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Chwong mé dau: Giéi thiéu mon hoc

1. VI TRi MON HOQC

Nguyén Iy mdy 12 mon hoc thudc nhém ky thuit c¢d s3, 1a mdt mic xich quan trong
lién két giita cdc mon khoa hoc co bdn va k§ thuit chuyén nganh. Mon hoc nay cung cip
nhitng ki€n thic co bdn vé mdy, tir d6 c¢6 thé van dung dé€ nghién citu cdc mon hoc khic
nhu: chi ti€t mdy, mdy cit kim loai, m4dy ndong nghiép, mdy ché bién ...

Nguyén 1y mdy déng vai trd rit quan trong khi thiét k&€ cdc so d6 dong clia mdy khi
thi€t k€ mot co cAu hay mdt may méi (so d6 ciu tao, ddng hoc, dong luc hoc).

2. DOl TWONG NGHIEN CclrU

D6i tugng nghién cttu ciia mon hoc 1a mdy va cd ciu

- Co cdu: 1a tip hop cdc vat thé c6 chuyén dong xdc dinh 1am nhiém vu truyén hay
bi€n ddi chuyén dong.

- Mdy: 1a tip hdp nhitng cd cdu c6 nhiém vu bi€n ddi hoic st dung ndng lugng dé
tao ra cong c6 ich. Nhu vay mdy ciing bao gdm cdc vit thé chuyén dong nhung cé nhiém
vu cao hon co cdu 1a bi€n d6i hoic st dung ning lugng tao ra cong c6 ich.

Theo cong dung mdy dugc chia thanh 2 loai

- M4y bién ddi ning lugng: gdm mdy bi€n ddi tir co ning thanh ning lugng khic
nhu mdy nén khi, may phat dién..; may bi€n ddi tif ning lugng khic thanh co ning (thudng
dudc goi 1a ddng cd) nhu dong co dién, dong co dot trong, tuabin thuy lyc ...

- M4y cong tdc 1a nhitng may st dung cd ning d€ lam thay d8i trang thdi, tinh chat,
hinh dang, kich thudc, vi tri ... ciia cdac vat thé. Vi du nhu mdy cit got kim loai, mdy ndng
nghiép, may van chuyén... . i . o

Theo phuong phap di€u khién, méy dugc chia thanh: may dicu khién bang tay, may ban
tw dong va may tu dong. Trong may tu dong, tat ca cac nguyén cong deu duoc thuc hign theo
chuong trinh dinh san, nho str dung cac thict bi dién tu, dién — khi nén, dién — thuy luc,... vi
du: may cat kim loai dieu khién theo chuong trinh s6 CNC (Computerized Numerical Control),
cac may san xuat duoc dicu khién theo chuwong trinh 16-gic PLC (Programed Logic Control),...

Vé mit chic ning, c6 thé coi may 12 mot hé thdng bao gdm cdc bd phan chifc ning
quan hé chit ché theo sd db sau:

Ngudn dong .| Bo truyén va bién .| BOchap .| Dai tugng
luc ddi trung gian hanh gia cOng

A

P> A 32 A A
»  BO diéu khién

Hinh 0-1: So dé cdu tao may
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Cac loai co cau chu yéu dung trong nganh co khi:

+ Co cau nhiéu thanh.

+ Co cau cam.

+ Co cdu banh ring (truyén dong banh ring).

+ Co cau banh ma sat.

+ Co cau d&o: truyén dong dai, truyén dong xich. ..

+ Va mot sd co cau chuyén dung khic nhu: Co cdu Malte, co ciu Cac-dang, co ciu
banh coc,...

3. NOI DUNG MON HOC

Noi dung ctia mdn hoc nay 1a nghién citu nguyén ly cdu tao, dong hoc va dong luc
hoc ciia ¢d cdu va mdy, nhim gidi quyé&t hai bai todn :

- Phan tich nguyén 1y ciu tao, dong hoc va dong luc hoc clia cd cAu va may da

cho truéc.
- Téng hop (hay thi€t k&) co cAu thda man nhitng diéu kién dong hoc, dong luc
hoc da cho.

Nghién ctru vé cau tao, dong hoc co cau la nghién ctu Vé nguyén ly ciu tao cua cac co
cau, nghién ciu chuyen dong cua cac phan tir caa co cau xét vé mat hinh hoc (khong chu y dén
cac luc gay ra chuyén dong), nghién ctru dén cac phuong phap thiét ké cac co cau theo cac
thong sé dong hoc da cho.

Nghién ctu vé dong luc hoc co cau va may la nghién ctru cac phuong phap xac dinh
chuyén dong cua cac khau, co ciu dudi tAc dung cia cac lyc bén ngoai.

4. PHUONG PHAP NGHIEN CUU

Dé giai quyét cac bai toan trén, trong Nguyén Iy may ding hai phuong phap sau:

a) Phuong phadp gzal tich: phuong phap nay dugc xay dung dua trén co s¢ ap dung cac
phuong phap toan hoc vao VIeC nghién ciu. Uu diém cua phuong phap nay 1a cho phep dat do
chinh xac cao, cac thong sb khac nhau dugc biéu thi bang cac biéu thirc giai tich. Vi thé cd thé
dé dang nghién ciru anh hudéng cua cac thdng sb nay déi vai cac thong sé khac. Nhung né doi
hoi nhiing kién thire nhat dinh vé hinh hoc gidi tich, giai tich tenxo ma tran, gii tich vecto,
ham bién phirc, phuong trinh vi phan, tich phan. ..

b) Phwong phdp vé (gd6m phuong phap db thi va phuong phap hoa dd vecto) noi chung
thuan tién vi né cho phép giai bai toan mot cach nhanh gon ma van dat dugce d6 chinh xac can
thiét trong ky thuat. Ngoai ra, trong nhiéu truong hop, quan hé giita cac bai tinh Nguyén ly
may duoc cho dudi dang cac do thi vi thé dung phuong phap vé hoa do vecto va phwong phap
d6 thi s& thuan tién hon.

5. GIO'I THIEU TAI LIEU
Tai liéu chinh:
+ Bai giang Nguyén ly may.
+ Bai tap Nguyén ly may — Ta Ngoc Hai — NXB KH & KT — 2003.
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Phan |: CAU TAO va PONG HOC CO CAU

Chwong 1: Cau tao va phan loai co’ cau

1. NHIPNG KHAI NIEM CO BAN

1.1. Co cau
- Pinh nghia: Cd c4u 13 nhitng thanh phan co bin cda mdy c6 chuyén dong xdc dinh.
D6 1a nhitng hé thdng cd hoc dung d€ bi€n d6i chuyén dong clia 1 hay 1 s§ vat thé thanh
chuyén dong can thi€t ciia cdc vat thé khéc.
- Nhiém vu cud cd ciu Ia thyc hién cdc qud trinh k§ thuat nhd chuyén déng cua cac
phan t clia né
- Céc phan tf cud co cau: ciac khiau va khép dong.
1.2. Ti€t may
Mot bo phan khong thé thdo rdi nhé hon dugc nita clia co ciu hay clia mdy dugc goi
1a chi ti€t may, goi tit 1a ti€t may. Vi du: bu 16ng, dai 6c, truc, bdnh ring...
1.3. Khau
Mot hay mot s6 ti€t mdy lién két ciing v6i nhau tao thinh modt bd phian c¢é chuyén
dong tuong doi so v4i bd phan khéc trong cd cAu hay may dugc goi 1a khau.

bac

.4

]

-
(

| NN

il

Hinh 1-1. Thanh truyén.

Vi du thanh truyén (H.1-1) bao gdm nhiéu ti€t mdy ndi ciing vdi nhau, ti't cd céc ti&t
mdy khong c6 chuyén dong tuong d6i v6i nhau khi thanh truyén chuyén dong. Thanh
truyén dudc coi 1a 1 khau.

Mo6n hoc nguyén 1y mdy chi xét dén khdu va coi khau nhu 13 thanh phin cd bin
trong cd cAu va may, dong thdi khiu dugc xem nhu 12 vat rin tuyét doi.

Giao trinh Nguyén Ly May 5
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Tén goi: khau din, khau bi din va gid (khau c6 dinh).
1.4. Khép

M&i n6i dong giita hai khau 1ién nhau d€ han ch& mot phan chuyén dong tuong ddi
giita chiing dudc goi 12 khdp dong (goi tit 1a khdp). Toan bd chd ti€p xiic giita hai khau
trong khép dong dugc goi 1a thanh phan khép dong.

Thong s6 x4c dinh vi tri tuong ddi gifta cdc thanh phan khép dong trén cling mot
khau goi la kich thuéc dong, nd dnh hudng dé€n cic thong s6 dong hoc, dong lvc hoc co cau.

Khép dong duge phin loai theo nhiéu cdch :

a. Phdn loai theo s6 bdc tu do bi han ché (hay 56 rang budc)

Néu dé€ r8i 2 khau trong khong gian, sé c¢6 6 khd ning chuyén dong tuong ddi doc
1ap v6i nhau bao gdm: 3 kha ning chuyén dong tinh ti€n theo 3 truc; ky hiéu T,, Ty, T,va 3
chuyén dong quay quanh 3 truc; ky hiéu Q,, Qy, Qx (H.1-2). Mdi khé ning chuyén dong
nhu vy dudc goi 1a mot bac tu do. N6i cdch khac, hai khiau d€ rdi trong khong gian c6 6
bac ty do tuong ddi véi nhau.

(Y
4 TZ
Hinh 1-2: Cac bdc tw do

N€&u cho hai khiu ti€p xic véi nhau, tao thanh khép dong thi giita ching xudt hién
nhitng rang budc vé mit hinh hoc han ch€ bét bac tu do twong d6i cia nhau. Nhu vy khép
lam gidm di s6 bac ty do ctia khau. S6 bac ty do bi khép han ché bdt dudc goi 1a s6 rang
budc. Khép c6 k rang budc duge goi la khdp loai k (0 < k < 6; bang 1). Vi du: khép rang
budc 1 bac tu do gitra 2 kh@u, s6 bac ty con lai 1a 5, khép dude goi 1a khép loai 1.

Chu y: Trong mat phang chi cé khép loai 4 va khaop loai 5.

b. Phan loai theo tinh chdt tiép xiic

- Khép loai cao: khi cdc phan tif khép dong 13 dudng hay di€m. Vi du khép banh ma
sdt, banh ring, co cAu cam...

- Khép loai thap: khi cdc phan tit khép dong 1a cac mit. Vi du khép quay (bdn 1€),
khép tinh ti€n, khép cau...

c. Phdn loai theo tinh chdt ciia chuyén dong tuong doi giita cdc khdu: khép tinh tién,
khép quay, khdp phing va khép khong gian. Khép phang ding dé ndi dong cac khau trong

Giéo trinh Nguyén Ly May
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cung mot mat phang hay trén nhirng mat phang song song nhau, khép khong gian noi dong cac
khau nam trén nhirng mat phang khdng song song nhau.

Bdng 1. Cdc logi khdp dong

Khép dong Tén goi Lugc do S6 rang | Bac ty do | Loai khép
budc con lai
Z Qui cau - mit 1 5 1
hing O
oy :
z Khéi tru - Mit 2 4 2
’ phing —07
S
L Khdi hop - mit 3 3 3
phing _1

Khép cau
o

Khép cau c6 4 2 4
chdt

Khdp tru 4 2 4

5 Khép tinh tién 4;% 5 1 5

v
X
VA Khdép quay 5 1 5
H 3 =
1) N
Khép vit 5 1 5
2y —WWW—
H I
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1.5. Lugc do dong

a. Lugc do ciia khdu

Pé thuin tién trong qud trinh gidi quyé&t bai todn
nguyén 1y may, cdc khau dudc bi€u dién bing cic sd dd
don gidn goi 1a ludc dd clia khau. Lugc do khau phdi thé
hién ddy di thanh phan khép dong va céc kich thudc dnh
hudng dén tinh chit dong hoc cla co ciu. Kich thudc nay
dugc goi la kich thudc dong. Thong thudng, kich thude
dong 1a kich thudc gifta tAm cdc thanh phan khép dong
trén khau. Vi du:

b. Lugc do déng ciia khdp Hinh 1-3: Luoc dd déng

Ciing nhu khau, d€ thuin tién trong qué trinh nghién ctu cd cdu va mdy, cic khép
dong dugc bi€u dién bing cic hinh vé& qui uSc goi la lugc dd dong cia khdp (goi tit 1a lugc
dd). Céc loai khép dong va lugc do trinh bay trong bang 1.

1.6. Chudi dong va co ciu

a. Chuédi dong

Chudi dong 1a tip hgp cdc khau lién k&t v6i nhau bing cdc khép dong trong 1 hé
thong. Chudi dong cé thé dugc chia thanh chudi dong phing, chudi dong khong gian; dong
thdi 12 chudi dong kin hoic chudi dong hd.

- Chudi dong phing 1a chudi dong trong d6 cic khiau chuyén dong trong mot mit
phiang hoic nhiéu mit phing song song v4i nhau.

- Chudi dong khong gian 1a chudi dong trong d6 cdc khdu chuyén dong trong nhitng
mit phing khong song song v6i nhau.

kich thutc dong

[ 1 o
lugc do

Hinh 1-4. Chudi déng phang Hinh 1-5. Chuéi déng khdng gian

- Chudi dong kin 12 chudi dong trong d6 cdc khau tao thainh mot hay nhiéu chu vi
khép kin, mudn th&€ mdi khau phdi tham gia it nhat 2 khép dong.

- Chudi dong hd: 1a chudi dong trong dé cdc khau khong tao thanh chu vi khép kin,
nhu vay trong chudi dong c6 nhitng khau chi tham gia 1 khép dong.

Giéo trinh Nguyén Ly May
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A 1 B A B

=]

of

cl3

Hinh 1-6. Chudi dong kin Hinh 1-7. Chudi dong hé

b. Co cdu

Co ciu c6 thé dugc dinh nghia theo cdch khic: Co cau 1a mot chudi dong kin c6 mot
khau cd dinh va chuyén dong theo qui luat xdc dinh.

Khau c6 dinh dugc goi 1a gid (trong luge dd, gid dudce ky hiéu ddu gach gach chitng
td khong chuyén dong)

Theo tinh chit ctia chudi, cd ciu ciing dudc chia thanh co cAu phing va co ciu
khong gian.

2. BAC T¥' DO CO CAU
2.1. Dinh nghia
Bic tu do clia cd ciu 13 s6 thong s& doc 1ap can thi€t d€ xdc dinh vi tri clia c¢d cau.
Pong thdi bac ty do ciing chinh 13 s& kha niang chuyén dong doc 1ap clia cd ciu d6.
2.2. Cong thiic tinh bdc tu do ctia co cdu
Bac tu do thé hién cho kh3 nang Chuyé'n dong clia cd cau, né phu thudc vao s6 khau,
khép va loai khép.
Goi W, 1a s6 bac tu do tuong ddi clia t't cd cdc khau trong co cdu d€ rdi so véi gid,
g0i R 14 tdng s6 rang budc trong cd ciu, thi bic tw do W cda co cidu dudc tinh
W=W,-R (1-1)
- Xdc dinh W,: trudng hdp tdng quat, mot khau d€ rdi trong khdng gian c¢6 6 bac tu
do twong ddi so vdi gid, nén néu cd cdu c6 n khau thi s6 bac ty do tuong doi s€ 1a
W, = 6n (1-2)
- Xdc dinh R: Mbi khép dong sé& han ch€ mot s§ bac tu do bing ding s6 rang budc
clia khép d6. N&u goi p;1a s& khdp loai i trong cd cAu thi tdng s6 rang budc sé& 1a
5
R=)"ip,=5ps+4ps+3ps +2p, +1p;  (1-3)

i=1l
Thay (1-2) va 1-3) vao (1-1) ta c6 :
W = 6n— (5ps + 4p4 + 3p; + 2p, +1p1) (1-4)
* P6i vdi co cdu phdng
- Mot khau c6 nhiéu nhd't 3 bac tu do so v6i gid. Nén tdng s6 bac ty do ctia n khau
s€ la
Wy =3n
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- Mot khép c6 nhiéu nhat 1a 2 rang budc, néi cach khdc cd cdu phang chi chita khdp
loai 4 va loai 5. Mdi khdp loai 4 trong co cAu phing chi c6 thém 1 rang budc nén s6 rang
budc ctia p, khép loai 4 12 1xp,. Mbi khdp loai 5 trong mit phing c6 thém 2 rang budc nén
s6 rang budc clia ps khdp loai 5 14 2xps. Nén tdng sd rang budc trong cd cAu phang

R=2ps+ps
> W =3n- (2ps + ps) (1-5)
2.3. Rang bujc truc tiép - Rang bujc gidn tiép

Rang budc giita hai khau do khép ndi truc ti€p giita chiing goi 1a rang budc truc tiép.

Su rang budc giita hai khau khong phai do tdc dung truc ti€p cia khép ndi hai khau
dé goi la rang budc gidn ti€p.

Xét vi du trén H.1-8

Hinh 1-8. Co cdu c¢6 rang budc gidn tiép

Su rang budc gitta khau 1 va 2, gitta 2 va 3, gifta 1 va 4 trén H.1-8a 1a rang budc
truc ti€p. Khau 3 va khiu 4 chua ndi v6i nhau nhung do tdc dung ciia cdc khép A, B, C
nén khau 3 da xudt hién 3 rang budc: Q, , Qy va T, dugc goi 1a rang budc gidn ti€p.

Né&u ndi khau 3 véi khau 4 bing khép D (H.1-8b), khép D c6 5 rang budc truc tiép:
T, Ty, T,, Qx, Qy. Tuy nhié€n trong d6 ¢6 3 rang budc Qy, Qy, T, da c6 khi chua xud't hién
khép D. Ba rang budc nay dudc goi la rang budc trung.

Chii ¥: rang budc triing chi xuat hién & khép ndi cdc khau da c6 rang budc gidn tiép
tic 12 chi ¢6 & khép khép kin clia chudi dong. N6i cdch khdc, rang budc tring chi ¢6 &
chudi dong kin.

Khi co cu ton tai rang budc gian tiép thi sé rang budc caa co cau duoc tinh

R=Zsji-pi -Ryg (1-6)
i=1
2.4. Rang budc thiia - Bdc tu do thiia

- Rang bugc thira 1a nhitng rang budc xuat hién trong cd cAu ma néu bd ching di thi
qui luat chuyén dong clia co ciAu khong thay ddi. Xét cd ciu trén H.1-9.

B D F

A4

‘7“ o
A c E
Hinh 1-9. Co cdu ¢é rang budc thita
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Néu bd di mot trong 3 khau 1, 2, 3 va khdp kém theo thi chuyén dong cia co ciu
khong thay d6i. Nghia 1a vé& phuong dién chuyén dong thi viéc thém khiu 2 hoic 3 1a thira.
Viéc thém khiu khau 2 hodc 3 lam cho bic ty do ting I€n:

3n-2ps=3x1-2x2=-1

No6i cdch khéic 1a tdng thém 1 rang budc. Rang budc nay chinh 1a rang budc thira.
Nhu vay khi tinh s6 rang budc clia ¢d cdu chiing ta khong tinh dén rang budc thira. Néu goi
s6 rang budc thira 12 r, thi s6 rang budc clia cd ciu la

5
R=Zi.pi -Ry-r1 (1-7)
i=1
- Bdc tw do thita 1a nhitng bac ty do clia cdc khau trong ¢ cAu ma néu bd chiing di

thi qui ludt chuyén dong clia co ciu khong thay ddi.
Xét cd cau cam trén H.1-10

Hinh 1-10. Co cdu cé bdc tu do thita
Chuyén dong clia con lin 2 khong 4nh hudng dén chuyén dong cda co cidu. Bac tu
do nay (con lin 2 quay) goi la bac tu do thira. Khi tinh bac ty do clia cd cAu khong tinh dén
bac tu do thira nay. Goi s 1a bac tu do thira thi cdng thifc tinh bac ty do clia co ciu
W=W,-R-s
2.5. Cong thiic tdng qudt
- Co c4u khong gian :
W=6n-GSps+4ps+3p3+2p,+ 1p;-Rp-1) -5 (1-8)

- Cd ciu phiang
W=3n-2ps+ps-1)-5 (1-9)

2.6. Y nghia ciia bic tu do, khdu dén va khéu bi ddn
Dé thay rd ¥ nghia bic tu do, so sdnh 2 c¢d ciu trén H.1-11

Hinh 1-11. Bdc tu do ciia co cdu 4 va 5 khdu
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Cd cAu 4 khau trén H.1-11a ¢6 1 bac tu do nén chi can 1 thong s6 ddc 1ap (géc @) thi
vi trf ¢o cAu hoan toan xdc dinh, ddng thdi cd cau chi c¢6 1 kha ning chuyén dong doc lap,
gid st 12 chuyén dong cia khiu 1 quay quanh A, né€u ditng chuyén dong nay thi co ciu
ciing sé& dirng lai, khong con chuyén dong nao nita. Néu cho trude qui luit chuyén dong
clia @ theo thdi gian, thi qui ludt chuyén dong clia co cidu hoan toan xdc dinh. C6 nghia 1a
néu biét trude qui luat chuyén dong cia mot khau bat ky thi qui ludt cda toan co cdu hoan
toan xdc dinh.

V6i cd cau 5 khau trén H.1-11b c6 2 bac tw do nén né€u chi bi€t mot thong sd doc lap
(gid st @) thi chua di d€ x4c dinh vi tri clia toan bd cd cAu. Mudn xdc dinh hoan toan vi tri
co cAu can phai bi€t thém mot thong s6 doc 1ap nita (gid si 1a B). Pong thdi, vé chuyén
dong, cd cAu nay cé hai kha ning chuyén dong dong 1ap nén néu chi dirng mot chuyén
dong (gid st dirng khau 1) thi co cdu 4 khau con lai (BCDE) van chuyén dong dugc. Néu
dirng thém mot chuyén dong nita (gid s dirng khau 4) thi co cAu méi c6 dinh. Can phai
bi€t trudc 2 qui luat chuyén dong (gid s clia @ va P) thi qui luat chuyén dong cla co ciu
hoan toan xac dinh.

