Truong Dai hoc Nong Lam Tp. HCM Khoa Co khi - Cong nghé

Phan lll. CAC CO’ CAU

Chuwong 7: Co’ cau nhiéu thanh

1. DPAI CUONG

- Trong céac phan trudc, dé 13y vi du minh hoa, ta d gap nhiéu loai co ciu nay, trong
chuong niy s& nghién ctru co cu nhidu thanh mot cach tong quat.

- So vdi cac loai co ciu khac, co ciu nhiéu thanh co nhirng dac diém sau: 1au mon, tudi
tho cao, kha ning truyén luc 16n; c6 cu tao don gian, dé ché tao va lip rap; dé dang thay ddi
kich thudc dong; kho thiét ké co cau theo 1 quy luat chuyén dong cho trudc.

- Trong co ciu nhiéu thanh, co cdu 4 khau ban 1& 13 co cdu thudng gip va dién hinh
nhat. Co cau 4 khau ban 1¢ 13 co cau gém c6 4 khau nbi véi nhau bang cac khdp quay (con goi
1a khép ban 18), luge dd ¢ hinh 7-1.

Hinh 7-1: co céu 4 khdu ban 1é

Trong do:
+ Khau c6 dinh goi 1a gia: khau 4.
+ Khau dbi dién khau cb dinh goi 1a thanh truyén c6 chuyén dong song phing:
khau 2.
+ Hai khau con lai, néu quay dugc toan vong goi 1a tay quay, néu khong quay
duoc toan vong goi 1a can lic.

2. CAC BIEN THE TRONG CO CAU BON KHAU BAN LE
2.1. Thay d6i kich thuéc dong ciia khau
Hinh 7-2a 14 co cdu 4 khdu ban 1é, cho chiéu dai khau 3 16n v6 cung, diém D Iui xa vo
tan, chuyen dong khau 3 tro thanh tinh tién theo phuong truot xx. a éu xx khong di qua tam A,
ta cO co cdu tay quay — con truot léch tam (H.7-2b), n€u xx di qua tam A, ta c6 co cau tay
quay — con trugt dung tam (H.7-2c¢).
2.2.  Thay doi khiu c6 dinh
+ Ta biét rang, chuyén dong tuong dbi gifra cac khau khong thay 601 khi d6i gia. Trén
co cau tay quay — con trugt chinh tdm, néu chon khau 2 lam gia, ta ¢6 co cdu xy-lanh quay
(con goi 1a co cdu cu-lit lic nhu & H.7-2d) va néu lay khau 1 1am gia, ta ¢6 co cdu cu-lit nhu
H.7-2e.

Giao trinh Nguyén Ly May 54



Truong Dai hoc Nong Lam Tp. HCM Khoa Co khi - Cong nghé

AW

Hinh 7-2: cdc bién thé ciia co cau 4 khédu ban 1é
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+ Tu co cau cu-lit, néu dich tam quay B ra xa vo cung thi khau 2 ¢6 chuyén dong tinh
tién, khép quay B & vo tan tré thanh khép tinh tién & gan, ta nhan duoc co cdu tinh tang (H.7-
2f). Ciing tir co ciu cu-lit, néu ta dich tim A ra xa vo cing, ta co co cau tinh sin (H.7-2g), co
cAu tinh sin nay ciing c6 thé biéu dién bang lugc d6 nhu H.7-2h.

+ Tir hinh 7-2h, néu 13y khau 4 lam gia, ta c6 co cdu Ellip (H.7-2i); néu lay khau 2 1am
gia, ta ¢6 co cau Ondam (H.7-2K).

3. PAC PIEM PONG HOC CUA CO CAU NHIEU THANH
3.1. Ty sb truyén
Co cau 4 khau ban 1& ABCD trén hinh 7-3a, bién chuyén dong quay ctia khau 1 vé6i van
tde géc oy, thanh chuyén dong quay cua khau bi dan 3 v&i van toe gbdc m;. Mot thong sb quan
trong dic trung cho co cdu 1a ty sb truyén:

3= & (7-1)

@;

03

P (Pi=P3) A 4 Z AT L 4

Hinh 7-3: tam quay turc thoi

a) Dinh Iy Kennedy (1847 — 1928)

Trong chuyén dong tuong ddi ctia khau 3 so vé6i khau 1 (chon khéu 1 lam gia), van toc
diém C va D luén vudng goc v6i BC va AD. Vi vay tire thoi co thé xem chuyén dong twong
d6i cua khau 3 so véi khau 1 1a chuyén dong quay ‘quanh giao diém P cua BC va AD (H.7-3a).
Tuong ty ta ciing c6 tim quay tirc thoi trong chuyén dong twong dbi cia khau 4 so véi khau 2
1a giao diém I ciia AB va CD.

Phat biéu dinh Iy: Trong co ciu 4 khau ban 18, tAm quay ttc thoi trong chuyén dong
tuong ddi gitta 2 khau déi dién 1a giao diém 2 dudng tdm caa 2 khau con lai.

b) Dinh ly Willis (1800 — 1875)

+ Theo khai niém tdm quay tirc thoi, ta c6 diém P, thudc khau 1 va diém P thudc khau
3 hién dang trung nhau tai P, thi V1 = Vi

Ma khau 1 dang quay quanh A = Vp; = m,.1pa

Khau 3 dang quay quanh D = Vp3 = m3.lpp
) 1) ) PD
®1.lpa = 03.1 Sip=—="2="" 7-2
1-lpa 3.1pp 13 o, l,, A (7-2)

+ Phat biéu dinh 1y: Trong co cau 4 khau ban 1, duong thanh truyén BC chia duong
gia AD thanh 2 doan ty 1& nghich véi van toc goc cua 2 khau ndi gia.
+ 4 han xét:
» Khi lam viéc, diém P ludn thay ddi, ma ®; = const nén ®; # const. 4 ghia la co cAu bién
1 chuyén dong quay déu thanh 1 chuyén dong quay khong déu. a hung dic biét véi co cau
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hinh binh hanh, (diém P & xa vo tin, lac d6 i3 = @ = % =1) bién 1 chuyén dong quay déu
@5

thanh 1 chuyén dong quay déu.

» Khi P nim ngoai doan AD thi ®; va o3 cung chiéu nhau nén i;; = ®,/0; > 0.

» Khi P nim trong doan AD (H.7-3b) thi ®; va 3 nguoc chiéu nhau nén i;; = o,/w; < 0.

» Khi P = A thii;; = PD/PA = PD/0 — oo nghia la w; = 0, khau 3 dung tirc thoi ¢ 2 vi tri
(tay quay AB va thanh truyén BC dudi thang ra hay gip lai). Hai vi tri nay cua khau 3 (ciing
nhu vi tri ctia co cau tai vi tri nay), duoc goi la vi tri bién hay vi tri chét.

