CHUONG 4. CO CAU BA KHAU

Trong chuong nay ta s€ xet mot s6 co cAu gom ba khau thyc hién mot ham
sO truyén cho trudc nhd cac khdp cao.

I. CO CAU TAM TiCH

1. Tam tich

= Tdm tich la quy tich cia tdm vin toc tiec thoi trong mét hé quy chiéu
nao do.

— Tam tich ky hi€u la T;, 1 1a tén h¢ quy chiéu trén do quy tich cua TVT
duoc xay dung.

= Vi du I: Cho co cAu phan hinh binh hanh OIABO3,‘trong dg’) 0,A=0;B
va 0,0;=AB. Tay quay O,A quay quanh truc Oy, truyén chuyén dong cho

tay quay O;B nh¢ thanh truyén AB. Tim quy tich cia TVT Py; trong cac
hé quy chiéu gan vé6i khau.

Gidi:
= Giao giiém cua gia 0;0; va
thanh truyén AB 1a TVT (Py3).
= Tam tich T, (quy tich cua Py;
trén khau 2) 1a mot doan thang trén
duong AB.
= Tam tich Ty (quy tich cua Py;
trén khau 4) 1a mot doan thang trén
du’(‘mg 0103.
= Tim tam tich T, va T3:‘Hai tam
gléC OlA P13 va BO3P13 bﬁng nhau
tur do ta co: Hinh 4-1

P30,=Py3B va P1305= P;3A
= P1301 + P13A = P1303 +P;3B = 0103 = AB = const
— Piém P,5 c6 tong khoang cach khong ddi toi cac diém O, va A, ciing
nhu td1 cac di€ém O; va B = Tam tich T, 1a elip nhan O; va A 1a cac tiéu
diém = Tam tich T; 1a elip nhan O; va B 14 céc tiéu diém.

— Khi co cdu phan HBH chuyén dong, cac tam tich T; va T; lan khong
truot voi nhau. Ti€p dién cua ching la TVT Py; ndm trén duong gia O,0s.
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2. Co cAu tam tich

= Dinh nghia: Co cau ba khédu thuc hién mot ham truyén cho truoc nho
khop cao do cac tam tich tao thanh goi la co cau tam tich.

= Piéu kién truyén dong cua co ciu tim tich 1a goc truyén dong (goc giira
duong tam gia va ti€p tuyén chung tai ti€ép di€ém cua hai tam tich) y # n/2
(hinh 4-2a).

— Khi ham s truyén 110 = 112(1)=const, cac tam tich la cac vong tron co
tam trung vo1 tAm quay thi y = /2 (hinh 4-2b).

— -
o, - &0, o5
T Y
T t
a) b)

Hinh 4-2

— B¢ dam bao diéu kién truyén dong cia co cau tam tich, can thém cac
yeu t0 ma sat vao vung tiep xtc. Co cau tam tich truyén dong nho ma sat &
khép cao goi 1a co cau ma sat.

= Khi 1;,=const, tﬁm tich co6 dinh la mdt diém, C(‘)n hai tam tich dong la
ha1 vong tron. Co cdu ma sat tlrong ung goi la co cAu ma sat try tron. Co

cdu ma sat try tron c6 thé n01 tiép hodc ngoai tiép, khi mot trong hai banh
¢6 ban kinh r — o ta ¢6 co cau thanh ma sat.

01/f/ o /rﬂaz

a) b) c}

Hinh 4-3
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II. CO CAU DOI TIEP

1. Dinh nghia: Co cdu ba khéu thuc hién ham s6 truyen cho truoc nho
khép cao khéng triing véi cac tam tich dwoc goi la co cdu doi tiép.

— Trong co cau ddi tiép cac thanh phan khop cao dugc goi la bién dang
d6i tiép. Mot vai dang co ciu dbi tiép chang han co cdu cam, co cdu banh
rang, co cdu man (Malte).

2. Phan tich dong hoc cua co cau doi tiép

Pinh Iy doi tlep Trong co cdu doi tiép phang, phdp tuyén chung cua cdp
bién dang doi tiép luén luén qua tam vin toc tirc thoi twong doi ciia ching.

Chutng minh

Cho co ciu dbi tiép phéng c6 bién dang By, B, tiép xuc vo1 nhau tai K.
Chung minh P 1a TVT gifta hai khau (1) va (2).

Hinh 4-4

= Lay khau (2) lam gia (hé quy c}}iéu), Khau (1) chuyén dong phang so
vo1 khau (2). Khi ay van toc cua diém K, O; nhu trén hinh 4-4a. Ttr do ta
co thé xac dinh TVT “P” nhu trén hinh v&.

H¢ qua:

- Néu hai bién dang quay quanh cac truc c¢b dinh O, va O, (hinh 4-4a)
phép tuyén chung cua cic cip bién dang doi tlep chia khoang cach
truc thanh thanh hai doan ty 1€ nghich véi van tbe gbc cua hai bién

OP o,
dang dbi tiép. O P ®,
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- Trong co cau doi t1ep phang, phap tuyén chung ctia cip bién dang d6i
tiép ludn di qua tiép diém cua cip tdm tich twong tng.

- Néu bién dang 2 tinh tién (hinh 4-4b) con bién dang 1 quay quanh
truc c6 dinh O; thi ta co:

Op=-2
(’01

- Trong co cau doi ti€p cd hién tugng trugt twong doi tai tiep di€m cua
cap bién dang doi ti€p, n61 mot cach khac, cdp bién dang vira lan vira
truot trén nhau.

III. CO CAU CAM

= Co ciu cam la co ciu dbi tiép dung dé bién chuyén dong (thong thuong
la mot chi€u) cua khau dan thanh chuyén dong qua lai theo quy luat xac
dinh cua khau b1 dan.

= Trong co cau cam khau dan 1a cam, khau
bi dan goi la can. Vi du hinh 4-5 1a lugc do
co cau cam don gian.

— Trong co cdu cam, cam c6 thé quay hoic
tinh tién. Can c6 thé tinh tién qua lai (can
day) hodc lac qua lai (can lac) cling co
truong hop chuyén dong cua can 1a chuyén
dong phang (hinh 4-6b).

= Pau can ¢o6 loai can nhon (hinh 4-5), can

¢ con lan (hinh 4-6a), can day bang (hinh
4-6¢) va can 161 (hinh 4-64d).

a) b) C) d)
Hinh 4-6

24



IV. CO CAU BANH RANG
1. Khai niém chung

= Trong co cau ddi tiép, néu mot khau cé nhiéu bién dang tuong tu ké
nhau thi phan vat thé giira hai bién dang ké nhau got 1a rang, khoang trong
giita hai bién dang ké nhau got la ranh rang. Co cau d6i tiép truyen chuyén
dong bang ring got 1a co' cau banh rang (hinh 4-7). Trong co ciu banh
rang qua trinh tiép xtic cac banh ring goi 1a qua trinh dn khép banh rang.

bién dang

ranh rang

Hinh 4-7 Hinh 4-8

— Co céu banh ring dugc dung dé truyén chuyén dong quay giita hai truc
Vo1 ty sO truyén xac dinh. Néu mgt banh rang c6 tdim quay ¢ xa vo tan,
chuyén dong cua no s€ la tinh tién, ta goi la mot thanh rang (hinh 4-8c¢).

= Co c4u banh rang — thanh ring dung dé bién chuyén dong quay thanh
tinh tién va nguogc lai.

= Ty theo vi tri twong d6i gitra hai tryc ta c6 cac loai banh rang:

- Banh rang tru dung cho 2 truc song song.
- Banh rang con dung cho 2 truc cat nhau.
- Banh vit va truc vit dung cho 2 truc chéo nhau.

= Tuy theo ciu tao cua ring, ta co:
- Rang thang, ring nghiéng, rang chir V, ring cong.
- Rang than khai (Euler, 1754) 1a ring duong bao cuia tiét dién (Profin)
cua no c¢6 dang duong than khai cuia vong tron nhu trén hinh 4-7.
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2. Puong than khai va tinh chat ciia n6

= Pinh nghia: Khi mot duong thang
lan khong truot trén mgt vong tron, quy
dao ctia mot diém K nao d6 cua duong
thang (hinh 4-9) goi 1a dudng than khai
ctia vong tron do6 (goi tat 1a dwong thén
khai). Vong tron nay goi la vong tron
co sO cua duong than khai.

— Tinh chét: Theo su hinh thanh cua
duong than khai ta thay:

- DPuong than khai khong
c6 diém nao nam trong
vong co sO.

- Phap tuyén cua duong
than khai la tiép tuyén cua
vong co sO va nguoc lai.

- Tam cong N tai diém K
ciia duong than khai nam
trén vong co s, ban kinh
cong NK bang cung lin
NM.

- Bién dang than khai thoa
man dinh 1y an khoép
Willis.

= Pinh ly Willis: Pé diam bdo
v s6 truyén khéng doi, phdp
tuyén chung cia cdp bién dang
rang luén luén di qua mét diém
cé dinh trén dwong noi cac tam quay (hinh 4-10).

Hinh 4-10

3. Cac thong s6 hinh hoc ciia banh ring

— Chiéu cao rang gidi han boi vong dinh rang r. va chiéu sau cua ranh
gi161 han bdi vong chan rang ;.

= SO rang cua mdt banh rang: z

= Chiéu day rang: S,
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—> Chiéu rong ranh: W,

= Budc rang: t,

— Néu goi d 1a
duong kinh vong
chia, ttc 1a vong
tron trén d6 S = W
(cac chi s6 x bo di).
Ta co: nd =tz =

t
d=—2z
T

= Dat t/mr = m goi
la modun cua rang,
gia tri modun duoc

Hinh 4-11

chuan hoa thanh cac s6 tron dé tién tinh toan va ché tao banh rang.

d=mz

4. Pac trung an khép cua cap banh rang than khai

= Giao diém P
gitta phap tuyén
chung cua bién
dang rang va
duong ndi tam 1a
TVT tuong doi,
goi la tam an
khop.

— Tam tich do P
gdy ra la hai
vong tron  tiép
xuc voi nhau tai
P, goi la cac vong
lan, ban kinh:
, =0P;  =0,P
= Piém K goi 1a
diem dn  khop,
quy tich diém K

G

02 Hinh4-12
trong mat phang gan lién véi gia goi 13 duwong an khop.
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= MOt cdp banh rang dugc goi la ndi tiép hay ngoai tiép néu hai vong lan
ndi ti€p hay ngoai tiép.

= Goc an khdp: goc gita tiép tuyén chung cta cip bién dang va tiép
tuyén chung cua hai vong lan.

= Trong cap banh rang than khai duong an khop la duong thang, goc an
khép khong doi trong qué trinh an khop.

— Ty sb truyén cta cip banh ring than khai la: 112 = o 1
2

= Ty s6 truyén ciia cdp banh rang than khai khéng phu thudc vao khodng
cdch truc giita hai banh rang = day la diém no61 bat cua cdp banh rang
than khai.

V. HE BANH RANG
— H¢ banh ring: gdbm nhiéu banh ring in khép véi nhau.
- Hé banh rang thudng: moi banh rang trong hé co truc quay cb dinh.

- Heé banh rang vi sai: trong hé c6 it nhat mot banh riang c6 truc quay di
dong.

1. Mot s6 quy wére
—> Cap banh rang tru ngoai tiép: lugc @6 nhu hinh 4-13b.

° 3k

r

Ik
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— Cap banh rang tru no1 tiép: Lugc dd hinh 4-14b

s A 1, = — >0
Ty so truyen: h2 =

= Cap banh rang con (hai tryc vuoéng goc 6 = 6, + 6, = 7/2 (Hinh 4-15a).
Luoc do hinh 4-15b.

Hinh 4-15
) . |i |_ o, _si1182_z2
Ty s0 truyén: |12 o, sin 81 z,

= Cap banh rang tru chéo, cap truc vit (hai truc truc giao, hinh 8-16a, c).

29



Lugc dd hinh 8-16b, d.

Ty s truyén:

Zy
ify|= O _2Z
1217 - | —kzd
O, z T Zy
A r - b :I: p
2. H¢ banh rang thwong
, | ke
a) Hé banh rang phang 27
Cho mét h¢ banh rang thang, biet Z i)
sO rang cua banh rang, tim ty so
\ . 0‘)1
truyén: lin =
(Dn
14 \ A /( ? \ D
Trong d6 m; 1a van toc cua truc vao
1, o, 1a van toc gbc cua truc ra n.
®
1 o
— =1
O‘)2
®, . ®, , . Hinh 4-17
—= =1 =1
235°%° n—1,n
3 O‘)n
00,0, O ®
1 2 3 n-1 __: 3 = . _ 1 __
2 =lplylyyeedygn =7 Ty (a)
(’02 033 034 O‘)n n
z z z
s 2 _ 3 _ n
Ly, ===, 1y .. ln—l,n == (b)
1 Zy Zy
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= Ty s6 truyen ctia cap banh ring ngoai tiép mang dau (1), noi
tiép mang dau (-). Thay (a) vao (b) va chii ¥ dau cia ty sb truyén
ta co:

. ® .o . mZ, Z V4
— 1 — 2 73 n

I, =—=1plyd = (—1) ...
Zl Z2 Z -1

n n

= Két luan: Ty s6 truyén cua hé banh ring thuong bﬁng tich cac
ty s6 truyen cua timg cap banh rang va co tri s0 bang ti s0 giira
tich s6 rang clia cac banh bi din véi tich sb ring ciia cac banh dan.

b) H¢ banh rang khong gian

= H¢ banh rang khong gian khong thé so sanh chleu quay gilra
hai tryc song song, nén khai ni¢ém dau cua ti s6 truyén khong co y
nghia, song gia tri ti sO truyén van xac dinh theo cong thic:

o .. . 2,2y 7

- _ _ n
1ln - - 112123"‘1n—1,n -

z. 7, zZ

n 1 2 n-1

— Chiéu quay cua truc xac dinh
bang cach danh dau:

- Dau ® dé chi chiéu chuyén
dong cia diém theo hudng
phap tuyén trong clia mit
phang hinh v&.

- Dau (.) chi chiéu chuyén dong
cia diém theo hudng phap
tuyen ngoai cua mat phang
hinh v¢.

3. HE banh rang vi sai Hinh 4-18

= Lugc do don gian cua hé banh

rang vi sai (hinh 4-19): banh rang co6 truc quay co6 dinh goi 1a banh
trung tam, banh rang c6 truc quay di dong goi la bdnh vé tinh,
khau mang banh v¢ tinh goi la can.

— Hé banh ring vi sai ¢c6 mot banh ring trung tdm cb dinh con
dugc goi 1a hé banh rang hanh tinh.
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— Pé tim hé thuc giita cac van toc goc trong hé vi sai ta cd thé
chon can (C) le‘lm khau qui chiéu, viéc lam néy tuong du:0’ng voi
viéc cho thém mdi khau trong hé mot van toc goc phu bang .
Lic nay he vi sai bién thanh mot hé thuong, van téc mdi khau i 1

d6i voi can C sé 1a o, =0, —o, (vé1 o 1a dai luong dai s0), ty sb
truyén cua mdt cap banh rang do1 véi can C la:

0o, . I Z.
— lij + 14+

@ 0
®; — 0, oz

o

1

— o | o

i, thuong duoc goi 14 1y s6 truyén twong doi clia hé vi sai.
= Mot cach tong quat hé thirc van toc goc giira hai truc j va n bat
ky trong h¢ la:

O —0, .c c.c o

_ __ i€ :C
- lln - llklkl-.-l
W, —0,

n-1,n

Trong d6 if,i5,... 12 ty so truyén cua timg cip, i —k, k — 1, ... trong
hé banh rang thuong tuong Ung.

= Pic diém cta hé banh ring Z3T T %2
vi sai la dung dé phan mot

chuyén dong thanh hai thanh =

phan doc 1ap hodac hop hai

chuyén dong doc 1ap thanh mot = C = Za

I

= Vi du 1: Xet hé banh rang
(hinh 4-19) trong d6 s6 ring
cua cac banh la: L
z, =2z, =100, z, =99, z, =101. &

Hinh 4-19

3
chuyén dong. E

, ;A A ®
Tinh ti s0 truyén 1, = —=.
®
1

Giai
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= Pay 1a hé banh rang hanh tinh c6 banh ring trung tim z cd
dinh. Coi C 1a khau quy chiéu, ta dugc h¢ banh rang thuong véi ti
sO truyén tuong doi:
e O -0, O -0, ... 27, Z
13 = 1 =— =11y, _(_1) _2_,3
0, — O —® z, Z,

C C

®-o, 99x101  9.999
~o, 100x100 10.000

C

Hay

— Chia vé trai cho o, ta duoc:

o
@ _ 1—‘1Cl _9.999 =i, = D _10.000
o, -1, 10.000 o,
O)1

— Tu d6 ta thiy c6 thé dung hé banh ring vi sai v4i mot so it
banh rang va két cau nho gon dé thyc hién nhitng ti s6 truyén 16n.
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