Qua phan tich hai cd cdu chiing ta thdy: d€ cd cAu chuyén dong xdc dinh, s& qui luat
chuyén dong ddc 1ap cAn bi€t trudc phai bing sd bac tu do ciia co cau.

Khau c6 qui luat chuyén dong biét trudc dude goi 1a khau din. Cdc khau dong con
lai dudc goi 1a khau bi dan.

Thong thudng khau din 1a khiu ndi v6i gid bing mot khép quay loai 5; mdi khau
din chi &ng v6i mot qui luat chuyén ddng cho trude. Vi vay, dé co ciu c6 chuyén dong xic
dinh, s6 khau din phai biing so bac ty do.

3. PHAN TiCH CAU TAO CO CAU THANH PHANG
3.1. Nhém tinh dinh (At-xua)

Phan tich ciu tao clia co ciu ta sé& tim dugc nhitng dic di€m ciu tao lam co s xdc
dinh phuong phdp va trinh ty nghién citu cd cdu. Theo phuong phdp phan tich ciu tao co
ciu cla At-xua: n€u mot cd cdu c6 W bic tu do thi bao gdm W khau din va nhitng nhém
c6 bac tu do bing khong. N6i cdch khéc, cac khdu trong mot cd cdu dugce chia lam 2 loai:

- Loai thit nhit 1a khau din c6 qui lugt chuyén dong bi€t trude, s khau loai nay bang
sO bac tu do cua co cau.

- Loai thit hai 1a cdc khau bi din tdp hgp thanh nhitng nhém tinh dinh ¢6 bac tu do
bing khong, con goi 1a nhém At-xua.

Xét cd cAu phiang chi chita toan nhitng khép thap gdm n khau va ps khép loai 5, mot
nhém At-xua phii théa min diéu kién ctia nhém:

Winem =3n-2ps=0
Vi s6 khau va khép phdi Ia s6 nguyén nén cdc nhém dugc phan loai nhu sau

n=2 2>  ps=3 =>» nhém 2 khau 3 khép
n=4 2>  ps=6 =>» nhém 4 khau 6 khép
n=6 2>  ps=9 =>» nhém 6 khau 9 khép
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* Qui udc :

Nhém 2 khau 3 khdp goi la nhém loai 2 (H.1-12a, b, ¢, d, €)
Nhém 4 khau 6 khép goi la nhém loai 3 (H.1-12f, g)

Nhom 6 khau 9 khép goi 1a nhém loai 4 (H.1-12h)

e) f)

Hinh 1-12: Nhom At-xua
3.2. Nguyén tdc tich nhom

- Khi tdich nhém phdi bi€t truéc khau din. Khau din va gid khong thudc cdc nhém.

- S& khau va khép phdi thod min di€u kién bic tu do cda nhém. Khép bi tich thi
xem 12 d nhém vira tach.

- Sau khi tdich nhém ra khdi co cAu, phan con lai phdi 13 co cAu hoan chinh hoic 1a
con lai khau din ndi véi gid. Nhu vay, viéc tdch nhém phai ti€n hanh tir xa khiu din dén
gin khiu din.

- Phéi tdch nhém don gidn trude, n€u khong dugc thi méi tdch nhém phitc tap hon
(loai cao hon).

3.3. Xép loai co cdu

- Khau dan goi 1a co ciu loai 1

- Cd cdu chi chita 1 nhém At-xua thi loai cla co cdu 1 loai ciia nhém At-xua dé.

- Cd cu chita nhiéu nhém At-xua thi loai ca co cdu 12 loai ciia nhém At-xua c6
loai cao nhAt.

* Cac vidu:

- C ciu 4 khau ban 1€ trén H.1-11a: bao gdm gid, mot khau din 1 va mot nhém At-
xua 2 khau 3 khép. Cd ciu thudc loai 2.
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c C
3 D
2 2
B 3 .
4
D
lﬁ 1
E

)

a) D)
- CoO cau 5 khau trén H.1-11b: bao gdbm mot gid, 2 khau din (1 va 4) vd mdt nhém
At-xua 2 khau 3 khép. Cd cau thudc loai 2.

A

- Cd cdu bom oxy trén H.1-13: bao gdm mét gid, 1 khau din (1) va mot nhém At-
xua 4 khau 6 khép. Cd ciu thudc loai 3.

Hinh 1-13: Co cdu cé nhém loai 3
- Co ciu may bao ngang trén hinh 1-14: bao gdbm mot gid, 1 khau din (1) va mot
nhém At-xua 4 khiu 6 khép. Co ciu thudc loai 3.

, Hinh 1-14: Co cdu c6 nhém loai 3
- Co cau may nén trén hinh 1-15a:
Chon khau 5 1am khau din (H.1-15b) ta dugc 1 nhém At-xua loai 3. Cd ciu loai 3
Chon khau 1 1am khau din (H.1-15¢) ta dudc 2 nhém At-xua loai 2. Co ciu loai 2
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a) b)

Hinh 1-15: Co c4u may nén

4. THAY THE KHOP CAO bang KHOP THAP
(Tham khao PL 1)

©)
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Chwong 2: Phéan tich déong hoc

1. NOI DUNG va Y NGHIA ctia NGHIEN Cl’U PONG HOC

Phén tich dong hoc co cau 1a nghién Cl’Iu?Chuyén dong cua co cAu khi cho truge co caflu
va quy luat chuyén dong cua khau dan. Cu thé: cho trude luge do co cau, quy luat chuyén
dong cua khau dan, can phai:

- Xdc dinh vi tri ctia cac khiau va quy dao cua cic di€m trén khau trong qué trinh co
cau chuyén dong. Pay la bai toan vi tri (chuyén vi).

- Xdc dinh vén toc cla cic diém trén khau va van tdc géc cac khau tai timg vj tri va
quy luat van toc cac diém trén khau, van toc goc cac khau khi co cau chuyén dong. Day la bai
toan van toc.

- Xdc dinh gia toc cla cic diém trén khau, gia toc goc cac khau tai timg vi tri va quy
luat gia toc cac diém trén khau, gia toc goc cac khau khi co cau chuyén déng. Day la bai toan
gia toc. , S 7

Khi nghién cau dong hoc co cau ta khong dé y dén nguyén nhan cua chuyén dong va
thuong gia thiét khau dan chuyén dong deu.

Phan tich dong hoc mang nhiéu y nghia trong viéc thi€t k€ mdy, vi du : xdc dinh vi
tri, qui tich d&€ phdi hop chuyén dong clia cdc bd phan mdy, thi€t k€ vé mdy, cdc bd phin
che chin, bd tri khong gian 1ip dit mdy,..; xdc dinh van téc 13 cd s& dé xdc dinh cdc dai
lugng dong lyc hoc nhu dong ning, cong suit,.. d€ tinh todn ning lugng, lam déu chuyén
dong ctia mdy..; xdc dinh gia tdc d€ tinh luc qudn tinh, tir d6 gidi bai todn 4ap luc khép
dong...

Phuong phéap nghién ctru dong hoc: ¢6 thé dung phuong phap giai tich, phuong phap dd
thi hay phwong phép vé (hoa do vecto). Trong mén hoc, chu yéu gigi thiéu phuong phap vé.

2. BAI TOAN XAC BINH VI TRi CUA CO CAU
Xéc dinh vj tri co cau 1a vé& luge do dong cua nd véi nhirng vi tri khac nhau cua khau
dan va&i mot ti & xich nhat dinh.
% S6 liéu cho trudc:
+ Luoc d6 dong cua co ciu.
+ Khau dan.
% Yéu cau:
+ Xac dinh quy luat chuyén vi caa cac khau bi dan theo g6c quay ¢ cua khau dan:
- Quy luat chuyén vi s = s(¢) néu khau bi dan chuyén dong tinh tién.
- Quy luat chuyén vi y = (o) néu khau bi din chuyén dong quay.
+ Quy dao ciia mot diém bat Ky trén co cau.
Ti l¢ xich (TLX):
Goi K, I ti I& xich chiéu dai:
Chidu dai thyc (m)
Chiéu dai doan biéu dién "(mm)
Céac gia tri nén chon cua TLX:

1= 2-1)
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1:1; 1:10; 1:100; 1:1000; 1:10.000
1:2; 1:20; 1:200; 1:2000; 1:20.000
1:5; 1:50; 1:500; 1:5000; 1:50.000

Vidu V& quy dao cua trung diém M trén thanh truyén AB, d6 thi Chuyen Vi Cua con trugt B
Clia co cAu tay quay — con truot. Biét khau dan 1a tay quay OA c6 chiéu dai 1m, thanh truyén
AB c6 chiéu dai 2,5m (Hinh 2-1).

As

Az P élP— \\\ As

Hinh 2-1: phirong phdp vé - xdc dinh Vi tri co cdu
+ Chon TLX K; (m/mm) va v& quy dao diém A 1a dudng tron tim O, ban kinh OA =
1oa/Ky; sau d6 V& quy dao con truot B 1a duong thang di qua O va song song v6i phuong truot.
+ Chia vong tron quy dao diém A thanh nhiéu phan bang nhau (gia str 8 phan) duoc Xac
dinh boi cac diém Ay, A, ... A, ..., Ag, tir d6 xac dinh vi tri twong tng cua diém B 1a B, B,
...Bij, ..., Bg (voi Bj 1a giao dlem cua vong tron tam A, ban kinh AB véi phuong truot).
+ Trén A;B;, A,B,, ..., AgBg xéac dinh cac diém Ml, M,, ...Mg. Nbi cac diém My, M,,
.. Mg bang mot duong cong I|en tuc ta ¢ quy dao cua diém M (H.2-1).
+ Cach xay dung dd thi chuyén vi s = s(t) hay s = s(¢) trong d6 s 1a chuyén vi caa con
truot B; t la thoi gian; ¢ la géc quay cua tay quay OA nhu sau:
= Goi n lasé vong quay cua tay quay OA trong 1 phit.
= LAy x la doan thang trén truc hoanh d¢ (truc thoi gian t, hay truc goc quay ¢) tng véi 1
vong quay (1 chu ky) cua tay quay, khi d6 TLX goc quay ¢ (K,), hay TLX thoi gian t (K) s&
la:
_ 2rn (rad) . K, = 60 (9)
CHE ' t = T N
X (mm) nx (mm)
= Chon TLX chuyén vi K, = K.
= Chon vj tri cuc bién bén trai 1am goc toa d6 (B1), doan B1B, 1a chuyén vi cua con truot
B tuong (ng véi goc quay A;OA,, ..., doan B;Bg 1a chuyén vi cua con trugt B twong tng Voi
goc quay A;OAg. D6 thi chuyén vi duoc thé hién & hinh 2-11.

(2-2)

3. XAC BINH VAN TOC, GIA TOC (bang phwong phap vé)
3.1. Ly thuyét vé dai s6 vecto
Néu mot vecto A duoc biéu thi:
z\=§1 +§2 +...+§n
{K=E1 +62 +...+6n
S& duoc biéu dién bang cach vé mot da giac vecto nhu trén hinh 2-2.
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Hinh 2-2: da gidc véc to

Tir hinh V& ta thay:
+ Céc vecto Bi, C1 va A cling géc.
+ Cac vecto Bn, Cn VA A cling ngon.
+ Céc vecto Bi, B2, ... Bn ndi tiép nhau. Cac vecto Ci, Cs, ...C, ndi tiép nhau.
Néu B va Cn chua biét do I6n (da biét phuong) ma ta can xac dinh vecto A thi hé
phuong trinh 2 an trén s€ giai duoc bang hoa do vecto.
3.2. Ly thuyét dong hoc
a) Khdu chuyén djng tinh tién: Vin toc cla tit ci cdc di€m trén khiu bing nhau va
ti€p tuyén véi quy dao, cdc vectd gia tdc c6 cing md dun va song song v4i nhau.
b) Khéau quay quanh 1 truc cd dinh di qua O (H.2-3a)
-Vantde: Vg = @, Joa
+ DG 16n: Vo = o.1oa
+ Phuong vudng géc v6i OA, c6 chiéu theo chiéu tic dung clia .
- Gia t6c: a,, =al, +a'
2
+ Giatéc phap: a’y, = ©.1y0 = \I/—A; huéng A —> O
OA

+ Gia toc tiép: a'y = £.1,50; ¢6 phuong vudng géc véi OA, chiéu theo chiéu
tac dung clia ¢.
A 2

c)
Hinh 2-3: cdc dang chuyén dong ciia khdu (vt rdn)

¢) Khdu cé chuyén dong song phing (H.2-3b)
Vo =V, + Vg,

- - = —

a; =a, +ag + ay
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d) Trung diém A (H.2-3c)
Goi Ay, A, 13 2 di€m hién dang tring thudc 2 khau 1 va 2. C6 2 trudng hop x4y ra.
v Khiu c6 di€m A, (khdu 1) chuyén dong tinh ti€n hoic c& dinh.
Vio =V +Viou
a,, =a, +al,, (c6 phuong ti€p tuyén véi qui dao chuyén dong tucng doi
gitta A2 va Al).
v Khiu 1 dang quay quanh truc 1 truc c6 dinh hoic chuyén dong song phing vdi van

tdc goc wi.

Va =V +Vou

— r k
aAZ - a‘Al + aAZAl + aA2A1

Trong d6: Gia tc Coriolix a%,,, =2w.V,,,
+D0o 16n: ak,, = 2. ®. Va1 (xét trén co cau phang)
+ Phuong, chiéu chinh 1a phuong, chiéu ciia V,,,, da quay 90° theo chiéu tdc dung
clia o ;.
3.3. Hoa dd van toc va gia téc ciia co cAu loai 2
Bai toan cho biét:
e Kich thudc ctia cdac khau.
e Van tdc géc clia khdu din
e Lugc d6 dong clia co cau vé v6i TLX K (tai 1 vi tri cho truéc)
a) Truong hop co cdu chi toan la khép quay (co cdu 4 khdu bdn 12).
Trinh tu vé hoa do véan téc:
v" Tinh van toc di€m A cia tay quay: Va = o1.lpa (m/s)
v" Chon TLX &€ vé hoa d6 van toc K,
van tbe thue (m/s)
7 chiéu dai doan bicu dién (mm) 7 ‘
Chay: O nhitng co cau don gian va cac vi tri dac biét cd thé khdng can s dung TLX.
v' Chon diém cuc p, d€ v& hoa db van tdc; vécto p,a biu thi van toc diém A 1a:

v —

—_

P = A (mm)
\

v X4c dinh van toc diém B

Vg=Va+Vaa 1)

VB:VCTVBC (2)_ o

Hoa do thé hién ¢ hinh 2-4: = V g = p,b x K,.
v X4c dinh van t6c diém D

Vp=Va+Vopa (3)

VD:VB:"VDB (4)_

Hoa do thé hién ¢ hinh 2-4: = V p = p,d X K,.

% Nguyén Iy dong dang vé van toc:
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Hinh n6i cdc di€m trudc ciing mot khau dong dang thuin véi hinh ndi cdc miit
vécto van tdc (tuyét ddi) cla cdc di€m dé trén hoa do van tdc.
v’ Xac dinh van toc gdc cua cac khau va van toc mot diém bat ky.

<
b3
<
8
<
w

Hinh 2-4: cach vé hoa doé van téc & gia toc ciia co cau chi toan 1a khép quay
Trinh tu vé hoa db gia toc:
v' Tinh gia t6c di€m A clia tay quay OA:
ax=a"y = 02.lxo (m/s?), chiéu hudng tir A vé& O

v Chon TLX @€ vé& hoa dd van toc K, :

gia téc thuc (m/s?)
chiéu dai doan biéu dién (mm)
v' Chon di€m cuc p, d€ vé hoa dd gia tdc; véctd p,a’ bi€u thi gia téc diém A la:

—_

a =

1 aA
a = — (Imm
Pa " (mm)

a
v' Xdc dinh gia t6c di€m B
ap=axs+ a'ga+ a'ga
ap=ac+ a'gc+ a'pe

2 2
Trong d6:  a'gs = Vﬁzﬂ.Kv2 (m/s>); huéng tr B — A,
|AB IAB
2 2
e = Yﬁ:?i.Kf (m/s?); huéng tr B — C,
BC BC

Trén hoa d6 gia toc, cac vecto biéu dién céac gia toc phap c6 chiéu dai xac dinh theo
cong thuc:
ar, ab? K2 ar. bc? K?
Npa = BA = — | ; Npe = BC - (mm)
K, lg K K, lgo K

a a

a a

al, =¢&.lga, phuong a'ga L BA;
al. =es.lgc, phuong a'ge LBC.
= hoa d6 gia toc hinh 2-4
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= ag = pab’.K,
v' Xiéc dinh gia toc di€m D
aD— aa+ a"pa + a'pa
ap=ap+ a'ps+ a'pp
Gia téc diém D thé hién trén hoa dd: = ap = p.d’ K,
< Nguyén Iy dong dang vé gia tdc: Hinh ndi cdc di€m trudc cing mot khau
dong dang thuin véi hinh ndi cdc mit vécto gia toc (tuyét doi) clia cdc diém d6 trén hoa
dd gia tdc. , ‘ o
v Xéc dinh gia toc gbc: dua vao cac thanh phan gia toc tiep.
b) Truong hop co cdu cé khdp tinh tién (Co cdu culit)

phuong //AsB

phuong L AB

VA}A]

a's

a''=a"

Hinh 2-5: cach vé hoa do vdn téc & gia téc ciia co cau c6 khap tinh tién
Hoa @6 van toc:
+ Tinh VA VA (D]_ IOA (m/S)
+Piém A gom 3 diém: trén khau 1 13 Ag; trén khau 2 13 A,; trén khau 3 13 As.
+ Khau 1 va khau 2 ndi dong véi nhau bang khép quay: = V a1 = V a2
+ Van tdc diém A trén khau 3:

Vaz=V otV aza
Vas=Vg+Vags
v A3a2 €O phuong song song v6i phuong truot cua khau 2.
Hoa d6 van téc thé hién ¢ hinh 2-5.
+ Xac dinh cac van téc goc va cac van tdc tuong dbi.
Hoa db gia téc:
+Tinh ax: ax=02.loa (M/5)
+ Khau 1 va khau 2 ndi dong voi nhau bang khép quay: = aar = aaz
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+ Gia toc diém A trén khéu 3:
aa3= am+ a s+ aasa
aps=ag+a'ampt aam
asne| = 203.Vaza2 = (2Vaz/lase) - Vaza
= 2.K,2.a3D.238,/1 a3p

Chicu cua aasa; 1a chidu cua V asaz quay di 90° theo chiéu téc dung cua ws.
Hoa do gia toc thé hién ¢ hinh 2-5.
+ Xac dinh cac gia toc goc va gia toc cac dieém bat ky.

Voi:

4. GIOI THIEU PHWONG PHAP GIAI TiCH
(Tham khao PL 2.2)

5. GIOI THIEU PHWONG PHAP PO THI
(Tham khao PL 2.2)

6.GIO THIEU PHUONG PHAP HOA PO PHAN TiCH PONG HOC CO CAU LOAI 3
(Tham khao PL 2.3)
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Phan Il: PONG LUC HOC CO CAU

Chwong 3: Phan tich lure co’ cau

1. DAl CUONG
‘ Muc dich cua phéan tich luc la xac dinh duoc ap luc khép dong, mémen hay luc céan
bang dé: ’ ’
- Xac dinh cong suat may (co cau).
- Thiét ké khop dong va mat cat ngang cac khau.
Phén loai cédc lyc tac dung:

1.1 Ngoai luc

e Luc cdn k¥ thuat: (luc can c0 ich) 1a Iyc tir d8i twgng cong tic tdc dung 1én bd phan
cdng tdc cia mdy. (Xac dinh luc can ky thuat Ia nhiém vu ctaa cac moén hoc chuyén mén, VD:
dat — ludicay; vat gia cong — dung cu cit).

e Trong lugng cdc khiu: phu thudc vao vat liéu, hinh dang, va kich thuGc cta ting
khau. Trong phan tich luc, trong lugng cac khau coi nhu da biét. trong truong hop trong luong
cua cac khau nho so véi cac luc khac thi co6 thé bo qua.

e Luc phat dong: luc tir ngudn din dong (dong cd) tdc dung 1én khau din cla may.
Khi mdy Iam viéc, luc phat dong c6 tdc dung thing luc cdn k§ thuat va tat cd cdc luc khéc
tic dung 1én may. Né€u muén mdy chuyén dong theo tdc dd yéu ciu thi phai dit Ién khau
dan mot lyc cin bang v6i tat cd cdc lyc tic dung 1én mdy. Luc nay goi la Iyc can biang dat
trén khau dan. Lyc phat dong thuong 1a mémen lyc.

1.2 Noi luc ) )

Dudi tac dung cuia ngoai luc va luc quén tinh, trong cac khdp dong cua co cau xuat hién
Cac phan lyc khop dong.
Phén Iyc khép dong (R ) la nhitng lyc do cdc khau trong cd cAu hay mdy tdc dung 13n
nhau. Céc Ivc nay xuit hién & cdc khép dong, gom 2 thanh phan:
- Ap luc khép dong (ALKD N): Thanh phan khong sinh cong trong chuyén dong
tuong doi gilta cac thanh phan khop dong. ALKD vudng goc voi phuong chuyén dong tuong
doi.

- Luc ma sit (Fms): thanh phan sinh céng can trong chuyén dong twong déi. Luc ma
sat co phuong song song véi phuong chuyén dong twong déi (hoic xu hudng chuyén dong
turong ddi) cua cac khau. Luc ma sat trong khép dong 1a mot luc can cé hai, cong cua luc ma
sat 1am néng va lam mon cac thanh phan khép (s& xét & chuong sau).

R = N + Fus (3-1)
Trong nguyén ly mdy thuong ta bd qua lyc ma sdt = ALKD = PLKD.
Ngoai ra trén cac khau con c6 lyc dan hdi do bién dang cia cac khiu gay ra. Nhung vi
trong mon hoc nay, cac khau dugce xem 1a vat rin tuyét d6i nén ta khong xét dén.

2. LPC QUAN TINH
(Tham khao PL 3)
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3. AP LUC O CAC KHOP BDONG
3.1. Piéu kién tinh dinh
Dé tinh duoc cac ALKD, phai tach khau ra khoi co cdu dé ALKD trg thanh ngoai luc
d6i voi ting khau. Khi d6 trén ting khau, ta dit cac ngoai luc (ké ca luc quan tinh) va viét
phuong trinh can bang lyc.
Muébn giai dugc cac ALKD, thi sé phuong trinh 1ap duoc phai bang sé an sé c6 trong
cac phuong trinh d6. Bay 1a diéu kién tinh dinh cua bai toan.
Gia str ¢6 chudi dong phang gom n khau, ps khap loai 5, ps khép loai 4, dang can bing
dudi tac dung cua cac luc.
S6 phuong trinh can bang tinh hoc 1ap duoc 1a3.n (3 P, =0, > P, =0, > M=0).
S6 an sb:
- Khop tinh tién: an sé 1a gia tri va diém dat (phuong L phuong truot).
- Khép quay: an so la gia tri va phuong, chiéu (dat tai tam khap).
- Khép cao loai 4: an la gia tri (dat tai vi tri tiép xdc, phuong theo phuong phap tuyén

chung).
R
) R
a) Khép tinh tién b) Khop quay ¢) Khop cao
Hinh 3-4
Piéu kién giai duoc 1a: S6 phwong trinh = S6 an s
< 3N=2ps+ps < 3n—(2ps+ps) =0 (3-7)

Vay dé xac dinh duoc cac ALKD, phai giai trén cac nhom co6 bac ty do bang 0, d6
chinh 1a cac nhém At-xua (nhém tinh dinh).

Tuong tu nhu nhém phang, dé xéac dinh cac ALKD ¢ nhom khdng gian ta phai giai cac
phuong trinh viét cho céc khau thuoc nhém c6 bac ty do bang 0.

3.2. Xac dinh ALKD

a) Xac dinh ALK®D trén ce' cdu logi 2

Xét co cau bdn khau ban 1& ¢ vi tri nhu hinh 3-5. Céc ngoai luc (bao gom luc can ky
thuat, luc quan tinh,...) tac dung 1én khau 2 1a P ,, tac dung 1én khau 3 1a P 5. Hay xéac dinh cac
ALKD tai céc khép A, B, C, D dé hé can bang.
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I—J‘mh 3-5:xac dinh
Ap luc khop dong

Giai
- Tach nhdm At-xua, thay céac lién két bang cac phan luc lién két.
- Hé luc (Ri2, Riz, P2, P3, Ros, Ros) ~ 0 phai tao thanh mot da giac luc khép Kin.
Trong d6: LAy moment d6i véi diém C

P,.h
Khau 2: R{,.lgc -P2h, =0  =Rj, = 22
Igc
P;.h
Khau 3: (tuong tu) = Rp; = =3
lep

- Chon TLX K, (kN/mm) va diém cyc O.
- V& hoa d6 luc (cht ¥ cach sip xép thir tu hrc).
- Xdc dinh cdc thanh phan Iyc va lyc can tim.
b) Xac dinh ALK®D trén ce cau logi 3

(Tham khao PL 3.2)

4. XAC PINH LYC TREN KHAU DAN

Theo gia thuyét, khau dan 1a khau cé van toc goc bang hang sé, do d6 n6 & trang thai
can bang luc. Pé dam bao diéu kién can bang nay, phai dat 1én khau dan mot mémen luc (goi
la mémen can bing Mw ) hay mot luc (goi 1a luc can bing Pw) dé can bing véi tac dong cua
toan bo phan con lai cua co cau 1én khau dan.

Viét va giai cac phuong trinh can bang luc cho khau dan dudi tac dung ctia mémen can
bang (luc can bang) va cac phan luc tir gia va tir khau bi dan, ta s& xac dinh dugc mdmen can
bang (hay luc can bang) va phan luc tir gia tic dung Ién khau dan.
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4.1. Tinh luc can bing theo phwong phap phan tich luc (hinh 3-7)

ﬁZl E2 1

Hinh 3-7: lic can bang & mé-men can bang trén khau ddn
% Néu la mdmen can bang
M6men cn bang duoc xac dinh tir phuong trinh tong mémen céac lec d/v diém A:
>my =0 < Prhp-Rophy + Mg+ M =0
= Mg =-Prhy +Rahy - My (3-8)
¢ Neéu la lyc can bang
Tong mémen céc luc ddi vai diém A la:
2>my =0 < Pphy +Pghe - Roshyy + M =0
= Pep = (-P1.hy + Ry1.hy; - My )/hg, (3-9)
+«+ Phan luc tai A duogc xac dinh tur :
(5cb, El, §21, 501) ~0 (hay 5cb + El + 521 + 501 = O)
Chuay:
+ Quan hé Mg, = Pcb-hcb (3-10)
+ Trong céac cong thirc trén mubn xéac dinh luc hoic mémen can bang, can phai biét
phan luc tir khau 2 1&n khau 1 14 R 55, c6 nghia 13 phai phan tich luc toan bd co cau. Nén
phuong phap xac dinh lyc can bang nhu trén goi 13 phuong phap phan tich luc.

4.2. Phwong phap sir dung dinh Iy Ju-cop-ski
(Tham khao PL 3.3)
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Chwong 4: Ma séat trong khép déng

1. GI®I THIEU

Ma s4t 13 mot hién tugng tu nhién phét sinh & ndi ti€p xidc giita cdc khau c6 chuyén
dong twong d6i véi nhau.

Ma sdt gin lién véi van dé rat quan trong trong k¥ thuit, do 1a sy hao mon clia mdy
moc, thiét bi va tudi tho cia ching.

Théng thuong, ma sat 12 lec can ¢é hai vi n6 1am tiéu hao céng suat, giam hiéu suat cua
may. Cong cua lyc ma séat phan 16n bién thanh nhiét 1am néng cac chi tiét may; lam thay doi
co, ly tinh cua bé mat tiép xuc hodc chat bdi tron; 1am mon cac chi tiét may, do chinh xac
giam... Tuy nhién trong nhiéu truong hop, nd 1a luc can cé ich, duoc dung dé truyén dong, vi
du trong co ciu banh ma sat, co cdu dai, may can... trong cac thiét bi phanh hdm, co cau kep
chat...

a) Co cdu dali b) Co cd:u banh ma sat c) Truyén déng vé cdp
Hinh 4-1: M¢t so #ng dung cé ich cua luc ma sat
1.1. Phan loai
- Theo tinh chét tiép xiic
+ Ma sat uét (a) - Ma sat kho (b)
+ Ma sat ntra uSt - Ma sat nira khé (c)

Z WM? .

Hinh 4-2: mie do tlep x(Uc cua 2 bé mat
- Theo tinh chét chuyén dong
~ +Ma sdt trugt: xuat hién giira hai mit tiép xtic nhau, trong d6 van toc cia ching tai céc
diem tiep xuc khac nhau vé gia tri va phuong chicu.
+ Ma sdt lin: xuat hién gitra hai mat tiép xdc co chuyen dong tuong d6i véi nhau,
nhung trong chuyén dong nay, van téc ciia ching tai cac diém tiép xuc bang nhau.

0

Hinh 4-3: ma sat truot & ma sat lan
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+ Ngoai ra nguoi ta con phan biét: ma sat tinh - ma sat dong.
1.2. Lwc ma sat trugt kho.
Gia st 2 vat A, B ti€p xiic nhau theo mdt mit phiang (H.4-4).
|

F

=

jl\i Q Fmax
Q(Q/E’

Fa

|

-

Vit chuyén déng

Vit chuyén déng | Vit dimg yén
a) b)
Hinh 4-4: lyc ma sat-ma sdt tinh-ma sat dong
Vit A chiu 1 lyc thing ding Q vudng géc mit ti€p xic. VAt B sé tic dong vio A

mot phan lvc N ciing phuong ngugc chidu va ¢6 gid tri bang luc Q.
Téc dong vao A mot lvc P nhd, nim ngang trong mit phing ti€p xic. Tang dan lyc
P tir gia tri 0. LUc dau, vat A ding yén, chiing té da cd luc tac dung Ién A can bang véi luc P.
Luc d6 goi la luc ma sat F.
F=-p
Luc F goi la lyc ma sat tinh.
Tang tir tir luc P ta thdy vat van ding yén — nghia 1a F d4 tang theo dé ludn can bang
Vi luc P.
Tang luc P d&én mot gié tri ndo d6, vat A bat dau chuyén dong. Luc ma sét tinh ting
dén gia tri Foex. 7 o q
Khi vat A chuyén dong thang deéu, vat A chiu tac dong caa mot luc ma sat dong dé can
bang véi luc P . Quan hé gitra lyc ma sét F va luc P duoc biéu thi trén hinh 4-1b.
Theo Culomb, luc ma sat duoc tinh theo céng thuc:
F=a+hN
Trong dd, hé sb a phu thugc vao dién tich tiép xdc.
= F=(a/N + b).N
, = F=fN , (4-1) 7
Trong do, h¢ so ma sat f = a/N + b la h¢ so ma sat tinh khi 2 vat c6 xu huéng chuyen
dong tuong doi vai nhau, 1a hé s6 ma sat dong khi hai vat cé chuyén dong tuong doi.
G6c ma sat tinh va goc ma sat dong duoc xac dinh theo cong thaec:
i tg(pt = Fmax/N = ft, _tg(ed = Fd/N = fd 5
Sau déy, dé thuan tjén, ta dung ky hiéu F dé chi ca luc ma sat tinh lan lyc ma sat dong
va ky hiéu f @é chi ca hé s6 ma sat tinh va dong.
Chay:
- Chiéu ctia lyc ma sdt 1a chiéu chong lai chuyén dong tuong ddi.
- Hé s6 ma sdt f phu thudc vao vat liéu bé mit ti€p xic (tron hay nhdm) va thdi gian
ti€p xuc.
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- Hé s6 ma sdt khong phu thudc vao dién tich ti€p xic, 4p suit trén bé mit ti€p xic
va van toc tuong doi gitta hai bé mit tiép xiic.

- Trong da s6 trudng hdp, hé s6 ma sdt tinh 16n hon hé s6 ma st dong.

1.3. Hién tugng ty ham

Téc dung 1én A mét luc P tao véi phuong phap tuyén mot } N
g6c a (Hinh 4-5). %\?/?
Phan tich lyc P thanh 2 thanh phan:
P, = P.sina; P4 = P.cosa. B g /A
+ Thanh phan nam ngang P, day vat chuyén dong /_; Px
ngang. B
+ Thanh phan thang dung P 4 ép 2 vat lai, tao nén phan
luc N tac dong Ién A. Pd— p
Luc ma sat gitra 2 vat la: F = f.N = f.P.cosa
- Néu luc P nam trong goc ma sét, nghia Ia: Hinh 4-5: n6n ma sét

a < ¢ = tga <tge = sina/cosa < f = P.sina < f.P.cosa. = P, <F.

Vi lyc dé}y ngang nho hon luc ma sat, nén du luc P c6 16n bao nhiéu di nira, vat A van
khéng thé chuyén dong duoc. DO la hién tuong tu ham.

- Néu lyc P nam ngoai goc ma sét, thi P, > F, vat A chuyén dong nhanh dan.

- Néu lyc P ndm trén mép géc ma st, tirc 1a o = ¢, llc d6 P, = F, vat A chuyén dong

thang deu.

- Cho g6c ¢ quay quanh phap tuyén, canh caa goc ma sat s& vach nén hinh nén ma sét.
Khi d6 néu lyc P nam trong hinh nén ma sat, sé& Ia hién twong tu ham.

2. MA SAT TRONG KHOP TINH TIEN
2.1. Dang phing
F=fN
Trong d6: f 13 hé s6 ma sat; N 1a phan lyc phap tuyén.
2.2. Dang ranh tam giac
Goi f1a hé s6 ma sat trén ca 2 bé mat tiép xtc. Lyc ma sat trén rénh:

F=F, + Ez
=F= le + fN2 = f(Nl + N2)
R f
MaN = (N; + Ny)cosp =>F= —N=f{.N
(N1 + Nz)cosf cosp
Trong d6: f 12 hé s6 ma sat thay thé & dang ranh tam giac,
f
P=_—__ =tge’ 4-2
cosp 199 (4-2)

G6c ¢’ goi la goc ma sét thay thé.
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Hinh 4-6: dgng rénh tam giac — phén tich luc
2.3. Dang rénh tron
2.4. Ma sat trén mit phang nghiéng
2.5. Ma sat trong khép ren vit
(Tham khao PL 4.1)

3. MA SAT TRONG KHOP QUAY
(Tham khao PL 4.2)

4. MA SAT LAN TRONG KHOP LOAI 4

4.1. Ma sat lan
Xét mot hinh tru dit trén mot mit phang. Duéi tic dung cia luc Q, 2 vat ti€p xic sé&
bi bi€n dang. Ung sud't & bé mit ti€p xidc phan bé ddi xitng qua luc Q.
N&u tdc dong vao hinh tru 1 Iyc P, cich mit phing 1 doan y. Gia st hinh tru lin
theo chiéu miii tén. Dién tich ti€p xiic s& dugc chia lam 2 phan, gii han bdi cung AB va
CD. Trén phan cung AB lam 2 phan, gi6i han bdi cung AB va BC. Trén phan cung AB miit

ti€p xtic bi bi€n dang , trén phan cung BC mit ti€p xic dang phuc hdi vé hinh dang cii.
(o)

— - O, — =
o /M o G, _.
| ( =] Ting bien dang i

N i MM €
Ey \ I ' / Giam bién dang
Vi el AN

R

Dubdng cong ting sudt bién dang

a) _b) c)
Hinh 4-15: hién tuwong dan hoi tre - mé-men ma sat lan
Trong 1y thuyé&t dian hoi, c6 nghién citu hién tuong dan hdi tré clia vat liéu. Pd
thi & trén bi€u thi m&i quan hé giita bién dang & va mg suit 6. Chiéu cda miii tén 12 huéng
thay d6i ng sudt va bi€n dang. Vi bi€n dang € nhu nhau, Gng suit o, trong giai doan bién
dang ting sé& 16n hon tng sudt o, lic bi€n dang dang gidm. Vi vay, ing suit s& phan bd
khong ddi xing. Trén phan AB, (ng sudt s& 16n hon trén phan BC.
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Phin luc N ctia cdc dp luc trén mit ti€p xic sé& léch so véi Q modt doan k; Q va
N sé& hop thanh 1 ngiu luc, cin lai chuyén dong lin, nén goi 1a ngiu lyc ma sat lin.
Mg = k.Q (4-19)
V6i k: hé s6 ma sdt lin ¢ thit nguyén 13 chiéu dai.
4.2. Piéu kién lin khong truogt
- Muén hinh tru c¢6 thé 1in, md men lin phdi I16n hon mé men ma sdt lin:

Py > QK :>P>QT'k )

- B€ hinh tru khong trugt, luc kéo trugt P phdi nhd hon luc ma st trugt:

P<fN< P<fQ (2)
- P€ vat lin khong truct, lyc P phdi théa man (1) va (2)
£Q>P> 2K (4-20)
y

- P& P ¢6 thé chen giita 2 gid tri nay thi:
£Q> QT"‘ oy % 3)

- Nhan xét: khodng cdch y cang 16n hon k/f, diéu kién (4-20) cang dé thuc hién vi
pham vi thay ddi cia P d€ thda man (4-20) cang 16n.

- Tém lai: muén hinh tru lin, khdng trugt, trude tién phdi thda man (3), sau d6 méi
dén diéu kién (4-20).

- P6i v6i cdc xe ¢d, khodng cdch y chinh 12 ban kinh ctia banh xe. Cho nén bdnh xe
cang 16n, diéu kién lin khong trudt cang d& thuc hién, ddy xe cang nhe.

5. MA SAT UOT

Trong cic khdp dong, d€ gidm dd mon, ting tudi tho mdy, ding chit boi tron ngin
cdch cdc mit ti€p xidc cla ching. Chi't bdi tron c6 thé 1a chat khi, chit rin dusi dang bot,
nhung thudng nhat 1a chi't18ng, diu nhon.

5.1. P nhét cia dau béi tron

- Nhét 1a tinh chat quan trong vd mang nhi€u dic tinh k§ thuit cda chat 1éng. Tinh
nhé6t 13 1am cdn trd sy trugt trong qué trinh c6 sy chuyén dong twong doi gitta cdc 16p chat
16ng.

- Kh3o sdt mot 16p chat 18ng chdy trén 1 mit phiang rin. Trén mit phang cdc phin
t chd't 18ng s& bam chic vao tudng va c6 vn toc bing khong. O vi tri cich mit phing 1
doan y, chat 16ng ¢6 van toc 1a u (H.4-16a).

Nhu viy giita cdc 16p mdng clia chat 18ng, & siat mit phing c6 su cin trd chuyén
dong, 1am cho van tdc gitta 2 16p chat 16ng cdach nhau 1 doan dy ¢6 sai khdc van tdc du.
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A_Y
[ |
dy e u+du
y X
N -
B
a)

Hinh vé 4-16: gradient vdn téc — ma sat trong 6 trucot
- Nguyén nhan ctia hién tugng cin trd chuyén dong 1a sy xuit hién Gng suit ti€p
gitta cdc 16p chat 16ng. Ty s& du/dy bi€u thi mic dd thay d6i cia van tdc diu theo chiéu
cao, goi 12 gradien van tdc. Nim 1686, Newton dua ra gid thuyét , 1883 Pétrdv ki€m tra lai,
ing sui't ti€p gy ra do ma sat trong 16p chat 18ng ty 1€ véi gradien van toc: T = p du/dy.
- Hé s& u phdn 4nh kha ning cin trd chuyén dong giita 2 16p dau, dugc goi 1a do
nhét tuyét d6i hay do nhdét luc.
DPon vi clia d6 nhét dong Iyc 1a poadd, d6 1a do nhét clia chit 1dng c6 ing suit ti€p
1a 1 dyn/cm® giita 2 16p ddu cdch nhau 1 cm va vén tSc tuong déi 1a lem/s.
- Ngudi ta con dung do nhét dong hoc:
v= u/p v6ip: khdi lugng riéng cla chat16ng.
Pon vi do do nhét dong hoc 1a: m%/s; cm?/s.
- P06 nhét phu thudc nhiu vao nhiét @6 va néu c6 4p sudt thay ddi 16n, dd nhét ciing
thay ddi.
5.2. Ma sit uét trong 6 trugt
Trong & trugt c6 d6 hd, trén truc va tim 16 khong tring nhau, tao nén khe hé hinh
chém cong (H.4-16b). Khi truc quay, dau bi kéo theo, tao nén 1 dong lién tuc, diu bi don
vao 1 khe hé ngay cang hep.
Trong chém dau s& xut hién 4p suit, tao nén 4p luc tdc dong lién tuc, cin bing vdi
tai trong Q. Ap suat phan bb nhu hinh v&. tai a-a va co cau, ap suat bang khong.
Véi  r: ban kinh ngdng truc;
o: van tdc goc clia truc;
5: chiéu day khe hé giita truc va 6;
vy = &/r: dd hS twong doi.
Tinh dudc :

nd’l po
2 vy
Trong d6: 1: 1a chiéu dai ngdng truc;
d: 1a dudng kinh ngdng truc;
p: do nhét dong luc;

Mms =

(4-21)
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6. TRUYEN DONG MA SAT
6.1. Co ciu dai truyén
Pai truyén 12 1 cd cAu truyén dong thudng gip trong thuc t&€ (H.4-17).

Hinh 4-17: gdc 6m & lyc cang dai
Chuyén dong dugc truyén tir khau 1 sang khau 2 nhd lyc ma sat giita diy dai va
banh dai. Banh dai nhd thudng 1a banh chi dong. Khi chua chuyén dong, d€ tao lyc ma sit
gitta day dai va banh dai, phai tao nén lyc ciing ban dau S, giita 2 nhdnh dai. o goi la géc
om.

- Khi truyén dong, lIvc cing giita hai nhanh thay ddi. O nhénh ciang, lyc cingla Sy; &
nhdnh chung luc cing 1a S,.

- Vi truSc va sau khi truyén dong, chiéu dai day dai khong thay ddi, nén do gidn cla
nhanh cing sé& bing dd co cia nhanh ching. Vi dd co gidn cia dai ty 1& véi luc cing, nén
c6 thé viét:

S;=Sg+ AS
S,=8,-AS =S 572,

- Quan hé gifra lyc S| va Sy:

Cong thitc O-le (Euler, 1707 — 1783): S; = S,.e™

M6 men ma sat : M, = 2r .#.

e’ +1

- Nhan xét: + G6c 6m cang 16n, M;s cang 16n.

+ Luc cidng ban dau cang 16n, M,,, cing 16n.

So (4-22)

+ Hé s6 ma sat ting, s€ 1am ting m6 men ma s4t.
6.2. Co cau banh ma sat
Trong k¥ thuat, lyc ma sét ciing dugc ding dé truyén dong giita cac truc song song hay
cit nhau. Hinh 4-18 trinh bay bo truyén dong ma sat con lan hinh try. Néu trén khau bj din 2
c6 tac dung mot moémen can M.
- Bé bo truyén lam viéc duoc thi banh 1 phai tac dung 1én banh 2 mot luc vong:
P12 = Mz/rz.
Gia sur, lyc ép gitra 2 banh 1a Q thi lrc bam 12 F = £.Q; vai f 12 hé s6 ma sat giita 2 banh.
- Pé truyén dong khong bi truot thi:

Py <F.
Dit F = k.Pyy; k duoc goi 12 hé sé du trir do bam. Vay luc Q can thiét dé ép 2 banh Ia:
Q=k M (4-23)
fr,
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Nhuoc diém cua bo truyén nay la can co luc ép Q 16n khi mémen can M, 16n, do d6 cac
0 d& chong bi mon. Bé khac phuc nhugc diém nay cé thé dung céc vat liéu cé hé s6 ma sat Ion,
hoac c6 thé dung cac banh ma sat hinh ném.

2

E N E

2 I N2 N1

= b
mI
A
. " 28] 1
mt
RN

Hinh 4-18: bg truyen banh ma sat
6.3. Gi6i thiéu truyén dong vo cap (bd bién toc co khi)
- Truyén dong vo cap (hay con goi la bién toc co khi) 1a co cau dung dé thay doi déu
din va lién tuc tdc do quay cua truc bi dan, trong khi s vong quay cua truc dan 1a khdng ddi.
- Théng s dac trung cua truyén dong vo cap 1a pham vi diéu chinh cia truc bi dan D:
D : n2max{r|2min i
- Cong suat truyen: P < 20kW, van toc v < 50m/s.
- Uu diém:
+ Piéu chinh don gian, thich hop trong linh vuc ty dong hoa va diéu khién dé
chon ché do 1am viéc téi uu.
+ Lam viéc khdng 6n khi van téc cao.
+ Két cau don gian so vai bo bién téc dién, thuy luc.
- Nhuoc diém:
+ Ti s6 truyén khong on dinh.
+ Tai dong tac dong 18n truc va 6 16n.
+ Pia ma sat hay con lan dé bi mon va mon khdng déu do truot tron.
a) Bién téc dia con lan
- Hinh 4-19a, b 1 loai mot con lan, mot dia. Vi tri tiép xGc gitta 2 banh thay d6i duoc
nho su dich chuyén cua banh 1 (H.4-19a), hoic banh 2 (H.4-19b). Céch tinh pham vi diéu
chinh nhu sau (lay VD ¢ H.4-19a).
Khi R, thay doi thi sd vong quay banh th 2 thay doi tir:
Nomin = n1-R1/F22max den Nomax = I'll-RllFQZmin
— Pham vi diéu chinh: D = NymadNomin = Romax/Romin
- Hinh 4-19c, d 1a co cdu c6 con lan trung gian, su thay doi téc do cua truc bi dan nho
vao sy di chuyén cua con lan trung gian ndy. Céch tinh pham vi diéu chinh nhu sau:
Khi con lan trung gian di chuyén thi s6 vong quay cua truc bi dan thay doi tur:
R R R,.. R

1min )
R R

R dén n2max = nl.

Nomin = N1.

2max 2min
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R R
R,. R

2max *" *1max

CoaeX ) n
Pham vi diéu chinh: D = —2m —
n

2min 2min "' Y1min

ni

Y77
77777
i
i
V77
77777

R1imax

ni

n2 ARAARA R2

NN al I

= 777 T %
g
[a el

A/

ni

777

AN
—

c)
Hinh 4-19: bién téc dia con lin

b) Bién toc dai

- 3 - —
‘g —-—
o N\ | W NN | NN
T - ~ w | SN
Banh dan
N
] I I
1S
o —>
—-—
Y i ~ ~ N T~
| Banh bj din
b) c)

Hinh 4-20: bién toc dai
- Hinh 4-20a 12 bo bién téc dai, 1am viéc duoc nho vao sy ma sat giira dai 3 va banh dai
dan 1, banh bi dan 2. Tuy vao vi tri cua dai 3 ta c6 céc ti sb truyén khac nhau.
- Hinh 4-20b,c dugc goi 1a co cau Heymau, c6 banh dai dan va bi dan 1a 2 nira hinh c6n
ghép lai. Hai nira cua banh dai dan ép vao day dai va c6 kha niang chuyén doc truc. Co cau
hinh 4-20b diéu chinh ti sé truyén bing cach di chuyén doc truc nira banh dan va 2 nira banh
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dai bi dan ép vao nhau nho 10 xo x0dn dc¢. Co cau hinh 4-20c diéu chinh ti so truyen bang cach
di chuyeén doc truc nira banh dai bi dan va nira banh dai dan ép chat nho 10 xo.

- Vi dy, trong co cau hinh 4-21, chuyén dong dugc truyen tu truc | sang truc 11 nho vao dai
thang 2 duoc tang do cang bang lop vat liéu 3 trén bé mat ngoai cua dai.

Banh dai dan

Dai thang

Lop vat ligu tang cing
Tay don

Banh dai bj dan

Vit

Tay quay

Co cdu dai

N~ WNE

Hinh 4-21: mét itng dung cua bién toc dai

+ Nguyén ly 1am viéc: Ty sb truyén duoc diéu chinh bang céch di chuyén doc truc dong
thoi cac nira banh dai dan va banh dai bi dan.

Khi 2 nira banh din 1 tién lai gan nhau thi R1 tang Ién va R2 giam xudng, khi d6 sé
vong quay cua truc 11 tang Ién. Biéu khién su dich chuyén cia banh dai 1 va 5 nho vao tay don
4 quay chung quanh O va O1. Tay don 4 duoc diéu khién boi tay quay 7 va vit 6 (vit 6 c6 1
bén Ia ren trai va mot bén 1a ren phai).

+ Pham vi didu chinh téc do: D = Namx _
n

R R

R

2max *" 1max

2min 2min *" Y1min

2
Néu 2 Puly hoic dia ma sat con gidng nhau thi D = (Rzﬂ]
2min
c) Mgt sé dang bién téc khac
(Tham khao PL 4.3)
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Chwong 5: bong luc hoc may
(Tham khao PL 5)
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Chuwong 6: Cac chitiéu chat lwong cda may

Céc chi tiéu chi't luong co ban: déu, 6n dinh, cAn bing va hiéu suit.

1. LAM PEU CHUYEN PONG CUA MAY.
1.1. Hé s6 khong déu:
Khi mdy lam viéc, van tdc géc khau din o, néi chung khong 6n dinh, (ngay ca

trong giai doan chuyén dong binh dn) va thudng dao dong trong mot pham vi ndo dé.

o}

¢
-—

chuyén dong
binh é6n

Hinh 6-1: ba thoi ky chuyén dgng ciia may
C6 thé gidi thich hién tugng nay. Theo phuong trinh momen:

2
MorMo= 204y (6-1)
2 do
2
oy dJ
Mo o
& g = ; P (6-2)
e; 12 gia toc clia khau din. Mudn van téc géc c6 dinh phdicé &, =0
2
hay My+M, - 2L _g (6-3)
2 do

nhung déu nay néi chung khong thé thyc hién dugc, béi vi ta khong thé chon duge dong co
c6 momen My hoan toan thich hop cho tirng mdy cu thé, c¢6 ciu tao cu thé (J) va ché& do
lam viéc cu thé (M,) dudc.

Nhu viy, khi mdy lam viéc binh n, van tdc géc khau din dao dong néi chung 1a
mot diéu khé tranh khdi.

Tuy nhién, ta khong thé cho phép van tdc dao dong v6i mot bién do vugt qui mot
gidi han nao dé, vi khi d6 nhitng diéu kién lam viéc clia may va cdc yéu cau cong nghé sé&
khong dugc bao dam, d6 chinh xdc ctia may cling bi anh hudng.

D€ d4nh gid tinh khong déu clia chuyén dong may, ngudi ta ding mot chi tiéu chat
lugng goi 13 hé s6 khong déu, dinh nghia nhu sau:
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§ = ®1 max ~ D1 min (6-4)
O
trong d6 ®imax, ®imin 12 c4c cyc tri clia ®; trong modt chu ky dong luc hoc, con oy, 12 tri s6
trung binh cua né.
O = ®1 max + Q1 min (6-5)
2
V6i mbi loai may ngudi ta qui dinh mot tri s6 gidi han cda 8, goi 12 hé s& khong déu
cho phép, ky hi¢u l1a [J].
Midy sé& goi la chuyén dong déu khi hé s6 khong déu ctia né nhé hon hé s6 khong
déu cho phép:

0 < [d]
Khi d6, ttng véi mdi ch€ dd van toc, van tdc thuc clia khau din s& dao dong giita hai
cuc tri cho phép [®max], [O1min]- Cdc cyc tri nay c6 thé tinh nhu sau:

(o1 = on.(1 + ) (6-6)

[smin] = 0L~ ) 6-7)

Bién phap k¥ thuat dé sao cho & < [8] goi 1a 1am déu chuyén dong cua may.

Bang 6.1: Gia tri hé s6 khdng déu cho phép ciia mot sé may théng dung.

Loai may [3]
- May ndng nghiép 1/5-1/150
- May cat kim loai 1/20 — 1/50
- May dét 1/10 — 1/50
- Dong co tau thuy 1/20 — 1/150
- Pong co ddt trong 1/80 — 1/150
- May phét dién mot chiéu 1/100 — 1/200
- MaAy phét dién xoay chiéu 1/200 — 1/300

1.2. Bién phap lam déu chuyén déng ciia may:

Lam déu chuyén dong caa may la tim cach lam giam pham vi thay d6i cua van téc khau
dan, c6 nghia 13 gidm ®ma VA tANG ®min

Nhan xét: trén d6 thi biéu dién (hinh 6-2), néu géc 0 dugc dich chuyén dén 0> (nam
trong phan tu thi ba) va do thi E(J) van giit nguyén thi Wmax S& giam Va ymi, & ting, nghia la
hé s6 khéng déu s& giam.

Nhu vady mudn lam déu chuyén dong cua may, phai tim cach xac dinh vi tri 0°, xuat
phaét tir tri s6 cho phép cua hé s6 khdng déu.

Ta thay rang dé chuyén gdc toa do tir 0 dén 0’ ta phai taing dong nang cua may. Dé thuc
hién diéu nay, trong k¥ thuat nguoi ta ting mémen quén tinh thay thé caa may J;, bang cach
lip trén may mat chi tiét, goi 1 banh da (banh trén, vo lang). Khi cé Iap banh da, mémen quan
tinh thay thé s& taing mot luong 1a Jy. Tuong tng, dong nang sé tang thém mot luong 13 Ep.
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E A AEk

W min
/ W max
—
0 E
E, /Kl//'m/n g "
o J
0' Y ‘max M
]M
Hinh 6-2: bién phap lam déu Hinh 6-3: m0-men qudn tinh banh da

1.3. Tinh mébmen quan tinh caa banh da.

Chuing ta s& xac dinh tri s6 cia mémen quan tinh banh da, khi cho truéc: hé sé khong
déu cho phép [8], cac thong sé dong hoc (v, a...), dong luc hoc (My(9), Mc(¢), J(®)...) can
thiét, ché do 1am viéc cua may (o, tai trong...).

Cac budc tién hanh:

+ Vi [8], tir phuong trinh (6-6) va (6-7) xac dinh dugC [®max] Va [®min], tr phuong
trinh (5-10) sé xac dinh dwoC [Wmax] V& [Wminl-

QY > %w 115

+ V& db thi E(J,) trong thoi gian chuyé n dong binh on, véi J; 1a mdmen quan tinh thay
thé ciia may khi chua lap banh da, cach vé gidng nhu khi xéac dinh chuyé n dong thuc cua may,
chi can vé& d6 thi AE(Jy), vi dang cua chling hoan toan giong do thi E(Jy).

+ V& céc tiép tuyén trén va dudi cua duong biéu dién AE(J)), tao véi truc hoanh mot
96C [Wmax] VA [Wmin]. Cac duong nay cit nhau tai O’. Piém O’ 1a goc hé toa do cua do thi
AE(J) khi dé I3p banh da (H.6-3).

Tinh mGmen quan tinh cua banh da: trén hinh ta c6 O’P chinh 1a mémen quan tinh thay
thé ciia banh da véi TLX Ky. Goi J7, 1a gia tri thuc:

. , ab
e TT7A Rw rray (69

Trén may c6 nhiéu truc quay véi van tc géc khac nhau. Nén chon truc ndo dé Iip banh
da v6i mémen quan tinh 12 nho nhat. Gia sir trén truc X nao do, sé lip banh da. Bé dam bao
diéu kién dong nang khdng ddi, dong nang cua banh da khi lap trén truc x phai bang dong
nang caa nd khi lap trén khau thay thé.

2 2
L I It MG (6-9)
a)X

Trong d6 J, 1a mémen quan tinh cua banh da néu lap trén truc x c6 van téc goc 1a o,.

Nhdn xét: nén chon truc dé lap banh da c6 van téc goc 16m vi lac d6 mémen quan tinh
banh da sé nho, kich thudc banh da sé gon hon.
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Trong thyc té, trén cac may, cac chi tiét may quay véi mot ti s6 truyén 1a hang s6 Voi
khau thay thé. Tang mdmen quén tinh cua céc chi tiét may, s& lam ting mémen quén tinh thay
thé khi thu gon vé khau dan. C6 thé ding cac chi tiét may nay (puly, néi truc, banh rang...)
lam céc banh da, néu tang khéi lugng ching 1én thi mémen quén tinh caa ching sé tang lén,
ma khdng can dung béanh da riéng biét cho may.

Vi du: Xéc dinh mémen quén tinh caa banh da (thu vé truc chinh) cua may tién. Cho
momen dong co My 12 hiang sb, may tién vat c6 ban kinh r (tinh bang m) trong mét goc tir 0°
dén 270° va tir 300° dén 330° véi luc cit F (tinh bang N) 1a hing s6. Cho oy, [8], mémen quén
tinh (thay thé vé truc chinh) caa may la J, (tinh bang kgm?).

A M.
M ] / .
LLLLL LG

[0
LLILL Ll LgaéLé —_—eed e —
A D

N

30 (30 ~
270 dO

a) b)

Hinh 6-4: So d6 luc cat & md-men déng
Theo so dd e cat nhu trén H.6-4a ta co:
F.r khi dao tiép xtic v6i vat gia cong trong goc
Mean = tir 0° dén 270° va tir 300° dén 330°.
0  khi dao tiép xtic voi vat gia cong ngoai goc trén day

Db thi My, M, trong mét chu ky 1am viéc dugc biéu dién nhu trén H.6-4b. Trong mot
chu ky lam viéc ta co:
_Fr(r0+3027 5.,
360 6

Tong cong dong:  Ag = My.2n )

Téng cong can: A

Dé may lam viéc binh 6n: Ag= A = My = gFr

Trén hinh vé ta thay AE . duoc biéu dién bang dién tich hinh ABCD nén ta co:
AE, ., :(Fr > Frj§27r :lFm
6 4 4
M6men quan tinh thay thé cua banh da:

Jlt/l :%_JOZLQ_JO (kng)
[6].a, 4[6].a,
Tat nhién sau d6 ta phai tinh J) (mdmen quan tinh cua banh da).
1.4. Y nghia cia banh da.
Gia sir banh da duoc lap trén khau x, khi d6 quan tinh cua khau x s& tang Ién, sic i cua
khau tang 1&n, 1am tro ngai cho viéc giam toc d6. Vi vay may s& lam viéc déu hon.
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Giai thich sau hon, banh da sé tich tu nang luong khi céng dong lon hon céng can, va
giai phong nang luong khi cong can lon hon cong dong. Nhir vy, banh da c6 tac dung phan
phoi nang luong ¢ cac giai doan khac nhau trong mét chu ky dong luc hoc cua may. Momen
quéan tinh banh da cang lon, tac dung lam deu chuyén déng cua may cang manh.

2. DIEU CHINH TY DPONG CHUYEN DPONG MAY

M4y chi chuyén dong binh &n khi ¢ su cAn bing giita cong phat dong va cong cin.
Nhung trong qud trinh 1am viéc, tdi trong cia mdy c6 thé thay ddi bat thudng, khi d6 cong
phdt dong va cong cdn khong cin bing nhau nita va chuyén dong clia mdy sé mat binh on.

D€ ddm bdo may ludn chuyén ddng binh 6n mic di cé sy thay ddi that thudng cla
tdi trong, cAn phdi diéu chinh cong phat dong mdi khi c6 su thay d6i nay.

Trong mdt s6 mdy, viéc di€u chinh nay do cong nhin thuc hién, nhung trong nhiéu
trudng hgp, khi cin di€u chinh kip thdi, phdi dung bién phdp di€u chinh ty dong.

Pé diéu chinh ty dong chuyén dong cia may, thudng ding cdc bo di€u chinh khéc
nhau, 1am viéc theo cdc nguyén Iy thudc vé dién, dién t, thily luc hay co khi. C4c khdi
niém vé linh vuc diéu chinh tv dong chuyén dong clia mdy, cdc chi tiéu 1am viéc cda cic
bo diéu chinh dugc trinh bay & céc gido trinh khdc. O phan nay chi gidi thiéu bd diéu chinh
diing céc thi€t bi co khi, d6 12 cdc bo diéu chinh van toc ly tim.

2.1. Bo diéu chinh ly tam tryc tiép:
- Truc OI dudc ndi truc ti€p vao truc cia mdy. Khi mdy chuyén dong binh &n, truc OI
quay véi mot van toc gbc nhat dinh. (H.6-5)

: F
° R
A I

b d

Hinh 6-5: Bg diéu chinh ly tam truc tiép
- Luc ly tim cda 2 qud cAu A 1a P,
Pr=m.o X (6-10)
véi  m :khoi lugng qua ciu; o : van tdc géc clia OI & x : khodng cdch tir qua cau dén Ol
P, c6 tdc dung ning qua cau lén, s& cin bing vdi cdc luc ¢6 tdc dung ha qui cAu xudng 1a:
trong lugng qud nang va cac khéu, luc kéo cia 10 xo R.

o
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- Khi tdi trong giam, cdng can A, gidm, mdy s€ quay nhanh hon, ® ting, lam cho luc ly
tAm ting, luc ning clia qua cau sé 16n hon Iyc ha. Qua ciu nang 1&én 1am cho con trugt D di
1én. Van V, qua hé thdng tay don, s& khép nhd lai, déng bt cita nap nhién liéu vao mdy,
lam cho Aq4 gidm, d€ bdo ddm A= A4 va cd cAu diéu chinh s& chuyén dong binh &n véi gid
tri . Ngudc lai néu A, tifig, hé théng diéu chinh ty dong nay s& 1am cho A, ting theo.

o

0 én dinh on dinh {

Hinh 6-6: Su thay déi van toc trong qué trinh 6n dinh
bang bé diéu chinh ly tam tryc tiep
2.2. B¢ diéu chinh ly tAm gidn tiép:
- So v6i bod diéu chinh ly tAm tryc ti€p, bo di€u chinh nay c6 thém 2 xy lanh A,B va céc
ong dan, ching dugc goi 1a dong co trg dong.

Hinh 6-7: Bg diéu chinh ly tAm gian tiép
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- Nguyén tic lam viéc:

+ Cdc dng a va b ndi v6i bom dau, dau trong 6ng s& c¢6 1 4p sudt nhat dinh, dng C
x4 ddu vao bo phdn chita, n€u 4p suit ddu bing dp suit khi quyén. O vi tri ciAn bing,
chuyén dong binh 6n, cic 16 d va e & xy lanh B bi pistong bit kin. Pistdng A § vi tri cAn
bing, vi 4p suit diu 2 phia nhu nhau. Van V ¢6 d6 md nha't dinh.

+ Khi ti trong ting, A, ting, ® gidm, 2 qua cau ha xudéng. Con trudgt D di xudéng. L6
d va e m§ ra & xy lanh A, vi 4p sudt dau phia trén (biing 4p sudt bom dau) 16n hon 4p suat
diu phia duéi (bing 4p suit khi quyén), nén pistdng A di xudng. Qua hé thdng tay don, cita
van V s& md rong, A4 ting. Nhd vy o sé& bdt gidm va ting dan, luc ly tim cla 2 qui ciu
ciing ting din, va pistdng B dugc kéo vé vi tri cii. Va khi cdc 16 d va e dd dudc bit kin,
pistong A ngiing di xuéng, van V & vi tri bio ddm A4 = A, may trd lai thdi ky chuyén dong
binh &n.

2.3. Uu nhugc di€m: cia bo diéu chinh ly tim gian ti€p so v6i bo diéu chinh ly tim truc
tiép.

a) Uu diém:

- P06 nhay cao: véi nhitng thay d6i van tdc nhd, tic 13 nhitng kich dong nhé, bd diéu
chinh van 1am viéc.

- Sai s§ tinh clia van toc géc biing khong: van tdc géc clla mdy sau khi di€u chinh sé&
trd lai vi trf ban diu dit ch€& dd tdi trong thay doi.

M

A
Awy=0

St

chuyén tiép
Hinh 6-8: Sy thay doi van toc trong qua trinh 6n dinh
bang bg dieu chinh ly tam gian tiep

b) Nhugc di€m :
- Chuyén vi cia bo phan chap hanh (hé thdng tay don va van V) x4y ra chAm, vi thé
n6 chi thich hgp ddi véi trudng hdp tai trong thay ddi cham.
- C6 thé xdy ra qud trinh di€u chinh mi't dn dinh, vin tdc géc o c6 thé dao dong lién
tuc.
2.4.  Nhan xét vé cdu tric caa mot hé diéu chinh tw dong
(tham khao PL 6.1).
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3. CAN BANG MAY

Trong khi mdy lam viéc, néu cdc luc tic dung 1én mdy thay d6i, phadn luc & cic
khép dong clia co ciu sé& thay d6i. Cic luc tic dong thay ddi theo chu ky, phdn luc ciing
thay d6i theo chu k¥, tao nén hién tuong rung dong trén mdy, lam gidm hiéu suit cia mdy,
ting d0 mon cda cdc thanh phin khép dong, gidm tudi tho clia mdy, gidm do chinh xdc clia

may.

Trong céc luc tic dong 1én mdy thay ddi d6, nhitng rung dong do luc quan tinh thay
ddi gy ra 1a c6 thé khic phuc dudc. Thuc t€ thiy ring lyc quan tinh 13 nguyén nhan chi
yé&u giy nén hién tugng rung dong trén mdy. Khi van tdc cia mdy thay ddi cang 16n, Iyc
qudn tinh cling cang 16n. C6 khi luc qudn tinh 16n hon rat nhiéu, so vdi tdi trong tinh dit
lén mdy.

Tim cdch kh¥ hoan toin hoic 1 phdn rung dong do su thay ddi c6 chu ky clia luyc
qudn tinh gdy nén, 12 nhiém vu hét sttc quan trong. D6 1a ndi dung clia cin biing may, tifc
12 tim cdch phin bd hoic dit thém, thio bSt khdi lugng ciia cdc khau, sao cho ¢6 thé, cic
luc quén tinh cin bing 1An nhau.

3.1. Can biing khau quay :

Khiu quay thudng dudc 1dp trén cédc truc, dit trén cdc goi twa. Nhitng vi du vé khau
quay: banh xe, tudc bin cling véi truc, ludi cua 14p trén truc quay, 16 to clia dong cd...

Ta sé& nghién cttu 2 ki€u khau quay :

3.1.1) Khdu quay mong (dia mong)

V6i vat quay mdng, kich thu6c chiéu truc nhd, so véi kich thude dudng kinh. Trong
lugng clia vit quay méng xem nhu chi phan bd trén 1 mit phing vudng géc véi truc quay.
Can biing vit quay mdng goi la cAn biing tinh

< Nguyén tic cin bing :
Xét 1 khau quay c6 khdi lugng phan bd trén 1 mit phing, gid sif cic khdoi lugng tip

trung 1A my, my, mytaicvitir, r,, r,.

Hinh 6-9: céch tinh can bang khau quay méng

+ Truc quay véi van toc géc . Luc ly tAm do c6 khoi lugng gy ra:
Pyu=m;. ry. (Dz, Pp=m,. rs. (1)2, P13=m3. rs. 032

Giao trinh Nguyén Ly May 45



Truong Pai hoc Néng Lam Tp. HCM Khoa Co khi - Cong nghé

+ Né&u tdng cdc luc quan tinh ly tAim khong bing khong, phuong chiéu clia lyc quin
tinh tdng hop 1uon ludn thay ddi, quay cling truc. Phin luc cdc géc twa sé thay ddi vdi chu
ky bing chu ky quay cta vat quay, gy rung dong.

+ Muén cdc luc quén tinh ly tAm triét tiéu, phdi 1ip thém ddi trong, Ivc quan tinh ly
tim clia d6i trong P 4 phai triét tiéu cdc luc quan tinh trén:

Nghia: Pu+Pp+P+P4s=0

Smr+mr,+mars+merg=0  (6-11)

Trong di mg, r 412 khdi lugng , ban kinh véc to khdi tAim cia ddi trong.

+ Diing hoa db véc to ta xdc dinh dugc mq. r .

Cho tri s6 clia r 4 ta tinh dugc mg cAn thém vio, c6 thé khong can thém ddi trong myg,
ma bét di 1 khdi lugng my & di€m xuyén tim.

% Thi nghiém cin bing tinh: d€ x4c dinh lugng mAt cAn bing m;r ;

a. Phuong phép do truc ti€p (H.6-10)

1
% 1: Chi tiét mat can béng
“ 2: Tryc quay
o 3: Thanh dao
l 7 7 ] ;
3

Hinh 6-10: m6 td phirong phdp do truc tiép
bit truc chi ti€t 1én 2 Iudi dao nim ngang song song. Néu khong cin biing, chi tiét
sé& tu lin trén dao cho dé&n khi trong tAm & vi tri thdp nha't trén dudng thing ditng xuyén
tam. PAp mat-tit (hoic dat sét) vio 1 di€ém nao d6 trén ban kinh thing phia trén tim quay.
Thém hoiic b6t mat-tit cho d€n khi vat quay & trang thdi cAn bing phi€m dinh. Khéi lugng
va vi tri clia khoi mat-tit 12 k&t qua thi nghiém.
Uu di€m: thi€t bi don gidn, d& thuc hién.
Khuyét diém:
- Ning suét thap vi ton khé nhiéu thoi gian.
- Thiéu chinh X4c do anh hudng ma sat lin giita truc quay ¥ dao.
b. Phuong phdp don cén:
(Tham khao phu luc 6.2) )
c. Phuong phép do thi (phuong phép hi¢u so mémen)
(Tham khao phu luc 6.3)
3.1.2) Khau quay day:
Vit quay c6 kich thudc chiéu truc ddng k€ so véi kich thu6c duong kinh, goi 1a vat
quay day, vi th€ khong thé xem toan bd trong lugng clia vit quay phian bd trén 1 mit
phing vudng géc vdi truc quay, cho nén 1 cich tong qudt Ivc quén tinh trén vat quay day

Giao trinh Nguyén Ly May 46



Truong Pai hoc Néng Lam Tp. HCM Khoa Co khi - Cong nghé

thu vé khdi tAm s& dugc 1 véc td luc quin tinh (Eq[ #(0) va 1 véc tod mdmen lyc quin tinh
(M o #0).

Nhu vy mudn cin bing vit quay, ta phai thda min 2 diéu kién tong cdc luc quin
tinh bing khong va tdng mémen cic luc quin tinh bing khong, goi 13 cAn bing dong.

% Nguyén tic ciAn bing:

Nguyén tic cin bing trong trudng hop nay 1a phan phdi lai khéi lugng trén 2 mit
phing tuy y chon vudng géc vdi tim quay, 2 mit phing nay goi 1a 2 mit phing cin bing.

Xét 1 vat quay nhu hinh vé&, gid st vat quay c6 3 khoi lugng (mit cin bing) tap
trung m;, m,, mz trong mat phflng 1,2,3 dugc xédc dinh bing ban kinh véc to ry, ro rs.

+ Khi vit quay véi van t6c géc o, s€ sinh ra cdc luc qudn tinh Py, Pppvd P (hinh
6.13).

+ Chon 2 mit phing I, II tiy ¥ vudng géc vdi truc quay, phan Ivc Py, P, P thianh
2 thanh phin tuong tng Py, Py, P’p P "1, P’3, P 7’13 niim trong 2 mit phing I va II.

Trén mit phing I, dit ddi trong d€ tao nén luc quédn tinh ly tim P 4, sao cho phuong
trinh sau dudc thda min
P y+ P+ P35+ Py=0 (6-17)

Céch gidi phuong trinh nay da dugc trinh bay & phan trudc

Mot cich tuong tu, sé tim dudce khdi lugng hoic vi tri ddi trong d€ cin bing céc luc
& mit phing can bing II.

Nhu vy, mudn cin biing khiau quay, cAn phdi lip trén khiu quay 2 d6i trong trong 2
mit phing khic nhau, vudng géc vdi truc quay. Vi tri mit phing cin biing dugc chon tuy y
trén truc, tuy theo diéu kién ciu tao cda khau quay. Ciing c6 thé chon mip phing cin
bing tring vdi mit phiang 1,2,3.

Pé x4c dinh vi tri, cling nhu khdi lugng cia ddi trong khi can bing 1 chi ti€t da dugc
ch€ tao phdi diing cic mdy cin bing dong.

[N
N
w

P"13
P"i2

A

TN

\E\

Hinh 6-13: Can bang khau quay day.
< Gidi thiéu vé mdy cin bing dong:

M4y can biing dong c6 nhiéu loai rit khdc nhau, nhung vé nguyén ly, loai don gidn
c6 ciu tao nhu s6 dd trén hinh vé.
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5
DIJ @)
1

Hinh 6-74. So do may can bang dgng.
1: Khung, 2: (;hi tiet can can bdn,g, 3; bong co,
4: B¢ phdn truyen dong, 5: Khép noi mem, 6: Lo xo,
7: Giam chan, 8: Dung cu ghi, do.
M4y bao gém :

+ Khung 1 ¢6 thé 1ic quanh truc qua A, khung mang vat quay 2.

+ Vat 2 quay quanh truc OO nhd dong co 3, qua bo phin truyén dong 4 va khdp ndi
mém 5.

+ Khép mém 5 ¢6 tdc dung vira chuyén dong quay, vira cho phép vat 2 trén khung 1
l1ic quanh tim di qua A.

+ Khung dao dong 1 ndi vé6i 1o xo 6 dé tao thanh hé dao dong.

+ Gidm chian 7 c6 tiac dung tit dao dong tu do néu c6 trong hé.

Khi vat mit cdn bing 2 quay quanh OO, s& sinh ra lyc qudn tinh, diy 12 nguyén
nhian giy ra dao dong cudng birc clia khung 1, dao déng nay dugc do, ghi nhd dung cu 8.
Né&u diéu chinh vat quay sao cho mit phang cin bing I, chita tim quay qua A thi lugng mat
cAn bing trén mit phing I khong dnh hudng t6i dao dong cda khung, khi d6 dao dong
cudng biic clia khung chi do lIugng mat cAn bing trén mit phiang I giy ra.

Khdo sdt dao dong clia khung 1, ta hoin toan cé thé xdc dinh lugng va vi tri m,y .
Hoan toan tuong ty, ta ¢6 thé xdc dinh lugng va vi tri cda m,; trén mit phing I khi cho
mit phang II chita tim quay qua A.

3.2. Can biing co ciu :

Sau day, s& nghién ctfu cin bing toan bd cd cau, khi cd cdu dugc 1dp trén méng. Bai
todn cin bing cd cdu 12 1 bai todn khd phitc tap. O dy chiing ta chi xét trudng hgp cd ciu
phing.

Co cau 1a 1 co hé, c¢6 khdi tim di dong. N&u thu gon toan bd luc quan tinh vé khoi
tdm, s& dugc 1 luc quén tinh chinh vad 1 mdmen chinh. Trén thuc t€, cAn bing momen
chinh cla lyc quén tinh rd't phic tap, thudng rat khé thuc hién. O day, ta han ché chi nghién
cttu viéc can biang lyc quan tinh chinh.

P=-ma, v6i m:khdilugng cia co ciu.

a, : gia td¢c khdi tAm clia ¢ cau.
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D€ can bing luc quan tinh, can tim bién phdp k¥ thuat sao cho a, = 0, nghia 13 khdi
tAm cd cdu chuyén dong thing déu hoic cd dinh. Cd cdu chuyén dong c6 chu ky , nén S
khong thé chuyén dong thing déu dugc. Cho nén d€ cin bing co cidu , cAn tim diéu kién
sao cho khdi tAm cda cd cdu ludn cd dinh.

LAy co ciu tay quay — con trugt 1am vi du. Cdc khau 1, 2, 3 c6 khdi lugng m;, m,, m;
v6i cdc trong tim 1a S, S,, S; dugc xdc dinh bdi r,, r,, r, nhu hinh vé. Gia st khéi tim S

clia c¢d cidu dugc xdc dinh bing ban kinh vécto r,tacé:

B % 4
N
SI SZ
& I2
ws S
K
A s T Z

S3

Hinh 6-15: xdc dinh khoi tam S
Mr =myr, +Myr, +mgr,
mr =m;S, + myl, + m,S, +msl, +mgl, + mgS,
- m,.S, +(m, +my).l; N m,.S, +m,.l N m,.S,
m m m
Trong v& phai ctia phuong trinh chi ¢6 S, 1a khong d6i con S, I, S,, I, déu c6

(6-18)

phuong thay ddi, mudn r khong ddi, chi cé cich triét tiéu 2 s6 hang diu nghia 1a :

m18_1+(m2+m3)E=() S_lz_M_E
|::> ml (6'19)
—_ R —_ m p—
m282 +m3|2 =0 SZ=—m—z.2

Pay 1a diéu kién cin bing trén méng cia co cAu, ddu Am trong cong thiic cho thiy trong
tAm ctia khau 1 phdi nim trén doan kéo dai vé phia A clia doan AB va trong tAm khau 2
phdi nim trén doan kéo dai v€ phia B clia doan BC. B6 tri khdi lugng cla khau 1 va khau
2 théa man diéu kién (6-19) thi khdi tAm S s& niim cd dinh trén dudng thing AC (H.6-16)

ey,

Hinh 6-16: mgt cach phan bé khai lwong
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Vé ly thuyét ta hoan toan cé thé thyc hién diéu kién (6-19), nhung trén thuc t& viéc
cin biing trén méng c6 nhitng phién phifc nhat dinh.

4. HIEU SUAT

Trong mdi chu ky chuyén ddng binh 8n, cong cla luc phat dong bing cong cia luc

Aa=Ac
Cong cdn A, gdm c6 2 phan chinh: cdng cdn c6 ich A 12 cong clia cic luc cin k§
thuit d€ hoan thanh nhiém vu cong nghé, va cong cdn cé hai 1 cong dung d€ thing cic
luc cdn ¢6 hai (Iuc ma sdt trong cic khép ddng, luc can cia mdi trudng chung quanh...)
trong d6 chd y&u 1a cong dung d€ thing lyc ma sit A, Do d6:
Ag=Ag+ Apns
Pé d4nh gid hiéu qua st dung ning lugng vio cong viéc c6 ich cia mdy, dung chi
tiéu dudc goi 1a hiéu suat cia mdy.
n=Aq/ A (6-20)
(cting c6 thé dung chi tiéu khéc, goi 12 hé sd tdn that ning lugng, ky hiéu la:
y=A/Aq.Dinhi€n:n+y=1)

Nhu vay 1= A/ Ag= (Ag— Ape) / Ag= 1 — Ape/ Ag

D6i v6i khép dong, A4 chinh 12 ning lugng dugc truyén vao khép, A 1a ning lugng
nhin dudc sau khi truyén qua khép dong.

Hiéu sudt cia khép dong, cia cd ciu cé thé xdc dinh bing tinh todn, bing thuc
nghiém. Trong cdc s6 tay k¥ thudt, c6 cho nhitng gid tri cda hiéu suit cdc khép dong hoic
cd cAu thudng dung, vi du: hiéu sud't cia 8 lin, § trudt, cd cAu banh ring, xich, dai truyén...
Can phai tim hiéu suét cia 1 hé thong cic khép dong, cd cdu dugc ghép lai v6i nhau.

4.1. Hé thong khép dong, co cdu, may, lip ndi tiép.

Gia st ¢6 1 hé thong bao gdbm n khép dong, cd cAu mdy, dudc 1ap ndi ti€p, cé so do
truyén ning lugng nhu hinh vé.

Ag A A, A,

— 1 M1 » M2 » N3 - — > Nn Aci

Hinh 6-17: khép déng ldp noi tiép
Ning lugng dua vao hé thong 1a Ay Sau khi ra khéi hé thdng, d€ khic phuc luc c6
ich, ning ludgng con lai 1a A,;. Hi€u suat ctia hé thong 1a:
n=Au A= Arl As= (Anl An) X (Antl Ang) Xo.on. X (Ag /A X (Ar  Ag)
Hay N=MN1XMN2 X...X 1M, (6-21)
Trong dé M, N2, Na 12 hiéu sué't clia cdc khép dong 1,2..n
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Vi du: tinh hiéu suit ca hé thong cia khép dong va cd cAu nhu hinh v&. Ning lugng tir

dong cd truyén dén bing tdi theo 1 hé thong dit ndi ti€p nhu sau:

1
S
Ag
Béng co » Pa | —» Trucl pBanh rang 1—» Truc 2
Maai na Moy na
—»Banh ring 2 » Truc3 ——» Bangtai —» Ag
Mx n3

Hinh 6-18: mot vi du
Do d6, hiéu suat cla tram din dong bing tdi sé bing:
N =Au/Ag= Nawi X N5 X N
4.2. Hé tho'ng lip song song.

Xét n khép dong, co cau dugc lip song song, vdi so d6 truyén ning lugng nhu H.6-

19.

Trong hé thdng lip song song, ning lugng dudc chia thanh Ay, Ag,.. A, d€ truyén

qua cdc co ciu 1,2,.n véi di€u kién: Ag= Agq + Ag + ... + Ag
Mét khac: Adl = Acil /nl 5 Ad2= Aci2 / nz -
Vi vay hi€u suit ctia hé thdng 1ip song song s€ 1a:

i Acii

nN=A;i/As= 5 (6-22)

Trudng hop dic biét, n€u hiéu su't clia cic cd cAu déu biing nhau:

nlz]’]z:___z‘r]nznc
Thi hiéu suit cia hé thdng s& bing:
A DA,
i=1 i=1
=G = o W (6-23)
zﬁ 1 21:A°

i=1 77(: 77C

n
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Vi vay hiéu sudt cia hé théng co cidu lip song song, trong d6 hiéu suit ting cd ciu
bing nhau, bing hiéu suit ciia 1 cd ciAu trong hé.

o —] - -
|

Tl

Acit Aciz Acin

Vel

Pong co

N1 Acil

Nz m™ Aciz

bC

A 4

Mn Acin

Hinh 6-19: khdp déng ldp song song
4.3. Hé tho'ng hon hop.
Thong thudng trong cdc mdy, dung cdc hé thdng khép dong, co ciu vira lip song
song, vira 1dp ndi ti€p. V4Gi 1 hé thdng 1dp hdn hop nhu vy, khong thé tim dugc cong thitc
duy nhat d€ xdc dinh hiéu suit clia n6. Can phai phin tich chiing thanh nhitng hé song

song va ndi ti€p riéng, sau d6 dung cdc cong thitc (6-21) va (6-22) d€ tinh hiéu suit cia hé
thong, vi du hinh vé trén 13 1 hé thdng lip hon hop.

N2 » N3 — Ay
bC » M1 " M2 N3 — Aciz
n’” > n’” L AC|3

Hinh 6-20: khdp déng ldp hon hop
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Phan tich hé théng nay, ta thiy tir dong co dén noi cdng tac Ay, Aciz, Acis, ning luong duoc
truyén theo 3 chudi lap néi tiép, hiéu suat cua tirng chudi dugc tinh theo cong thic 1dp ndi tiép.
ba chudi nay dugc Iap song song, nén hiéu suat cua toan hé théng dugc tinh theo cong thic lap
song song, trong do ; 1 hiéu suét trén tirng chudi néi tiép trén.
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Phan lll. CAC CO’' CAU

Chwong 7. Co’ cau nhiéu thanh

1. DAI CUONG

- Trong cac phan trude, dé 1ay vi du minh hoa, ta di gap nhiéu loai co ciu nay, trong
chuong nay s& nghién ciru co cau nhiéu thanh mot cach tong quat.

- S0 Vi céc loai co cdu khac, co cAu nhiéu thanh c6 nhitng dic diém sau: 1au mon, tudi
tho cao, kha ning truyén luc 16n; ¢d cu tao don gian, d& ché tao va lap rap; dé dang thay doi
kich thudc dong; kho thiét ké co cau theo 1 quy luat chuyén dong cho trudc.

- Trong co cau nhiéu thanh, co cau 4 khau ban I¢ 13 co cdu thuong gap va dién hinh
nhat. Co cau 4 khau ban I& 1a co cau gom c6 4 khau ndi véi nhau bang cac khap quay (con goi
la khép ban 18), lugc @ & hinh 7-1.

Hinh 7-1: co cdu 4 khau ban 1é

Trong do: )
+ Khau co dinh goi la gia: khau 4. . 7 7
+ Khau do6i dién khau co dinh goi la thanh truyén c6 chuyén dong song phang:
khau 2.
+ Hai khau con lai, néu quay dugc toan vong goi la tay quay, néu khdng quay
dugc toan vong goi la can lac.

2. CAC BIEN THE TRONG CO CAU BON KHAU BAN LE
2.1. Thay déi kich thwéc dong cia khau
Hinh 7-2a 14 co' cdu 4 khau ban 1é, cho chiéu dai khau 3 [6n vé cung, diém D I0i xa vd
tan, Chuyen dong khau 3 trg thanh tinh tién theo phuong truot Xx. Néu xx khong di qua tam A,
ta cO co cdu tay quay — con truot léch tam (H.7-2b), néu xx di qua tdm A, ta c6 co cau tay
quay — con truot dung tam (H.7-2cC).
2.2.  Thay d6i khau cé dinh
+ Ta biét rang, chuyén dong tuong d6i gitra cac khau khong thay dél khi doi gia. Trén
co cAu tay quay — con trugt chinh tdm, néu chon khau 2 lam gi4, ta cd co cdu xy-lanh quay
(con goi 1a co cau cu-lit lic nhu & H.7-2d) va néu lay khau 1 1am gid, ta c6 co cdu cu-lit nhu
H.7-2e.
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Hinh 7-2: cac bién thé ciia co cdu 4 khau ban 1é
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+ Tur co cau cu-lit, néu dich tdm quay B ra xa vo6 cung thi khau 2 ¢ chuyén dong tinh
tién, khép quay B & vo tan trg thanh khop tinh tién & gan, ta nhan duoc co cdu tinh tang (H.7-
2f). Ciing tir co cau cu-lit, néu ta dich tim A ra xa v cling, ta 6 co cau tinh sin (H.7-2g), co
c4u tinh sin nay ciing c6 thé biéu dién bang lvoc d6 nhu H.7-2h.

+ Tir hinh 7-2h, néu iy khau 4 1am gi4, ta c6 co cau Ellip (H.7-2i); néu lay khau 2 1am
gid, ta c6 co cau Ondam (H.7-2Kk).

3. DAC PIEM BONG HOC CUA CO CAU NHIEU THANH
31 Ty sd truyén ’ 7
Co cau 4 khau ban Ie ABCD trén hinh 7-3a, bién chuyén dong quay cua khau 1 chi van

tdc goc @, thanh chuyen dong quay cua khau bi dan 3 véi van tdc goc ms. Mot théng sé quan
trong dac trung cho co cau la ty sé truyeén:

13 = 2 (7-1)

Wy

P (Pi=Ps) A 4 - o

o
D

Hinh 7-3: tdm quay tuc thoi

a) binh ly Kennedy (1847 — 1928)

Trong chuyén dong tuong dbi cua khau 3 so véi khau 1 (chon khau 1 lam gia), van toc
diém C va D ludn vubng goc véi BC va AD. Vi vay tic thoi co thé xem chuyén dong tuong
d6i caa khau 3 so véi khau 1 1a chuyén dong quay quanh giao diém P caa BC va AD (H.7-3a).
Tuong tu ta ciing c6 tim quay tic thoi trong chuyén dong tuong ddi cia khau 4 so véi khau 2
1a giao diém | ciia AB va CD.

Phét biéu dinh Iy: Trong co cau 4 khau ban I&, tim quay tuc thoi trong chuyén dong
tuong dbi gitra 2 khau déi dién 1a giao diém 2 duong tdm cua 2 khau con lai.

b) Binh ly Willis (1800 — 1875)

+ Theo khai niém tdm quay tuc thoi, ta c6 diém P, thudc khau 1 va diém P; thudc khau
3 hién dang tring nhau tai P, thi Ve = Vs

Ma khau 1 dang quay quanh A = Vp; = @1.lpa

Khau 3 dang quay quanh D = Vp3 = 03.lpp
(Dl.lpA = (Dg.lpD = |13 = & = Iﬂ = PD (7_2)
@, o PA

+ Phét biéu dinh ly: Trong co cau 4 khau ban 18, duong thanh truyén BC chia dudng
gia AD thanh 2 doan ty 1& nghich véi van toc goc cua 2 khau ndi gié.
+ Nhan xét:
> Khi lam viéc, diém P ludn thay d6i, ma o, = const nén m; # const. Nghia 1a co cdu bién
1 chuyén dong quay déu thanh 1 chuyén dong quay khong déu. Nhung dic biét véi co cau
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hinh binh hanh, (diém P & xa vo tin, lic d6 iy3 = = _A = 1) bién 1 chuyén dong quay déu

thanh 1 chuyén dong quay déu.

> Khi P nam ngoai doan AD thi o, V& w3 cling chiéu nhau nén i3 = o;/wz > 0.

> Khi P niam trong doan AD (H.7-3b) thi m; v ®3; nguoc chiéu nhau nén i3 = 0./o; < 0.

» Khi P = A thi i;3 = PD/PA ~ PD/0 — o nghia la w3 = 0, khau 3 durng tirc thoi ¢ 2 vi tri
(tay quay AB va thanh truyén BC dudi thang ra hay gap lai). Hai vi tri ndy cua khau 3 (ciing
nhu vi tri clia co cAu tai vi tri ndy), duoc goi & vi tri bién hay vi tri chét.

3.2. Hé sb ning suit

Trong nhitng co cAu ma khau bi dan ¢ chuyén dong 2 chiéu di va vé nhu trén hinh 7-4,
thong thuong 1 Chiéu lam viéc, 1 chiéu chay khong. Nguoi thiét ké phai ¢am bao cho thoi gian
chay khdng cang ngan cang tét, de xét dén diéu kién nay, ngudi ta dua ra mot dai luong goi la
hé s6 nang suat (con goi 1a hé sé vé nhanh, hé sb 1am viéc) va dugc dinh nghia 13 ty sb gita
thoi gian lam viéc va thoi gian chay khong trong 1 chu ky lam viéc caa may.
k= tIv/tck (7'3)

lam viée

Hinh 7-4: mé td cdch xdc dinh hé sé ning sudt
Néu chon chiéu 1am viéc, chiéu chay khong va chiéu quay khau dan o, nhu hinh vé thi
goc quay khau dan ing véi thoi gian lam viéc, thoi gian chay khong 13 ¢y, Q.
k = tl_v: ol o _ P
te  Pulor @y

Goi 6 = C,AC, la goc nhon tao bai 2 vi tri cua khau dan ang vai 2 vi tri bién, ta co:
@ = 180° + 0 va ¢ = 180° - 0
_180°+0
180° -9

(7-4)
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3.3.  Piéu kién quay toan vong cia khau noi gia

R=l+15

\ Hinh 7-5 /

N B
~ e
N ,/'

Do yéu cau lam viéc, mot khau ni gia budc phai quay toan vong hay khong.

Gia sir ta tim diéu kién dé khau 1 quay toan vong.

- Khéu 1 quay toan vong khi quy dao caa diém B trén co cau la ca vong tron. Diém B
trén co cau la vi tri ndi dong giira diém B trén khau 1 (B,) va diém B trén khau 2 (B,), nhu vay
diém B trén co cau dén vi tri ndo thi diém B, va B, phai dén duoc vi tri do.

- Vi vay ta tuéng tuong thao khép B, ta co:

+ Quy dao diém B 1a vong tron tam A, ban kinh |,

+ Quy dao diém B, quay quanh D va cach D xa nhét véi ban kinh (I, + 13), gan D
nhat véi ban kinh (I, — 15), nhu vay ta ¢é thé noi rang diém B, chuyén dong trong mién vanh
khan tam D véi ban kinh 16n R = (I, + I3), ban kinh nho r = (I, — I3), mién nay goi 1a mién voi
t6i ctia diém B,

- Vay dé khau 1 quay toan vong thi quy tich cia diém B, phai nam trong mién véi caa
diém B,. Kich thudc cac khau phai thoa man:

{Il +1, <1+, (7-5)
==, -1

Lap luan tuong ty nhu trén, ta cd thé tuong tugng thao khop C dé tim diéu kién quay
toan vong cua khéu 3.

Mot cach tong quét, c6 thé phat biéu diéu kién quay toan vong theo dinh Iy sau: Mt
khau néi gia quay toan vong khi va chi khi quy tich cia I diém trén khau néi gia nam trong
mién Vi téi cua diém trén thanh truyén néi véi diém do.

Dinh Iy ndy hoan toan dang cho ca co ciu khdng gian va ca co cau c6 nhiéu béc tu do.
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4. DAC PIEM DPONG HOC CUA CAC BIEN THE THWONG GAP
4.1. Co ciu tay quay — con trugt

Hinh 7-6: mé td ddc diém déng hoc co cdu tay quay-con trirot
- Quan hé dong hoc: (H.7-6a)

+ Pic diém ciu tao: tam quay D ¢ xa vo tan nén duong gia AD la duong thing di qua
A va vudng goc véi phuong trugt xx ctia khau 3. Tam van toc tac thoi la P.

+ Quan hé dong hoc: mq.lpa = V¢ (7-6)

- Hé s6 nang suat: (H.7-6b)

+ Hanh trinh 1am viéc caa khau 3 1a: Hc = lcico; néu 14 co ciu tay quay — con truot
chinh tam thi HC = 2-IAB-

+ Céc goc 1am viéc va chay khdng duoc thé hién & hinh vé.

- Piéu kién quay toan vong: (H.7-6c)

+ Dic diém: lcp 16n vo cling nén mién vanh khin cua co ciu 4 khau ban 18 tro thanh
mét ddy cua mat phang gisi han bai hai duong thang song song va cach phuong truot xx mot
doan bang I,.

+ Piéu kién quay toan vong: |, + e < |,. (7-7)
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4.2. Co cau cu-lit

Hinh 7-7: md td ddc diém déng hoc co cdu cu-lit
- Quan h¢ dong hoc: (H.7-7a)
+ Pac diém cau tao: Puong thanh truyén BC la duong thang di qua B va vudng goc Véi
BD vi tim quay C xa v0 tan. Tam van tbc tuc thoi 1a P.
+ Quan hé d@ong hoc: w.lpa = ms.lpp (7-8)
- Hé s6 nang suat: (H.7-7b)
+ Hai vi tri bién cua co cau 1a vi tri tay quay OA vudng goc véi cu-lit 3 vi thé goc lac
cua cu-lit bang vai goc 6.
+ Cac goc lam viéc va chay khdng duoc thé hién & hinh vé.
- Piéu kién quay toan vong: (H.7-7c)
+ Pac diém: Tuong tuong thao khop B, mién véi caa B2 1a ca mat phang. nhu vay ¢ co
cau cu-lit, khau ddi dién vai cu-lit (khau 1) bao gid ciing quay dugc toan vong.
+ Cu-lit 3 quay duoc toan vong khi diém B trén co cau dén duoc vj tri trén phuong AD
vé phia D nhu hinh v&, nghia 1a khau 3 quay toan vong khi:
IAB 2> IAD (7'9)
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5. GOC AP LUC

Ngoai cac chi tiéu dong hoc néu trén, vé phuong dién dong luc hoc, mot chi tiéu quan
trong trong co cau phang toan khop thap 1a goc ap luc. Goc &p luc 14 g6c hop goi vecto luc tac
dung va vecto van toc cia diém dat luc.

O co cdu 4 khau ban 18, tay quay — con truot... néu bo qua trong luong cua cac khau va
ma sét & cac khap thi luc P truyén tir khau dan sang khau bi dan nim doc theo thanh truyén
(H.7-8). Gbc a duoc goi la goc ap luc.

3 B
0
Ve
B 3
1 7 ‘\
A 77 O D

Hinh 7-8
Y nghia cta goc ap luc:
+ Ta biét cong suat cua luc tac dung P 1a:
Np= P.V =P.Vc.cosa (7-10)
Nhu vay goc a. phdn anh tac dung gay ra chuyén dgng cua luc P . G6c a. cang 16n thi Np cang
nho. Khi o = 90° thi Np = 0. Vi thé khi thiét ké phai dam bao sao cho géc ap luc a. nhé hon 1
gid tri nhat dinh va c6 gang o cang nho cang tot.

+ Trong qua trinh chuyen dong, kho tranh khoi co cau & vi tri ¢d o = 90°, vi du co cau 4
khau ban 1& (H.7-9a), co cau tay quay con truot (H.7-9b), véi khau 1 1a khau dan & vi tri tay
quay dudi thang ra hay gap lai, trong trueong hop nay luc tic dung tir khau dan sang khau bi
dan khong c6 tac dung 1am cho khau bi din chuyén dong (day chinh 1a vi tri bién), co cau tiép
tuc chuyén dong duoc 1a nho quan tinh va khi qua khoi vi tri nay thi o = 90° va lyc tac dung
lai gay ra chuyén dong.

VCl

Hinh 7-9: mo ta vi tri bién

6. MOT SO IPNG DUNG CUA CO CAU NHIEU THANH

Co cau nhieu thanh dugc (ing dung rong réi trong ky thuat. Sau day 1a mot so vi du:
- Co cAu dong co 2 xylanh kiéu chir V (H.7-10), bién chuyén dong tinh tlen cua 2
piston 3 va 5 thanh chuyén dong quay cua khau 1 quanh A. Ciing & co cau nay néu dung dé
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bieén chuyén dong tinh tien cua khau 3 thanh chuyén dong quay cua khau 1 (lam nhiém vu cua
dong co no) roi bien chuyén dong quay cuaa khau 1 thanh chuyén dong tinh tien cua khau 5
(Iam nhiém vu nhu bom piston); trong truong hop nay ta cé dong co nén khi.

Hinh 7-10: co cdu ddng co 2 xy lanh, kiéu chit V

- Co ciu thanh khong gian trong may nong nghlep

Trong may ndng nghiép, dac bi¢t la trong cac may thu hoach, thuong gap co cau thanh
khong gian, phan Ién céc co cau nay la cac co cau khong gian 4 khau két hop véi mot chudi
dong phang. Trén hinh 7-11a la so d6 dong cua co cau thuc OABKC ding dé dan dong cho
dao trén may git dap lién hop C.4. O day can luu y rang do dic diém caa may ndng nghiép
nén cac khau cé toc do 1am viéc thap va khdng doi hoi phai c6 do chinh xéac chuyén dong cao.
Vi vay chuyén dong khdng gian twong d6i cua cac khau trong pham vi nho cé thé thuc hién
nho khe ho & khép dong va do dan hoi cua cac khau. Nho do ma két cau cua cac khop dong va
céc khau trong co cu s& rat don gian. Vi du & so do trén, nho khe ho & cac khop A va C nén
n6 bao dam cho céc khau c6 chuyén dong khdng gian tuong d0| véi chuyén vi nho. Thuc ra dé
c6 thé hinh dung dung chuyén dong cua cac khau trong co cau, cac khép nay phai duoc thay
téh bang céac khép cau A’ va cu-lit C’.

Hinh 7-11b 1a so &b dong cua co cau thanh khong gian OA;A,BO;0,CDE ¢ truc lic
BO,0,C dé dan dong cho dao trong may cat co KH.1.4.

Hinh 7-11: leoc do déng cua dao cat
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- Co cAu may cwa soc (H.7-12)
Pay 1a co ciu 4 khau phang, dang tay quay — con truot. Tay quay 1 dan dong cho con
truot 3 chuyén dong tinh tién theo phwong dang. Con truot 3 mang khung cua va ludi cua 4.
Cay gb can cua 6 duoc con lan 5 ddy vao. Hanh trinh 1am viéc 1a hanh trinh ludi cwa chuyén
dong tir trén xuéng.
O [é 4

AN e Vs

] 'Hinh 7-12: liwge do ddng mdy cwa soc

- Co cau may sang lac phang (H.7-13)

bay la dang co cau 4 khau ban 1€ phang.

+ Hinh 7-13a la so @6 may sang lac phang cé khung sang dat nghién trén cac thanh do
treo.

+ Hinh 7-13b la so d6 may sang lac phang c6 khung sang dat nghién trén céac thanh do
dang.

+ Hinh 7-13c 1a so 6 may sang lic phang cé khung sang dit ngang trén céac thanh da
dan hoi.

Hinh 7-13: lurgc do6 déng may sang ldac

Giao trinh Nguyén Ly May 63



Truong Pai hoc Néng Lam Tp. HCM Khoa Co khi - Cong nghé

Chwong 8: Co’ cau cam

1. DAI CUONG
1.1. Khéi niém vé co cau cam

Co cau cam la co cau khép loai cao, cd
kha niang thuc hién dugc nhitng chuyén dong co
chu ky phtrc tap cia khau bi dan véi do chinh
X&c cao. 1 B

Khau dan cia co cau dugc goi 1a cam, con
khau bi din duoc goi la can (H.8-1). ~

+ OB 1a kich thuéc dong cua khau 1, O,B A A
thay d6i trong qua trinh 1am viéc.

+ Khép cao gitra khau 1 va khau 2 1a B.

Bién dang cam

Hinh 8-1: Co cdu cam
1.2. Uu nhuge diém
- Uu diém: Chon bién hinh cam (thiét ké co cau cam) theo mot quy luat chuyén dong
cho truéc (cua can) thi dé dang.
- Nhuoc diém: C6 khép cao B tiép xuc theo diém hay theo duodng, dan dén hao mon
nhanh & bé mit 1am viée; c6 khuynh huéng théo khop; khé khin trong viéc ché tao chinh xéac
bé mat lam viéc cua cam.

1.3. Phan loai

Theo mat phang chuyén dong ciia cam va can, ta c6 cam phang va cam khdng gian. Néu
mat phang chuyen dong cua cam trung hay song song v&i mét phang chuyen dong cua can day,
ta c6 cam phang; néu mit phang chuyén dong cia cam cit mat phang chuyén dong caa can
day ta c6 cam khong gian.

Hinh 8-2: Cam khéng gian (cam thing). 1: Cam; 2: Can.

~_Theo hinh dang dau can ta c6 cac loai: can dau nhon (H.8-3a), can dau bang (H.8-3b),
can dau cong (H.8-3c), can dau con lan (H.8-3d).
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b) ) d)

a)

q ‘H\Inh 8-3: Hinh dang dau can o
Theo chuyén déng cua can: Cam can tinh tién (H.8-4a,b,c,g,h) va cam can lac (quay)
(H.8-4d,¢e,f).

9)

Hinh 8-4

2. CAC THONG sO cO BAN CUA CO' CAU CAM

2.1. Thong sé hinh hec ciia cam

- Ban kinh vecto 16n nhat Ry. va ban kinh vecto nho nhat Ry, caa bién dang cam.

- Cac goc cong nghé: 1a goc duoc xac dinh trén bién dang cam &ng vai cac cung lam
viéc khéc nhau cua bién dang nay. Dé can chuyén dong qua lai va co IGc dirng thi trén bién
dang cam phai c6 4 goc cong nghé:

+ Goc cdng nghé di xa v, (ing Véi giai doan can di xa tim cam.
+ Goc cdng nghé dung xa yy: tng véi giai doan can dung yén & vi tri xa tdm cam nhat.
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+ Goc cdng nghé vé gan y,: tng voi giai doan can vé gan tdm cam.
, + Goc cong ngh¢ dimng gan y,: ting véi giai doan can ding yén & vi tri gan tam cam
nhat.
Dé can chuyen dong qua lai, toi thicu trén bién dang cam phai ¢ 2 goc v, 1.
2.2. Thong s6 dong hoc cuaa co cAu cam
- B4i véi co cau cam can tinh tién dau nhon (H.8-4a):
+Po léch tam e = AH, trong d6 H 1a chan cua duong vudng goc ha tir tim cam A dén
phuong truot BC cua can.
+ Khi e = 0 tic 1a khi phuong trugt BC di qua tAm A, ta ¢ co cau cam can tinh tién
chinh tam.
- B6i vé6i cam can lac dau nhon (H8-4d):
+ Khoang cach tdm cam — tdm can Iac.
+ Chiéu dai can lgc (chiéu dai doan thang ndi tam can va dau nhon cua can).
- Céc goc dinh ky 1a goc quay caa cam @ng voi cac giai doan chuyén dong khac nhau
cta can.
+ Goc dinh ky di xa @4: tng Voi giai doan can di xa tAm cam.
+ Goc dinh ky diing xa @, tng Véi giai doan can dang yén ¢ vi tri xa tim cam nhat.
+ Goc dinh Ky vé gan o,: tng Vi giai doan can vé gan tm cam.
+ Goc dinh ky dang gan @g: tng véi giai doan can dimg yén & vi tri gan tim cam nhét.

Hinh 8-5: Goc cong nghé va géc dinh ky trén co cau cam
NGi chung cac goc cong nghé va cac goc dinh ky tuong tng khéng bang nhau:
Yda # Qa; Tv# Qv

Pdi voi cam can tinh tién dau nhon, dé géc cong nghé va goc dinh ky bang nhau, thi
phuong trugt BC di qua tdm cam A, tic la &ng véi co cau cam can tinh tién chinh tam. Con
d6i véi cam Can lic dau nhon, phai c6 diéu kién: 3 diém A, B, B, thing hang.
2.3. Thong sé lwc hoc caa co cau cam

- Goc &p luc dau can 1a goc hop bai phap tuyén Bn caa bién dang cam tai diém tiép xtc
giita cam va can végi van toc V,, cia dau can B tai vi tri ndy: o = (Bn, Vg, ) (H.8-6). G6c ap
lwc dau can noi chung bién thién theo vj tri tiép xtc B gitta cam va can.
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- Goc ap luc dau can dic trung cho kha nang truyén luc cta co cau cam. That vay, xét
co cau cam can tinh tién dau nhon trén H.8-6a. Goi N va F lan luot 12 4p luc va luc ma sat tir
cam tac dung 1én can, va P=N +F thi cdng suat truyén tir cam sang can Ia :
W = P.Vpg,.cos(at+o) (8-1)
v6i ¢ 1a goc ma sét giira cam va can. Khi gc p luc o cang bé, cong suat truyén dong cang
I6m, hay noi khac di hiéu qua cua luc day P cang Ion.

Hinh 8-6: GAc &p luc trén co cdu cam

3. PHAN TiCH BPONG HOC CO CAU CAM.

Noi dung: xac dinh quy luat chuyén dong caa can (vj tri, van téc, gia toC) khi biét quy
luat chuyén dong caa cam va bién hinh cam, vi tri thm quay ciia cam wng véi can.

Phuong phép: dung phuong phap do thi dong hoc.

3.1. Cam cin dau nhon.

a. Cam can tinh tién ddu nhon.

Chuyén vi cua can duoc xac dinh tir vi tri thap nhat B, cta can dén vi tri dang xét. D6 thi
chuyén vi caa can biéu thi lién hé gitra chuyén vi s va goc quay ¢ ta cam.

Lap d6 thi chuyén vi: c6 thé dung hai phuong phap.

< Phwong phap truc tiép:

Chon dién B bat ky trén bién dang cam. S& tim cich xac dinh chuyén vi s; va goc quay
Cua cam ¢, tuong ung, khi dém B, dén tiép xtc vai can.

Vi diém B, thudc cam, nén khi chuyén dong, quy dao cua B, 1a vong tron tam O, ban
kinh OB;. Giao diém B’; cua vong tron nay va phuong tinh tién cua dau can chlnh 1a vi tri cua
diém B, khi dén tiép xuc vai can. Nhu vay cam di quay goc B;OB’; = ¢y, can tinh tién mot
khoang BoB’; = s;. Pua 2 gia tri nay 1én hé truc toa do sle (sau khi da chon ti 1€ xich cua tung
truc toa do twong ung) s& nhan duoc 1 diém cua d6 thi chuyén vi. Lap lai qua trinh xac dinh
nhu trén cho nhiéu diém B; (i = 1,2,...,n) nam trén bién dang cam, s& duoc n diém trén hé truc
toa d6 slg. N&i cac diém nay thanh mot duong cong lién tuc, s& dugc dd thi chuyén vi caa can.
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Hinh 8-7: mé ta cach vé do thi chuyén vi (can tinh tién)

¢ Phwong phap dol chuyén dong:

Phuong phép truc tiép c6 nhuoc diém la cac khodng chia trén truc hoanh s& khong déu
nhau, dé khic phuc ta ding phu:ong phap d6i chuyén dong. Trong phwong phap ndy, s& chon
géc Pi trudce, sau do sé tim chuyen Vi §; tuong ung. V& vong tron tam sai (tam O, ban kinh e)
tiép xdc véi phuong tinh tién ciia dau can tai Ag. Tir By V& tiép tuyén B, A, véi vong tron tam
sai.

Hai tam giac vudng B;0A; va B’;0A, bang nhau

= B,0OA = Bl'OA) = B,0B, = AOA =g,

Tir nhitng nhan xét trén, néu chon trudc ¢4, c6 thé v& dugc goc A OA,, nghia 14 co thé
xac dinh diém A, Tur diém A; V& tiép tuyén vai vong tron tam sai. Tiép tuyén nay cat bién
bang cam tai diém B;. Dung phuong phap truc tiép nhu di trinh bay & trén, s& xac dinh duoc s
tuong ng Vai ¢q chon trudc.

Vi gbc oy chon trude, nén s€ chon cac goc co trong céc loai é-ke va chon sao cho cac
khoang chia trén truc hoanh bang nhau. Vi vay viéc v& do thi chuyén vi s& d& dang hon.

Thuc Chat phuong phép doi Chuyen dong la ta xét chuyén dong twong dbi cua can doi
véi cam (cam c6 dinh), can s& vira tinh tién vira quay quanh tdm O theo chiéu nguoc véi chiéu
quay cuaa cam.

Bang phuong phap trén co the xac dinh chuyén vi si cua can, (g véi goc quay ¢; cia
cam (i = .,N) V&i n 12 56 vi tri Can xét trong mot vong quay cua cam (n=16,8,12,32...).

Qua trlnh chuyén dong cua can, néi chung gom 4 giai doan: can di xa (tng véi goc ¢q);
can ding & xa (y); an V& gan (py); Va can ding & gan (). Cac goc ¢g, @x, @y, @y 1a cac goc
dinh ky cta co cau cam, di nhién: g4 + @y + @, + Qg = 2.

Do thi chuyén vi, van tbc, gia toc cia can duoc biéu thi & H.8-8. Trong d6 ham v(¢) =
ds/de nhan duoc dudi dang do thi bing cach vi phan d6 thi s(), va

ds ds de

v(t) = at %E =V(p).o, (8-2)
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Do thi gia toc a(p) cb thé tim duoc nho vi phén d6 thi v(e), va

d?s  dv(t) dV((/))
a(t) = it = ( +V() )
®; = const = a(t) = w, d:;((p) d(p_a() ; (8-3)
@
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Hinh 8-8: m6 ta céch vé do thi chuyén vi-van téc-gia toc (can tinh tién)

b. Cam cén quay ddu nhon.

Chuyén vi cua can:

Gia sir tai thoi didm dau tién, cam va can tiép xGc nhau tai diém B,. Chuyén vi caa can
duge xac dinh boi goc quay . Do thi chuyén vi biéu dién lién hé gitra goc quay v theo goc
quay cua cam la .

< Phwong phap truc tiép:

Giao trinh Nguyén Ly May 69



Truong Pai hoc Néng Lam Tp. HCM Khoa Co khi - Cong nghé

Chon diém B; bat ky trén bién dang cam. Khi cam quay, diém B; chuyén dong trén
vong tron tdm O, béan kinh OB;. Pau cin chuyén dong trén vong tron tim C, ban kinh B,C.
Giao diém B; cua 2 quy dao nay l1a vi tri dau can, khi diém B, dén tiép xtc vai can.

Khi B; quay dén B’;, cam di quay mot goc ¢, = B,OB, va can quay mot goc y; =
B’,CO (chon OC lam géc do goc).

Sau khi chon ti 1€ xich thich hop, dua hai gia tri nay l1én hé truc toa do wOg ta nhan
dugc 1 diém cua d thi chuyén vi cua can. Lap lai qua trinh trén d6i voi cac diém B; trén bién
dang, s& v& dugc do thi chuyén vi y(e), thé hién & H.8-9.
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Hinh 8-9: mé td céch vé do thi chuyén vi (can quay)
<% Phwong phap ddi chuyén déng:
V& vong tron tam O, ban kinh OC. Tir B; V& cung tron tdm By, ban kinh bang chiéu dai
cuia can, cung tron nay cat vong tron trén & diém C;.
Xét 2 tam giac B;OC; va B’;0C, hai tam giac ndy bang nhau
= BloCl = B’10C
Néu bt goc B’;0C; cho ca hai goc trén, ta co:
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B]_OB’]_ = C]_OC =P

Nhu vay néu chon trudc goc oy, ¢6 thé tim duoc diém C; vi C,OC = ¢,

Tir diém C; c6 thé tim diém B, twong ung (Vi B, 1a giao diém cua vong tron tam C,, ban kinh
bang chiéu dai can dén bién dang cam).

Sau khi c6 B, ding phuong phap truc tiép s& xac dinh duoc vy, twong tng. Vi goc o;
chon trudc nén cd thé chon nhitng gc de do (vi du: 30, 45°, 60°,...).

Bang phuong phap trén, c6 thé xac dinh chuyén vi goc v; ting véi goc ¢; cach déu (i =
1,2,...,n), & day n 1a sd vi tri can xét trong mot vong quay cua cam (co thé chon n =
6,8,12,16. ..). Nhu vay C; la nhitng diém chia déu duong tron tam C, béan kinh OC.

Do thi chuyén vi cua can thé hién o H.8-9b.

B = Ymax - Wmin goi la goc |aC cua can.
- Van tbc cua can:

Vi phan db thi y = (o) ta c6 db thi e, () = ‘;—‘/’ Va o, (t) = 0, (0)0,
()

- Giatbc cua can:

Vi phan do thi m,(¢) ta ¢ d6 thi &, (¢) = Va &,(t) = £, (p).0}

dw,(p)
do
3.2. Cam cén diu bang.

- V6i cam can dau bang, dau can tiép x(c v6i cam theo duong thang. Trén dau can,
diém tiép xuc gitta cam va can khong phai 1a mot diém cb dinh, ma luén ludn dich chuyén trén
day can (H.8-10).

- Po thi chuyén vi s(¢).

< Phuwong phap truc tiép:

Chon diém B, tly y trén bién dang cam, tai By ké tiép tuyen t;t; vai bién dang cam. Gan
chat tiép tuyén véi cam. Khi tiép tuyen quay quanh O, dén vi tri song song voi dau can, thi
t’1t’; S& tring véi dau can, cam va dau can sé tlep xuc tai Bl Nhu vay cam (hoic tiép tuyén véi
cam tai B;) dd quay 1 goc ¢, va twong ung, can di tinh tién 1én mot doan s;. Lap lai qué trinh
trén véi cac diém B; (i = 1,2,...,n) trén bién dang cam, s& lap duoc d6 thi s(¢).

Xp=— Xg

&

Hinh 8-10: m6 ta cach vé do thj chuyén vj (can dau bang)
% Phwong phap doi chuyén dong:
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Vé duong OH, vubng goc vai tit;. Goc bOH; = ¢, (Vi ¢6 c&c canh vudng goc vai t,1t’,).
Vi vay néu cho trudc goc ¢y, ¢6 thé v& duoc nita dudng thing Ob;,. V& tiép tuyén tyt; vai bién
dang cam va vudng gdc véi Ob;. Tir d6 s& xac dinh duoc diém B, (1a diém tiép xUc cua tyt; Voi
bién dang cam)

Céc budc tiép theo dé xac dinh twong ty nhu phuong phép truc tiép.

Do thi van tdc va gia toc cua can dugc xac dinh ciing twong tu nhu cam can tinh tién
dau nhon.

3.3. Cam cén déu con lin.

Déi v6i cam can dau con lin (H.8-11), dau can ludn ludn cach déu bién dang cam 1
khoang bang ban kinh con lin. Dau can ludn luén tiép xuc véi bién dang cam ly thuyét, cach
déu bién dang thuc té 1 khoang cach bang ban kinh con lin. Vi vy khi phan tich dong hoc co
cau cam can dau con lin, c6 thé ding phuwong phap da trinh bay ¢ trén, nhung tién hanh véi
bién dang cam Iy thuyét.

G,
%

Bién dang thii

Bién dang [y thuyét //_
Hinh 8-11: Cach vé bién dang Iy thuyét tir bién dang thuc
Pé vé bién dang cam Iy thuyét, lay cac diém trén bién dang thyuc té lam tam, vé cac vong tron
ban kinh bang ban kinh con lan, bao hinh cua vong tron nay chinh 1a bién dang ly thuyét.

4. PHAN TICH LUC CO CAU CAM.
4.1. Cac lye tac dong trong co cau cam o
Quan sat co cau cam quay nhu H.8-12 ¢ thoi diém can dang di xa. Phan tich céc luc tac
dung cua can.

- P 1a lyc day caa cam tac dung 1én can. Luc P gom hai thanh phan: phan luc phap tuyén
N va lyc ma sat F . Goc gitra lyc P va N 1a goc ma sét o.

- M, 1a mdmen can tac dung Ién can.

- Goi R la phan lyc cua gia tac dung 18n can. Dé bao dam diéu kién can bang luc, luc R
song song va nguoc chiéu véi luc P va tiép xic voi vong ma sat tai khai quay C (ban kinh
vong ma sat la pe).

- GOc gitra phuong phap tuyén cia bién dang cam va van téc cua dau can V,, goi la goc ap
luc, ky hiéu la a.

Giao trinh Nguyén Ly May 72



Truong Pai hoc Néng Lam Tp. HCM Khoa Co khi - Cong nghé

Hinh 8-12: phan tich luc co cdu cam
- Cong suat lyc P 1AW = P.V,, .cos(a + o).
Nhan xét: cong suat lec truyén ty 1& nghich véi goc ap luc, goc ap luc cang nho, hiéu qua

cua luc dau cang Ion.
- Quan hé¢ giira lyc truyén P va mémen can M 1a:
Tir phuong trinh can bang, tong mdmen cua cac luc ddi véi diém C bang khong:
Ph—R.p.—M,=0
V6i h=lgc.cos(a+ @) vaR =P

p- M. (8-4)
[cos(a + @) —sin(¢')]d g
Néu goc &p luc cb gia tri sao cho [cos(a + @) —sin(¢’)] =0, hay o + ¢ + ¢” =90° thi P —
o0, ¢6 nghia 14 can khong thé chuyén dong duoc, vi khong thé thuc hién duoc luc
P 16n v6 cung. Co cau cam & trang théi tu ham.
Pé dam bao chat lugng truyén dong, hiéu suat cao, khi thiét ké vo cau cam, goc ap luc
khong vugt qua mot gidi han cuc dai cho phép [oimax]
Ddi vai cam can tinh tién dau nhon: [otmax] = 40°.
Dbi véi cam can quay dau nhon: [otmax] = 45°.
4.2. Quan hé¢ gitra goc ap luc va vi tri tdm quay caa cam.
(Tham khao PL 8.1)
(5, 6 & 7 sau day, Tham khao PL 8.2, 8.3 & 8.4)

5. TRINH TW THIET KE CO’' CAU CAM.
6. TONG HOP CO CAU CAM
7. BAO TOAN KHOP CAO TRONG CO’ CAU CAM
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Chuong 9: Co’ cau banh riang

I. CO' CAU BANH RANG PHANG

1. DAl CUONG VE TRUYEN DONG BANH RANG
- Gigi thidu: Co cu banh ring 13 co cdu ¢ khép cao dung dé bién doi hoac truyén
chuyén dong theo nguyén tic an khop tryuc tiép gitra hai khau.
- Phan loai:
+ Theo vi tri twong dbi giita hai truc quay: banh ring ndi tiép va banh ring ngoai tiép.
+ Theo sy phan bé cua ring trén banh ring: banh ring thang, banh ring xoan (nghiéng),
banh rang chir V.
+ Theo bién dang ring: banh ring than khai, banh ring xycldit, banh rang No-vi-cp.
+ Theo tinh chat chuyén dong: cap banh ring phang, cip banh ring khong gian.
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f) Banh rang non g) Banh rang tru h)Banh rang non chéo k) Co cdu truc vit —
cheo banh vit
Hinh 9-1: Phéan logi bdnh rang
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1.1. Dinh 1y an khép
-Ty sb van téc goc giita hai banh ring, goi 1a ty s truyeén.
Ky hICU |12 = 0)1/0)2
i12 > 0 khi 2 banh rang quay cung chiéu, va iy, < 0 khi 2 banh ring quay ngugc Chleu
- Xét 2 khau 1 va 2 dang tiép xidc nhau tai K, quay quanh O4, O, twrong ng Véi van toc goc
la (O3} va ).

Hinh 9-2: mé td vdn tac tai diém tiép xuc
- biéu kién dé 2 bién hinh ludn tiép xdc (khdng roi nhau, khdng l1an vao nhau) 1a hinh chiéu
ctia Cac van toc tic thoi 1én phuong phap tuyén phai bang nhau. Nghia la:
V1. COSBl = VK2 COSBZ = (01 O1N{ = ©,.0,N,

- Ty s6 truyen: fisg = | = (— ) (9-1)

o, O N

Véi P 1a giao diém cuaa phép tuyén chung ctia 2 bién hinh tai tiép diém duoc xét va duong
ndi 2 tam quay O, va O,; P dwoc goi 1 cuec an khép.

- Pinh 1y dn khép co ban: Phap tuyén chung cia 2 bién hinh tai diém dn khép (diém
tiép xUc giira 2 bién hinh) chia dwong néi tam thanh nhitng doan thang ty 1é nghich véi ty so
truyen.

- Nhan xét: dé cho ty s truyén giira 2 khau khong thay d6i, cuc an khép phai 6 vi tri cd
dinh trén dudng ndi tam.

- Céc banh rang c6 bién hinh 1a duong than khai, duong xycloit (épi-xycldit va hypo-
xycloit) déu thoa man diéu kién nay.

1.2. An khép than khai

- Buong than khai caa duong tron 1a quy tich caa mot diém nam trén duong thang lan
khong truot trén duong tron (goi 1a duong tron co so).
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- Tinh chat ctaa duong than khai:

+ Ludn nim ngoai dudng tron co so.

+ Phap tuyén cua duong than khai 12 tiép tuyén cua duong tron co so.

+ Ban kinh cong & mdi diém bang chiéu dai cung trén vong tron co sé nam giita diém
géc cua dudng than khai (N,) va tdm quay tuc thoi. Ta co, chiéu dai doan NM bing chiéu dai
cung Nno.

+ Phuong trinh cua duong than khai:

Xeét trén hé toa do cuc (Ox, 0); do lan khong truot ta co

= ro.tgoy = ro(oy + 6y) hay

0y = tgau, - oy = INVouy (9-2)
Mac khac: r, = OM = r /cosoly (9-3)
Phuong trinh (9-2) va (9-3) 1a phuong trinh duong thén khai trong hé toa do cuc.
- Tinh chét cua an khép than khai:

+ Ty s6 truyén trong an khop than khai 1a hang sé.

|i12|: |&|: % = % = Top = const

®, O,P O,N, fo1

+ Do dich tam khéng anh huong dén ty sé truyeén.
+ Piém an khop K ludn nam trén dudng n-n chira N;N,.

Hinh 9-3: duwong than khai Hinh 9-4: an khop than khai

2. CAC THONG SO HINH HOC CO BAN CUA BANH RANG THAN KHAI TIEU
CHUAN

2.1. Giéi thigu

- Cac dudng tron tam O, va O, ban kinh O4P va O,P (H.9-4) néu duoc gan lién vai 2 banh
rang dang an khop s& ludn tiép xdc véi nhau va lan khong truot 1én nhau, va duoc goi la cac
vong tron ban dau (con goi 1a vong tron 1an).

- buong tron tdm Oy, O, ban kinh O;N;, O,N, chinh la cac vong tron co so.

- Quan hé: Iy = ry1/CcoSaL; I, = rpo/COSQL

Véi a: goc an khop, trong an khop tiéu chuan, o = 20°
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2.2. Céc thoéng sé hinh hoc co ban
|

a) thong sb hinh hoc b) chiéu rong ciia rang
Hinh 9-5: banh rang thdn khai
- Khoang cach giita 2 bién hinh lién tiép cia rang do theo vong tron ban dau goi 1a budc
rang. Ky hiéu: t
- Modun ctia rang: ty sO t/m goi 1a moédun cia rang, ky hidu: m
m= t/n (9-5)

Dé tién viéc thiét ké va ché tao, cac kich thudc cua banh ring déu duoc tinh théng qua
modun. Tri s6 cia mddun duoc chon theo diéu kién bén, tinh theo milimét va dugc tiéu chuan
hoa: 1;1,25; 1,5; 2; 2,5; 3; 4; 5; 6; 8; 10; 12; 16; 20; 25; 32; 40; 50; 60; 80; 100.

- Kich thuéc vé chiéu cao:

+ Chiéu cao dau rang: h’ = f>.m (voi f* = 1) (9-6)
+ Chiéu cao chan rang: h” = f”.m (véi * = 1,25) (9-7)
Chu ¥: d6i voi rang cat ngan, £ =0,8; " =1
+ Chiéu cao cua rang: h="h’ + h” (9-8)
- Puong kinh vong tron ban dau: D
Goi Z 12 56 rang ciia banh ring = Zt=n.D =D =m.Z (9-9)
- Buong kinh vong tron dinh rang: D, =D + 2h’ (9-10)
- Buong kinh vong tron chan rang: D; = D — 2h” (9-11)
- Chiéu rong cua rang S’; chiéu rong ké rang S”
S=8"=1/2 (9-12)
Sy = 21 [(S’/2r) + inva - iNVoy] (9-13)
= Se = 21g[(S’/2r) + inva - INVoL] (9-14)
- Khi 2 banh rang an khép nhau thi ty s6 truyén [isg] = feolfor = ro/ry = mZ,/mZ,
= |ip| =224 (9-15)
- Khoang cach gitra 2 truc quay: A = 0,0, =% m(Z; + Z,) (9-16)

DAu +: dn khép ngoai; dau — : dn khép trong.

3. PUONG AN KHOP — CUNG AN KHOP — HE SO TRUNG KHOP

- Khi 2 banh ring an khép véi nhau, diém an khép thay doi vi tri trong qua trinh an khép
nhung van ludn luén nam trén phap tuyén n-n goi 1a duwong dn khop.

- N;N, goi 1a doan an khép Iy thuyét.

- N’;N’, goi la doan an khop thuec.
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- Hinh 9-6 the hi¢n 1 cap banh rang khi bat dau va khi thdi an khop. Trong qua trinh do,
cac diém a;, a, thudc cac bién hinh va nam trén vong tron ban dau s& chuyén téi cac vi tri by,
b.

- Céc cung a;by, a,b, 1a cung trén vong tron ban dau do cac diém ay, a, V& ra trong thoi gian
1 d6i rang an khaop goi la cung an khop.

albl = azbz

Hinh 9-6: vi tri vao khop & ra khop cua mét doi rang
- Hé sé trung khop:

+ Nhan xét: dé truyén dong duoc lién tuc gitta cac banh ring thi cip ring sau phai vao
khép trude khi cap rang trudc ra khép. va cang cé nhiéu cap rang dong thoi an khép thi sy an
khop cang em diu.

+ Kha ning 1am viéc ém diu cua 1 cip banh rang duoc danh gia bang hé sé trung khop:

€= albllt = azbzlt (9-17)

Nhan thay:

a;bi/ming = ry/re; = 1/cosa
Ma min; = N’{N’»
g = NiNy (9-18)
t.cosa
= Po dich tdm anh huong dén e.
Bién d6i cong thuc (9-18) ta duoc:

_@Z +28,) = Z2cos? o ++/(Z, + 2F',)2 + Z2.cos 0. — (Z, + Z,).sin
27.COS o

(9-19)
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Qua cong thuc (9-19), ta thay rang:

+ Hé sb tring khép khong phu thude vao moédun ma phu thudce vao goc in khép va
chiéu dai doan an khép thuc té. (s6 ring va hé sb chiéu cao ring)

+ Pé dam bao truyén dong lién tuc gitra 2 banh rang, phai thoa man diéu kién € > 1. Do
ché tao va lp rap khong hoan toan chinh xéc, cac ring lai bi mon trong qué trinh 1am viéc,
nguoi ta thuong lay € > 1,05.

4. S TRUOT CUA CAC RANG
- Xét 2 bién hinh than khai dang an khop véi nhau tai diém K.

Hinh 9-7: vdn téc tai diém an khop
Goi V k1, V ke 12 van tée diém K; va K, dang tring nhau tai diém an khop K.
= V"«1 = V", (do 2 bién hinh tiép xdc nhau)
Va Vi - Ve =V chinh la van toc truot gitra bién hinh thir 2 va bién hinh thir 2. N6

1a nguyén nhan gay ra mon rang va t6n phi nang luong do ma sat.
- Pé danh gia d6 hao mon nay, ngudi ta dua ra hé sé truot (C):

Vrt<1 V|t<2 va C Vrt<2 _V|t<1
. , VKl VI:Z
Bién doi céng thuec trén, ta co:

_. Vo, _ . p,m,.sinp
Crp=1- k2 =7 PSP,

ClZ -

Vi, p,.0,.SIN B,
. N,K | . NK
= Cp=1-i : C 1—ip.— 9-20
12 21- NlK 21 = 12 N,K ( )

Goi R; (hay R)) 1a ban kinh cong cua duong ton than khai (tai diém K) trén banh ring 1
(hay banh I'é.l’lg 2) = N]_K = Rl va N2K = Rz.
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- V& d6 thi trugt (rang), the hién ¢ hinh 9-7.
+ Doi véi banh rang nho:

Tai N, (xem nhu dau ring quy wéc): R, = 0 = Cpp=1.
Tai P (cuc an khop): Ryl — Cpp =0,
Rl rl
~ Tai Nj (chan rang quy udc): R:=0 = Cpp = 0.
+ Doi véi banh rang 16n (twong ty)
- Nhan xét:

+ Thuc té chi an khép trong doan L7, = dd thi & doan do.

+ Chan rang mon nhiéu hon dau ring, dac biét 1a chan rang ctia banh ring nho.

+ Mubn diéu chinh sy bét loi nay, ta dich doan lam viéc sang trai, nghia 1a ting chiéu
cao dau ring cua banh riang nho, va giam chiéu cao chéan ring ciia banh rang 16n, hoac dich
chinh cac banh rang.

5. NHPNG PHWONG PHAP CO BAN CHE TAO BANH RANG THAN KHAI
5.1. Cac phwong phap cit co ban
a) Phwong phdp cat dinh hinh (chép hinh).

Hinh 9-8: md td cdc phirong phdp cdt

- Ludi cat ¢6 hinh dang tiét dién ngang gidng nhu hinh dang ranh ring.

- Dung dau phan d6 dé quay phdi 1 goc 27/Z, dé cit banh ring c¢6 Z rang.

- Cit banh riang c6 moédun 16n ta ding dao phay ngén (do dung dao phay dia bi rung dong).

- V& Iy thuyét, muén ché tao 1 banh ring c6 sb ring Z phai dung ludi cat riéng cé cing
modun d6. Song dé giam bét sb ludi cat ddi véi timng modun ngudi ta ding bo ludi cat gom 8,
15 hay 26 céi cho tirng modun. Vi dy: ludi cit s6 5 trongv bd 8 cai, dung dé cit banh ring c6
tir 26 dén 34 rang, c6 hinh dang rinh ring cua banh ring c6 Z = 26. B4i véi nhitng banh ring
con lai ( Z = 27 dén 34) s& duoc cit nhitng bién hinh gan ding ma thoi. Ngoai ra con co sai
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léch ve€ bude rang lam téng thém nhing sai 1¢éch vé bién hinh. Vi vay phuong phép nay c6 do
chinh xac khong cao va chi dung dé ché tao nhirng banh ring co toc 6 cham.

- Phuong phép cat dinh hinh con c¢6 1 nhuoc diém nita 1 nang suét thap hon phuong phap
cat bao hinh.

b) Phwong phdp cdit bao hinh.

- Phuong phép cit bao hinh véi céc dao cit loai thanh ring, banh ring hay truc vit trén cac
may phay rang. Uu diém néi bat caa né 1a cing 1 dao, cit dugc nhiéu banh ring co s ring
khac nhau véi cing moédun, dat d chinh cao va ning suét cao.

- Bic diém:

+ Trong qué trinh cit, dao va phdi cd chuyén dong quay twong ddi nhu 1 cip banh ring
dang an khdp, bién hinh ring ctia banh riang duoc ché tao s& 1a bao hinh cua cac vi tri néi tiép
nhau cua ludi cat (H.9-9a).

+ Khi dao cat ¢6 s6 rang 16n vo han ta duoc loai dao thanh rang (H.9-8e). Bién hinh cua
dao khi do, tir duong than khai bién thanh duong thang Trong khi ché tao banh rang, dao
thanh rang sé tinh tién qua lai doc truc ciia phoi dé cat rang, con phoi s& vira quay vua tinh tién
doc theo thanh rang. Dung dao thanh rang chi ¢ thé ché tao nhiing banh ring an khop ngoai.

+ Ché tao banh ring bang mdy phay ring vé6i dao phay truc vit ¢ ning suit cao hon ca.
Dao phay truc vit dat nghiéng véi mat canh cua phdi mot géc bang A (bang géc nang cua
duong xoan b¢ trung binh trén dao phay). Trén mat phang cat vudng goc véi truc cia phdi, dao
phay truc vit cd dang rang la thanh rang. Khi cit rang, chuyén dong tinh tién cua dao thanh
rang s& duoc thay thé bang chuyén dong quay cua dao truc vit.

W
. L L8 B Fortm omim e o
Do cdt dang bdnh rédng thén khal /./ fadl cakg cude gia cong |

a) Gia cong banh rang bang dao cat dang banh  b) Gia céng banh rang bang dao cat dang thanh
rang than khai rang

H
! h'=mq
- I

LTO,25md

¢) Hinh dang dao thanh rang
Hinh 9-9: cac dang dao cat
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5.2 Banh rang tiéu chuan va banh rang c6 dich dao
(Tham khao PL 9.1)

5.3. Cac kich thwoc ctia banh rang dich chinh
(Tham khao PL 9.2)

6. BANH RANG TRU TRON RANG NGHIENG

6.1. CAu tao mit ring

- Mit ring cua banh rang 14 1 mat xoin 4¢ than khai, mat nay 1a quy tich cia mot duong
thang MM’ nam trong mit phang (P), khi mit phang (P) 1an khong truot trén mot hinh try tron
xoay ban kinh r,. Khi duong thang MM’ tao Vi truc 1 goc Bo, néu B, # 0, ta ¢ banh ring tru
tron rang nghiéng. Khi B, = 0, dudng thing MM’ song song vd&i truc hinh try, ta c6 banh ring
try tron rang thang.

- Mot sb dic diém cua mat xoin ¢ than khai (H.9-12b)

27'Cro fn

27r £

c) d)
Hinh 9-12: mdt rdng bdanh rdng tru tron- théng sé budc ciia banh rdng nghiéng

i
Y

Giao trinh Nguyén Ly May 82



Truong Pai hoc Néng Lam Tp. HCM Khoa Co khi - Cong nghé

+ Mat phang (P) la mat phang tiép xdc vai hinh tru co so, ciing chinh la mat phang
phap tuyén cia mat xoin 4c¢ than khai.

+ Mat phang vudng goc véi truc cua hinh tru co sd, cit mat xoan ¢ than khai theo 1
duong than khai (duong NoM, N’ M”).

+ Cac mat try tron xoay ddng truc véi hinh tru co so s& cat mat xoin 4¢ than khai theo
nhitng duong xoan dc. D6 1a cac dudng ring trén cac mit tru khac nhau (vi dy: trén hinh tru co
so, dudng rang 1a duong NoN’,). Cac dudng ring nay c6 budc bang nhau, nhung vi nim trén
cac hinh try khac nhau, nén goc nghiéng f cua cac duong nay sé khac nhau.

Néu trai 1 duong xoin ¢ 1én mat phang ta s& dugc dudong nam nghiéng (H.9-12c).

Ky hiéu S 13 budc ciia dudng xoin 6¢ trén hinh tru tron ban kinh r, A 1 géc nang cua
duong xoin bc.

Ta co: S = 2nr.cotgP = 2nr,.cotgp, (9-42)

6.2. C4c thong sé co ban ciia banh ring nghiéng

Ta d nghién cru cac thdng s trén 1 tiét dién vudng goc véi truc banh ring, ching ta
c6 thé ap dung dbi vaoi banh rang tru tron (thang, nghiéng) véi chl y: yéu té diém tro thanh yéu
t6 duong, yéu td duong tro thanh yéu to mat).

Dbi voi banh rang nghiéng, ta chu y thém mot s thong s6 khéc:

- GOc nghiéng cua rang: trén mat tru co so, ky hiéu la 3,, trén mat tru chia la .

Tur cong thuc (9-42):

= tgp = (r/r,).tgP, = tgP./cosa (9-43)
Vi o 1a goc an khop.
Chu y: khi 2 banh rang nghiéng an khép thi B = -3,
- Buéc rang trén hinh tru chia (l3n, ban dau)

Mt try chia s& cit ring ctia banh ring nghiéng theo nhitng mat cat nao d6. Khai trién
hinh try chia trén mat phang. Cac mat cat nay la nhitng vét nam nghiéng (H.9-12d). Cac thong
s6 cua banh ring nghiéng duoc xac dinh trong nhiing tiét dién khac nhau.

+ Trén tiét dién vubng goc véi truc banh rang (tiét dién ngang).

Budc rang ts goi la budc ngang.
Modun mg = tg/mt goi la modun ngang.
+ Trén tiét dién doc theo chiéu truc cua banh rang (tiét dién doc).
Budc rang t, goi 1a budc doc.
Modun m, = t/mt goi 1a modun doc.
+ Trén tiét dién phéap, vudng goc véi cac dudng ring.
Budc rang t, goi 1a budc phép (tuyén).
Modun m, =t/ goi la modun phap.
Moédun phap m, duoc tiéu chuan hoé, chon mg = mj, khi ché tao.
+ Quan h¢ gitra cac budc va médun:

t, = ts.cosP = t,.sinP (9-44)

My = M,.COSP = M,.Sin (9-45)
- Céc thong s khéc:

r=%ms.Z =% (my/cosp).Z (9-46)

re=r+f.m, (9-47)

ri=r—f’.m, (9-48)
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6.3. Uu nhuoc diém ciia banh ring nghién so véi banh ring thang twong wng

- Hinh 9-13 thé hién qua trinh tiép x(c cua 2 mit ring ctia banh ring nghiéng (voi (P) la
mat phéng an khép). Trén hinh 9-13b, B; va B, 1a diém vao khdp va diém ra khép cua tiét dién
ngang, qua trinh tiép xdc bit dau chi 1a 1 diém By, ting dan dén tiép xuc hoan toan theo chiéu
dai cua rang (MM”) va giam dan, chi con tiép xdc tai B, trude khi thdi tiép xdc, vi thé trong
thoi gian tiép xtc, xem nhu diém tiép xic M di chuyén tir B, d¢én B,

e B
/
V//
B1 B2

b)

Hinh 9-13
- Goi ¢ la hé sb trung khop caa cap banh ring nghiéng va &, 1a hé sb trung khop & cap banh
rang thang tuwong ung thi:
€=¢g,+ (B,B’/ty) (9-49)

- Uu diém:

+ Lam viéc ém diu.

+ Kha nang tai 16n hon.
- Nhuoc diém: xuat hién luc doc truc, c6 thé khic phuc bang cach dung banh rang chir V.
- Thong thudng ngudi ta chon B = 8° — 15°

Hinh 9-14: luc doc truc
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Il. CO' CAU BANH RANG KHONG GIAN

1. CAP BANH RANG TRU CHEO
1.1. Ciu tao
Banh rang tru chéo dung dé truyén chuyén dong quay gitta 2 truc chéo nhau (hinh 9-15),
thuong chung 1a cac banh rang c6 mit ring 13 mat xoan ¢ than khai (con goi 1a banh ring
xodn than khai), c6 cac goc nghiéng khong dbi xang (B # -B,). CAu tao mit ring va cac thong
s6 gidng nhu banh rang nghiéng.

90 - B

a)
Hinh 9-15: bdnh rang tru chéo & cac théng sé co ban
1.2. Pic diém tiép xuc
- Ty s6 truyeén:
+ Vi 2 truc khong song song nhau nén 1 mat rang s& tlep xuc theo 1 diém P. Qua diém
P v& mat phang tiép xtc chung véi 2 hinh try ldn. Hoa d6 van toc trén mat phang tlep xuc thé
hién & hinh 9-15. Tiép tuyén chung t-t véi 2 duong ring cua banh rang va vecto van toc tuong
d6i V1, phai song song nhau.
+ Hinh chiéu caa van téc 1én phuong phap tuyén bang nhau:
= Vp1.COSP; = Vp,.COSP, <> m1.11.COSP1 = ,.1,.COSPB;
Vi vay:
Ip = “ _ ﬂ = _2 (9-50)
o, r.cosp, Z;
- Nhan xét: mudn thay doi ty s6 truyén co thé thay doity so r,/r; hoac cosp,/cosp;.
- Goc gitra 2 truc 1ay = |By + Bo|; ddu + tng véi bo truyén banh ring tru chéo cé ring xoin
cuing chiéu, va nguoc lai.
- CO hién tugng truot doc theo rang.
Van tdc truot Vi, hudng doc theo duong rang va co gia tri:
V1o = |1.11.5INB1 + @,.15.5INP,)| (9-51)
Néu chon cac ty s r./r, hodc cosp,/cosP; khdng hop ly, c6 thé lam cho van tbc truot
tang nhiéu.
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- Tiep xtc theo di€ém nén kha néng tai khong cao, mau mon. Trong nganh ché tao may,
banh rang tru chéo it dugc sir dung vi cac nhuge diém nay.
- Khi thay d6i khoang céch va goc gitra 2 truc, ty so truyéen sé khong thay doi.

2. CO' CAU TRUC VIT - BANH VIT

~ Tryc vit - banh vit ding dé truyén chuyén dong gitra hai truc chéo nhau. Thuong gap
nhat la loai truc vit — banh vit ma goc gifra 2 truc bang 90° va dang truc vit — banh vit la hinh
tru.

2.1. CAu tao

Hinh 9-16: md td co cdu truc vis — banh vis

Gia str ¢6 1 cap banh rang truc chéo, truyén chuyén déng quay giira hai truc vudng goc
nhau (y = 90°). Cip banh ring nay c6 dic diém: goc nghiéng B, rat 1on, B, nho. Vi thé duong
rang cia banh rang 1 dugc quan nhiéu vong trén banh riang (hinh 9-16). S6 ring cua banh ring
1 khdng thé nhiéu dugc, vi budc cua dudng xoin c6 gia tri nhit dinh. Thong thuong Z; = 1 + 4.
S6 rang Z; con goi 1a s6 diu mdi, banh ring 1 duoc goi 14 truc vit, banh riang 2 dwgc goi 1a
banh vit.

Vi vay, thuc chét cta co cau truc vit — banh vit 1a mot cip banh ring tru chéo. CAu tao
mit ring gidng nhu banh ring tru chéo.

2.2. Pic diém ciia co cAu truc vit — banh vit
- Ty s6 truyén: (vi 1a banh ring try chéo nén ty sé truyén dugc tinh nhu (9-50))
i, = O, _h.CosB, _ Z,
®, 1.CoSP, Z

- Nhan xét: s6 dau mdi cuaa truc vit Z; rat nho, trong khi d6 Z, cé thé lay 16n.Vi vay co
c4u nay c6 uu diém co ban 1 ty sé truyén ¢ thé rat Ién, nhung kich thudce co cau van nhé gon.

- Goc nghiéng cuaa banh vit va truc vit khac nhau nhiéu, nén van téc truot trong déi doc
rang s& rat 16n, vi vay hiéu suat ciia co cau thap, nhiét d6 ¢ ving tiép xUc sé& cao.

- Trong bo truyén truc vit — banh vit, mat ring cua truc vit va banh vit tiép xdc theo
diém nén kha ning tai khong cao, mau mon. Dé dat duoc tiép xtGic duong gitra truc vit va banh
vit, s& phai thay d6i mat riang ctia banh vit. Banh vit duoc cat bang dao phay lin ¢6 hinh dang
hoan toan giéng nhu truc vit s& dn khép véi banh vit. Khi ¢6 mat chan rang caa banh vit khdng
phai 12 1 hinh try, ma 1a 1 mat xuyén 16m tao bai mit tron c6 dudng sinh 1a cung tron bao 1y
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truc vit dusi 1 géc 6m Q (Hinh 9-17a). Ciing ¢6 thé 1a vit 16m (truc vit globoit) (hinh 9-17b)
dé truc vit dm ldy banh vit, ciing c6 thé ca truc vit va banh vit déu I8m, dm liy nhau.

NN
it 2
W77, ///ﬂ LN

b)
Hinh 9-17: hai dang mdt chdn rang cua banh vis

2.3. Céc loai mat dung lam mat riang caa truc vit hinh tru

Hinh 9-18: si hinh thanh mat rang cua truc vis

a) Mgt xodn éc than khai:

- Trén hinh tru co s¢ ban kinh ro, V& duong x0an ¢ véi goc nghiéng la o (H.9-18a).
M3t xo3n dc than khai duoc tao thanh bang nhing duong thang c6 3 dic diém sau day:

+ Tiép xUc vai hinh tru co so (nam trong mat phang tiép xdc véi hinh tru).
+ Tya trén duong xoin 4c.
+ Tao vaoi mat phang day 1 goc nghiéng bang goc nghiéng cua duong x0in 4c.

- Puong giao ciia mat xoan ¢ than khai voi mat phang day 1a duong xoan 6c than khai
Clia vong tron co so fo. Truc Vit voi mat rang 1a mat xoin 6¢ than khai goi 12 truc vit than khai.

- Trong c4c mat cit song song véi mat cit chinh (1a mat phang chira dudng tam truc vit
va vudng goc véi truc banh vit), c6 1 mat cit tiép xdc vai hinh tru co so, trong d6 vét ring 1a
duong thang.

b) Mat xodn éc cong-vo-lat

- Mit cdng-vo-lat duoc tao thanh boi nhitng duong thaing MM’ véi 3 tiéu chuan sau:

+ Nam trong mat phang tiép xdc vai hinh tru co so.
+ Tua trén dudng xo0in 6c.
+ Tao v&i mit phang day 1 goc o’ khac véi goc nghiéng cia dudng xoin c.

- Puong thang MM’ tao voi duong sinh caa mat xoan 6¢ than khai 1 goc y (H.9-18b).
Vét cua mat xoan dc cong-vo-1t trén mit phang day 1a mot dudng xoan d¢ cong-vo-1Gt. Truc
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vit v6i mit rang 13 mat xoan d¢ cong-vo-lut duoc goi 12 truc vit cong-vo-lat. Néu o’ = a, truc
vit cong-vo-lut tre thanh truc vit than khai.
¢) Mdt xodn éc Ac-si-mét
- Mit xoan 6¢ Ac-si-mét duoc tao boi cac dudng thang co cac diéu kién sau:
+ Qua truc cua hinh tru co so.
+ Tao V&i truc nay goc y khong doi.
+ Tua trén duong xoin c.
- M3t phang vuéng goc vai truc hinh tru cit mat xoan 6¢ Ac-si-mét theo 1 duong xoan
6¢ Ac-si-mét. Mat phang qua truc hinh tru cat mat xoan dc Ac-si-mét theo 1 duong thang. Vi
vay & mat cat chinh tiét dién, 1a mot thanh rang c¢é bién dang thang (H9-18c).

3. BANH RANG NON
Trong b truyen banh ring non, ring phan bo trén hinh nén cut. Banh ring nén dugc
dung dé truyen chuyén dong quay gitra 2 truc cat nhau, chéo nhau trong khéng gian.

3.1. Phan loai

|
Hinh 9-19: phan loai bdanh rang nén
Tuy theo dang duong rang trén banh rang, banh rang nén c6 2 loai chinh:
- Banh ring nén thang:
+ Puong rang chum vao dinh rang (H.9-19a).
+ Puong rang nghiéng, tiép x(c véi vong tron ban kinh p (H.9-19b).
- Banh riang nén khong thang (ring cong):
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+ Puong rang la cung tron ban kinh r; (H.9-19c¢).
+ Puong rang 1a duong xoin dc Ac-si-mét (H.9-19d).
+ Puong rang la duong than khai cua vong tron ban kinh p (H.9-19e).
3.2. Banh rang non rang thing i 7 . 7 )
- Ty s0 truyén: banh rang nén rang thang dung dé truyén chuyén dong gitta 2 truc cat
nhau, goc gitra 2 truc 12 3, ty s6 truyén 12 iz, = o/,

N

M 7

Hinh 9-20: quan hé vdn téc
Mt 1an ciia banh rang nén 1a 2 mit nén c6 chung dinh tai O. Van téc goc giira 2 banh
1a ©; va m, co quan hé @1 = 0, + o1, dugc thé hién trén hoa d6 van téc goc (H.9-20a).
Tir hoa d van téc géc, ta co:

Mo = & 2, (9-52)
sind, o,
Vé6i 6 =64 + 9,, ta co:
i.,+C0sd i, +C0sd
cotgo,= 22 . cotgd,= 2L——— 9-53
goy s g SinG ( )

Van téc goc twong d6i wy, hudng theo OP, chuyén dong twong ddi 1a chuyén dong quay
quanh truc OP (truc quay tac thoi) véi van téc goc i, Khi dn khdp, 2 hinh nén sé lan khong
truot 1én nhau.

- Sw hinh thanh mat rdng: mat rang ctia banh rang nén la mat than khai nén, duoc tao
thanh boi duong thang MM’ nam trén mat phang (P) lin khong truot trén hinh nén cut (c6
dinh 12 0). Néu MM’ qua diém O, dwoc mit ring cta banh ring non ring thang (H.9-20b), néu
MM’ khéng qua diém O, duoc mit ring cta banh ring non ring nghiéng.
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/\,
Mo \

mdt cau dday lon

“mdt cdu ddy r

Hinh 9-21: thdng sé hinh hoc

- Thong sé ciia banh ring nén (H.9-21):

+ Chiéu day cua banh ring nén duoc gidi han béi mat cau, thm ¢ O, nhung ban kinh
khéc nhau. Tiét dién cua banh ring nén voi 2 mat cau goi 1a mat mat 16n va mat mat nho.

+ Chiéu cao cua banh ring nén dugc gigi han boi 2 hinh nén chung dinh: hinh nén dinh
rang va hinh nén chén rang. Kich thudc cua rang thay ddi theo chiéu doc cua rang.

+ Mat mat 1a mat cau, cho nén kho biéu dién kich thuéc. Vi vay mit mat duoc thay
bang mat nén phu (Ia mat nén vudng goc véi mit nén lan). VEt cua banh ring ndn trén hinh
non phu 1a banh ring hinh phéu. C6 2 banh ring hinh phéu trén mit non phu & mat mat lon va
mat non phu & mat mat nho.

+ Trén banh ring hinh phéu:

t.Z = 27tr v6i t 1a bude ring trén vong lan va Z 1a s ring.
Modun mat 16n: m = t/x.
Bén kinh vong lan: r =2 m.Z.
Chiéu cao dinh va chan ring cta banh rang hinh phéu: h’> =m; h” = 1,25m.
Ban kinh vong dinh: r =r + h’.cosd.
Ban kinh vong chan: r; = r —h”.cosd.
% Chiéu dai dwong sinh (nén): L = r/sind.
3.3. Céc dang truyén déng cia cap banh ring non
Xét cap banh rang non rang nghiéng véi cac goc nghiéng trén mat non lan la B, va B,.
a) B = B Cdp bdnh ring nén truyén déng gia hai truc giao nhau:

X3

%

/7
0’0

X3

%

X3

%

X3

%

K/
0.0

*

Bdnh rdng nén rang thang Banh rang non rang nghiéng
Hinh 9-22: gdc nghiéng trén banh rang non
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bac diém truyen dong:
- Ti s6 truyen:

ol =0, =i, = :é S OP.Si-n P _ Si-n Pe
* Z, 1, OPsing, sing
- Truyén dong giita hai truc giao nhau tiép xuc theo duong thang d. Néu la cap béanh
rang non rang thang thi d qua dinh nén. Néu 1a cip banh ring nén riang nghiéng thi d khdng
gua dinh nén.
- Tai diém tiép xtc trén mat nén lan khdng c6 van téc truot twong doi.
b) B # Bo: Cdp bdnh ring nén truyén dgng giia hai truc chéo nhau: goi la banh ring
non rang cong

- Ti s6 truyén: i, _ Ly 100Sf,
w, Z, I1.C08p

- Pbiac diém tiép xc: tiép xtc theo diém va c6 van tdc truot twong ddi nén mit ring mau
mon va mon khong déu.

- Banh ring nén rang cong dung dé truyén chuyén dong gitta 2 truc chéo nhau (con goi
1a banh ring con xoan dc, banh ring hypoic). Viéc phat hién va ang dung banh ring nén riang
cong 1a 1 thanh tyu 16n caa cac nha khoa hoc va cac k¥ su vi nhitng wu diém rat co ban cua
loai truyén dong nay:

+ Kha ning truyén tai cao.
+ An khép ém.
+ Do nhay va sai s6 thap.
+ It Sn,. ..
Phan di sdu nghién ciru ¢d thé tim hiéu & nhitng chuyén dé riéng.

Hinh 9-23: Bdnh rang nén rang cong
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. HE BANH RANG

1. DAl CUONG
Do nhu cu thyc té, ta khong chi sir dung mot cap banh rang ma sir dung nhiéu cap banh rang
noi vai nhau, tao thanh mat hé thong va dugc goi la hé thong banh rang hay hé banh rang.

=
~

Hin

9-24: m0 ta hé banh rang

Cong dung: sir dung hé banh ring c6 thé dat duoc nhitng céng dung khac nhau nhu:
+ Thuyc hién ty s truyén 16n (H.9-24a).
+ Can truyén chuyén dong quay gitta nhitng truc cach xa nhau (H.9