3.2. H@é sb ning suat

Trong nhiing co ciu ma khau bi dan c¢6 chuyén dong 2 chiéu di va vé nhu trén hinh 7-4,
thong thuong 1 chiéu lam viéc, 1 chiéu chay khong. a guoi thiét ké phai dam bao cho thoi gian
chay khong cang ngan cang tot, de xét dén diéu kién nay, nguoi ta dua ra mot dai luong goi la
hé so nang suét (con goi 12 hé s6 vé nhanh, hé sb 1am viéc) va dugc dinh nghia 1a ty s6 giita
thoi gian lam viéc va thoi gian chay khong trong 1 chu ky 1am viéc ctia may.
k = ti/tex (7-3)

h"‘--. -
B]_ " —

Hinh 7-4: mé td cdch xdc dinh hé s6 nang sudt
4 éu chon chiéu lam viéc, chiéu chay khong va chiéu quay khau dan o, nhu hinh vé thi
gdc quay khau dan ung voi thoi gian 1am viéc, thoi gian chay khong 13 @y, @c.
oo _ o

Ly Pul O Q4
Go1 0 = C,4C, 1a goc nhon tao bo1 2 vi tri cua khau dan ung véi 2 vi tri bién, ta co:
¢y = 180° + 0 va ¢y = 180° - 0

_180°+4

7-4
180° -6 7-4)
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3.3. Diéu Kién quay toan vong ciia khau ndi gia

\ Hinh 7-5 J

\\\ /’/
N .
~ /
\.\_ /’/'

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

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

- Khéu 1 quay toan vong khi quy dao cua diém B trén co cdu 1a ca vong tron. Piém B
trén co cau 13 vi tri no1 dong gitra diém B trén khau 1 (B,) va diém B trén khau 2 (B,), nhu vay
diém B trén co ciu dén vi tri ndo thi diém B, va B, phai dén dugce vi tri do.

- Vi vy ta tuong tugng thao khop B, ta co:

+ Quy dao diém B, 13 vong tron tdm A, ban kinh 1,.

+ Quy dao diém B, quay quanh D va cach D xa nhat v6i ban kinh (1, + 1), gan D
nhat voi ban kinh (I, — 13), nhu vay ta ¢ thé néi rang diém B, chuyén dong trong mién vanh
khin tAm D vé6i ban kinh 16n R = (1, + 1), ban kinh nhé r = (I, — 1;), mién nay goi 12 mién véi
t6i cua diém B,.

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

{ll +1, <1 +1 (7-5)
L=0 =, -1

Lap luan tuong tu nhu trén, ta c6 thé tuong tuong thao khdp C dé tim diéu kién quay
toan vong cua khau 3.

Mot cach tong quat, c6 thé phat biéu diéu kién quay toan vong theo dinh ly sau: Mot
khau néi gid quay toan vong khi va chi khi quy tich cua 1 diém trén khdu noi gid nam trong
mién véi téi ciia diém trén thanh truyén noi voi diém do.

Dinh 1y nay hoan toan dung cho ca co cau khong gian va ca co cdu co nhiéu bac tu do.
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4. DAC PIEM BONG HQC CUA CAC BIEN THE THUYONG GAP
4.1. Co ciu tay quay — con trugt
P

\\1.\‘\
|
|

B

B

Hinh 7-6: mé tda ddc diém déng hoc co cdu tay quay-con trueot
- Quan h¢ dong hoc: (H.7-6a)

+ Pic diém ciu tao: tAm quay D & xa vo tdn nén duong gia AD la dudng thang di qua
A va vudng goc véi phuong trugt xx ctia khau 3. TAm vén te tirc thoi 14 P.

+ Quan hé dong hoc: w,.Ipp = V¢ (7-6)

- Hé s6 nang suat: (H.7-6b)

+ Hanh trinh lam viéc cua khau 3 1a: Hc = I c2; néu 1a co cAu tay quay — con truot
chinh tam thi HC = 2-1AB-

+ Cac goc lam viéc va chay khong duoc thé hién ¢ hinh vé.

- Piéu kién quay toan vong: (H.7-6¢)

+ bic diém: ICD 16m v6 cung nén mién vanh khin cta co ciu 4 khau ban 18 tré thanh
mot ddy ctia mit phang gidi han boi hai duong thiang song song va cach phuong truot xx mot
doan béng 1.

+ Piéu kién quay toan vong: 1, + e < 1,. (7-7)
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4.2. Co cau cu-lit

c)

Hinh 7-7: mé ta dac diém dong hoc co cau cu-lit
- Quan h¢ dong hoc: (H.7-7a)
+ Pic diém céu tao: Puong thanh truyén BC 1a dudng thang di qua B va vudng goc vai
BD vi tam quay C xa v tan. Tam van toc tirc thoi 1a P.
+ Quan hé dong hoc: ®,.lps = ®3.1pp (7-8)
- Hé s6 nang sut: (H.7-7b)
+ Hai vi tri bién ctia co cau 1a vi tri tay quay OA vudng goc véi cu-lit 3 vi thé goc lac
ctia cu-lit bang véi goc 0.
+ Céc goc 1am viéc va chay khong duoc thé hién ¢ hinh vé.
- Piéu kién quay toan vong: (H.7-7¢)
+ Pic diém: Tudng twong thio khép B, mién véi cia B2 14 ca mat phang. nhu vay 6 co
cau cu-lit, khau ddi dién véi cu-lit (khau 1) bao gid cling quay duoc toan vong.
+ Cu-lit 3 quay dugc toan vong khi diém B trén co ciu dén dugce vi tri trén phuong AD
vé phia D nhu hinh v&, nghia 1a khau 3 quay toan vong khi:
lAB > lAD (7_9)
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5. GOC AP LUC

a goai cac chi tiéu dong hoc néu trén, vé phuong dién dong luc hoc, mdt chi tiéu quan
trong trong co cAu phang toan khdp thap 1a goc ap luc. Gée dp luc la goc hop gdi vecto liee tdc

dung va vecto van toc ciia diém dat lic.
O co cau 4 khau ban 1€, tay quay — con trugt... néu bo qua trong lugng cia cac khau va

ma sat & cac khop thi luc P truyén tir khau din sang khau bi ddn nam doc theo thanh truyén
(H.7-8). Goc a dugce goi la goc ap luc.

Hinh 7-8
Y nghia cta goc ap luc:
+ Ta biét cong suit cta lyc tac dung P la:
dp=P.V =P.Vc.cosa (7-10)
a hu vay goc o phdn dnh tac dung gdy ra chuyén dong ciia e P. Goc o cang 16n thi 4 p cang
nho. Khi o = 90° thi 4 p = 0. Vi thé khi thiét ké phai dam bao sao cho goc ap luc o nhé hon 1
gia tri nhat dinh va cb ging a cang nho cang tot.

+ Trong qua trinh chuyén dong, kho tranh khoi co cdu & vi tri c6 o = 90°, vi du co céu 4
khau ban 18 (H.7-9a), co ciu tay quay con trugt (H.7-9b), véi khau 1 1a khau dan ¢ vi tri tay
quay dudi thang ra hay gap lai, trong truong 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 dugc 1a nhd quan tinh va khi qua khoi vi tri nay thi o = 90° va luc tc dung
lai gy ra chuyén dong.

VCI
Bz 2 B1
- I_Q_l / i O |
/) © 1

Hinh 7-9: mé ta vi tri bién

6. MOT SO I’'NG DUNG CUA CO CAU NHIEU THANH
Co céu, nhiéu thanh duoc Gng dung rong rai trong ky thuat. Sau day la mot §6 vi du:
- Co cau dng co 2 xylanh ki€u chir V (H.7-10), bién chuyén dong tinh tién 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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bién chuyén dong tinh tién cta khau 3 thanh chuyén dong quay ctia khau 1 (Iam nhiém vu cta
dong co nd) ro1 bién chuyén dong quay cua khau 1 thanh chuyén dong tinh tién ctia khau 5
(Iam nhiém vu nhu bom piston); trong trudong hop nay ta c6 dong co nén khi.

Hinh 7-10: co cdu dong co 2 xy lanh, kiéu chiv V

- Co cau thanh khong gian trong may nong nghiép.

Trong may nong nghi¢p, dac biét la trong cac may thu hoach, thuong gap co ciu thanh
khong gian, phan 16n cac co ciu nay la cac co cau khong gian 4 khau két hop voi mot chudi
d6ng phang. Trén hinh 7-11a 13 so dd dong cua co cau thuc OABKC dung dé dan dong cho
dao trén méy gt dap lién hop C.4. O day can luu ¥ rang do dic diém ciia may nong nghiép
nén cac khau co toc do 1am viéc thap va khong doi hoi phai c¢o d6 chinh xac chuyén dong cao.
Vi vay chuyén dong khong gian trong d6i cua cac khau trong pham vi nho cé thé thuc hién
nhd khe ho ¢ khép dong va do dan hoi ciia cac khau. 4 ho d6 ma két cau ciia cac khép dong va
cac khau trong co ciu s& rat don gian. Vidu 6 so d6 trén, nhod khe ho & cac khop A va C nén
n6 bao dam cho cac khau c6 chuyén dong khong gian tuong « d6i voi chuyén vi nho. Thuc ra dé
c6 thé hinh dung dung chuyén dong cua cac khau trong co cu, cac khép ndy phai duoc thay
téh bang cac khép cau A’ va cu-lit C’.

Hinh 7-11b 1a so dd dong cua co cAu thanh khong gian OA;A,BO,0,CDE c6 truc lac
BO,0,C dé din dong cho dao trong may cat c6 KH.1.4.

\A O1
B W

T e
W

K
, _C W 4
W~ % D
—t=7"  Dao E
\@/ C Vo AT
Cv Dao

a) ‘ ’ b)
Hinh 7-11: lwoc do dong cua dao cat
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- Co  cAu may cwa soc (H.7-12)

Pay 13 co ciu 4 khau phang, dang tay quay — con trugt. Tay quay 1 dan dong cho con
truot 3 chuyén dong tinh tién theo phuong dimg. Con truot 3 mang khung cua va ludi cua 4.
Cay gb can cua 6 dugc con lin 5 ddy vao. Hanh trinh 1am viéc 13 hanh trinh lui cua chuyén
dong tir trén xudng.

p 5

A\

Vs

] !—Iinh 97-] 2: luoc do dong may cua 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 d6 may sang lac phang c6 khung sang dat nghién trén cac thanh d&
treo.

+ Hinh 7-13b 14 so d6 may sang lic phang c6 khung sang dit nghién trén céc thanh d&
dang.

_tHinh 7-13c la so d6 may sang lic phang c6 khung sang dit ngang trén céc thanh d&

dan hoi.

Hinh 7-13: lege do dong mdy sang ldic
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Chuwong 8: Co’ cau cam

1. DAl CUONG

1.1. Khii niém vé co cdu cam

Co cau cam la co ciu khép loai cao, co
kha ning thuc hién duoc nhimg chuyén dong co
chu ky phuc tap cta khau bi dan véi do chinh
X4c cao. 1 B

Khau dan cta co cau duogc goi la cam, con
khau bi dan duoc goi la can (H.8-1). N

+ OB 1a kich thudc dong cta khau 1, O,B A R
thay ddi trong qua trinh lam viéc.

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

Bién dang cam

Hinh 8-1: Co cdu cam
1.2. Uu nhwoc diém
- Uu diém: Chon bién hinh cam (thiét ké co cdu cam) theo mot quy luat chuyén dong
cho trudc (cta can) thi dé dang.
- 4 hugc diém: Co6 khdp cao B tiép xuc theo diém hay theo dudng, dan dén hao mon
nhanh ¢ bé mat 1am viéc; c¢6 khuynh hudng thao khép; kho khan trong viée ché tao chinh xac
bé mat 1am viéc caa cam.

1.3. Phan loai

Theo mat phang chuyén dong ctia cam va can, ta c6 cam phang va cam khong gian. a éu
mit phang chuyen dong cua cam trung hay song song voi mat phang chuyen dong cua can day,
ta c6 cam phang; néu mat phang chuyén dong ciia cam cit mat phang chuyén dong cta can
day ta c6 cam khong gian.

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

o Theo hinh dang dﬁu cén ta ¢6 cac loai: can dau nhon (H.8-3a), can dau béng (H.8-3Db),
can dau cong (H.8-3c), can dau con lan (H.8-3d).
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7 ﬂinh 8-3: ﬂinh dang dau can o
Theo chuyén dong cua can: Cam can tinh tién (H.8-4a,b,c,g,h) va cam can lac (quay)

(H.8-4d,e.1).
AV c
2
B
a) C
2
B
d) .
) FZ ¢
B /
g)
A

Hinh 8-4

2. CAC THONG SO CO BAN CUA CO CAU CAM

2.1. Thong s6 hinh hoc ciia cam

- Ban kinh vecto 16n nhét R,,,, va ban kinh vecto nho nhit R,;, ctia bién dang cam.

- Cac goc cong nghé: 1a goc dugce xac dinh trén bién dang cam ing voi cac cung lam
viéc khac nhau cta bién dang nay. Pé can chuyén dong qua lai va co lic dimg thi trén bién
dang cam phai c6 4 goc cong nghé:

+ Goc cong nghé di xa yq: Ung voi giai doan can di xa tim cam.
+ Goc cong nghé dimg xa v, tng voi giai doan can ding yén & vi tri xa tim cam nht.
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+ Goc cong nghé vé gan y,: ing v4i giai doan can vé gan tim cam.
’ + Goc cong nghé dung gan Yg: Ung vOi giai doan can dung yén & vi tri gdn tim cam
nhat.
bé can chuyén dong qua lai, t6i thiéu trén bién dang cam phai c6 2 goc Vg, Y.
2.2. Thong s0 dong hoc cua co cau cam
- B6i voi co cau cam can tinh tién dau nhon (H.8-4a):
+P0 1éch tdm e = AH, trong d6 H 1a chan cta duong vudng goc ha tir tim cam A dén
phuong truot BC cua can.
+ Khi e = 0 tirc 1a khi phuong truot BC di qua tAm A, ta c6 co cdu cam can tinh tién
chinh tam.
- B6i voi cam can lic dau nhon (H8-4d):
+ Khoang cach tim cam — tAm can lc.
+ Chiéu dai can lgc (chiéu dai doan théng ndi tAm can va dau nhon cla cﬁn).
- Cac goc dinh ky 13 gbc quay ctia cam tng véi cac giai doan chuyén dong khac nhau
clia can.
+ Goc dinh ky di xa ¢q: (g v6i giai doan can di xa tim cam.
+ Goc dinh ky dimg xa @, tng v6i giai doan can ding yén ¢ vi tri xa tAm cam nht.
+ Goc dinh ky vé gan o,: tng v6i giai doan can vé gan tim cam.
+ Goc dinh ky dimg gan ¢g: Ung voi giai doan can dimg yén & vi tri gan tAm cam nhat.

P c

2
Bn B'

Hinh 8-5: Géc céng nghé va goc dinh ky trén co cau cam
4 6i chung cac goc cong nghé va cac goc dinh ky tuong ting khong bang nhau:
YG # Qg; YV # Qy

Dbi véi cam can tinh tién dau nhon, dé goc cong ngh¢ va goc dinh ky bang nhau, thi
phuong trugt BC di qua tdm cam A, tic la img vdi co cau cam can tinh tién chinh tam. Con
d6i véi cam can lac dau nhon, phai c6 diéu kién: 3 diém A, B,, B’,, thang hang.
2.3. Théong s6 luc hoc cia co cdu cam

- Goc ap lwc dau can 1a goc hop béi phép tuyén Bn cua bién dang cam tai diém tiép xtc
gilta cam va can véi van toc V,, ciia dau can B tai vi tri nay: o = (Bn V,,) (H.8-6). Goc ap
luc dau can néi chung bién thién theo vi tri tiép xtic B giita cam va can.
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- Goc ap luc dau can dic trung cho kha nang truyén lyc cua co cau cam. That vay, xeét
co cAu cam can tinh tién dau nhon trén H.8-6a. Goi N va F lan luot 1a ap luc va luc ma sat tur

cam tac dung 1én can, va P=N +F thi cong suét truyén tir cam sang can 1a :

W = P.Vg;.cos(a+) (8-1)
v6i @ 1a goc ma sat giira cam va can. Khi goc 4p luc o cang bé, cong sut truyén dong cang
16n, hay noi khac di hiéu qua cua luc ddy P cang 16n.

Hinh 8-6: Goc ap luc trén co cdau cam

3. PHAN TiCH BPONG HOC CO CAU CAM.

4 0i dung: xac dinh quy luat chuyén dong ctia cAn (vi tri, van tdc, gia toc) khi biét quy
luat chuyén dong clia cam va bién hinh cam, vi tri tim quay ctia cam tng v&i can.

Phuong phap: dung phuong phap db thi dong hoc.

3.1. Cam can dau nhon.

a. Cam cén tinh tién dau nhon.

Chuyén vi ctia can duoc xé4c dinh tir vi tri thép nhat By cta can dén vj tri dang xét. Do thi
chuyén vi ctia can biéu thi lién hé giita chuyén vi s va géc quay ¢ tia cam.

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

< Phwong phap truec tiép:

Chon dién B, bét ky trén bién dang cam. S& tim cach xac dinh chuyén vi s; va gbc quay
cua cam @; twong ng, khi dém B, dén tiép xtic voi 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’; cta Vong tron nay va phuong tinh tién ctia dau can chmh la vi tri cua
diém B khi dén tiép xtc v6i can. a hu vay cam da quay goc B;OB’; = ¢y, can tinh tién mot
khoang ByB’| = s;. Pua 2 gia tri nay lén h¢ truc toa do sle (sau khi da chon ti 1€ xich cua ting
truc toa do tuong trng) sé nhan duoc 1 diém cua d6 thi chuyén vi. Lap lai qué trinh xac dinh
nhu trén cho nhiéu diém B; 1=1.2,...,n) nam trén bién dang cam, s€ duoc n diém trén hé truc
toa do slo. 4 6i cac diém nay thanh mdt duong cong lién tuc, s€ dugc do thi chuyén vi clia can.
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Hinh 8-7: mé td cach vé dé thi chuyén vi (can tinh tién)

¢ Phwong phap d01 chuyén dong:

Phuong phap truc tiép c6 nhuoc diém 1a cac khoang chia trén truc hoanh s& khong déu
nhau, dé khic phuc ta ding phuong phap d6i chuyén dong. Trong phuong phap ndy, s& chon
goc @; trudc, sau do s€ tim chuyen Vi s; trong Gmg. V€ vong tron tam sai (tam O, ban kinh e)
tlep xuc vo1 phuong tinh tién ctia dau can tai Ag. Tur By v& tlep tuyen B1A; v6i vong tron tdm
sai.

Hai tam giac vuong BOA, va B’|0A, béng nhau

= B,04, =B,04, = B,0B, = 4,04, = ¢,

Tir nhitng nhan xét trén, néu chon trudc ¢y, c6 thé v& duge goc 4,04, nghia 1a c6 thé
xac dinh diém A Tu diém A, v& tiép tuyén v0i vong tron tam sai. Tiép tuyén nay cat bién
bang cam tai diém B,. Dung phuong phap truc tiép nhu da trinh bay ¢ trén, s& xac dinh duoc s,
tuong g vaoi ¢ chon trude.

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

Thuc chat phuong phap doi chuyén dong 1a ta xét chuyén dong twong ddi cua can dbi
v6i cam (cam c6 dinh), cin s& vira tinh tién vira quay quanh tam O theo chiéu nguogc véi chiéu
quay cua cam.

Bang phuong phép trén c6 thé xac dinh chuyén vi si cta can, tng vdi goc quay @; ciia
cam (i=1,2,...,n) voin 1a s6 vi tri can xét trong mot vong quay cua cam (n = 6,8,12,32...).

Qua trinh chuyén dong cia can, néi chung goém 4 giai doan: can di xa (tng véi goc @q);
can dung & xa (y); can vé gan (¢,); va can ding & gan (pg). Cac goc P4, Px, Py, P, la cac goc
dinh ky cta co cdu cam, di nhién: @4 + @y + @y + ¢y =27.

Db thi chuyén vi, van tdc, gia tdc cua can duge biéu thi & H.8-8. Trong d6 ham v(¢) =
ds/de nhan dugc dudi dang d6 thi bang cach vi phan d6 thi s(), va

ds _ ds dgo
t 8-2
V0= = =g, (82
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Do thi gia toc a(e) c6 thé tim duoc nhd vi phén db thi v(@), va
d S dv(t) dv((p)
t = =
a(t) = il v(co) )
dV((p) do _
do dt

w; = const = a(t) =

- ( )a)l (8'3)

S

b)

H>

Hlnh 8-8: mé ta cach vé do thi chuyén Vi-van to”'c-gia téc (cdn tinh tién)

b. Cam cin quay ddu nhon.
Chuyén vi clia can:

Gié st tai thoi didm dau tién, cam va cin tiép xtc nhau tai diém B,. Chuyén vi cia can
dugc xac dinh bdi goc quay . D6 thi chuyén vi biéu dién lién hé gilta gbc quay y theo goc

quay cua cam la .
« Phwong phap truc tiep:
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Chon diém B, bat ky trén bién dang cam. Khi cam quay, diém B, chuyén dong trén
vong tron tdm O, ban kinh OB,. Pau cin chuyen dong trén vong tron tam C, ban kinh B,C.
Giao diém B, cua 2 quy dao nay 1a vi tri ddu can, khi diém B, dén tiép xuc v6i can.

Khi B, quay dén B’,, cam di quay mot goc ¢, = B,OB, va can quay mdt goc y; =
B’,CO (chon OC 1am gébc do goc).

Sau khi chon ti 1¢ xich thich hop, dua hai gia tri nay 1én hé truc toa d6 yO@ ta nhén
duoc 1 diém cua do thi chuyen vi ctia can. Lap lai qua trinh trén ddi véi cac diém B; trén bién
dang, s€ v& duoc dod thi chuyen vi (o), thé hién & H.8-9.

oy

@,

S

v
k=]

@, | @,

& S
T i

b) o AR
Hinh 8-9: mé td cdch vé do thi chuyén vi (can quay)
% Phwong phap d6i chuyén dong:
V¢ vong tron tam O, ban kinh OC. Tur B1 v€ cung tron tam By, ban kinh bang chiéu dai
cua can cung tron nay cit vong tron trén & diém C.
Xét 2 tam giac B;OC; va B’,0C, hai tam giac nay bang nhau
= B,0C,=B’,0C
4 éu b6t g6c B’,0C; cho ca hai gbc trén, ta co:
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B10B’1 = C]OC =0

a hu vay néu chon trudc goc @1, co thé tim duoc diém C; vi C;0C = ¢,
Tu diém C, ¢6 thé tim diém B, tuong ung (vi B, 1a giao diém cua vong tron tdm C,, ban kinh
bang chiéu dai can dén bién dang cam).

Sau khi ¢6 B,, dung phuong phap truc tiép s& xac dinh duoc y, twong tng. Vi goc ¢;
chon trudc nén c6 thé chon nhitng goc dé do (vi du: 30°, 45°, 60°,...).

Biang phuong phép trén, ¢ thé xac dinh chuyén vi goc y; Gmg véi goc ¢; cach déu (i =
1,2,..,n), 6 daynla s6 vi tri can xét trong mot vong quay cua cam (co thé chon n =
6,8, 12 16...). @ hu vay C; 1a nhimg diém chia déu duong tron tim C, ban kinh OC.

Db thi chuyén vi cuia can the hién ¢ H.8-9b.
B = Wmax = Wmin €01 la gbc lac cla can.

- Van téc cua can:

Vi phan do thi y = (o) ta c6 dd thi w,(p) = ‘Zl—‘/’ va ,(t) = ,(p).o,
o
- Gia tdc cua can:

Vi phan d thi 0,(¢) ta c6 dd thi &,(p) = va &, (1) = &, ()0

dw,(p)
do
3.2. Cam cin dau bing.

- Véi cam can dau bang, dau can tiép xtc voi cam theo duong thang. Trén dau cén,
diém tiép xuc gilta cam va can khong phai 1a mot diém cé dinh, ma ludn ludn dich chuyén trén
day can (H.8-10).

- Do thi chuyén vi s(¢).

< Phwong phap truec tiép:

Chon diém B, tuy y trén bién dang cam, tai B; ké tiép tuyén t,t; voi bién dang cam. Gan
chit tiép tuyén véi cam. Khi tiép tuyen quay quanh O, dén Vi tri song song voi dau can thi
t’,t*, s& tring voi ddu can, cam va dau can s& tlep xUc tai B1 a hu vay cam (hoic tiép tuyén véi
cam tai By) dd quay 1 goc ¢, va tuong tng, can da tinh tién 1én mot doan s;. Lap lai qua trinh
trén voi cac diém B; (i = 1,2,...,n) trén bién dang cam, s& 1ap duoc d6 thi s().

X1

X2 Xs

0123456 7 8

X5
X4

Hinh 8-10: mé td cach vé dé thi chuyén vi (can dau bang)
¢ Phwong phap doi chuyén dong:
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Ve duong OH; vudng goc vai tit;. Goc bOH,; = @, (vi c6 cac canh vudng goc vaoi t1t’).
Vi vy néu cho trude goc ¢y, ¢6 thé v& duge nita duong thing Ob,. V& tiép tuyén tt; voi bién
dang cam va vudng goc véi Ob;. Tur d6 s€ xac dinh dugc diém B, (la diém tiép xuc cua tt; voi
bién dang cam)

Cac budc tlep theo dé xac dinh tuong tu nhu phuong phap truc tiép.

Db thi van toc va gia tdc cua can dugc xac dinh ciing twong ty nhur cam cén tinh tién
dau nhon.

3.3. Cam cén diu con Lin.

Dbi v6i cam can dau con lin (H.8-11), dau can ludn ludn cach déu bién dang cam 1
khoang bang ban kinh con lan. Pau can ludn ludn tiép xuc véi bién dang cam 1y thuyét, cach
déu bién dang thuc té 1 khoang cach bang ban kinh con lin. Vi vy khi phan tich dong hoc co
cdu cam can dau con lin, c6 thé dung phuong phap da trinh bay ¢ trén, nhung tién hanh véi
bién dang cam ly thuyét.

G,
VA

Bién dang thi

Bién dang Iy thuyét /
Hinh 8-11: Cach vé bién dang Iy thuyét twr bién dang thuc
Dé v& bién dang cam 1y thuyét, 14y cac diém trén bién dang thyc té 1am tdm, v& cic vong tron
ban kinh bang ban kinh con lan, bao hinh ciia vong tron ndy chinh 1 bién dang 1y thuyét.

4. PHAN TICH LUC CO CAU CAM.

4.1. Cac luc tac dong trong co cAu cam
Quan sat co cau cam quay nhu H.8-12 ¢ thoi diém can dang di xa. Phan tich cac lyc tac
dung cua can.

- P laluc day clia cam tac dung 1én can. Lyc P gdm hai thanh phan: phan lyc phap tuyén
N valuc ma sat F . Goc gitta luc P va N 1a goc ma sat o.

- M_ 1a mdmen can tac dung Ién can.

- Goi R 14 phan lyc cua gia tac dung 1én can. Dé bao dam diéu kién can bang luc, luc R
song song va nguoc chidu véi luc P va tiép xac voi vong ma sat tai khdi quay C (ban kinh
vong ma sat 1a p,).

- Géc gitta phuong phap tuyén cia bién dang cam va van téc ciia dau can V,, goi la goc ap
luc, ky hiéu la a.
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Hinh 8-12: phdn tich lyc co cdu cam
- Cong suat lyc P 1a W = P.V,, .cos(o. + ¢).
a han xét: cong sudt luc truyén ty 1& nghich véi goc ap luc, goc ap luc cang nho, hiéu qua
cua lyc dau cang 16n.
- Quan hé gitra lyc truyén P va moémen can M, la:

Tir phuong trinh can bang, tong moémen cua cac luc dbi voi diém C bang khong:
Ph—R.p.—M.=0
Véi h=lgc.cos(a + @) vaR=P
P = M, : (8-4)
[cos(a + @) —sin(@')]d 5
a éu goc ap luc co gia tri sao cho [cos(a + @) — sin(¢’)] =0, hay a. + ¢ + ¢* = 90° thi P —
o, ¢6 nghia la can khong thé chuyén dong duoc, vi khong thé thuc hién duoc luc
P 16n v6 cung. Co cdu cam ¢ trang thai ty him.
Dé dam bao chat luong truyén dong, hiéu suat cao, khi thiét ké vo cdu cam, goc ap luc
khong vuot qua mot gidi han cuc dai cho phép [Otpax]
Ddi véi cam can tinh tién dau nhon: [Otmax] = 40°.
Déi v6i cam can quay dau nhon: [Olmax] = 45°.
4.2. Quan h¢ giira géc ap luc va vi tri tam quay caa cam.
(Tham khao PL 8.1)
(5, 6 & 7 sau day, Tham khao PL 8.2, 8.3 & 8.4)

5. TRINH TU 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 rang

I. CO'CAU BANH RANG PHANG

1. DAl CUONG VE TRUYEN DONG BANH RANG
- Gi6i thiéu: Co cu banh ring 1a co cAu c6 khép cao dung dé bién doi hodc truyén
chuyén dong theo nguyén tic an khop truc tiép giita hai khau.
- Phan loai:
+ Theo vi tri tuong di giira hai truc quay: banh ring noi tiép va banh riang ngoai tiép.
+ Theo sy phan b ciia ring trén banh ring: banh rang thang, banh ring xoan (nghiéng),
banh rang chit V.
+ Theo bién dang rang: banh ring than khai, banh ring xycloit, banh ring 4 6-vi-cdp.
+ Theo tinh chat chuyén dong: cip banh ring phang, cip banh rang khong gian.

)i
s

il
AWM

..\{\/I

N

0
i

=3 A A

I\
I

¢) Bdanh rang thang

e) Banh rang chit V

f) Banh rang non g) Banh rang tru h)Banh rang non chéo
chéo
Hinh 9-1: Phan logi banh rang

k) Co cdu truc vit —
banh vit
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1.1. Pinh ly an khép
- Ty s6 vén tdc goc giita hai banh ring, goi 1a ty sb truyeén.
K}’/ hléu i12 = 0)1/0)2
i;, > 0 khi 2 banh riang quay cung chiéu, vé i;, < 0 khi 2 banh rang quay ngugc chiéu.
- Xét 2 khau 1 va 2 dang tiép xuc nhau tai K, quay quanh O,, O, trong tng v&i van téc goc
la w; va m,.

Hinh 9-2: mé ta van toc tai diém tié}) xuc
- bi€u kién dé 2 bién hinh luén ti€p xuc (khong ro1 nhau, khong lan vao nhau) 1a hinh chiéu
cua cac van toc tirc thoi 1én phuong phap tuyén phai bang nhau. a ghia la:

VKl.COSBl = VKg.COSBz = (,01.015 1= 0)2.02§ 2
’ N . ()] O é O P
- Ty so truyen: |ipy| = |— | = =22 (= =2 9-1
y yén: [iyy) wzl 03 ( OIP) (9-1)

Véi P 1a giao diém cua phap tuyén chung cua 2 bién hinh tai tiép diém dugc xét va duong
ndi 2 thm quay O, va O,; P duoc goi la cuc an khop.

- Pinh Iy in khép co ban: Phdp tuyén chung ciia 2 bién hinh tgi diém dn khdp (diém
tiép xtic gitta 2 bién hinh) chia dwong noi tim thanh nhitng doan thing ty Ié nghich véi ty sé
truyén.

- 4 han xét: dé cho ty sd truyén gitra 2 khau khong thay d6i, cuc dn khép phai co vi tri ¢d
dinh trén dudng ndi tam.

- Céac banh rang c6 bién hinh la duong than khai, duong xycldit (Epi-xycloit va hypo-
xycloit) déu thoa man diéu kién nay.

1.2. An khép than khai

- Puong than khai ciia dudng tron 14 quy tich cia mot diém nam trén dudng thing lin
khong trugt trén duong tron (goi 1a dudng tron co so).
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- Tinh chat ctia duong than khai:

+ Lu6n nam ngoai dudng tron co so.

+ Phap tuyén ctia dudng than khai 1a tiép tuyén cua dudng tron co so.

+ Ban kinh cong ¢ mdi diém bang chiéu dai cung trén vong tron co sé nam gitta diém
gbc ciia duong than khai (4 ,) va tim quay tirc thoi. Ta 6, chiéu dai doan 4 M bang chiéu dai
cung 4 no.

+ Phuong trinh ctia duong than khai:

Xét trén hé toa do cuc (Ox, 0); do 1an khong truot ta cd

= To.tg0l = (0l + Oy) hay
0, = tgou, - o = InVoL, (9-2)
Mac khac: r, = OM = r,/cosol, (9-3)
Phuong trinh (9-2) va (9-3) la phuong trinh duong than khai trong h¢ toa do cuc.
- Tinh chét cua an khép than khai:
+ Ty s6 truyén trong dn khép than khai 13 hing sb.
o _ OP _ Ozéz Tp _

o] = |—|= == = 22 = % =const
©, opP 04, Loy

+ Do dich tAm khong anh huong dén ty sb truyén.
+ Diém an khdp K luén nam trén dudong n-n chira a 4 ».

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

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

2.1. Giéi thi¢u

- Cac duong tron tam O, va O,, ban kinh O,P va O,P (H.9-4) néu duoc gén lién véi 2 banh
rang dang an khop s& ludn tiép xtc véi nhau va lan khong trugt 1én nhau, va duoc goi 1a cac
vong tron ban ddu (con goi 13 vong tron lan).

- Puong tron tdm O, O, ban kinh 0,4 ,, 0,4 , chinh 13 cac vong tron co so.

- Quan hé: ] = Iy1/COSQL; Iy = I'gp/COSOL

Véi a: goe an khop, trong an khdp tiéu chuan, a = 20°
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2.2. Céc thong s6 hinh hoc co bin
|

a) thong s6 hinh hoc b) chiéu rong clia ring
Hinh 9-5: banh rang than khai
- Khoang cach giita 2 bién hinh lién tiép cta ring do theo vong tron ban dau goi 12 budc
rang. Ky hiéu: t
- Modun ciia ring: ty s6 t/m goi 1a médun cia rang, ky hidu: m
m= t/n (9-5)

Dé tién viéc thiét ké va ché tao, cac kich thude cia banh rang déu duoc tinh thong qua
modun. Tri s6 ctia médun dugc 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 thudc vé chiéu cao:

+ Chiéu cao dau ring: h’ = £.m (v6i £ = 1) (9-6)
+ Chiéu cao chan rang: h” = f”.m (v6i £ = 1,25) (9-7)
Chu ¥: d6i voi rang cit ngin, £ =0,8; f* =
+ Chiéu cao cua ring: h=h’ + h” (9-8)
- Puong kinh vong tron ban dau: D
Goi Z 1a s6 ring cua banh ring = Zt=nD = D=m.Z (9-9)
- BPuong kinh vong tron dinh rang: D, =D + 2k’ (9-10)
- Buong kinh vong tron chan rang: D; =D —2h” (9-11)
- Chiéu rong cua rang S’; chiéu rong ké ring S”
S*=S"=t/2 (9-12)
Sy = 21,.[(S’/2r) + inva - invoy] (9-13)
= S, = 2r,[(S’/2r) + iInva - InvaL] (9-14)
- Khi 2 banh rang an khép nhau thi ty sb truyén [112| = 102/To1 = 1/T) = MZy/mZ,
= || =2Z,/7Z, (9-15)
- Khoang cach gitra 2 truc quay: A = 0,0, =>2m(Z, £ Z,) (9-16)

Dau +: 3n kh6p ngoai; ddu — : an khép trong.

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

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

-4 14 , goi 1a doan an khdp 1y thuyét.

-4’47, goi la doan an khép thuc.
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- Hinh 9-6 thé hién 1 cap banh rang khi bat dau va khi thoi an khép. Trong qua trinh do,
cc diém a,, a, thudc cac bién hinh va nam trén vong tron ban dau sé chuyen td1 cac vi tri by,
b,.
- Céc cung ab, a;b, la cung trén vong tron ban dau do cac diém aj, a, vé ra trong thoi gian
1 do1 rang an khop goi 1a cung an khop.

a1b1=azb2
\I’el /‘k
\rl To1 Ols / n
\ \ N | ﬁl '/

\ \\ . — /

\\ \\bl _\a' /, /
™ »- A« ~a1’ P
SR

XN

02 ), /

02
Hinh 9-6: vi tri vao khop & ra khop cua mot doi rang
- Hé 56 tring khop:
+ & han xét: dé truyén dong duoc lién tuc giita cac banh ring thi cp ring sau phai vao
khép trude khi cap ring trudce ra khdp. va cang ¢ nhiéu cip rang dong thoi dn khép thi sy an

khép cang em dju.
+ Kha ning 1am viéc ém diu cta 1 cip banh ring dugc danh gia bang hé s trung khép:
£€= albl/t = azbz/t (9-17)
4 han thay:

albl/mlnl = rl/rm = 1/cosa
Ma mmn;=4a’ja’,

9 2
A' A

g= 2180 (9-18)

t.cosa
= bJ dich tam anh hudng dén ¢.
Bién d6i cong thac (9-18) ta duogc:
B \/(Zl +2.£') = Z cos’ a +\/(Z2 +2.£') +Z3.cos’ o —(Z, +Z,).sina,
- 2m.cosa

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

+ Heé s6 trung khop khong phu thude vao médun ma phu thude vao goc an khép va
chiéu dai doan an khép thyc té. (s6 ring va hé s6 chiéu cao ring)

+ Pé dam bao truyén dong lién tyc gita 2 banh ring, phai thoa man diéu kién & > 1. Do
ché tao va lap rap khong hoan toan chinh xac, cac rang lai bi mon trong qué trinh 1am viéc,
ngudi ta thuong iy € > 1,05.

4. SU TRUQT CUA CAC RANG

- Xét 2 bién hinh than khai dang an khép véi nhau tai diém K.
101

Hinh 9-7: van téc tai diém an khop
Goi Vi, Vi 1avan tde diém K, va K, dang trung nhau tai diém an khép K.
= V" = V "k (do 2 bién hinh tiép xtc nhau)
Va Vg - Vo=V chinh 1a vén tdc trugt giita bién hinh tht 2 va bién hinh thir 2.4 6
1a nguyén nhan gay ra mon rang va ton phi nang lugng do ma sat.
- B¢ danh gia 0 hao mon nay, nguoi ta dua ra ¢ so truot (C):
C12 — Vltq _V1t<2 va C21 — V1t<2 _Vltq
Vi Vi
Bién doi cong thirc trén, ta co:
C=1- V_%z _1. p,.®,.sin B,

Vi p,.®,.sin 3,
. 4K . 4K
= Cpp= 1Dy 22, (321:1—112.21 (9-20)
1 2

Goi R, (hay R,) 13 ban kinh cong ctia dudng ton than khai (tai diém K) trén banh ring 1
(hay banh ring 2) = 4 ;K =R, va 4 ,K = R,.
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- Ve do ,thi truot (rang), thé hién ¢ hinh 9-7.
+ D061 vo1 banh rang nho:

Tai i » (xem nhu dau rang quy udc): R, =0 =Cph=1.
Tai P (cuc an khoép): Rt = Cp=0.
R, 1
, Tai a, (chan rang quy udc): R;=0 =Cpp=o
_ + D061 voi banh rang 1on (tuong tw)
- a han xét:

+ Thuec té chi an khép trong doan L’ L, = dd thi & doan do.

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

+ Mubn diéu chinh sy bét loi nay, ta dich doan lam viéc sang trai, nghia la tang chiéu
cao dau ring ctia banh ring nho, va giam chiéu cao chin ring cta banh ring 16n, hoic dich
chinh cac banh rang.

5. NHO’NG PHUWONG PHAP CO BAN CHE TAO BANH RANG THAN KHAI

5.1. Cac phwong phap ciit co ban
a) Phuwong phap cat dinh hinh (chép hinh).

Hinh 9-8: mé td cdc phirong phdp cdt

- Ludi cdt c6 hinh dang tiét dién ngang giéng nhu hinh dang ranh ring.

- Dung dau phan d6 dé quay phéi 1 goc 2n/Z, dé cét banh ring c6 Z ring.

- Cat banh rang c6 m6dun lon ta dung dao phay ngén (do dung dao phay dia bi rung dong).

- V& 1y thuyét, mudn ché tao 1 banh rang c6 s6 rang Z phai dung ludi cat riéng c6 cung
modun d6. Song dé giam bat s6 ludi cit dbi voi timg modun nguoi ta diung bd 1udi cat gdm 8,
15 hay 26 céi cho timg modun. Vi du: ludi cat s6 5 trongv bo 8 cai, ding dé cit banh rang co
tir 26 dén 34 rang, c6 hinh dang rinh ring ciia banh ring c6 Z = 26. D6i v6i nhiing banh rang
con lai ( Z =27 dén 34) s& duoc cit nhitng bién hinh gin ding ma thoi. 4 goai ra con ¢6 sai
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1éch v€ budce rang lam tang thém nhing sai léch vé bién hinh. Vi vay phuong phap nay c6 do
chinh xac khong cao va chi dung dé ché tao nhing banh rang c6 tbe do cham.

- Phwong phap cét dinh hinh con ¢ 1 nhuoc diém nita 13 ning suit thap hon phuwong phap
cit bao hinh.

b) Phwong phap cdt bao hinh.

- Phuong phap cét bao hinh v6i cac dao cit loai thanh rang, banh rang hay tryc vit trén cac
may phay ring. Uu diém noi bat cia no 1a cing 1 dao, cat dugc nhiéu banh ring c6 so ring
khac nhau véi cing modun, dat 6 chinh cao va ning suat cao.

- Pic diém:

+ Trong qua trinh cit, dao va phoi c6 chuyén dong quay tuong dbi nhu 1 cap banh ring
dang an khop, bién hinh rang cua banh rang dugc ché tao s& 12 bao hinh cta céc vi tri ndi tiép
nhau cta ludi cit (H.9-9a).

+ Khi dao cét ¢6 s rang 16n v 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 ring, dao
thanh ring sé& tinh tién qua lai doc truc ctia phoi dé cat rang, con phoi s¢ vira quay vira tinh tién
doc theo thanh rang. Dung dao thanh ring chi c¢6 thé ché tao nhimng banh ring an khop ngoai.

+ Ché tao banh riang bang may phay riang véi dao phay truc vit c6 niang suét cao hon ca.
Dao phay truc vit dat nghiéng vo1 mat canh ctia ph6i mot goc bang A (bang goc nang cia
duong xoan dc trung binh trén dao phay). Trén mat phang cit vuéng goc v0i tryc cua phoi, dao
phay tryc vit c6 dang rang la thanh rang. Khi cit rang, chuyén dong tinh tién cua dao thanh
rang s& duogc thay thé bang chuyén dong quay cua dao truc vit.

Dac cdt dang bdnh rdng thén khai
-—__ J_ e

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'=mu
r

TO,ZSmd

¢) Hinh dang dao thanh rdang
Hinh 9-9: cdc dang dao cat
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5.2 Banh rang tiéu chuan va banh rang co6 dich dao

(Tham khao PL 9.1)
5.3. Cac kich thwdce cia banh rang dich chinh

(Tham khao PL 9.2)

6. BANH RANG TRU TRON RANG NGHIENG

6.1. Ciu tao mit rang

- Mt rang cua banh rang 1a 1 mit xodn 6¢ than khai, mit nay 13 quy tich cua mot dudng
thang MM’ nam trong mit phang (P), khi mat phang (P) lan khong truot trén mot hinh try tron
xoay ban kinh r,. Khi dudong théng MM’ tao véi tryc 1 goée B, néu Bo # 0, ta c6 banh rang tru
tron rang nghiéng. Khi B, = 0, dudng thing MM’ song song v&i truc hinh try, ta c6 banh ring
try tron rang thang.

- Mot s6 dic diém cta mit xoan oc than khai (H.9-12b)

t
27[1‘0 .

27r b,

= g p

c) d)

Hinh 9-12: mdt ring banh rdng tru tron- thong sé budc cia banh rang nghiéng
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+ Mait phang (P) 1a mat phang tiép xuc véi hinh tru co sd, ciing chinh 12 mit phang
phap tuyén ctia mit xoan dc than khai.

+ Mit phang vuong goc Voi truc ctia hinh tru co so, cit mat xoan d¢ than khai theo 1
duong than khai (duong a M, 4 ° M),

+ Cac mat try tron xoay ddng truc vai hinh tru co so s& cit mit xodn dc than khai theo
nhitng duong xodn d¢. P6 13 cac duong rang trén cac mit try khac nhau (vi du: trén hinh try co
s0, dudng rang 1a duong a ,a ’,). Cac dudng ring ndy c6 budc bang nhau, nhung vi nam trén
cac hinh try khac nhau, nén goc nghiéng 3 cua cac duong nay s¢ khac nhau.

4 éu trai 1 dudng xodn oc 1én mat phang, ta s& dugc dudng nam nghiéng (H.9-12¢).

Ky hi¢u S la budc cua duong xoan 6c¢ trén hinh try tron ban kinh r, A 13 géc nang cta
duong xoan dc.

Ta c6: S = 2nr.cotgf = 2nr,.cotgf, (9-42)

6.2. Céc thong sb co ban ciia banh rang nghiéng

Ta da nghién ctru cac thong s6 trén 1 tiét dién vudng goc véi truc banh rang, ching ta
co thé ap dung d01 v0i banh rang try tron (thang, nghiéng) véi chi y: yéu t6 diém trd thanh yéu
t6 duong, yéu t6 duong tré thanh yéu té mat).

Dbi v6i banh ring nghiéng, ta chii ