinh ly co ban vé& dn khdp nhu sau: "Dé thuc hién duge mot ty sé truyén bing
héng sé, cip bién dang ring dn khdp véi nhau phai thoa man diéu kién : Phap tuyén chung nn
tai vi tri tiép xic bt ky M phdi cit duong ndi tam 0,0, clia hai banh ring tai mot diém P ¢
dinh".

¢) Mot vai khai niém va dinh nghia

e Diém tiép xic M clia hai bién dang ring dudc goi 1a diém dn khdp. Hai bién dang (b,) va
(b,) dudc goi 1a cip bién dang dn khdp (hay cip bién dang doi tiép).

e Diém P, tam quay ttic thoi trong chuyén dong tuong déi gitia hai banh ring goi 1a tdm dn
khdp. Truong hop ty sé truyén i,, = hing s6 thi P 1a diém cd dinh trén 0,0,. Khi cd cu
chuyén dong, P vach nén trén banh (1) vong tron Cy,(O,, ry,= O,P) va trén banh (2) vong tron
Cwa(Oy, ryy= O,P).

Do V,,=V,, nén (Cy,) va (Cy,) lan khong trugt véi nhau. Hai vong tron nay dugc goi la hai
vong lan.

e Khi in khdp (khi tiép xuc va ddy nhau chuyén dong), hai bién dang (b,) (b,) viia lin viia
trugt trén nhau. Van tdc trugt tuong doi gilia hai bién dang

ring V., ndm theo phuong tiép tuyén chung tai diém

tiép xic M véi hai bién dang : VM2M1=|(02-031|.PM (Hinh ()

10.5).
Khi tiép xuc tai tdm an khdp P thi PM = 0, van téc trugt

& Hinh 10.6: )
tuong doi Vy,,, =0. inn 10.0.

e Hai bién dang ring &n khdp vdi nhau 1a bao hinh ciia

nhau trong chuyén dong tuong déi gilla chung. That vdy, trong chuyén dong tuong déi cua
khau (2) déi véi khau (1), (b,) coi nhu ding yén, con (b,) chuyén dong va ludn tiép xic véi
(b,), do dé trong chuyén dong tuong ddi nay, (b,) la bao hinh cdc vi tri khdc nhau cta (b,)
(hinh 10.6).

3) Bién dang ring thian khai

e Hai bién dang #n khdp (b,), (b,) 12 bao hinh clia nhau trong chuyén dong tucng déi gitia
chung, nén vé nguyén tic khi chon trudc mot dudng cong (b,) 1am bién dang ring cho banh
(1) thi bng phuong phdp bao hinh hoan toan c¢6 thé xdc dinh dugc mot dudng cong (b,) lam
bién dang thi hai, thoa man diéu kién ty sd truyén bing hing so clia cdp bién dang. Néi khac
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di, c6 vo s cdp dudng cong tucng ting nhau ma khi dung 1am cip bién dang ring sé thod man
diéu kién ty so truyén bing hing sé.

e Trong thuc té, ngudi ta thudng dung cdc dudng cong sau diy lam bién dang ring : Pudng
xicléit, duong tron, dusng than khai vong tron, trong dé dudng than khai vong tron dugc st
dung rong rai hon ca.

e Chuong nay ta chi nghién cdu bdnh rdang co bién dang rang la didng than khai, trayén
chuyén dong quay gitia hai truc véi ti s6 truyén bing hdng s6 va chi nghién ciu trudng hop
cip banh riang ngoai tiép.

Dudng than
khai (E)

\ o

ﬂ
@~ T
Hinh 10.7 :

a) Puong than khai vong tron va tinh chit
e Dinh nghia
Khi cho dudng thdng(A) lin khong trugt trén vong tron C,(O,r,) thi mot diém M bét ky trén
dudng (A) s€ vach nén mot dudng cong (E) goi la diuong thdn khai vong tron. Vong tron
C,(O,r,) goi 1a vong tron co sé cla dudng than khai. Diém M, goi 1a gdc clia dudng than
khai (E) trén vong c6 s6 (Hinh 10.7).
e Tinh chit
v Duong than khai (E) khong c6 diém nao ndm trong vong tron ¢d sé (C,)
v Phép tuyén tai diém M cilia (E) cling 1a tiép tuyén tai diém N cta vong tron co s6(C,) va
ngudgc lai.
v/ Tam cong N tai diém M ctia (E) 1 diém N nim trén vong tron co s6 (C,). Ban kinh cong
tai diém M clia (E) 1a NM biing cung lin M, M : NM = M,M
v' Céc duong than khai (E) va (E') cing vong tron co s ¢6 thé chdng khit 1én nhau. Khoang
cach trén cac phap tuyén chung béng chiéu dai cung gitia gdc clia ching trén vong tron cd sé :
MM =M M;

b) Phuong trinh duong thin Khai
v' Dung phuong trinh tham s trong hé toa do cuc (hinh 10.8).
Chon hé toa do cuc tam O, truc Ox = O—I\/Ib .
Toa do cta diém M thudc duong than khai vong tron (E) :

" {r = OM (ban kinh vecto)

6, = MOM (géc toa do)
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Thé ma: 6, = NOM, - NOM="Ms _, \6i @, = (7,ON)

rb

Theo tinh chét ctia dudng than khai:

— NM NM
NM =NM, > —L=—=tga, = 0, =tga, —«,

rb rb

. . r

Mit khéc, tacd : r, =—>2
cosa,
Do do, phuong trinh duong than khai :
r, = "
cosa,

0, =t9a, —a, =inv(a,)

Véi inv(e,) = a, —tge, goi la ham than khai (involute function).
v Géca, duge goi la géc dp hic clia dudng than khai trén vong C (O, r,) béi vi e, chinh la
géc gitia phap tuyén (A) clia bién dang than khai (E) tai diém M thugc vong tron C (O,r,) vdéi

van téc ctia diém M vong tron khiC (O, r,) quay quanh diém O.

¢) Bién dang than khai thoa man dinh ly co ban vé in khép

e Khi dung dudng than khai vong tron lam bién dang ring thi trong qua trinh #n khdp cua hai
bién dang, ti s6 truyén i,, biing hiing s6 (hinh 10.9).

That vay, xét hai bién dang than khai (E,) va (E,) co vong co s6 1aC,,(O,,1,,),C,,(O,,1,,),
tiép xuc véi nhau tai mot vi tri bat ky M. Goi nn 1a phap tuyén chung tai M cta hai bién dang.
Theo tinh chat dudng than khai, phap tuyén chung nn tai diém M cta (E,) va (E,) cling 1a tiép
tuyén chung NN, cta hai vong tron cd s6 (C,,)

va (C,,). Do hai vong co sé c¢é dinh nén tiép 102
tuyén chung N,N, ciing ¢é dinh, nghia 1a phap 1
tuyén chung nn tai diém M cta hai bién dang
(E,) va (E,) cling c¢6 dinh.

Nhu vay, phap tuyén chung nn tai diém M bét
ky clia hai bién dang ludén cét dudng ndi tam

0,0, tai mot diém P c¢d dinh : cip bién dang
than khai thod man dinh ly co ban vé #n khdp
(tic 1a bao dam ty sé truyén i,, = hing sd).

d) Mét vai khai niém
e Duong dn khdp - Poan dn khdp Iy thuyét
v Puong an khdp 1a quy tich cac vi tri tiép

xuc M gitia hai bién dang rang trong qua trinh

an khop.

v' Trong qu4 trinh 4n khép cta cdp bién dang ring than khai (E,), (E,), diém tiép xic M luén
ludn di chuyén trén dudng thdng NN, tiép tuyén chung cta hai vong tron co s6(C,,),(C,,) .
Pudng thang NN, chinh 1a diiong dn khdp cta cip bién dang than khai. Tuy nhién, trong cip
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banh ring ngoai tiép, diém tiép xic M khong thé chay vugt ra ngoai doan N,N, : doan thing
N,N, dudc goi 13 doan dan khdp 1y thuyét.

e Goc dn khop

Gécay,, tao béi dudng in khdp nn (cling chinh 1a phap tuyén chung tai diém tiép xtic M cta
hai bién dang) va tiép tuyén chung tt tai P v6i hai vong lan (C,,),(C,,): a, = (nn,tt)

. L, T
Ta co: cosaL,, ==

I.Wl I.W2

Vi cdp bién dang than khai, hai tim quay O,, O, cho trudc, cac ban kinh r,,r., cda cdc vong
tron co sé 1a khong déi nén duong n khdp NN, ¢ dinh. Nhu vay, géc an khép a,, trong cip
bién dang than khai 1a khong déi.

e Khd ndng dich truc ciia cdp bién dang rdng thin khai

Taco: r, =0,P.cose, =T, cosq,,

Va I, =0,P.cose, =T, cosq,,
O O,P _fp _fe
OIP rWl rbl

Nghia 1a ty s6 truyén c6 thé xac dinh theo ban kinh cdc vong tron cd sé, khong phuy thude vao
khoang cach truc a, =00, =r,, +r,,. Do d6, khi thay d6i mot chut it khodng cach truc a,,
clia cip bién dang ring than khai cho trudc, thi ban kinh cic vong lan r,,,f,, déu thay déi,
nhung ty sé truyén i,, vdn khong thay ddi, bdi vi ban kinh cac vong co s6 r,,r., vin khong
thay déi .

Dic diém quan trong nay clia cip banh ring than khai goi 13 khd nang dich truc. Khi 18p rap,
néu khodng cach truc a, ctlia cip banh ring than khai c6 khong chinh xac thi ty sé truyén van

khong thay déi.
§2. Diéu kién dé ty s6 truyén ciia mot cip banh riing than khai l1a hiing s6

e VGi mot cdp banh ring than khai, mdi cdp bién dang ring in khdp (E,);(E,) bi giéi han
béi hai vong dinh rang (C,,) va (C,,). GoiB, =(C,,) n(N,N,) va B, =(C,,)n(N,N,). Gia
st banh dan 1 banh (1) va ¢ chiéu quay nhu hinh 10.10, dudng dn khdp cta ciip bién dang
rang (E,), (E,) sé 1a dudng thing N|N,.

Chf khi nao diém tiép xic M cta cdp bién dang ring (E,), (E,) di chuyén trong doan B,B,, tii
diém B, dén diém B,, thi phap tuyén chung nn cta cip bién dang mdi cit dusng ndi tam 0,0,
tai di€ém P cd dinh. Lic d6 ty sé truyén clia cip bién dang 1a hing s6. Diém B, goi 1a diém vao
khdp, diém B, goi 1a di€m ra khdp. Doan thing BB, goi 1a doan dan khdp thiic.

e Sau diém ra khép B,, néu cidp bién dang néi trén con tiép tuc ddy nhau chuyén dong, vi du &
vi tri (E;); (E;), chiing s& tiép xiic nhau tai mot diém M’ ndm trén vong dinh (C,,) cta bién
dang (E;). Tai diém M', phap tuyén cta (E;) 1a vo dinh vi M ' 1a di€ém nhon, con phép tuyén
ctia (E;) la dudng thing M'N;, tiép tuyén vdi vong tron co sé (C,,). Khi d6, phap tuyén
chung tai diém M' cta (E;);(E;) s€ l1a duong thdng M°'N; va tam #n khdp bay gid la
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P>=M"'N; n0O,0, dai tién dan vé phia tim quay O,, ty so truyén i,, clia cip bién dang da bi

thay déi.
0,

Hinh 10.10

O,

e Tém lai, trong cdp banh ring than khai, mdi cdp bién dang an khdp (E,), (E,) chi cho ty s6
truyén i,, = hing s6 khi diém tiép xtc M cta chung chay trong doan B,B,, tii diém B, dén
diém B,.

e Qua trinh an khép cuta cap banh rang than khai 1a su lién tuc ké tiép nhau vao tiép xiic cua
nhiéu cdp bién dang ring an khép. Do d6, dé ty s6 truyén i,, ciia mot cdp bdnh rang 13 hing
s0, thi mdi cdp bién dang ring chi dugc tiép xic véi nhau trong doan in khdp thuc B,B,.
Muo6n vay thi khi cap bién dang an khép thit nhat (E,), (E,) dang ti€p xuc tai B, (dang bat dau
ra khép tai B,) thi cap bién dang k& tiép (E,”), (E,’) phdi bdt ddu vao tiép xiic hay da vao tiép
xuc trén doan an khdp thyc B;B,.

Diéu kién nay goi la diéu kién dn khdp déu cia cip banh ring than khai. Dé thoa man diéu
kién an khép déu, cin phai thdoa man dong thdi hai diéu kién sau day : Diéu kién an khép ding
va diéu kién an khép tring.

1) Piéu kién an khép ding va an khép trung cua cap banh rang than khai

e Gia st cap bién dang thit nhat 1a (E,), ( E,) dang chudn bi ra khép tai diém B,. Cap bién
dang ké tiép 1a (E,”), (E,’) phai dang ti€p xidc nhau tai mot diém M nim trong doan B,B,.

Goi pyva py, la budc rang do trén duong an khdp NN, (khoang cach do trén duong an khép
gifta hai bién dang riang cing phia ké nhau, con goi 1a budc an khép). Dé (E,’) va (E,’) ¢6 thé
ti€p xtc v4i nhau, phai cé di€u kién :

Pni = Pni = Py (10.1)

Hon nita, dé (E,”) va (E,’) ¢6 thé ti€p xtdc v6i nhau tai mot diém M’ nam trong doan an khép
thuc B,B,, phai c6 thém diéu kién:
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pN < BIB2
_ BIBZ

P
Diéu kién (10.1) dugc goi la diéu kién an khép diing.

Hay : & >1 (10.2)

Diéu kién (10.2) dugc goi la diéu kién an khép tring. & = BB, duogc goi 1a hé s6 trung khép.

N

i
/ banh;dan, o, \

|

i

!

i (Cy)
|

! 0,

Hinh 10.11 : Diéu kién dn khdp diing va dn khdp trung
e Theo tinh chat dudng than khai, ta ¢6 @ Py, = Py; Py = Pyy VOI Pyj5 Py, 12 bude rang do

trén vong co s& cua banh (1) va banh (2).
Diéu kién an khép ding viét lai nhu sau : | Py, = Py, = P,

Diéu kién an khdp ding ciing c6 thé viét theo budc ring trén vong 1an : [p,,= Po, | V6i PPy,

12 budc ring trén vong lidn cda banh (1) va banh (2).
2) Piéu kién an khép khit cta cap banh rang than khai

e Sau khi diéu kién an khép ding va an khép trung da thoa man, ty so truyén i,, cia cap banh
rang s& bang hing s6 néu nhu banh dén khong déi chiéu quay.

e Vi banh (1) 1a banh dan va c6 chiéu quay e, thi cap bién dang lam viéc 1a (E,), (E,) dang
tiép xuc nhau tai M, doan an khép ly thuyét 1a N|N,, doan an khép thuc 1a B,B,
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Néu banh dan déi chiéu quay thi cap bién dang 1am viéc déi phia thanh (E’)), (E’,), doan an
khép 1y thuyét va doan an khép thuc tré thanh N°,N’,va B’,B’, (Hinh 10.12).

Néu gitta (E’}), (E’,) khong c6 ti€p xuc (gitta hai bién dang c6 khe ho O, goi 1a khe ho canh
rang) thi trude tién s€ ¢4 hién tugng gidn doan truyén dong, sau dé6 1a va dap. Do d6 trong qua
trinh chuyén tié€p tr khi cip bién dang (E,), (E,) thoi an khép dén khi cap bién dang (E’)), (
E’,) vdo an khép, ty s6 truyén i,, clia cap banh ring di bi thay déi.

Nhu vay, dé ty so truyén i,, clia cap bdnh rang bang héing s6 khi banh dan (1) ddi chiéu quay
thi, twong ing v6i diém M’, cap bién dang lam viéc phai la (E’)), ( E’’,) dang tiép xic véi
nhau.

An khép khong c6 khe hé canh rang & dugc goi 1a dn khop khit.

e Suy dién diéu kién dan khop khit (Hinh 10.12).

v Goi a=(E)N(Cy,): b=(E)N(Cyp): c=(E))N(Cyy): d=(E5)N(Cy)

Khi banh dan quay theo chiéu @, dén khi diém ti€p xic M ctia (E,), (E,) tring véi P thi :
a—>Pvac—>P.Vi(C,);(C,,) lan khong trugt trén nhau nén aP =cP (10.3)

Khi banh din quay theo chiéu ngugc lai dén khi diém ti€p xic M’ cua (E’,), (E’’,) trung véi P
thi: b—>P va d > P. Vi (C,,);(C,,) lan khong trugt trén nhau nén bP=dP  (10.4)

Tir (10.3) va (10.4) suy ra:ab=cd , nghfa I : |\W,,, = S,,, |

Tuong tu , ta cling 6 : |S,,; =W,

Vi W,;W,,, 1an lugt 1a chiéu rong ranh trén vong lan cta banh (1) va banh (2); S,,;S,,, 1an
luot 1a chiéu day rang trén vong lan cta banh (1) va banh (2).

v Tém lai, diéu kién an khép khit cla cip banh rang than khai duoc phdt biéu nhu sau :
Chiéu day rdng trén vong ldn cua banh no bang chiéu rong ranh trén vong ldn cia banh kia.

o, Hinh 10.12 : Djéu ki¢n dn khdp khit )
e Tuy nhién trén thuc té, dé bu lai cdc sai s6 do ché tao va lip rdap, dé phong ngtia sy dan né
vi nhiét va luu thong dau bdi tron, ngudi ta thudng tao ra mot khe hd mit bén ring nhit dinh,
do do rat khé bao dam dugc diéu kién dn khdp khit.
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§3. Cidc thong s6 ché tao co ban ciia banh ring than khai
1) Phuiong phap bao hinh dé tao hinh bién dang thin khai

o Xét co cdu cam cin diy ddy bing, cé bién dang cam la dudng than khai (E), ¢ vong tron

cosG1a C,(O,r,), day cin 1a dudng thing (K), gdc ap lyc ddy can lae, (Hinh 10.13).

Luc du, cam va cin & vi tri (E) va (K), tiép nhau tai diém M, phap tuyén chung tai M ctia (E)
va (K) 1a duong thdng NM tiép tuyén véi vong co s6 (C, ). Sau khodng thoi gian dt, cam va

can dén vi tri mdi 1a (E ") va (K "), tiép xdc nhau tai M ', can di dugc mot doan dS, cam quay
dugc mot géc de, phap tuyén chung tai M' ctia (E') va (K') 1a dudng thing N'M' tiép tuyén

véi vong co s6(C, ).
Do (K) va (K ') song song v6i nhau nén NM= N"M" .

d

§

e

Hinh 10.13 : Nguyén tdc bao hinh dé tao hinh

bién dang rdng than khai

e Tacd: dS = M Véd(pszMB:MM, :>d—szr—b (10.5)
cosq, I, I, dp cosea,
Goi V va o 1an lugt 1a van tdc tinh tién ctia cAn va van tdc gdc cla cam, ta co
ds
—=V 10.6
a (10.6)
\ do
Va: —=w (10.7)
dt
\ \ \4 I, I,
Tu (10.5), (10.6) va (10.7) suy ra : — = hay : |V = @
® cosaq, cosa,

e Tu O, v& dudng thing vuong gdc véi phuong trict ciia can, cit NM tai P. Dit r = OP.

o Vero

cosa,

Taco: r=
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Goi (C) 1a vong tron tim O, ban kinh r = OP gin trén cam; (tt) 1a duong thing gin cting trén
can, song song véi phuong trugt ctia can va tiép tuyén vdi (C) tai diém P.
Do V =r.@, tic 1a van tdc tinh tién clia cin bing van téc tiép tuyén ctia vong tron (C) nén
dudng thing (tt) lan khong trugt trén vong tron (C).

rb
cosa,

e Nhu vay, khi cho cam va cén tiép xtc va ddy nhau chuyén dong thi V = @ va duong

thdng (tt) gdn trén can s& lan khong trigt vdi vong tron (C) gén trén cam.

Ngudc lai, khi cho (tt) gdn trén can lin khong trugt véi vong tron (C) gin trén cam, tiic 1a cho
rb

cos,

cam quay vdi van toc goc @, can tinh tién vdi van toc V véi V = .@ , thi cam va can sé

tiép xuc va ddy nhau chuyén dong va do d6 bién dang than khai (E) sé la bao hinh cta cdc vi
tri khac nhau cta (K) trong chuyén dong tucng déi déi vdi cam.

e T d6, suy ra phiiong phdp bao hinh dé tao hinh bién dang rdng thén khai

v' Cho mdt dudng thing (tt) lin khong trigt vdi vong tron (C). Goi (K) 1a mot doan thing
gén cung trén (tt), cé phap tuyén lam véi (tt)
mot géc binga,. Tai nhiing thoi diém khac
nhau trong chuyén dong tuong déi cia (tt)
ddi véi vong (C), ta ghi lai cdc vét cia (K)
trén mot mit phing gin lién véi vong (C).
Ta sé nhan dugc mot ho dudng thing ma
bao hinh la mot dudng than khai vong tron.
v" Néu thay vi doan thing (K), ta gin cting
1&n (tt) mot thanh rdang hinh thang thi trén
mit phing gin lién véi vong tron (C), s&
nhan diudc nhiing ho dudng thing ma bao
hinh 1a cic cdp bién dang than khai déi

xung vdi nhau tiing déi mot cia banh ring
than khai (hinh 10.14),

2) Thanh riing sinh va thong s6 ciia thanh riing sinh

e Thanh ring dung dé tao hinh banh ring than khai goi 1a thanh rdang sinh. Hinh dang va kich
thudc thanh ring sinh quyét dinh hinh dang va kich thudc cia dao dung cit banh ring theo
phuong phap bao hinh, do d6 thanh ring sinh dugc tiéu chuén hoa.

Thanh ring sinh ¢d cac ring hinh thang can, gidng hét nhau va bé tri cach déu nhau.

Pudng thing t,t, song song vdi duong dinh va dudng chan, chia déi ring theo chiéu cao goi la
diiong trung binh. Trén tit,, chiéu rong ring s, bing chiéu rong ranh w, : s,= w,.

e Cic théng sé ciia thanh ring sinh
v Budc ring cua thanh ring p, (khoang cach gilia hai bién dang ring cung phia cua hai
rang k& nhau do trén mot dudng thing song song vdi duong dinh hodc dudng chan)
v" Modun : m, =P Modun m, dugdc tiéu chuan hoa.
7
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v" Goc ap luc cia thanh ring ¢, : nua goc 6 dinh cla hinh thang can. Goc ¢, cling dugc tiéu
chuan hod : @, = 20" va 1a mot thong sé vé hinh dang ring.
v' Chiéu day ring s, va chiéu rong ranh w, do trén dudng trung binh.

_ P _7My

Taco: s,=w, = S =

v" Chiéu cao dinh ring h; va chiéu cao chan ring hy (khoang cich tii dudng trung binh dén
dudng dinh va duong chan) : h; =h;y =1,25m,

v' Chiéu cao ring h, =2,5m,

v Chiéu cao phan luign tron & dinh ring va & chan rang: ¢, = 0,25m,

Thuc ra, phan lugn tron & dinh ring khong cd y nghia gi trong viéc tao hinh bién dang than
khai, do vay ngudi ta thudng dung chiéu cao Iy thuyét clia dinh rang h; =1.m, va chiéu cao ly
thuyét clia ring h, =2,25m, .

Dugng djnh rin

by

Dudng dinh réng ly thuyét (T)

Dbudng trung binh

Dudng chan rang

Hinh 10.15: Thanh rang sinh

3) Cidc thong sb ché tao co bin ciia banh ring thin khai

> Trong phuong phdp tao bién dang ring bing bao hinh néi trén, vong tron (C) dudc goi 1a

vong chia clia banh ring. Pudng thing (tt), gdn cing vdi thanh ring sinh va lin khong trugt

vdi vong chia (C), dudc goi la diiong chia.

Ban kinh vong chia r phu thudc vao van tdc V cta thanh ring va van tdc goc @ cia banh ring
\% r,

dudc tao hinh: r=—-= .
® cosq,

> Cidc théng s6 ché tao co' bin ciia bdanh ring thin khai
e Buidc rang p trén vong chia :
Vi vong chia lan khong trugt véi duong chianén p = p,
Modun cia banh rang: m=L om=P_-Po_ m, .

T T
e Goc dp lic a trén vong chia :
Goc an khdp clia thanh ring va banh ring trong qua trinh tao hinh banh ring than khai bing
phuong phap bao hinh (gdc gitfa dudng chia (tt) va phap tuyén PN véi canh ring cia thanh
rang sinh).

. L .
Taco: cosa=-"2vaa=aq,
r

e S rang Z ciia bdanh rdng digc cdt :
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. . 1
Chu vi vong chia: Zp =2zr = Zzm=2zr =|”Z ) hay :|r :EmZ

e Khodng dich dao & - Hé s6 dich dao x :
Trong qua trinh tao hinh banh ring than khai bing phuong phdp bao hinh, dudng trung binh
t,t, cta thanh ring sinh khong nhét thiét phai tring véi dudng chia tt. Khodng cach gitfa dusng

trung binh t,t, va dudng chia tt goi 1a khodng dich dao 5 . Hé s6 x = ° goi 12 hé 56 dich dao.
m

Hinh 10.16 :

Quy udc vé dau:

x = 0 : néu dudng trung binh tiép xic vdi vong chia

x > 0: néu dudng trung binh nim ngoai vong chia

x <0 : néu dudng trung binh cit vong chia.

Bénh ring c¢6 x = 0 goi 1a banh ring tiéu chudn; banh ring ¢ X =0 goi la banh ring dich dao
(néu x > 0 - banh ring dich dao duong; néu x <0 - banh ring dich dao am).

Bén thong s6 m, «, Z va x 1a bon thong s6 ¢o ban clia banh ring than khai. m 1a thong sé vé
kich thudc, tat ca céc kich thudc clia banh ring déu dugc tinh theo m. o la thong sé vé bién
dang ring. Khi biét bon thong sé trén, kich thudc clia banh ring hoan toan xac dinh.

e Xdc dinh mét vai kich thuoc ciia banh rding
v Vi banh ring tiéu chuin (x = 0) :
Duong chia va dudng trung binh trung nhau. Do do trén dudng chia, ta
cO :S,=W, =P _7M,
2 2
Mit khac, duong chia va vong chia lan khong trugt trén nén : s=w,;w=s,
vdi s va w 1a chiéu day ring va chiéu rong ranh cla banh ring do trén vong chia.
_p_7zm
2 2
v Véi banh ring dich dao (hinh 10.17) :
Trén dudng chia tt, chiéu day ridng ctia thanh ring :

Suy ra : S=W
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s,=AB = AB—2AA

m
= S,= —>—2xm,.tge,

= S,= m, (%—Zx.tgaoj

Do dudng chia (tt) 1dn khong trugt trén vong chia (C), nén : w=s,

= w=s0=m(%—2x.tgaj

Béng cdch ly luan tuong tu, ta cling suy dugc : |s = m(% + 2X.tgaj

khong dich dao : tt, = tt

co dich dao : tt,

Hinh 10.17:

o Ghichu

. ? o A ? 2rr,
v" Chu vi vong ¢6 s6 : Z.p, =21, = Budc rdng trén vong ¢ 86 : p, =—=

z

s Lns 1 . I
Mitkhac: r=—mZ va r=—2— = p, =zMmcosa.
2 cosa

Do dd, ¢4 thé viét lai diéu kién dn khdp ding nhu sau :
Poi = Pr2
S M, cos, = ZzM, cos ,

= m=m=mvalo,=a, =«
v/ Nhu vay dé théa man diéu kién in khép ding, hai banh ring dn khdp phai ¢ cing modun
va goc ap luc trén vong chia, tic 1a hai banh ring phai dudc tao hinh tii cing mot thanh ring

sinh.

4) Hién tugng cit chin riing - S6 ring va hé so dich dao téi thiéu
a) Hién tugng ciit chin ring

e Hién tugng cét chan ring l1a hién tugng phan bién dang than khai gan géc M, bi dao thanh
ring cit lem di trong qua trinh cét banh ring bing phucng phap bao hinh (Hinh 10.18).

e Trong qua trinh tao hinh banh ring than khai bing thanh ring sinh, diém tiép xic M cta
canh ring (K) cua thanh ring va bién dang (E) cia banh ring vach nén dudng théng PN goi la
duong #n khdp cla qua trinh tao hinh.
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Hién tugng cit chan ring xdy ra khi dudng dinh ly
thuyét (T) cta thanh ring sinh ct dudng #n khép PN
tai mot diém ndm ngoai niia dudng thing Nx. (Hinh
10.19).

Chiing minh

Gia st dudng dinh ly thuyét (T) cda thanh ring cét
dudng dn khép PN tai mot diém S khong thudc nia Hinh 10.18 :

duong thdng Nx. Gia s canh ring (K) clia thanh ring

va bién dang than khai (E) dang tiép xuc nhau tai diém N : bién dang (E) dang nim bén phai
cuta canh ring (K).

Phan canh ring
gan chén bi dao
- citlem di

Hinh 10.19:  — & PR EN

Khi vong chia (C) quay duge mét gécde, bién dang (E) va canh ring (K) dich chuyén dén vi
tri mdi (E ') va (K "). Bién dang (E) di dugc mot khodng NN~ trén vong tron (C,), mot khoang
aa' trén vong chia (C); canh ring (K) di dugc mot khoang NN° trén PN, mét khoang
bb' =ds trén dudng chia (tt).

Tacod: NN =bb cosa =ds.cosa

— —

NN =r.dp=rcosa.dp=aa cosa

Do dudng chia (tt) 1dn khong trugt trén vong chia (C) nén : aa’ =bb =ds

—

Suy ra : NN~ =ds.cosa
Hay : NN~ = NN~

Nghia 1a phan gdc clia dudng than khai (E ') bay gid da ndm bén trdi canh riang (K ). N6i khac
di phan chan gan gdc clia bién dang than khai da bi dao thanh ring cét lem di khi tao hinh.

e Ghichu:

+ Trong qua trinh dn khdp clia cip banh ring, chi ¢ mot phan bién dang ring than khai tham
gia an khdp va dudc goi 1a phdn lam viéc ctia bién dang ring.

Xac dinh phan lam viéc cla bién dang ring: Tt diém vao khép B,, v& dudng tron tam O,, ban
kinh O,B,. Vong tron nay cit bién dang than khai (E) tai di€m b. Cung ab chinh 1a phan lam
viéc cua bién ring (E) (hinh 10.20)
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+ Khi chan ring bi cit lem di, nhung khong cét lem vao phan lam viéc ctia bién dang ring, thi
vé mit dong hoc ty s truyén i,, vAn khong thay d6i. Tuy nhién stic bén udn cla ring gidm
xubng (do gidm tiét dién ddy ring). Mt khac, hé sé trung khdp bi giam xuéng, diéu kién in
khdp trung ¢ thé bj vi pham.

+ Hién tugng cét chan riang 1a mot hién tugng cd hai, cin phai tranh.

(Cb\z)
(\Caz) R

g
(Co)
Hinh 10.20 : Phan lam viéc ciia canh rang

2) S6 ring t6i thiéu - Hé s6 dich dao téi thiéu

X .
/

Hinh 10.21 : Tinh hé s6 dich dao va sé rang t6i thiéu

e TiiN ha NOQ L OP . D€ khong xdy ra hién tugng cii chan ring thi dudng dinh ly thuyét (T)
clia thanh ring sinh phai cit dudng thing NP tai mot diém ndm trén niia dudng thing Nx, tiic
la phai cé : e<PQ

Ma: PQ=PNsina=O0Psina.sina = OPsin’ &

) 1 .
= PQ = rsmzazzmz.smza

Va: e=h-J=1.m,—xm,
= e=m(l-Xx)

Bai gidng Nguyén ly mdy, Chuyén nganh Co khi ché tao Lé Cung, Khoa Su pham Ky thudt 123



Do vay diéu kién d€ khong xay ra hién tugng cit chan ring :

e=m(l-x)<PQ :%mz.sinza

. .. 2
Véi a=20°,taco: sm2a=ﬁ.

, T . . . o A1 Z
Do dé hé so dich dao va so ring cla banh ring phai thod man diéu kién: |[1-x<—

17
+ Khi biét trudc hé s6 dich dao x, s6 riang tdi thiéu clia banh rang: Z . =17(1—Xx)
w1 o L . Lo A A g e R ? , o 17—2
+ Khi biét trudc so rang Z, h¢ so dich dao tdi thiéu cua banh rang: X, = I

D4i véi banh ring tiéu chuén (x = 0), d& khong xdy ra hién tugng ct chan ring, sé ring tdi
thiéu ctia banh riang phaila Z = 17.

8§4. Cdc thong s6 in khdp ciia cip banh ring than khai

1) Phuong trinh in Khép Khit

e Gia st diéu diéu kién an khdp dung da thoa man, tuc 1a :
m=m,=m
a=a,=a

pm:pbzzpb@pm:pwz:pw@{

Diéu kién &n khép khit: s =w ,;s.,=W

wl

Thé ma : Py = Sy TW .2

Suy ra: pw: Sw] +Sw2 (10‘8)

Heé thic (10.8) cling la mot dang cta diéu kién an khdp khit.
® Tinh budc p,, trénvong lan

; . cosa.
Tacod: r,=rcosa va r,=r,.coso, =, =T.
cosa,,
. . 2mr, 2m  coso
Chuvivonglin: 2nr,=p,.Z = p,= —> W= —T.
V4 Z cosa,
2n 1 cosa cosa
= ——mZ = |p,=mm (10.9)
Z 2 cosa.,, cosa,,
® Tinh s ;s,, trén vong ldan : (Hinh 10.23) :
Taco: B,t0,=p+6

Trong do : B, = Sw ; Bzi ; 0, =inv(a, ) ; O=inv(a)
2r 2r

w

= Sw oy inv(a, )= S inv(a)
2r, 2r

w

= s =2r (i +inv(a) —inv(a, )j
2r

Ma: I, =T AL r=lmZ ; s=m(£+2x.tgocj
cosa, 2 2
Suy ra : s, =m oS (E +2x.tgoc+Z(inv(oc)—inv(ocw))j
cosa, \ 2
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Nhu vay : S, =M cosd (E +2x,.tgou+ Z, (inv(a) —inv(ocw))j (10.10a)
cosa,
s, =m—22 (E 12x,.tga + Z, (inv(a) —inv(aw))j (10.10b)
cosa,
Thay (10.9) va (10.10) vao (10.8), ta c6 :
m = m [ 4 2(x, + X, )tgo+ (Z, + Z,) (inv(e) — inv(e, )]
cosa, cosa,
. 2(x, +x,) .
Suy ra: mmv(a, ) =————=tga +inv(a) (10.11)
Z,+7,

Hinh 10.22 :

Phuong trinh (10.11) dudc goi 1a phuong trinh dn khdp khit cla cdp banh ring than khai.

e Y nghia ciia phiiong trinh cn khdp khit

Phuong trinh (10.11) cho ta mdi lién hé gitia mot thong s6 dn khdp co ban clia cdp banh ring
(géc #n khép a,) va cac thong sé ché tao co ban clia ting banh ring trong co cau
(a5 %5%5Z5Z,). Do do6 phuong trinh an khép khit cho phép :

o Hoic cin cti vao cdc thong sé ché tao clia tiing banh ring, suy ra diéu kién an khdp cia
cap banh rang.

o Hoic tuy theo yéu ciu in khdp, c6 thé chon cac thong sé ché tao (x,, X,) cho thich hgp.
2) Cdc ché dd iin khép ciia cip banh riing than khai
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Tt phuong trinh &n khdp khit (10.11), ta thiy ring khi cho trudca;Z,;Z, thi ting vdi cac gia
tri khac nhau clia tdng X = X, + X,, ta ¢ céc gia tri khac nhau clia géc dn khép e« , nghia 1a ¢6
cac ché do an khdp khdc nhau.

e Ché dg dn khdp tiéu chudn :

Khi X, =X, =0 : cdp banh riang dudc goi la cdp banh rdang tiéu chudn.

o Ché dé dn khdp dich chinh déu :

Khi X, =—X, : cip banh ring dudc goi 1a cdp bdnh rang dich chinh déu.

e Ché d¢ dn khdp dich chinh duong :

Khi X, +X, >0 : cdp banh rang dudc goi la cdp banh rang dich chinh diuong.

3) Cidc thong s6 iin khép va dic diém cia ching trong ting ché dé in khép
a) Goc dn khop o,

v' Khi X, +X,>0 : Tu(10.11) suy ra : inv(a,, ) > inv(a) hay o, >

v" Khi X,+X, =0 : Tuong ty, ta cd : o, =

b) Bdan kinh vong lin r,

, cos o cos o

Taco:|r, =1 3 |[L, =1,
cosa,, cosal,,

v' Khi X, +X,>0 thi r,, >1;r,, >,
v' Khi x,+X,=0 thir,, =1;r,,=1,

¢) Khodng cdch truc cua cdp banh rdng a,,
cosa

cosa

Taco:a, =r, +r,=(5+1,)

a, :%m(z1 +7Z,)

cosa, cosa,,

bit a, = %m(Zl +7,) ; a, dugc goi 1a khodng cach tryc tiéu chuan

v Khi x,+X, >0 thi a, >a,
v Khi X, +x,=0 thi a_=a,
d) Ty so truyén i,
Taco: i, :&:rw_ZZr_zzﬁ
®, Ly L %mlzl
Diéu kién an khdp duing ctia cip banh ring : m, = m,
Z2
z,

Do do: 1, =

A N e w R oA . N oA o 9 v .,
3) Mot vai dic diém cia viéc dich dao va viéce dich chinh in khép

Viéc ché tao banh ring ¢ dich dao khéng phuic tap va dit hon banh ring khong dich dao, chi
khéc 1a khi cit ring cé dich dao duong hay 4m da dung cac doan than khai khdc nhau cia
cung mot vong tron ¢ sé dé lam canh ring.
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® Vi banh rding dich dao duong x > 0
o S6 ring téi thiu cia banh ring dé khong xdy ra hién tugng cit chan ring :
Z_ . =17(1-x). Nhu vay véi banh ring dich dao ducng, sd ring téi thiéu Z,,, c6 thé
nhd hon 17 ma khong bi cit chan ring.
o Khi dich dao ducng, ngudi ta da dung phan dudng than khai xa géc hon dé 1am bién
dang ring. Ban kinh cong cia phan 1am viéc cta bién dang ring ting lén, nhd do stc
bén tiép xuc ting lén.
Tuy nhién dich dao duong lam chiéu rong ring trén vong dinh gidm xudéng, ¢ thé gay
nén hién tuong nhon dinh ring. Khi thiét ké can kiém tra diéu kién khong nhon dinh
ring : s, <0,4.mvdi m va s,lan luct 14 modun va chiéu day ring trén vong dinh cta
banh rang.
o Khi dich dao duong, chiéu day chan ring tiang lén, nhd do stic bén uén ting lén.

® Vi cdp bdanh rdng dich chinh
o Vi ciip banh ring dich chinh, ta c6 thé phan bé hé sé dich dao x,, x, mot cach hop
ly sao cho bio dam stic bén udén déu & chan ring hai banh. Mit khac, néu khéo chon hé
s6 dich dao x,, x, thi hé s trudt 16n nhat & chan ring hai banh cd thé can bing nhau,
nho dé bao didm duge do bén mon déu & chan ring hai banh.

® Vi cdp banh rdng dich chinh duong :
o Dich chinh duong x,+x,>0 dung dé bdo ddm mot khoang céch truc cho trude clia
co ciu banh ring. That vay, vdi cdp banh ring cé X +X, =0 thi khodng cach truc

w

1 , . ¢ ,
a,6=a, :Em(Zl +7Z,), trong do m dugc tiéu chuan hoam=1;1,5;2;25...,7,, Z,

1a s6 nguyén. Do d6 khong thé bao dam dugc mot khoang cach truc 1é tuy y cho trudc

cula cip banh ring.

VGi cdp banh ring dich chinh duong: x,+x,>0, khodng cdch truc bing :
1 . 2. - 7, ’ 2 ? ? A 2

a, =Em(Z1 +Zz)ﬂ. Khi thay doi goc dan khdp a,, ¢ the dam bao mdt khoang

cach truc tuy y cho trudc.
o Tuy nhién dich chinh ducng c6 thé lam gidm hé sé trung khdp cta ciip banh ring,
do d6 khong nén chon x,+x, qua 16n. Khi thiét ké cin kiém tra diéu kién an khdp

trung :£>1.
85. Hién tugng trugt bién dang ring

® Hai bién dang dn khdp vdi nhau 1a cdc bao hinh cua nhau, do do trong qua trinh #n khdp
chung vua lan viia trugt trén nhau.
Van tdc trugt tuong ddi \7M2M] tai diém tiép xic M cia hai bién dang ndm theo phucng tiép

, trong do P la tAm

tuyén chung tt vdi hai bién dang tai diém tiép xic M : Vi, =PM.|@, — &,

an khdp (hinh 10.5).
Van téc truot Vi, cang 16n khi vi tri tiép xuc gitia ching cang xa tdm in khdp va chi bing

khong khi vi tri tiép xic triung véi tAm dn khdp.
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Hién tugng trudt tucng doi nay dudc goi 1a hién tudng trigt bién dang.

e Hién tugng truct bién dang 1am mon bé mit 1am viéc cla ring, 1am gidm hiéu suit cia bod
truyén banh ring. D6 mon cia bién dang riang do hién tugng trugt giy ra ¢ phan chan ring bao
gid cling 16n hon do mon & phan dau ring.

§5. Banh riing tru tron ring thing va ring nghiéng

Trong phén trén, ching ta chi mdi nghién ctiu banh ring than khai phdng trén mot tiét dién
vudng géc Vi truc quay clia banh ring. Khi xét dén chiéu day banh ring thi tiy theo hinh
dang dudng ring (giao tuyén clia mit ring véi mot hinh tru déng truc vdi truc quay) sé ¢ cac
kiéu banh riang khac nhau :

o Banh ring tru tron rang thdng : dudng ring 1a mot dudng thang

o Banh ring tru tron rang nghiéng : dudng ring 1a mot dudng xodn dc tru tron

o Bénh ring tru tron rdng chit V : dudng ring 1a hai dudng xodn dc tru tron ndi tiép va doi
chiéu nhan.

Py

Hinh 10.23 : Banh rdng tru tron rang thang Hinh 10.24 : Banh rdng tru tron rdng nghiéng

1) Banh ring tru tron ring thing

a) Mit rang

® Tao hinh mdt ring

Cho mit phing (IT) l3n khéng trugt trén hinh tru (T,) theo dudng sinh NN'. Goi (A) 1a mot
duong thng thudc mit phing (IT) va song song véi NN'. Khi d6, dudng thing (A) vach nén
mot mit cong () goi 1a mdt tru thdn khai. Hinh tru (I',) dugc goi 1a hinh tru co sé (hinh
10.23).

e Tinh chit

v' Giao tuyén ctia mit ring (2) véi mot mit phdng vudng gée véi truc OO’ clia hinh tru co sé
(T',) 1a mot dudng than khai vong tron (E) .

v Giao tuyén clia mit ring (X) va hinh tru co s6 (T',) 1a mot dudng sinh M, M; cta hinh try
co s6 (Ty).
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v' Giao tuyén cla mit ring (2) véi mit phing (IT), tiép xuc vdi hinh try co s6 (T,), 1a mot
dudng thing (A) song song vdi truc 00" ctia hinh tru co s6 (Iy).

v' Tiép dién (IT) vdi hinh try co sé (') cling 1a phdp dién cla mit try than khai () va
ngugc lai.

b) Pic diém tiép xiic ciia hai mit riing

e Cho mit phing (IT) lin khong truct trén hinh try (I p) theo duodng sinh N, N;. Khi do,
duong thdng (A,) thude mit phing (IT) vdi (A,)// N,N; vach nén mot mit ring (Z,) ctia banh
rang (1).

Ciing cho mit phing (IT) ldn khong trugt trén hinh try (T'y,) theo dudng sinh N,N;. Khi do,
duong thang (A,) thudc mit phing (IT) véi (A,)//N,N; vach nén mot mit ring (Z,) cla
banh rang (2) (hinh 10.23).

Vi hai tryc quay O,0, va 0,0, song song vdi nhau nén (A,)//(A,). Do vay khi cho banh (1)
quay theo chidu @, thi ¢6 lic dudng thdng (A,) dén tring véi dudng thing (A,) . Hay ndi khac
di, khi #n khdp, hai mit ring (Z,) va (Z,) tiép xiic nhau theo mét duong thang (A) song song

véi cdc tryc cla hai banh ring.

® Ghi chu
v/ Bénh ring try tron ring thing c6 thé xem nhu 1a mot hinh khéi do mot mét cit vudng goc
v6i truc clia né vach ra khi chuyén dong tinh tién doc theo truc nay.

Khi d6, cac phan ti hinh hoc trudc day 1a diém tré thanh dudng, 1a doan trd thanh mién, 1a
vong tron tré thanh mit try... Vi du vong chia, vong lin,

vong dinh.... tr6 thanh mit try chia, mit try 1&n, mit try ()
dinh.... ; doan dn khdp thuc trd thanh mién an khdp thuc...;  Foeommommooomeoo-
dudng #n khdp trd thanh mét phing an khdp...

v Thong s ché tao cta banh ring tru tron ring thing

hoan toan giéng nhu cdc thong s6 ché tao xét trén mot mit
phing vudng géc véi truc quay, chi thém mot thong s 1a

A A ? , o
bé rong b, cua banh rang.

v Do hai mit ring (%,) va (Z,) khong phai dai vo han
ma bi gidi han béi hai hinh try dinh rang (T,)) ; (T',,) va

hai mit dau clia c4c banh ring, nén hai mit ring chi c6 thé
tiép xuc nhau trong mién in khdp thic B, B;B,B; véi B, B;

vaB,B; lan luct 13 giao tuyén ctlia hinh try dinh (T',,) va
(T',,) v6i mit phing in khép (IT). Khi dudng thing tiép  Hinh 10.25 : Qud trinh dn khdp ciia
xiic chung (A) cta hai mit ring di chuyén dén vi triB,B;  ¢4P bdnh rang tru tron rang thang
thi hai mat rang mdi vao khdp theo doan B, B;. Khi (A) di

chuyén dén B,B; thi hai mit ring ra khdp theo doan B,B;. Nhu vay, vdi cip banh ring tru
tron rang thdng, hai mit ring vao khdp va ra khdp dor ngor trén subt bé rong banh ring : in
khdp khong ém, ¢ va dap va tiéng on (hinh 10.25).

2) Banh rang tru tron ring nghiéng
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a) Mit rang

® Tao hinh mdt rang

Cho mat phflng (IT) 1an khong trugt trén hinh tru (T7,) theo duong sinh NN'. Goi (A) la mot
duong thing thudc mit phing (IT) va hgp véi NN' mot géc S, = 0. Khi d6, duong thing (A)
vach nén mot mit cong (X) goi 1a mdt xocn 6c than khai. Hinh try (T,) dudc goi 13 hinh tru co
s6 (hinh 10.24).

e Tinh chit

v Giao tuyén ctia mit ring (£) véi mot mit phing vudng gée vdi truc OO’ ctia hinh tru co s6
(T",) la mot dudng than khai vong tron (E) .

v Giao tuyén clia mit ring (X) va hinh tru co s6 (I',) 1a mot dudng xodn dc tru tron M, M; ,
c6 goc nghiéng A, , bdi vi M, M; chinh la vét in clia duong thing (A) trén hinh try co sé (T,).
v' Giao tuyén clia mit ring (X) véi mit phing (IT), tiép xic vdi hinh tru co sé (T,), 1a mot
duong thing (A) tiép xuc véi hinh tru co sé (I',) va hop véi dudng sinh NN* mot gée B, -

v' Tiép dién (IT) véi hinh tru co s6 (T,) ciing 1a phap dién clia mit xodn dc than khai (T) va
ngugc lai.

® Ghichu

Banh ring tru tron ring nghiéng c6 thé coi nhu 1a mot hinh khéi do mot tiét dién ngang vach
ra, khi cho tiét dién nay chuyén dong xodn éc doc theo truc thing géc xuyén tdm clia nd. Do
vdy, giao tuyén clia mit ring vdi cac mit tru dong truc véi truc quay OO la nhiing dudng
x0&n 6c try tron cé cling budc xodn.

b4 0)? 0)( r . b4 b4
b) Diic diém tiép xuc cua hai mit ring

Cho mit phang (IT) lin khong trugt trén hinh try (I',,) theo duong sinh N,N;. Khi dd, duong
thdng (A,) clia mit phing (IT) vdi (A,N,N;)= A sé& vach nén mot mit rang (%,) cla banh
rang (1). Cing cho mat phﬁng (IT) 1an khong trugt trén hinh tru (I',,) theo dudng sinh N,N;.
Khi d6, duong thing (A,) clia mit phing IT véi (A,,N,N;)= £, sé vach nén mot mit ring
(Z,) cua banh ring (2) (hinh 10.24).

Vi hai tryc quay O,0, va 0,0, song song vdi nhau nén (A,)//(A,). Do vay khi cho banh (1)
quay theo chidu @, thi ¢6 lic dudng thdng (A,) dén tring véi dudng thing (A,) . Hay ndi khac
di, khi an khdp, hai mit ring (Z,) va (2,)tiép xic nhau theo mot dudng thdng (A) hop vdi hai
tryc quay ctia hai banh ring mét goc 4, . Duong thing (A) ndm trong mit phing in khdp (IT)

clia cip banh ring (tiép dién chung cta hai hinh try co s6 (T,,) va(T,,).
¢) Cic thong s6 ché tao ciia banh ring tru tron riing nghiéng

» Ngoai nhiing thong s ché tao nhu trong cip banh ring tru tron ring thing 1a m, «, Z, x
va mot sd thong s ché tao khac nhu ban kinh vong dinh r,, ban kinh vong chan r, , bé rong

Bai gidng Nguyén ly mdy, Chuyén nganh Co khi ché tao Lé Cung, Khoa Su pham Ky thudt 130



banh ring b, ..., trong banh ring try tron ring nghiéng con thém mot s6 thong sé dic tring
cho do nghiéng cta rang.

> Cdc théng s6 xét trén mot tiét dién vuéng goc vdi truc quay ciia bdnh rdang (tiét dién
ngang) :

v" Budc ring trén vong chia, dugc goi 1a budc trén mdit dau, ky hiéu pg (hay con goi la budc
rang ngang).

Tiét dién phap

A

__- Tiét dién phap

B)

Hinh 10.27:

0
Hinh 10.276 : Hinh khai trién
cuia mdt tru chia

v' Modun banh ring, dudc goi 1a médun mdt dau, ky hieu mg (hay con goi la modun
ngang).

. . 1
Taco:|mg =P va|lr=—myZ
T 2

v" Gdc 4p luc trén vong chia, dugc goi 1a gdc dp luc mdt dau, ky hiéu a, (hay con goi la

. , I
goc 4p luc ngang). Ta cd : |cosag ==
r

v" Budc ring trén vong co s6, dudc goi 1a budc co sé trén mdt dau, ky hidu p,q
e Théng s6 ddc trung cho do nghiéng ciia banh rdng

v" G6c nghiéng cla ring trén mit tru ¢6 s6 4,

v Goc nghiéng cua ring trén mit try chia 8

v" G6c nghiéng cua ring trén mit try lan 3,

__9h

COS org

Taco:|tgp

e Cdc thong s6 do trén tiét dién vudng géc vdi duong rdng trén mdt tru chia (tiét dién phdp)
v" Budc phap p, 1a budc do trén giao tuyén gitta mit tru chia vd mot mit cit vudng goc véi
dudng rang trén mat try chia.
P
V4
Ta co (hinh 10.26) : p, = ps.cos f = |M, =Mg.cos 3
v Goc ap lyc phap «,, :

Modun phap : m, =
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Ta co (hinh 10.27):  |tQa, =tgag.cos

e Ghi chii : Trong banh ring nghiéng, ¢, va m_ dudc tiéu chuéin héa : o, = 20°

d) Banh riing thay thé ciia banh ring tru tron riing nghiéng
v' D& thuan tién cho viéc giai mot sé
bai todn vé cdu tao va dong luc hoc cla
cdp banh rang try tron ring nghiéng,
ngudi ta im cach quy vé cac bai toan
tiong ting cua cdp banh ring tru tron

~(1t)

ring thing bing khai niém banh ring
thay thé.

v Gia st cdp banh ring 1a dich chinh
khong (x,+ x, = 0). Khi do mit tru 1dn
trung voi mét tru chia tuong ung.

Hinh 10.28 : Cdp bdnh rang élip trén tiét dién phdp

Banh (2)
Banh (1) 7 - )/\/\//
Ve ‘ I,
: I P R B
= (1), (11)
5

Hinh 10.29 : Banh rdang thay thé

v/ Xét mit phing (P) vudng gdc tai P véi tiép tuyén tt (tic 1a vudng gdc vdi hai dudng ring
(E,) va (E,) ). Giao ctia mit phing (P) véi (T',)va (T,) 1a hai tiét dién hinh élip.

Tai 1an cin tdm n khdp P ta thdy su dn khdp cta cdp banh ring tru tron ring nghiéng tucng
duong véi sy dn khdp clia cdp banh ring try tron ring thing ¢ tiét dién 1a cdc hinh élip. Tuy
nhién tai 1an c4n tm #n khdp P, hai hinh élip gan tring véi hai vong tron mat tiép (C;);(C;) .
Do do, tai 1an c4n tdm an khdp P, ¢6 thé xem nhu su dn khdp cta cip banh ring try tron ring
nghiéng tuong ducng vdi su #n khdp cia cip banh ring tru tron ring thing, cd vong chia la
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hai vong tron(C;);(C;), c¢6 modun la m' ding bing modun phdp m, clia cidp banh ring try

tron rang nghiéng.

Cip banh ring tru tron ring thing ndi trén goi 1a cdp bdnh rdng tru tron rdng theng thay thé

cho cdp banh rang tru tron ring nghiéng dang xét.

v Théng sé ciia bdnh rdng thay thé
+ Bdn kinh vong chia r,', r,' ciia cdp banh rang thay thé

Goi : 1, 1,, B 1an lugt 1a cac ban kinh mat tru chia va géc nghiéng trén mit tru chia clia cip

banh ring tru tron ring nghiéng .

2

Y L \ \ e ik . a . vy
Theo tinh chat cua &lip, ban kinh vong tron mat ti€p tai P : p ZF trong do : a la ban tryc

16n, b 1a ban truc nho cua élip.

Vi vong tron mat tiep (C;) (hinh 10.29),taco: a=—'— ;b=r,
cos [
Do d6 ban kinh vong tron mat tiép (C;) béng : L= n
cos
Tuong tu, vdi vong tron mat tiép (C;), ta o : L= e
cos

+ 86 rang Z;,7;, ciia cdp bdnh rang thay thé

, 2r 2r, .
Tacé: Z;=—-=——"— vdi: m ,=mgcosP;
m  cosf.m,
my : modun mit dau cua banh ring try tron ring nghiéng.
4 A .~ ? 4 w \ v &
Do do, s rang cua banh rang tru tron rang thang thay

thé :

2r, z
Z,=—F"— = | =—
cos” f.mg cos’
z
Tuong ty : Z,=——2
cos” S
Vi Z,, Z,: so ring clia cip banh ring tru tron ring
. 2r, 2r.
nghiéng : Z, =—1;Z, =—%.
mS mS

¢) Dac diém an khép cua cap banh rang
tru tron rang nghiéng

® Trén hai mat tru lan trong cdp banh rang tru tron rang
nghiéng ngoai ti€p, hai dudng rang la hai dudng xoin oc
c6 cling géc nghiéng nhung huéng xoan ngugc nhau :

B == P>

DOt N D
// /// B,
— B 1

—_—

._-w*
1A

//’I/
- (A)

Hinh 10.30 : Qud trinh cn khdp ciia
cdp banh rdng tru tron rang nghiéng

¢ Nhu da chiing minh trén day, hai médt rang (X,) va (Z,) trong cdp banh rang try tron rang

nghiéng tiép xuc nhau theo mot duong thing (A) hop vdi hai truc quay clia hai banh ring mot

goc f, .
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e Tuong tu nhu trong banh rang tru tron rang thang, do hai mit ring (%,) va (L,) khong
phai dai vé han ma bi gidi han bdi hai hinh try dinh ring (T',,) ; (I',,) va hai mit dau cda cic
banh ring, nén hai mit ring chi c6 thé tiép xuc nhau trong mién #n khdp thuc B, B;B,B; (Hinh
10.30).

Khi duong thing tiép xic chung (A) cta hai mit ring di chuyén dén vi tri B, B; thi hai mit
rang hai mat rang vio khép tai mot diém B, trén mat dau thit nhat. Chiéu dai tiép xiic gitta hai
mat rang tang dan.

Khi (A) dén vi tri diém B, thi hai mat rang ti€p xdc nhau trén su6t chiéu dai rang.

Khi (A) dén vi tri diém B;, chiéu dai ti€p xdc bat dau giam dan.

Khi (A) dén vi tri diém B, , hai mat rang bt dau ra khép tai mot diém B, trén mat ddu thi hai.
Tém lai, cép bdnh rang tru tron rang nghiéng vao khép tai mot diém trén mot mat dau, chiéu
dai ti€p xtic nam chéo trén mat rang va tang dan dén mot gia tri cuc dai, sau d6 giam dan va ra

khép tai mot diém trén mat dau bén kia. Do d6, qud trinh an khép dién ra ém hon so véi cip
banh rang tru tron rang thang.

® Diéu kién dn khop dung va an khop trung véi cdp banh rdang tru tron rang nghiéng

v Diéu kién an khép ddng : | Py, = Py, = Py

V6i Py, Py, 12 budc rang do trén mat phiang an khép (TT) clia cap banh rang trong mat phang
vuong géc véi truc quay clia hai banh rang, tic 12 do trén dudng thang B,B,.
v Diéu kién an khép tring :
Khi cap banh ring thtt (1) dang ra khép tai diém B, thi cip ring ké tiép phai da hoic dang vao
khép tai diém B; . Muon vay phéi c6 : p, <B/B,
Suy ra hé s6 trung khép cua cap banh rang nghiéng :
BB, BB, BB h, 194

nghieng — lez = ;)Nz + lel = gnghieng = Sthang +p—Nb

vGi : b, 1a bé rong banh rang, f, 1a géc nghiéng clha dudng rang trén mat tru co so, &,

&

hang -12
hé so triing khép clia banh rang tru tron rang thang tuong tng.

Nhu vay, vé6i cdc diéu kién khac nhu nhau, hé s6 trang khép trong cap banh rang tru tron rang
nghiéng 16n hon trong cip banh rang tru tron rang thang.

® So'rdng toi thiéu ctia banh rdng tru tron rang nghiéng :

Goi Z,;Z, la so rang cua banh rang tru tron rang nghiéng, Z;;Z; la s rang cua banh rang tru
tron rang thang thay th€. Tac6: Z,, =Z;,.cos’ .
Khi banh rang tru tron rang thang thay thé bi cat chan rang thi banh rang tru tri)n rang nghiéng
tuong ung ciing bi cat chan rang. Th€ ma, trong banh rang tru tron rang thang, s6 rang toi
thi€u dé khong xay ra hién tuong cit chan rang 1a 17 (trudng hop x = 0): Z;,,. =17.

Z
rang toi thiéu clia banh rang tru tron ring nghiéng c6 thé nhdé hon 1 ma khong bi cit chan
rang.

Do vay, v6i banh rang try tron rang nghiéng : Z,, . =Z;, . .cos’p = 17.cos’p < 17, nghia la s¢

® Binh rang tru tron ring nghiéng c6 nhugc diém la khi an khép cé thanh phan phan luc
chiéu truc khéc 0, do d6 doi hoi phéi c6 bién phdp co dinh banh ring trén truc va phai ding 6
dd chan, khién cho két céu goi d6 truc cling nhu viéc tinh chon 6 ciing phiic tap hon.
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Dé khéc phuc nhugc diém nay, ngudi ta dung banh rang chit V hodc trén mdi truc 1ap hai banh
rang nghiéng ¢6 géc nghiéng doi tng nhau. Khi d6 thanh phan phan luc chiéu truc triét tiéu
14n nhau, khong truyén 1én cdc go6i do truc (Hinh 10.31).

P P = B, P, -
m\ N Y | / N
N’%j / N\ mgj /5 \\ }N

\ \ / X
RN N N N

Hinh 10.31 : Banh rang nghiéng va banh rdng chit V
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Chuong XI :
CO CAU BANH RANG KHONG GIAN

Co cdu banh rang khong gian 1a co ciu banh rang duoc dung dé truyén chuyén dong quay giita
hai truc khong song song v6i nhau. Hai truc c6 thé chéo nhau nhu trong co cau banh vit - truc
vit; co cau béanh rang tru truc chéo; co cdu banh rang nén chéo. Hai truc c6 thé giao nhau nhu
trong co ciAu banh rang nén riang thing.

81. Co cau banh rang nén rang thang

1) Mat lan va ty so truyén
v/ Mat lan trong co ciu banh rang nén rang thiang 0O Hinh 11.1 :
la hai mat nén tron xoay (N,) va (N,) c¢6 chung dinh

O (Hinh 11.1). (N)
v/ That vay, xét mot cap banh rang nén rang thang,
hai truc quay (I) va (IT) giao nhau dudi mot géc o .

Goi P 1a mot diém sao cho V,, =V,, trong d6 P, P,

1a hai diém Ian luot thudc banh (1) va banh (2) hién (N2)
dang trung nhau tai P. _ . '
Néu tir P ha PO, va PO, lan lugt vuong géc véi hai ) / P \ I
truc quay (I) va (IT), ta c6 : ,'W\-\( )
Ve, =@,.OP va V,, =, 0,P. / '

= @,.0,P =0, O,P
= @,.0P.sin g, = ®,.0OP.sin g,

N Lo sing,
12 = =
w, sing

Boi vi géc giao nhau gitta hai truc 6 = ¢, + @, bang hang s6 va cap banh rang thuc hién ty s6
truyén i,, khong déi nén céac géc ¢,; @, khong déi, tic 1a dudong thing OP c6 dinh.

Néu 14y mot diém P bat ky trén dudng thing OP, ta déu chiing minh dugc : V,, =V,

Nhu vay dudng thang OP 1 truc quay tiic thoi trong chuyén dong tuong doi clia khau (2) doi
v6i khau (1).

Khi co ciu chuyén dong, dudong thang OP lan lugt vach nén trén banh (1) va banh (2) hai mat
nén tron xoay (N,), (N,) ¢6 chung dinh O. Do V,, =V,, nén hai mat nén (N,), (N,) lan khong
trugt véi nhau theo duong OP ((N,), (N,) duogc goi 1a hai mdt ldn cua cap banh rang non).

2) Mat rang va dac diém tiép xic

e Goi (N)), (N,) la hai mat nén lan cua cap banh rang nén dang an khép vé6i nhau. Dinh cta
(N)), (N,) trung nhau tai O (Hinh 11.2).

Xét mot hinh cu (S), tam O. Hinh céu (S) 1an lugt giao v6i mat nén (N,), (N,) theo hai vong
tron (C,) va (C,). (C,)) va (C,) duoc goi la hai vong ldn ctia cap banh rang non.

Goi (IT) 1a vong tron 16n cta hinh cau (S) va ti€p xuc véi cdc mat nén lan (N,), (N,). Goi (K)
12 mot mat phang gan trén (I1) va di qua diém O.

e Cho mit phang(IT) lan khong truot trén hinh nén (N,) theo dudng sinh OP. Khi d6, bao
hinh cdc vi tri khac nhau clia mat phang (K) trong chuyén dong tuong doi véi banh (1) sé& tao
nén mat rang (%,) . Tuong tu, khi cho mat phang (IT) lan khong truot trén hinh nén (N,) theo
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duong sinh OP thi bao hinh cdc vi tri khic nhau ctia mat phang (K) trong chuyén dong tuong
d6i v6i banh (2) s€ tao nén mat rang (,) . Hai mat (Z,) va (X,) 1a hai mat nén than khai.

Nhu vay, cdc mat rang trong co cdu banh rang nén rang thang 1a hai mat chép (Z,) va (Z,) c6
chung dinh O, va do d6 chiing tiép xiic v6i nhau theo dudng thang di qua diém O.

Hinh 11.2 :

e Ghichu

v" Trong phuong phép tao hinh mat rang néi trén, né€u mat phang (K) di qua diém O, ta c6
cap banh rang nén rdng thdng, con néu mat phang (K) khong di qua diém O, ta ¢ cap banh
rang non rdng nghiéng.

v Dé tao hinh banh ring nén, thay vi dung thanh rang sinh nhu trong banh rang tru tron riang
thing, ta diing banh rang det sinh. Banh ring det sinh 12 mot banh rang nén dic biét c6 mat lan
12 mat phang (IT) , mat rang 12 mat phang (K). Chuyén dong tao hinh trong banh rang tru tron
riang thang 1a chuyén dong tinh tién con trong banh riang nén 1a chuyén dong quay.

3) Cac thong so cua banh rang nén

e Thong s6 clia banh rang tru tron dugc dinh nghia trén mot mat cat vuong goéc véi hai truc
quay, dong thoi ciling vudng géc véi mot duong sinh cua chung ctia hai mat lan.

Trong banh rang nén, mit cat vuong géc véi hai truc quay va dong thoi vuong goc véi dudng
sinh chung OP cua hai n6n lan chinh 1a mdt cdu (S). Do d6, néu xét tuong tu nhu trong banh
rang tru tron thi thong s6 ctia banh rang nén s€ dugc xac dinh trén mat cau (S).

Tuy nhién, viéc xdac dinh thong s6 trén mat cdu khong thuan tién. Hon nita, xung quanh cac
vong lan (C,), (C,), mat cau (S) gin trung vGi hai mat nén (N’,), (N’,), lan luot truc giao véi
(N)), (N,) va tiép xic véi (S) theo (C)), (C,). Cac mat nén (N’)), (N’,) dugc goi 1a hai mdt nén
phu lon.

Do vay, thong s6 cta banh rang nén dugc xac dinh trén hai mat nén phu I6n (N’,), (N’,)
(Hinh 11.3).

e Trong cap banh rang nén, dé bdo dam géc giao nhau giita hai truc, chi ¢6 thé ding cip banh
rang tiéu chudn hay cdp banh riang dich chinh déu, do d6 vong lan va vong chia tuong ting
trung nhau.
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e Thong so cua bdanh rdang non trén mdt nén phu lon (N') (Hinh 11.3)
v Budc rang p trén vong chia (C)

. 2zr
Chu vi vong chia bing 2zt = pz = |p = %
v" Modun m cua béanh rang : m=L|=|r =Emz
T

v’ Chiéu cao dinh rang h’ va chiéu cao chan rang h’’ (do trén dudng sinh ctia hinh nén (N)) :

h’=m

h>>=1,25.m
v Chiéu dai dudng sinh L : L=——

sing
v Bé day B cua banh rang, thong thuong : B=0,3.L

v' Ban kinh vong dinh : r, =r+h'cosg = m(§+COS(p]

v" Bén kinh vong chan : r, =r—h"cosg = m(g—l, 25.cos (oj

____________ 0 non dinh

non ChlaA(N) I mdt cAu mut
nonchan / -

L
L ; 1on (S)
/
/
______ /
\ y
\
\ \ .
| B vong chia (C)
e N N EREE " non phu lon trén d6 dinh nghia cac
\ e )
o" thong so cua banh rang non

Hinh 11.3 :

4) Banh rang thay thé cua banh rang nén

e Goi OP la duong sinh chung cta hai nén chia (N,), (N,); O’,, O’, la dinh cla hai mat nén
phu (N’)), (N”,); (IT) 1a mat phang vuong géc tai P v6i dudng thing OP. Mat phing (1) ti€p
xtic v6i cdc hinh nén (N’,), (N’,) theo duong thang O’,P O’, (Hinh 11.4).

e Tai lan can tam an khép P, ta thdy su an khép cua cap banh rang nén tuong duong véi su an
khép cuia cap banh rang hinh phéu trén mat nén phu 16n (N’,), (N’,). Tuy nhién, tai lan can
diém P, hai mat nén phu (N’,), (N’,) lai gan tring véi mat phang (IT). Nhu vay c6 thé néi rang
tai lan can diém P, su an khdp clia cip banh ring nén tuong duong véi su an khép cla cap
banh riang tru tron rang thang, cé vong chia 1a C’,(0’,,0’,P); C’,(0’,,0’,P), ¢c6 modun m’
diing bang modun m ctia banh rang nén.

Cap banh rang tru tron rang thang néi trén dugc goi 1a cap banh riang tru tron rang thing thay
thé cho cap banh rang nén.

e Goi : I/;r; l1a ban kinh vong chia clia cap bénh rang théng thay thé ; r, ;r, 1a ban kinh vong
chia ctia cap banh rang nén.

. I
Tac6: =0P;;=0,P = r=—2—;
oS @,
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’ - ’ 2r, 2r, z

S6 rang cua banh rang thay thé : Z, =—L = L = |Z;=—2
m mMcos ¢, COS @,
Z
Tuong tu : 7, =—-*
Cos @,
I1
Hinh 114 :

e Ghichu

Goi Z 12 s6 rang clia banh rang nén, Z' 12 s6 rang clia banh rang tru tron rang thing thay thé.
Tacé: Z =27 cose. Khi banh rang tru tron rang thang thay thé bi cat chan rang thi banh rang
nén ciing bi cat chan rang. Thé ma, trong banh riang tru tron ring thang, s ring toi thiéu dé
khong xay ra hién tugng cat chan rang 1a 17 (trudng hop x = 0): Z;,, =17. Do vay, v6i banh
rang nén : Z_. =Z'. c0Sp=17.cos¢ <17, nghia la s6 rang t6i thiéu clia banh rang nén c6
thé nho hon 17 ma khong bi cit chan rang.

§2. Co cau banh rang tru chéo

1) Mat lan va ty so truyén

Pl
Hinh 11.5:

1)) (I1

NS \ P"

Hinh 11.6:

o, | N 1)) Vi| ‘&7
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e Co cdu banh rang tru chéo thuc chat 1a mot cap banh rang tru tron rang nghiéng ngoai tié€p,
c6 goc nghiéng khong doi tng S, # —f3,, dugc dung dé truyén chuyén dong giita hai truc quay
chéo nhau. Do vay, hai mat lan (", ); (I",) trong co cdu banh rang tru chéo la hai mat tru tron
xoay.

e Goi P la diém ti€p xtic cua hai mat tru lan (T,);(C,). Goi (E, );(E,) 1a dudng rang trén mat
tru lan cta hai banh rang. Pay 1a hai dudng xoan 6c tru tron, gia st dang ti€p xic véi nhau tai
diém P. Goi tt 12 ti€p tuyén chung tai P véi (E, );(E,); tt ndm trong ti€p dién chung (PP’P’’)
tai P caa (I',);(T",) ; g6c hop bdi tt véi PP’ va v6i PP’ lan lugt la S, va f,.

G6c chéo nhau giita hai truc : |0 = (PP, PP") = g, + 5,
Goi 0,0, la duong vuong géc chung cua hai truc (I) va (II).

Khoang cach truc cta cap banh rang : A, =0,0,=0,P+ O,P=1, + 1,

Trong d6 : r;; 1, 1a ban kinh cta hai mat tru lan (T, ); (I",)

e Goi P, va P, lan luot 1a hai diém thuoc béanh rang (1) va (2), hién dang trang nhau tai P, ta
ch:

Vo =Ve1 +Veop
V6i:V,, LPP";V,  LPP'; V,,, [/t
Hoa d6 van tdc trén hinh 11.6 cho ta :
PH=V,, cos S, =V,, cos j,

= ,I, COS 3, = a1, COS 3,
. @ r,cos
w, 1COSp
(11.1)

Nhu vay, ty s6 truyén trong cap banh rang tru chéo khong chi phu thuoc vao ban kinh vong lan
I;;1,, ma con phu thudc vao géc nghiéng £;; B, cua dudng rang trén mat tru lan.
e Van toc V,,,, 12 van tdc truot tuong d6i giita hai diém P, va P, va dugc goi 14 van téc truot

doc theo duong rdng.
e Goi mg,, mg, la modun ngang; Z,, Z, la s6 rang; m,,, m,, 1a modun phédp ctia cic banh rang,

tacd: L =mg.Z;; I, =m,.Z,; M, =mMmgCOSAB; m,=ms,CoSps,
. mg,.Z m.,.Z
Tu (11.1) suy ra: IlZ:M I, =—2—%
mg,.Z, COS B, m,.Z,

Diéu kién an khdp ding cua cap banh rang :

mnl = mn2

. Z
Do d6 : i, =—%

Z X

e Thuc t& thuong dung cap banh rang tru chéo c6 & V' \.\,/_N
=90° khi d6: B, =90"-p, w2

. (NI

. ) r. . ~ .
= |12:Lnﬂl — |12=_2tgﬂl \ S
I, COS /3, n \~\

e Ghi chii : \
Khi thiét k& cap banh rang tru chéo, véi mot chiéu e
quay cho tru6c clia banh dan, c6 thé chon tuy y \
chiéu quay cua banh bi dan, bing cach chon géc
nghiéng f,, f, cho phu hop (cht khong can thém
banh rang trung gian nhu trong cap banh rang tru
tron). Hinh 11.7 :
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That vay, khi mu6n déi chiéu quay ctia banh bi dn (2), tic 12 muén V,, tr& thanh V, = -V,
thi ti€p tuyén chung tt tr¢ thanh t’t" (hinh 11.7). Mu6n vay, phai thay déi gbc
nghiéng S, S, clia hai banh rang sao cho géc nghiéng méi f;, B, thoéa man hé thic:

B+ B =180" = (B, + f3,) (11.2)
2) Mat rang va dac diém tiép xic

Mat rang cla cdp banh rang tru chéo 1a hai mat xoan 6c than khai (Z,);(Z,). Hai mat rang
(Z,);(Z,) trong cap banh rang tru chéo chi ti€p xdc nhau tai mot di€m.

Do tiép xdc diém nén phan lam viéc trén mat rang ciia mdi banh rang tru chéo 12 mot dudng
cong nam vat chéo trén mit rang. Ciing do ti€p xic diém va hién tugng truot doc theo dudng
rang, nén mit rang chong bi mon va mon khong déu. Vi vay cap banh rang tru chéo chi truyén
dugc cong suit khong 16n.

83. Co cau truc vit - banh vit tru tron

e Co cédu banh vit tru tron duoc dung dé truyén dong giita hai truc chéo nhau mot géc o .
Thong thudng, hai truc truc giao v6i nhau: & = 90°

e Hay xét mot cap banh rang tru chéo dac biét (Hinh 11.8). Banh rang (1) c6 géc nghiéng S,
rat 16n. Banh rang (2) c6 géc nghiéng £, rat nho.
Khi d6, duong rang (E, ) ctia banh (1) quén nhiéu vong trén mat tru lan (T, ) . Pudng rang (E,)

cua banh (2) 1a nhiing doan ngan trén mat try lan (T,).

Béanh rang (1) duoc goi la truc vit tru tron, rang cua truc vit duoc goi 1a ren vit. Banh rang (2)
dugc goi 1a bdanh vit. Day chinh 1a bo truyén banh vit - truc vit than khai.

Vi 1a cap banh rang tru chéo nén hai mat rang trong cap banh vit -truc vit than khai ti€p xtc
nhau theo diém.

Hinh 11.9 :
Hinh 11.8 : inh 11.9

ey

Bai gidng Nguyén ly mdy, Chuyén nganh Co khi ché tao Lé Cung, Khoa Su pham Ky thudt 141



_&zrzcosﬂ2

- ®, 1,COSp,
Thong thudong, nguoi ta dung cap banh vit - truc vit tru tron cé géc giao nhau gifra hai truc

o=p+p, =90°neén : I, :%tgﬂl
1

e Ty s0 truyén (giong nhu cap banh rang truc chéo): i,

Vi truc vit, thay vi dang khai niém géc nghiéng £, , nguoi ta dung khdi niém géc xoédn 6¢c A

clia ren vit trén mat tru lan (I7;) : 1 =90° -,

= i, =2
2 ortgld
¢ Goi py la budc xoan 6¢ cua dudng ren (E,) trén mat tru lan (I;) cla truc vit, d, 12 dudng
kinh céia mat tru lan () (Hinh 11.9), ta c6 : tgh = Zp—x
7,
(11.2)
Goi p 1a budc ren theo chiéu truc cua truc vit, Z, 12 s6 rang cua truc vit (Z, duoc goi 12 s6 moi
ren), ta co : Px=7Z,p
(11.3)

Mit khéc, budc ren p theo chiéu truc cua truc vit bang buGc rang pg, trén mit dau (budc ring
ngang) cuia banh vit :
P = Ps; =Tt.Mg,

(11.4)
V6i mg, 1a mo dun mat dau cua banh vit.
U Zlmsz Zlml
T (11.2), (11.3), (11.4) suyra: tgﬂ:d—= ;
1 1

Trong d6 : m, = mg, dugc goi 1a modun cua truc vit
Dé han ché so luong dao cat banh vit, tting v6i méi gid tri ca modun m,, ngudi ta quy dinh

Z va: |d,=mgq

mot sO gia tri = L nhat dinh. Suy ra : [tgA =

i}
m, 9

Hinh 11.10:

Mt xuyén
dinh rang

Mat xuyén
chdn rang

e Cap banh vit - truc vit tru tron trong d6 banh vit [a mot banh rang than khai rang nghiéng cé
nhugc diém 12 ti€p xdc diém (do d6 mat rang chéng mon va mon khong déu).

Dé khéic phuc nhuoc diém ndy, ngudi ta thay déi cdu tao mit rang banh vit : Mat ring cla
banh vit dugc cét bing dao phay lan ¢6 hinh dang giong hét nhu truc vit s& an khép véi né va
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qud trinh chuyén dong khi cat giéng hét nhu qua trinh chuyén dong khi an khép sau nay giita
truc vit va banh vit. Khi dé6 mat chan rang ctia banh vit bay gio 1a mot mat xuyén chan rang
(chtt khong con 1a mat tru nhu trong banh rang than khai); tiép xdc gitta banh vit va truc vit
bay gid 1a ti€p xic duong. DE ting chat lugng an khép, phin gifta clia mat tru dinh rang cla
béanh vit cling dugc ché thanh mat xuyén dinh rang (Hinh 11.10).

s e
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Chuong XII :
HE BANH RANG

§1. Pai cuong

1) Pat van dé

Mbi cip banh rang chi thuc hién mot ty s truyén i khong 16n 1am, thong thuong i <5. Néu
ding mot cap banh rang dé thuc hién mot ty s6 truyén 16n din dén bat hop 1y vé kich thudc,
trong luong, két cau clia bo truyén va lang phi vé vat liéu ché tao. Do d6, dé thuc hién mot ty
s6 truyén i 16n, phai dung hé bdnh rang, gom nhiéu cap banh rang phoi hgp nhau.

Ngoai ra, hé banh rang c6 nhitng cong dung khic nhu thuc hién nhiéu ty s truyén (hop toc
do...), truyén dong véi nhiéu bac tu do (hop vi sai 6 t0...) thuc hién céc chuyén dong c6 yéu
ciu dac biét (co cdu mdy bén cédp, co cdu mdy tién truc khuyu, co cdu mdy tron hén hop bé
tong..)

2) Cac loai hé banh rang

a) Hé banh rang thuong Z, Z,
Hé bdnh rdang thuong 1a hé banh rang Y T
trong d6 céc banh rang déu c6 dudng Z, I%
truc ¢6 dinh (trong mot hé quy chiéu %1_ T 1
gan lién vai gid). ) Z, I
Hé gém nhi€u cap banh rang ndi tiép ] 7 ZSW
nhau trén hinh 12.1 1a mot hé banh 77 -
rang thuong. Bac tu do clia hé : 1 T et
W =3n-2p,—p, v6i: p;=6; T wa _ | A
p,=5:n=6=W =1 7z, 2

Z, L% Hinh 12.1: Hé thuong

b) Hé banh rang vi sai
Heé béanh rang vi sai 1a hé banh rang ma trong d6 moéi cap banh rang c6 it nhat mot banh rang
c6 dudng truc di dong (khong cd dinh trong hé quy chiéu géan lién vdi gid).

Banh rang c6 duong truc ¢6 dinh goi 1a banh rang trung tdm, banh rang c6 duong truc di dong
goi la banh rang vé tinh. Khau dong mang truc cua banh vé tinh -

goi la can. Zz__ — Z;
H¢ béanh rang cho trén hinh 12.2 1a mot hé banh rang vi sai. Bac 1

tu do cia hé: W=3n-2p,—p, v6i : p;.=4; p,=2; T C =
n=4 =W =2. B4nh trung tam la banh (1) va banh (3), banh vé s | |t
tinh 1a banh (2) va (2'). Can la khau dong (C) mang hai banh vé P77 | [
tinh (2), (2). Khi c6 dinh can (C), hé vi sai néi trén trd thanh hé Z | 7
thuong. 3
;Zong chuong nay, ching ta chi xét cac hé vi sai c6 hai bdc tuw Hinhi2.2: Hé vi sai

¢) Hé banh rang hanh tinh

e Hé banh rang hanh tinh 1a hé¢ banh rang vi sai (c6 W = 2) trong dé c6 mot banh rang trung
tam c6 dinh.

Khi ¢6 dinh banh trung tam (3) ctia hé vi sai trén hinh 2 thi hé nay tré thanh mot hé hanh tinh
(Hinh 12.3). Bactudocuahé¢ : W =3n-2p,—p, v6i: p,=3; p,=2; n=3=>W =1.

Hinh 12.4, 12.5 mo6 ta so d6 mot s6 hé hanh tinh trong d6 c6 st dung cap banh rang noi tiép.

e Trong hé vi sai va hanh tinh phang (Hinh 12.2, 12.3, 12.4, 12.5), dudng truc clia cic banh
trung tam (1), (3), va dudng truc clia can (C) phdi nim trén cling mot dudng thang. Diéu kién
nay duoc goi 1a diéu kién dong truc cla hé.
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Do d6: i, = @ = [—QJ(—QJ
Ws Z Z,

. 0] 2, Z, Z, Z
Hay: g =—-=(-1) 22422
Wg Z, 2, Z; Z,
Trong d6 k 1a s6 cap banh rang ngoai ti€p.

e Ghi chu

Z, Ve M L)
z, . z, — H
jm— C
- c + C Z, Z, Z,
bz s — — T
T 22 7
Z, _[ 4 Hinh 12.5 :
Hinh 12.3: Hé hanh tinh Hink 124 - Z, Z, Z,
mn . J U
d) He vi sai kin 7 Z
Heé vi sai kin 14 hé vi sai trong d6 cdc banh trung tam déu 2
khong ¢6 dinh, nhung hai banh trung tam hoac mot banh |
trung tam va can dugc noi véi nhau bang mot hé thudng. — 3=C
Vi du hé trén hinh 12.6 1a mot hé vi sai kin. Day 1a mot hé T 1 -
hén hop gdbm mot hé vi sai (Z,, Z,, can C) va mot hé thudng ZZ N k224
(Zy, Z,, Z,’, Z5). He thuong néi banh trung tam Z, vacan C 45| ra . v
ctia hé vi sai. Bac tu do ctia hé vi sai kin : W = 1. + A
82. Phan tich dong hoc hé banh rang
1) Ty s6 truyén trong hé banh rang thuong 1
a) Hé thuong phang (Hinh 12.1) o
e Ty so truyén clia hé : i, = % 77 4
(ON Z4
Véi @,,w, 1a gia tri dai s6 cua van téc goc truc vao (1) va Z,
truc ra (6) cua hé. Itl_‘ 1126 Hé vi sai ki
— inh 12.6 : Hé vi sai kin
Ta co: (8 :%:%%%%%
Wg @, Oy W, W5 O
Suy ra: L = lipdpgdgy g deg
Ty s6 truyén ctia mbi cap banh rang c6 thé tinh theo s6 rang: i, = —%;..., iy = +% ... Dau (-
1 3

Trong hé banh rang thuong hinh 12.1, banh rang (5) an khép dong thoi véi hai banh rang trén
truc trudc va truc lién sau né nén so rang ctia né khong c6 mat trong cong thidc ty so truyén iq.
Bénh rang (5) dugc goi 1a banh rang ndi khéng. Banh rang noi khong khong c6 y nghia d6i véi
gia tri tuyét doi cla ty s truyén, ma chi cé y nghia doi v6i chiéu quay cua truc ra. Ngoai ra

con ¢6 ¥ nghia vé két cau.
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b) Hé thuong khong gian

Do céc truc quay khong song song v6i nhau nén diu
clia van téc géc va cua ty s6 truyén khong con y nghia
nita, vi vay ta chi dung gia tri tuyét doi.

2 ~ A . . . [0) [0)
Ty s6 truyén i, : li|=—L=—L.—=2
W; W, 0y

. w L, Z

Suy ra: ||13|:_1:_1__2
w, Z, w,

Chiéu quay cua truc ra (banh rang Z,) dugc xac dinh
dua trén chiéu quay cua truc vao (banh rang Z,) nho
phuong phdp danh dau nhu trén hinh 12.7.

2) Quan hé van toc goc trong hé vi sai

ZS/
b= 7
Z, . E ez
Z
A *No

Hinh 12.7: Hé thuong khong gian

Heé vi sai c6 2 bac tu do d6 van t6c goc khau bi dan cudi cuing phu thudc vao van toc géc cia
hai khau dan. Do vay & day, ta khong tinh ty s6 truyén ma tim quan hé van t6c¢ géc ctia khau bi

dan cuoi cting va hai khau dan.
a) Hé vi sai phang

Hay xdc dinh quan h¢ giita cic van toc goc @, ;@,; @, cua banh (1), (3) va can (C) trong hé vi

sai trén hinh 12.2.
e Xét chuyén dong tuong doi clia hé d6i véi can (C).

Trong chuyén dong tuong doi ndy, dudng truc clia cdc banh riang déu c6 dinh, do do6 hé trd

thanh hé thudng, van t6c géc clia céc khau (1), (3) trd thanh: @) = @, — @, ; @y = @, — @ ,

Ty s6 truyén gitta khau (1) va (3) trong chuyén dong tuong doi :

—_C — —_
iC — W, W — O
13

=L =—1
W; W3 =0

Thé nhung trong chuyén dong tuong déi, hé try thanh hé thudng, ty s6 truyén i c6 thé tinh

. . Z Z
theo cdc s6 rang: i = (——ZJ(_JJ
Z Z,

) o, — 0 . Z Z
Toém lai : 4Tl =] 22| -2
W3 — ¢ Z Z,
@, —o. . Z
e Tuong tu nhu trén, ta cling co : £ < - |1c2 =-_2
W, —W¢ Z

b) Hé vi sai khong gian

(12.1)

e Diéu kién dong truc trong hé vi sai khong gian: Moi banh trung tam va can déu dong truc,

moi mat nén lan phai c¢6 chung mot dinh (hinh 12.8).

e Quan hé giita cdc vdn toc goc &,,@,,d. :

Xét chuyén dong tuong doi ctia hé déi véi can (C) trong hé vi sai khong gian (hinh 12.8).
Trong chuyén dong tuong d6i nay, hé vi sai khong gian trd thanh hé thudng khong gian, van
toc goc cta khau (1), khau 2): @ =@, — @ ; @y =@, — @

Ty s6 truyén gitta khau (1) va khau (2) trong chuyén dong tuong d6i doi véi can C:
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~C - —
25| _|oy ~a

S| =
12| 7 || T | = .
@5| |@: -l

Do trong chuyén dong tuong d6i, hé trd thanh hé thuong nén : ‘Ilcz‘ = %
1
o —@c| o Z
Suy ra: M:\uﬁ\:-z (12.2)
‘a’z - a)c‘ Z,

2
4. | = ~ ¢ _ 2 2 —~ =
Ta co: ‘a)z—a)c‘ =0, +w, -20,0,
2
~ ~ o ~ ~ |4 _ 2 2
Do o, L o, = w1w2—0:>‘a)2—a)c‘ =0 + 0,

Do &, I & :>‘a)1 —a)c‘=‘a)1 —a)c‘

—~C
. ke ‘a)l ‘ ‘a)l _a’c‘
Tom lai : "12‘: 1= -
‘602‘ Jor + ,

* Quan hé giita cdc vdn téc goc &, @,,0. :
Tuong tu nhu trén, khi xét chuyén dong tuong doi ctia hé doi véi can C, ta c6:

~C — —
. ‘a)l ‘ ‘a)l _a)c‘ Z, 7,
"13‘ = = B

~c| |~ _ = | ,
‘a)s ‘ ‘(03 _a)c‘ Z, Z,
Vi @,,@,,®. cung phuong nén c6 thé xét dén ddu ctia ty s6 truyén i .

Bing phuong phdp dénh dau trong hé thudng tuong tng (hinh 12.9) ta thdy @ va @; ngugc

—C
. . Z
chiéu nhau. Suy ra : i = 0_)_1C __ L4
0, Z, 7,
c_ @O —O VA
Tém lai: i :M:_é_e)
Wy — Z 7,
4 "t ZS
4 Z, Z,
Z N
@, » @,
1
3 w m ————————— w
Nes |  CinCc L= [> ami — C
<7 = \ >
, l I : @, \
s Z )
/- 1 ’ ~ A
il Z,

Z, 4|

Hinh 12.8: Hé vi sai khong gian

Hinh 12.9: Hé thuong tuong iing

3) Ty so truyén trong hé hanh tinh
Hé hanh tinh ¢c6 mot bac tu do. Tir quan hé van t6c géc trong hé vi sai, dé dang suy ra ty s6
truyén trong hé hanh tinh.
Xét hé hanh tinh phang nhu trén hinh 12.3, trong d6 bénh trung tam (3) ¢6 dinh: @, =0
Tu (12.1) suyra : L_wc: iy -
it
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Tudosuyra: l,=—"=—"==

§5. Chon so rang cac banh rang trong hé hanh tinh

» SO rang trong hé hanh tinh dugc chon dua trén yéu cdu vé ty s6 truyén, dong thoi phai thda
man cac diéu kién:

»  Diéu kién dong truc
Trong hé hanh tinh phang trén hinh 12.3, 12.4, 12.5, dudng truc clia cdc banh trung tam (1),
(3), va duong truc ctia can (C) phai nim trén cing mot dudng thing.

*  Piéu kién lap

Trong hé¢ hanh tinh, khi chuyén dong cdc banh vé tinh (hay cdc khoi banh vé tinh) gay nén cdc
luc ly tam. D€ can bang cac luc ly tam, can (C) c6 dang mot chac gém nhiéu nhanh phan bo
déu, m6i nhanh mang & truc ciia mot banh vé tinh (hay mot khoi banh vé tinh) (Hinh 12.10).
Dung nhiéu banh vé tinh phan b6 déu, luc tic dung sé phan b6 cho cdc banh vé tinh, nho d6
modun cdc banh rang c6 thé nho, kich thudc huéng kinh ctia hé hanh tinh s& nho gon. Déng
thoi, luc huéng tam tic dung 1én truc cua banh trung tam va can (C) gin nhu bang khong.

Vén dé dat ra 1a phai ldp duoc cic banh vé tinh 1én céc nhénh cta can (C), sao cho céc banh
vé tinh dong thoi an khép vdi cdc banh trung tam. Pay chinh 1 diéu kién lap ctia hé hanh tinh.

> Xét hé hanh tinh hinh 12.10. C4n phai x4c dinh céc so rang cta hé dé dong thoi bio dam
duoc ty so truyén, diéu kién dong truc va diéu kién ldp. Gia sit cdc banh rang déu tiéu chuin
va cung modun.

Hinh 12.10 :

1) Diéu kién dong truc
D€ cdc banh trung tam Z;;Z, va can (C) dong truc v4i nhau, phai c6 :
rL=r+2r, (12.3)
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Trong d6 r;;1,; 1, 1a ban kinh vong lan cla c4c banh 1, 2, 3.

Do cédc banh rang an khép véi nhau phai ¢6 cing modun, hé thac (12.3) trd thanh:

Z,=2,+2Z,
_ ZS_Zl

Hay: Z, >

Do Z, la s6 nguyén nén céc so rang Z,;Z, phai déu cliing la s6 1é hay déu cing 1a s6 chan.

2) Dieu kién lap

»  DE c6 thé 1ap duogc, cung in dam (t) trén hinh 12.11
phai bang s6 nguyén lan budc rang p trén vong lan cua

cac banh.

Z Z v 1s . s
Do d6: Z,+=*+—=2=k phai la s6 nguyén, véi n 1a so
n n

banh rang vé tinh hay s6 chac cta can C).

Suyra: Z,+Z,=n(k-2,)

Nhu vay Z, +Z, phai la boi s6 cua n.

Tém lai dé thoa man ca hai diéu kién dong truc va diéu

Hinh 12.11 :

lap, can phéi c6 diéu kién: Z, +Z, phai 1a boi s6 cia n

néu n chan; boi s cia 2n néu n €.

83. Cong dung cua hé banh rang
1) Cong dung ctua hé thuong

e Heé bénh rang thudong dugc dung dé thuc hién cic ty so truyén 16n, ma mot cip banh ring
khong thé thuc hién duge (hé duoc goi 1a hop gidm tdc néu truc ra quay cham hon truc vao,
hop tang t6c néu truc ra quay nhanh hon truc vao); dung dé thuc hién nhiéu ty so truyén khac

nhau (hop s6, hop bién toc).

Vi du hop s6 (hinh 12.12) ¢6 hai khoi banh rang: Khéi (1) ¢6 ba banh ring gin cung trén truc
I. Khai (2) ¢6 3 banh rang c6 thé di dong doc truc II (kh6i banh rang di trugt). Ban kinh vong

Khoi banh rang ¢ dinh
ZZ

Z3
z T -
v (D }i
F=
A F7
4]z, Tz

Khoi banh rang di truot

Hinh 12.12:
Bai gidng Nguyén ly mdy, Chuyén nganh Co khi ché tao

lan cua céc banh thoda man diéu Kkién:
L+ =040 =0+1

Mat khac, khoang céach gilta cac vanh rang cua
céc banh rang trén truc (I) va (II) khong bang
nhau, do d6, khi cho khéi banh rang di truot di
chuyén doc theo truc (II), chi c¢6 thé ¢6 1 cap
trong 3 cdp banh rang la an khép véi nhau thoi.
Khi cho cdp banh rang (2,2”) an khép véi nhau,
ty s truyén gitta hai truc I va Il bang :
. Z,
o = _Z_
2
Khi cho cap banh rang (1,1°) an khép véi nhau
(gat khoi banh rang di trugt sang bén trai) thi :
. Z;
hn=—5—
Zl
Khi cho cap banh rang (3,3’) an khép vé6i nhau
(gat khoi banh rang di trugt sang bén phai) thi :
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. Z;

I —_—
1,1 Z3
Nghia 1a hop s6 ndi trén thuc hién duoc 3 ty s6 truyén khdc nhau gitta hai truc (I) va truc (II).

e Hé banh rang thudong dugc ding dé truyén dong giita hai truc xa nhau véi mot ty s6 truyén
chinh x4c (hinh 12.13). Néu diing mot cip banh rang dé truyén dong tir truc I sang truc II s&
dan dén khong hop 1y vé mat kich thudc va ché tao. Néu dung bo truyén dai hay xich thi ty s6
truyén khong chinh xac.

e Heé banh ring thudng con dung dé ddo chiéu quay truc bi dan (hinh 12.14). Khi kéo chac A
xuong banh (II) s& d6i chiéu quay.

Hinh 12.13:

Hinh 12.14 : Co cdu ddo chiéu truc bi dan (II)
2) Cong dung cua hé vi sai

Hé vi sai ¢6 hai bac tu do, do d6 né duoc sir dung trong céc trudng hop céan tdng hop hai
chuyén dong quay doc lap thanh mot chuyén dong quay hay phdn tich mot chuyén dong quay
thanh hai chuyén dong quay doc lap.

Phan ndy gi6i thiéu hop vi sai trong 0 td, dung dé phan tich mot chuyén dong quay thanh hai
chuyén dong quay doc lap.

e Hop vi sai trong 6 to

Goi V;V;;V; lan lugt 1a van t6c 0 t6 va van toc g ¢ (1)
cta tam banh xe sau (1) va (3); @; @, lan lugt la  —- &

van toc cac banh (1) va (3) (hinh 12.15)
v" Khi xe chay trén dudng thang, ta c6 : —V

Vi=V,=V = 0, =0,

v Khi xe chay trén dudng vong, ta c6 :V, <V,  Bdnh (3 “ \73
do do6, dé xe di vong dé dang, khong bi truot trén Hinh 12.15:

mat dudng, phai cé o, < @,.

Thé ma, banh (1) va banh (3) cling nhan chuyén dong tir truc dong co (thong qua truc cic
dang), lai phai c6 hai van toc géc khac nhau, do d6 can phai st dung hop vi sai dé phan tich
mot chuyén dong quay thanh hai chuyén dong quay doc lap.
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e Cau tao hop vi sai

Hop vi sai 6 t0 gobm hai cap banh rang nén (1,2) va (2,3) v6i Z, = Z,. Banh vé tinh (2) c6 truc
vuong géc véi truc céc banh trung tam (1) (3) va cian C. Chuyén dong tir truc dong co dugc
truyén t6i can C thong qua khép cdc dang va cap banh rang nén (4,5).

NOi vé truc cdc dang

Banh (1) 7 Ls Bdnh (3) Z,
— IZZ_" ) Z & ez
w | [z, 23 7 =
Z,| —=—{ Hinh 12.17 : Hé thuong titong iing

, CanC

LN

Hinh 12.16 : Hop vi sai 6 to
e Nguyén ly lam viéc
Taco: = =—-"23=_"3=-_]
W3 — ¢ Z Z Z,
(D4u cta ty s6 truyén duoc xac dinh bang phuong phdp dianh diu trong hé thuong tuong tGng
trén hinh 12.17)
Suy ra: @, + @, = @, =hang s6 (12.4)

v" Khi xe chay trén dudng thang, stc can lan trén hai banh (1) va (3) nhu nhau, do d6 van toc
go6c hai banh (1) va (3) nhunhau : @, =@, .

v Khi xe chay trén dudng vong, stic can lan trén banh (1) 16n hon trén banh (3), vi vay banh
(1) quay cham lai, e, giam xu6ng. Tir (12.4) suy ra rang van téc géc @, cua banh (3) tang
1én, nho d6 xe di vong dé dang, khong bi truot trén mat dudng.

3) Cong dung cua hé hanh tinh
e H¢ hanh tinh cho phép thuc hién mot ty so truyén I16n, ¢ thé rat 16n. Vi du xét hé hanh tinh
trén hinh 12.3. I

N5 . Z,Z PRI
Tacé: i, =—>=1-i5=1-=2="2 [
© @ K Z, Z, \ o

g

Néu chon hgp 1y s6 rang cua cac banh rang, vi du chon: -
I
I
I

Z,=99,2, =101, =2, =100 thi iyg =
Tuy nhién, khi chon ty s truyén va khau dan can chad y
sao cho hiéu suit cua hé khong qua thap va dac biét phai
tranh hién tuong tu ham.

e Ngay ca khi ty s6 truyén nho va vira, nguoi ta cling
dung hé hanh tinh vi né c¢6 mot s6 uu diém sau day vé két
cau va tai trong:

v Can C thuong c6 nhiéu chac phan bo déu, trén do lap
cac khoi banh vé tinh gidng nhau, vi vay phan luc trén > o _,
truc clia can C va trén truc cdc banh trung tam gan nhu  Hinh 12.18: Rir +Ryr + Ry =0
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bang 0 (hinh 12.18). Mdi banh rang chi chiu mot phan tai trong nén c6 thé 1am nhod, nho dé
kich thuéc khuon khé ctia hé thong nhod gon. Mit khac, trong hé hanh tinh, c6 thé dung cic
cdp banh rang noi ti€p c6 nhiéu wu diém vé mit siic bén so véi cap banh riang ngoai ti€p.

Dao tién

Hinh 12.19:

Hinh 11.20: Co cdu mdy tién truc khuyu
e Hé hanh tinh dugc ding dé tao nhitng chuyén dong dic biét, cin thiét cho mot s6 qu4 trinh
cong nghé.
Vi du xét hé hanh tinh trén hinh 12.19.
Banh (1) 1a banh trung tam c6 dinh.
Tacéd: iy =%=1—i§1 =1—£é=l—£
Wc Z, 2, Zy
v’ Néuldy Z, =27, thi i,, =0 = @, =0 : banh (3) chuyén dong tinh tién tron. Trong trudng
hop nay, hé¢ hanh tinh dugc sir dung trong co cdu mdy tién truc khuyu, dung dé tién c6 bién
cta truc khuyu (hinh 12.20).
Dé tién cb bién cia truc khuyu, ta ga truc khuyu 1én mdy tién sao cho tam O, cua cé chinh
trung v6i tam truc chinh mdy tién. Dao tién dugc gé trén banh rang (3). Khi cho truc khuyu va
can C cua hé hanh tinh quay v6i cling van t6c géc, do banh (3) va dao tién chuyén dong tinh
ti€n tron, dao tién s& luon luon dudi theo cd bién
va ¢6 mot chuyén dong trén chu vi cé bién, thuc Cic soi thép
hién chuyén dong cét can thiét. "~
v' Néu layZ, # Z,, h¢ hanh tinh nay dugc st
dung trong co cau may bén cap hay co cau may
bén xo dura (hinh 12.21). Cic day cdp duoc bén
lai tu cdc nhanh cap, cidc nhanh cap lai dugc bén
tlr cdc soi thép. Néu chiéu bén cic nhanh cdp
trong cing mot day cuing chi€u véi chiéu bén cac
so1 thép trong cung mot nhanh, ta goi la cap bén
xuodi. Nguoc lai, ta c6 cdp bén nguoc.
Trong co cdu may bén cdp, ciac sgi thép dugc
mac trén cdc banh (3), (3°) va (3”). Khi can C
quay thi cic banh (3), (3°) va (3”°) ciling quay Hinh 12.21: Co cdu mdy bén cdp
theo, céc soi thép duoc bén lai thanh cic nhéanh,
dong thoi cdc nhanh ciing duge bén thanh day cép.
Khi chon Z, <Z, = i, >0 = &, clung chi€u e, : ta dugc cip bén xuoi.

Khi Z, >7Z, = i,. <0 = @, nguoc chiéu @, : ta dugc cip bén nguoc

i S L S
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Chuong XIII : .
CO CAU PHANG TOAN KHOP THAP

§1. Pai cuong

1) Pai cuong vé co cau phang toan khép thap

e Co ciu phéang toan khép thap 1a co cau phang trong d6 chi dung céc khdp quay va khdp truot véi
diéu kién céc khép quay trong co cdu phai c6 dudng truc song song nhau véGi nhau, cdc khdp trugt
trong co cau phai c6 phuong truot nim trong cdc mat phang song song v6i nhau va vuong géc véi
duong truc cta cac khép quay.

Diéu kién néi trén dugc goi 1a diéu kién phdng cia co ciu.

2) Céc co cau phang toan khép thap thong dung

v' Céc co cdu phang toan khép thip thong dung 12 c4c co ciu ¢6 bon khau va sau khau.

Co ciu phang toan khép thap c6 4 khau duge goi 1a co cdu 4 khau phang gém c6 cic co ciu hang II.
Co ciu 4 khau phang toan khép quay goi 14 co ciu 4 khau ban 1é.

W\O3

B

Hinh 13.2: Co cdu tay quay con truot
léch tam, do léch tam : e

B v
1 2
A X
] \O 3
C Hinh 13.4:
Hinh 13.3 : Co cdu tay quay Co cdu cu lit
con truot chinh tam A

v' Cic co ciu bon khdu phdng thong dung cho trén hinh 13.1.

Hinh 13.1 : Co c4u bon khau ban €.

Hinh 13.2 va 13.3: Co ciu tay quay con truot.

Hinh 13.4 : Co cau culit.

v Mbi co ciu 4 khau phing c6 mot khau c6 dinh 13 gid, mot khau khong noi gid goi 1 thanh
truyén va hai khau noi véi gid goi 1a cac khdu noi gid.

Trong c4c co ciu 4 khau phang thong dung, c6 it nhat mot khau duge ndi vé6i gid biang khép ban 1€.
Néu khau néi gia nay quay dugc lién tuc quanh gia cua né thi duoc goi la tay quay, néu khong dugc
goi 1a cdn ldc.

v’ Co cdu 4 khdu bdn Ié 1a dang co ban nhit clia co cau 4 khau phang.

Cic co ciu 4 khau phang khic déu c6 thé xem 12 bién thé ctia co ciu 4 khau ban 1€.

Vi du : Xét co céu 4 khau ban 1€ ABCD (hinh 13.1). Khi cho khép quay D tién t6i vo ciing trén
phuong CD thi chuyén dong quay cuia khau 3 quanh tam D bién thanh chuyén dong tinh tién véi
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phuong trugt vuong géc véi CD, do d6 khép quay D gitta khau 3 va gid s€ bién thanh khép trugt cé
phuong truot vuong géc v6i CD. Co cau trd thanh co cdu tay quay con truot léch tam (hinh 13.2).
Khoang cach e tir tam quay A dén phuong trugt cua con truot C duoc goi 1a do 1éch tam.

Khi e =0, co cau trd thanh co cdu tay quay con truot
chinh tdm (hinh 13.3).

Thay vi chon khau 4 trong co ciu tay quay con trugt
chinh tam la gi4, ta chon gié 1a khau AB (khau 1), co
cau trd thanh co cdu culit (hinh 13.4).

v' Céc co ciu phang hang II déu c6 thé xem 12 bién
thé hay phdt trién cia co cau 4 khau ban 1é. Co ciu
mdy sang lac hang II trén hinh 13.5 c6 thé xem Ia t6
hop clia mot co cau bon khau ban 1€ va mot co cau Hinh 13.5: Co cdu mdy sang ldc

tay quay con truot.

v' Céc co cau phing toan khép thap néi chung dugc dung dé bién doi va truyén chuyén dong. Bén
canh d6 con ding dé tao ra cac quy dao chuyén dong dac biét.

2

6 O

§2. Co cau bon khau ban lé
1) Ty so truyén trong co cau 4 khau ban lé

Hinh 13.6 : Co cdu béon khdu ban lé

e Hay xdc dinh ty s0 truyén i, = G gitta khau 1 va khéau 3 trong co cdu 4 khau ban 1€, véi @, va
s

@, 1a van toc géc cua cac khau noi gid 1 va 3.

Ta c6 thé dung phuong phdp tam van téc tic thoi dé xdc dinh i,, nhu sau :

Xét chuyén dong tuong doi clia co cau doi véi khau 3. Trong chuyén dong nay, khau 4 va khau 2

quay xung quanh cc khép ban 1& C va D (hinh 13.6). Goi Vy, /(3) va V,,/(3) 1an luot 1a van t6c cia

diém B va A trén khau 1 trong chuyén dong tuong d6i nay, ta c6 : V,, /(3) L BC va V,, /(3) L AD.

Nhu vay diém P, giao diém ctia BC va AD chinh Ia tam van t6c thic thoi ctia khau 1 trong chuyén

dong tuong doi doi véi khau 3.

Trong chuyén dong tuyét d6i cia co cdu, ta c6 : Vo, =V, , v6i P, va P, 1a hai diém lan luot thuoc

khau 1 va khau 3 hién dang tring vé6i diém P.

Suy ra : Ve, =0, AP =V, = 0,DP
.o, DP
= y=—=—
w, AP
| @ DP
Néu xét gia tri dai sO cua van toc goc, ta co: [y =— =—
w; AP

e Dinh ky Willis
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Tir 1y luan trén day, ta ¢6 dinh 1y Willis nhu sau : Trong co cdu 4 khau ban 1€, duong thanh truyén
@, DP

BC chia gid AD thanh hai doan ty 1¢ nghich v6i van téc géc cta hai khau noéi gia: i, = ~F
W;

e Nhdn xét

v' Khi co cau chuyén dong, phuong clia thanh truyén BC va do d6 vi tri cia diém P thay déi nén ty
sO truyén i, cling thay d6i : néu @, = héng s6 thi @, # hang s6 va nguoc lai.

v" Khi diém P chia ngoai doan AD thi @, vd @, cing chiéu nhau, khi d6 i; >0 (hinh 13.6).

Khi diém P chia trong doan AD thi @, va @, ngugc chiéu nhau va i, <0 (hinh 13.7).

WPW D

Hinh 13.7 : P chia trong AD

v Khi tay quay AB va thanh truyén BC chap nhau (vi tri B’C’) hay dudi thang (vi tri B”’C*) thi
diém P trung v6i diém A (hinh 13.8). Khi d6 khau ndi gid 3 ¢6 van toc géc @, =0, khau 3 dimg lai
sau d6 doi chiéu quay. Hai vi tri DC’ va DC” dugc goi 1a hai vi tri dimg (vi tr bién) ctia khau 3.
Khau 3 1a thanh lac. G6c¢ w giita hai vi tri bién goi 12 géc lac cuia khau 3.

v' Ty s6 truyén i, = hang s6 trong cdc trudng hgp dac biét sau (hinh 13.9, hinh 13.10) :

Hinh 13.9: Co cdu hinh binh hanh:
AB = CD, AD = BC, 113 = 1

Hinh 13.10: Co cdu phdn
hinh binh hanh; i,; = -1

D

2) Hé so vé nhanh
v' Trong co cdu 4 khau ban 1€, khi khau n6i gia 1 1a tay quay, khau néi gia 3 1a céan lac, chuyén
dong ctia can lac 3 gébm hai hanh trinh (hinh 13.8): Hanh trinh di (lam viéc) tng v6i khau déan di tir

vi tri AB’ dén vi tri AB”’, ting véi géc quay ¢, ciia khau dan AB va hanh trinh vé (v€ khong) ing véi
khau dan di tir vi tri AB’” dén vi tri AB’, ting v6i goc quay ¢, cua khau dan AB.

Heé s6 vé nhanh dugc dinh nghia nhu sau: k= $a
?,

v' Heé s6 vé€ nhanh k dac trung cho ndng suit cia mdy. Do vay, khi chon chiéu quay clia khau dan
AB, luu y chon sao chog, > ¢, , tic 1a sao cho k >1.
v" V6i chiéu quay khau dan nhu trén hinh13.8, ta c6 :
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&_72’+9

p,=r+0 vagp =1—-60 = k= >1

p, 7—06

3) biéu kién quay toan vong ctia khau noi gia

Khi co céu bon khau ban 1€ nhan chuyén dong tir dong co hay thong qua mot hé truyén dong nhu co
céu banh rang, co cau truyén dong dai, truyén dong xich... thi khau noéi gid nhan chuyén dong nay
bat budc phai 1a mot tay quay. Vi vay, viéc xdc dinh diéu kién quay toan vong ctia khau n6i gid ¢6 y
nghia quan trong trong viéc thi€t ké co cau.

Mién vdi t6i
(V) ciia thanh T T N

l‘}’l/tyé\l’lBC o

Hinh 13.11 :
e Xét co cdu 4 khau ban 1¢é ABCD. Hay xét diéu kién quay toan vong ctia khau néi gida AB.
Gia str thdo khép B ra. Quy tich ctia diém B, trén khau AB 1a vong tron (A, 1,5). Quy tich clia diém
B, trén khau BC Ia hinh vanh khan (V) gi6i han béi hai vong tron (D, +1lgc) va (D,[lep —lgc|)-
Mién (V) duoc goi 1a mién vdi téi chia dau B, cta thanh truyén BC.
Néu vong tron (A, 1,5) nam gon trong mién vdéi t6i (V) cua dau B, ctia thanh truyén BC (hinh 13.11)
thi khi B, di dén dau, B, ciing c6 thé vdi t6i duge dén d6. Khi d6 khau AB quay duoc toan vong.
Con néu vong tron (A, 1,;) khong nam gon trong mién véi t6i (V) thi khau AB khong quay dugc
toan vong (khau AB la can lac).
e Diéu kién quay toan vong cua khdu noi gia AB
Mot khau néi gia AB quay dugc toan vong khi va chi khi quy tich (A, 1,5) cia né ndm gon trong
mién véi tGi (V) cta dau B, thanh truyén BC ké nd, tic la:
{IAB+IAD <lopHec
|IAB_IAD| e |ICD - IBC|
e Quy tdac Grasshof
Dé phan doén diéu kién quay toan vong cuia khau ndi gid, ta c6 thé dung quy tic Grasshof:
Trong co cau bon khau ban 1¢é :
1) Néu tong chiéu dai khau ngin nhat va khau dai nhat nhd hon hodic bdng téng chiéu dai clia hai
khau con lai thi:
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a) Khi 14y khau ké vdi khdu ngdn nhdt 1am gid, khau ngan nhat s€ 1a tay quay, khau n6i gid
con lai s& 1a can lac
b) Khi lay khau ngdn nhdt 1am gia, ca hai khau n6i gid déu 1a tay quay
c) Khi ldy khau doi dién véi khdu ngdn nhdt 1am gid, ca hai khau n6i gid déu 1a can lac
2) Néu tong chiéu dai khau ngéan nhat va khau dai nhat I6n hon téng chiéu dai cta hai khau con lai
thi khi 14y khau nao 1am gid, ca hai khau néi gid déu 1a can lac.

83. Co cau tay quay con truot
1) Quan hé van toc

P13 VBI/(3)
N <

Hinh 13.12 :

0,
. / N N . ©
\ Py C hanh trinh di
RN e T EEEE— C’ ’
N P hanh trinh vé

~ —_ <

e Hay xdc dinh quan hé gilta van toc géc @, cua khau 1 va van téc V, cua con truot C trong co ciu
tay quay con truot (hinh 13.12).
Xét chuyén dong tuong doi chia co cdu doi véi khau 3.
Trong chuyén dong nay, van téc cia diém B, va A, trén khau 1 14n luot 1a Vg, /(3) va V,, /(3), véi
V, /(3) L BC va V, /(3) song song véi phuong truot xx ctia con trugt C.
Do d6 diém P, giao diém ctia BC va dudng thang qua A va vuong géc véi phuong truot xx, chinh 12
tam quay tic thoi trong chuyén dong twong doi gitra khau 1 va khau 3.
Néu goi P, va P, 1a hai diém cua khau 1 va khau 3 hién dang tring v6i diém P thi trong chuyén dong
tuyét doi cua co cau, ta co :

Vo, =Voy = Vo =0, AP=V,, =V, = [@,AP =V,
e Nhdn xét
v" Khi co ciu chuyén dong, phuong cuia thanh truyén BC va do d6 vi tri ctia diém P thay déi : néu
@, =hang s6 thi V, # hang s6 va ngugc lai.
v' Khi tay quay AB va thanh truyén BC chap nhau (vi tri B’C’) hay dudi thang (vi tri B’C’) thi
diém P tring v6i diém A, khi d6 V, =0: khau (3) dimg lai va d6i chiéu chuyén dong. Hai vi tri C’
va C”” duogc goi la hai vi tri ding (vi tri bién) cta khau 3 (hinh 13.13).

2) Hé so vé nhanh
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v’ Chuyén dong cta con trugt C gom hai hanh trinh: Hanh trinh di (1am viéc) tng vé6i khau dan di
tlr vi tri AB” dén vi tri AB”’, ing v6i gbc quay ¢, clia khau AB va hanh trinh vé (v€ khong) ung véi
khau dan di tir vi tri AB’” dén vi tri AB’, ting v6i goc quay ¢, cua khau AB (hinh 13.13).

Tuong tu nhu co cdu 4 khau ban 1€, hé s6 vé nhanh : |k = $a
o,

v Véi co cdu tay quay con trugt chinh tam: ¢, =@, = k=1
Véi co cdu tay quay con trugt léch tam va chiéu quay khau dan AB duoc chon nhu trén hinh 13.13,

tacod: g, =7r+6 va o, =71—-60= K _$a_7¥0
o, n-0
A (A)
1BC
Mién
(V) lgc
Hinh 13.14:

T  IImmmmm mTEEE T = @A)

3) Piéu kién quay toan vong
Mién véi t6i (V) ctia ddu B, thanh truyén BC gi6i han béi hai duong thing (A) va (A') song song
vGi phuong trugt xx va cach xx mot khoang bing . (hinh 13.14).
Do d6 diéu kién quay toan vong ctia khau ndi gid AB : |lgc > 1,5 +€

83. Co cau culit
1) Ty s6 truyén

Xét co cdu culit nhu trén hinh 13.15. Hay x4c dinh ty s6 truyén i, = O gitta khau 1 va khau 3.

Wy
e Xét chuyén dong tuong d6i clia co cau d6i véi khau 3.
Trong chuyén dong nay, khau 4 xem nhu quay quanh C, khau 2 xem nhu chuyén dong tinh tién véi
phuong trugt 1a Cx. Do d6 van tc ciia diém A, va B, thuoc khau 1 1an luot 1a V,, /(3) va Vg, /(3)
v6i V,, /(3) L AC va Vg, /(3)//Cx. Suy ra tam quay tiic thoi trong chuyén dong twong d6i giita khau
3 va khau 1 chinh la diém P, giao diém clia Ac va duong thang qua B va vuong géc véi Cx.
Trong chuyén dong tuyét doi clia co céu, ta c6 :

S cP
Vo, =V, =V, =@,AP =V,, =0,CP = |ij; =2

o, AP

13

e Nhdn xét
v Néu l,;=1,thi khi co cau chuyén dong, P luon luon c6 dinh (hinh 13.16).
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CP
5= o AP
v' Ngoai trudng hop noéi trén, khi co cau chuyén dong, phuong trugt Cx va vi tri con trugt B luon
thay d6i, nén vi tri di€m P va i,; luon thay doi : néu @, = hing s6 thi @, # hang s6 va nguoc lai.

2

Suyra:lp, =lg=1 =

v" Khi AB vuong géc v6i phuong trugt Cx thi diém P trang vé6i diém A, khi d6 @, =0: khau 3
dimg lai va d6i chiéu quay. Hai vi tri Cx” va Cx”’ 1a hai vi tri bién clia khau 3. Géc € giita Cx’ va
Cx’’ 1a géc lac (hinh 13.17).

Hinh 13.15 :

2) Hé s6 vé nhanh

Truong hop khau 3 12 can lic, chuyén dong ctia né gébm hai hanh trinh (hinh 13.17) : Hanh trinh di
(lam viéc) Gng véi géc quay @, cta khau ddn AB. Hanh trinh vé (vé khong) ting vé6i géc quay @,
ctia khau dan AB.

Heé s6 vé nhanh : k=22
?,
2,0 LN 9 N x A ~ 2 (Dd T + 0
Vi chiéu quay cua khau dan AB nhu trén hinh 13.17, ta c6 : k=-%= -
p, -
\ & X’
X" SRR
\\ _/./ \'\
\\ ./ d .
\\ / A
N A »
(\«"\\ 3 -
"0,
B’ \\’(a
\k\% Hinh 13.17:

3) Piéu kién quay toan vong

e Khau noi gia AB
Gia str thdo khép quay B ra. Quy tich ctia diém B, trén khau 1 12 vong tron (A, 1,5). Mién véi t6i cla
diém B, trén con trugt B 13 toan bo mat phiang. Do d6 khau néi gid AB luon 1a tay quay.
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e Khau Cx

Gia st thao khép truot B ra. Diém B, trén khau 3 khong c6 vi tri x4c dinh trén Cx, ma c6 thé vé nén
mot duong cong bdt ky trén mdt phdng hinh ve.

Mién véi t6i clia diém B, trén khau 2 suy bién thanh vong tron (A, 1,p).

Néu diém C niam trong hay trén vong tron (A, 1,;) thi khau Cx s& cat vong tron (A, 1,;), do d6 khi
khau Cx quay dén bat ky vi trf ndo cling déu déng khép truot B lai dugc dé thanh co cdu : Khau Cx
quay dugc toan vong.

Néu diém C ndm ngoai (A, 1,;) thi khau Cx khong quay duoc toan vong.

T6m lai, di€u kién quay toan vong ctua khau Cx:

IAC < IAB

Hinh 13.18: Hinh 13.19 :

i o S
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Chuong XIV : )
CAC CO CAU BAC BIET

81. Co cau truyén dong dai

e Co cdu truyén dong dai ding dé truyén chuyén dong quay giita hai truc O, va O,, nho ma sét giita
cac banh dai (1), (2) va day dai (3) (hinh 14.1).

e Dé& c6 ma st giita c4c banh dai va day dai, cAn phdi c6 mot sifc cang ban dau trén day dai.
Do vay, khi co cdu chua chuyén dong, & hai nhanh AB va CD da c6 mot siic cang ban dau S,
Khi tdc dong vao banh dai (1) mot momen M, nhanh dai CD bi kéo cang thém, luc cang S, ting
thanh S, (nhanh dai nay duoc goi la nhanh cang hay nhanh dan); con nhanh AB ching bét lai, luc
cang S, giam thanh S, (nhanh dai nay duoc goi 1a nhanh ching hay nhanh bi dan) :|S, < S, < S,

thdnh fhlfmg A

Nhfinh cang 3

S, /S,
Hinh 14.1:

1) Quan hé giira luc cang S, va S, trén hai nhanh cua bo truyén dai (Cong thitc Euler)

¢ Dai 6m 14y puli mot géoc AO,D = £ goi la cung 6m.

Luc cang trén doan day dai AD tang tr S, A dén S, & D.

e Xét mot phan t6 day dai mn, chin cung de, vi tri mn dugc xdc dinh bang géc « (hinh 14.2).

Luc tic dung lén phan t6 day dai mn bao gom : Luc cang S 1 Om va (S+dS) L On ; luc ma sat

dF LdN ;dpluc dN valuc li tam dC nim theo phan gidc cia géc mOn
e Momen doi véi diém O, cha cic luc tdc dung lén phan t6 mn :
S.R + dF.R - (S+dS).R =0 v6i R 1a ban kinh clia banh dai.

= dF =dS
e Goi f l1a hé s6 ma sat gitta puli va day dai, ta cé :
dF =f. dN
an =%
f

e Diéu kién can bang luc ciia phan t6 mn cho ta :
S+(S+dS)+dN +dF +dC =0

Chiéu lén phuong ciia dN :
—s.sde“—(s +dS).sind7a+ dN +dC =0

- —2S.sind7a—d8.sind7a+ dN +dC =0

_ds
f

Vé6i: dN

2

dC = ,uR.da.V? =V’ da
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4 = khai luong mot don vi chiéu dai day dai
V : van toc dai cua day dai

Do dS va de 1a vo cuing bé nén sind%zd% va dS sind—azO

Suy ra: —S.da+dTS+,uV2.da =0

(S—uV7)
S2 B

N Id—szzj'fda
51(8_:”\/ ) 0

=[S, -V =(S,—v?)e”
Cong thuc 14.1 dugc goi 1a cong thac Euler.
e Khi dai diing yén, hé thic 14.1 tro thanh : S, =Se'”

nhanh chung nhanh cdng

banh dan (1)
Sy

Si Hinh 14.2

2) Momen ma sat trong bo truyén dai

e Momen ma sdt ctia luc dF déi véi tam O, bang :
dM,;s=R.dF=R. dS

Suy ra momen ma sét trong bo truyén dai :

S2
Mys = [dM,,s = [ RS =R(S, -S)
B Sl

e Tu (14.1) suyra: S,-S, :(Sl—,uvz)efﬂ—Sl+/1V2

= S,=S,=(S,-v?)(e"” -1
Thay vao (14.2), suy duoc :
Mys =R(S, -8 =R(S,-aV?) (" -1)

e Gia thiét rdng su thay ddi luc cang trén hai nhdnh bo truyén dai 1a nhu nhau:

S,-5,=5,-S, = S,+S,=2§,
e Tur (14.1) suy ra:
S,+8,=(S,—mV?)e" +8 + 4V’

= 25,=S5,+S,=(S, -V )e"” +S + 4V’
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2S,+ V(e -1)

S, = N (14.5)
e Thay (14.5) vao (14.3) suy ra :
(e”’ 1) :
Mys =2R—— (S —N) (14.6)

bay chinh 1a momen lon nhat ma bo truyén dai c6 thé truyén dong duoc va M, dic trung cho kha
nang tai ciia bo truyén dai.

3) Nhan xét vé kha nang tai cua bo truyeén dai
Tir hé thic (14.6), ta c6 thé rit ra cdc két luan sau :
e Khi van téc dai V cuta dai tang thi M,,s giam : kha nang tai cia bo truyén dai giam.

Van téc gi6i han cla dai Gng v6i: S, — N> >0 = V, = [

e Khi luc cing ban dau S, tang thi kha nang tai cta bo truyén dai ciing tang Ién.
Tuy nhién, khi S, ting, luc tic dung Ién hai truc ctia bo truyén tang va dai chéng bi rio.

A

X

N
\'
>
RN

Hinh 14.4: Dai tron, dai thang

Hinh 14.3 : Puli cdang dai

e Boi vi — > () nén khi géc 6m S tang thi kha nang tai ctia bo truyén dai ciing tang lén.
Pé tang géc 6m £, canchi y :
+ Khi 1ap rdp day dai nén dat nhanh ching & phia trén.
+ Khoang céach gitta hai truc cta puli khong nén 18y qua nhé (néu qua nho s€ khién cho géc 6m 3
trén banh nho giam xuong). Tuy nhién, khoang cach truc khong nén 18y qua 16n, bai vi khi d6 kich
thudc bo truyén sé€ cong kénh, cdc nhanh dai bi rung.
+ Duong kinh hai banh dai khong nén chénh l1éch qué nhiéu (ty s6 truyén khong nén 14y qua 16n),
lam cho géc 6m £ trén banh nho giam xudng.
+ Dung puli cang dai dé ting g6c 0m S, dong thoi khong ché luc cang trén day dai (hinh 14.3). Tuy
nhién khi d6 dai bi uén nhiéu, chéng hong vi moi.

dMm

e Vi — - >0 nén khi hé s6 ma sat f tang, kha nang tai ctia bo truyén cling tang lén.

Dé tang f can:

+ Chon vat liéu day dai c6 hé s6 ma sat cao

+ Dung dai thang, dai tron (hinh 14.4) c6 hé s6 ma sat thay thé f” 16n hon hé s6 ma st f.
82. Co cau Cac dang (Cardan)

Co ciu céc dang, con goi 1a khép cdc ding, duoc ding dé truyén chuyén dong quay giita hai truc
giao nhau mot géc a ¢6 thé thay déi tuy y trong qué trinh chuyén dong.
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1) Cau tao

Luoc do cau tao cua co cdu cac dang cho trén hinh 14.5 Hai truc (1) va (2) giao nhau tai O va hop
vGi nhau mot géc « . Méi dau truc mang mot chac (a) va (b). Hai chac nay duogc néi v6i nhau thong
qua khau (3) hinh chit thap bang cic khép quay A, A’ va B, B’. AA’ vuong géc véi truc (1). BB’
vuong goc voi truc (2).

Khi khau (1) quay tron thi khau (2) cling quay tron, con khau chit thap (3) chuyén dong phiic tap
quanh diém O.

Hinh 14.5: Co cdu cdc ddng

2) Phan tich dong hoc

e Khi truc (1) quay, A va A’ vach nén vong tron (C,) vudng goc vdéi truc (1). Khi dé B va B’ vach
nén vong tron (Cy) vuong goéc voi truc (2) (hinh 14.6).

Khi diém A di chuyén trén vong tron (C,) dén vi tri méi 1a A,, thi trén vong tron (Cy), diém B ciing
¢6 vi tri méi la B,.

bat: 6, :(OA,OA) va 6, :(OB,OBI).

Tir B, ha B,H vuong géc véi mat phang clia vong tron (C,), tit H ha HI vuong géc v6i BB’. Theo
dinh ly ba dudng vuong goéc, tasuy ra: Bl L BB'.

Nhu vay, goc I-ﬂEl chinh 12 géc nhi dién hop béi hai mat phing chita hai vong tron (C,) va (Cy). Do
truc (1) va truc (2) lan lugt vuong géc v6i mit phang chita vong tron (C,) va (Cg), nén géc mE
cling chinh 1a géc gifta hai truc (1) va (2) : HIB, = .

Dua vao tam gidc B,HI vuong tai H, tac6 : cosa = H_Il (14.7)
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1B,
ol
Mat khac, do OA L OB, (vi chiing 1a vi tri méi cta hai thanh OA va OB vudng géc v6i nhau) va
OA truc giao véi HB, (vi HB, L mat phang (C,) chita OA ), do d6: OA 1 OH .

Tir d6 suy ra rang : IOH = 6, (g6c c6 canh thang géc).

Dua vao tam gidc OB,B vuong tai I, tacé : tgé, = (14.8)

Dua vao tam gidc OIH vuong tai I, ta c6 : tg6, =tg IOH = g (14.9)

T (14.7), (14,8) va (14.9) suy ra : |tg6,.cosa =190, (14.10)

(1

Hinh 14.6:
e Dao ham hai v€ cua (14.10) theo t, suy ra : Dy o\
(1+tg201).a)1.cosa =(1+t9202).(02

e Khi =0vaf =r thi o, =o cosa

.o 1+19°6, .

= i, =—= - !
w, (1+tg Gl)cosa !

|

N PO 1+19°6,.cos’ a i
2w, (1+tg261)cosa :

i

i

i

| |
| 6
Khi 6 =% va 6, thi @, ——2_. ' L,
2 2 cosa 0 4 T 37 2
D6 thi biéu dién @, theo 6, cho trén hinh 2 B
Hinh 14.7 :

14.7.

e Khi géc hgp nhau gitta hai trucer =0 thi ty s6 truyén i, =1. Khi géca # 0 thi ty s6 truyén i, #
hang s6. Khi & cang 16n thi bién do dao dong ctia @, cang 16n, gay ra dao dong xoan 16n trong céc
bo phan bi dan (hinh 14.8).
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Hinh 14.8:

Po thi biéu dién su bién
thién ciia vdn toc goc w,
theo goc quay 6, cua khdu
dan iing voi cdc gid tri khdc
nhau cua géc o giita hai
truc quay (@, =100 Radls)

104

102

100

98

96

94
0

3) Co cau cac dang kép

Dé truc dan (1) va truc bi din (3) c6 cing van téc géc phai dung co ciu céc diang kép. Truc (1) duoc

noi vai truc (3) thong qua truc (2) va hai khdp cac dang.

Taco: Iy, =9 _ 1+tng2‘coszal
o) (1+tg 6?2)cos051

Véi 6, gbéc quay cua chac (b) tinh tir mat phang chita truc (1) va (2).
1+1g9°8;.cos’ a,
o, (1 +19°6; )cosor2

_0)2
23 T

Véi 6; goc quay cua chac (b’) tinh tir mat phalmg chtta truc (3) va (2).
o _ (1 +t92‘92)cosal 1+19°6;.cos” a,
o, 1+19°0,.cos’ e, '(1+t9292’)cosa2
Dé i,; bang hang s6, phai c6 hai diéu kién :
+ 0 =q,

Do doé: I, =

+ 6, =0, (hai géc quay cua hai ddu chac nam trén truc (2) phai bang nhau).

b’ 4
2 K P
Hinh 14.9:
2
Hinh 14.10:

Nhu vay, trong truong hop truc (1) va truc (3) nam trong cing mot mat phang (truc (1) va (3) song
song nhu trén hinh 14.9 hay cat nhau nhu trén hinh 14.10) thi hai chac (b) va (b’) clia truc (2) phai
nam trén cling mot mét phang.

83. Co cau Man

Co ciu Man dugc dung dé truyén chuyén dong quay lién tuc ctia khau din thanh chuyén dong quay
gidn doan lic quay lic dimg c6 chu ky cua khau bi dan. Co cau Man dugc dung trong co cau thay
dao cua may tu dong, co cau dua phim cta may chiéu phim...
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1) Cautao

v Co cidu Man ngoai ti€p gébm mot dia tron (1) c6 lap chot A, va dia hinh sao (2) ¢6 nhiéu ranh
huéng tam, dat doi xing qua tam O,. Khi dia (1) quay, c6 ldc chot A lot vao mot ranh cua dia (2),
khi d6 dia (2) quay quanh O,. Khi chét A ra khoi ranh, dia (2) ding lai (nho cung tron cta dia (1)
cai vao cung tron EDC ctia dia (2)) (hinh 14.11)

So chét trén dia (1) ¢6 thé bang 1 hay 16n hon 1. S6 ranh trén dia (2) thuong 12 4, 6, 8.

v Ghi chi

Céc chot va céc ranh trén co cdu Man c6 thé phan bo bat ky (khoang cdch tir tam cdc chét dén tam
0, c6 thé khong bang nhau nhu trén hinh 14.12, cdc ranh cta dia (2) ¢6 thé khong huéng tam nhu
trén hinh 14.1), mién 1a ching phdi hop duoc véi nhau.

Hinh ;4.12 : Hinh 14.13:
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2) Phan tich dong hoc
a) So ranh toi thiéu - Sé chot toi da

e Trén hinh 14.11, tacé: 2¢, = £l v6i z 5O ranh cua dia.
Z

Dé chot A khong bi va dap khi di vao trong ranh : (SZ’A\O1 -
z

Suyra: 20, =7 -2¢, =7r(1—%)
YA

Goi t. 12 thoi gian chuyén dong cua dia (2); t, 12 thoi gian dimg cua dia (2):

L :%:1(1_2]
o, o z

2r -2 2 y , s ’
tp :ﬂ—%zi(l+—j Vo1 : @, 1a van toc goc cua dia (1) : @, = hang s6
o, o, z

2
t . 17, 7222
Ty s6 k =-5 goi 1a hé s6 thoi gian chuyén dong ctia co ciu: k=—S=—2=""2
ty th (.2 z+2

+7

YA

Vik >0 vaznguyén nén z >3 hay s6 ranh t6i thi€u trong co cau Man :

e Dé tang so 14n chuyén dong cla dia (2), ting v6i mot vong quay cua dia (1), c¢6 thé ting s6 chot

trén dia (1). Goi m 1a s6 chot, géc ¢ tam nho nhat tao gitta hai chot phai bao dam : — > 2¢,
m

2z
Hay: m< m_ 2 = So chot t6i da: M =——
20, (_2 z-2 z-2

z

b) Ty s6 truyén

bé xé4c dinh van tc va gia tdc cua dia 2 ta xét mot vi tri bt ky
clia co cdu , khi d6 tay quay O;A va ranh O,A cia dia tao véi
duong truc 0,0, cac goc 1an lugt la g va @, (hinh 14.14)
Trong tam gidc O;AO;, ta c6 :

_r_ sin @, _ sing, )
| sin(180° Y —¢1) sin((oz +¢’1) Hinh 14.14 : Co cdu Man
Suy ra: tge, __Asing hay : ¢, =arctg _Asing (14.10)
1-Acosg, 1-Acosg,
. A(cosp, =4
Pao ham biéu thitc (14.10) theo ¢, ta dugc : S22 — (cos, )2 (14.11)
dp, 1-2Acosg +4
. A(cosp, -4
Vén toc cua dia 2: w2:d¢2 _do, do :a)ld(p2 = o, =, (cosg )2 (14.12)
dt  dg, dt de, 1-2Acosqp, + 4
2
Giatéccladia2la: ¢, = do, _do, do, +o, d (022 do
dt  dt de de~ dt
, . . , d2 sing, (1-A°
Néu dia 1 quay déu (@, =hang so) thi &, = @" —% =’ 1 ( ) 3 (14.13)
do, (1—2/1005(/>1+/12 )

Céc cong thirc (14.12), (14.13) ching t6 khi dia 1 quay déu (@, = const ) thi dia 2 quay khong déu.

e el s i T
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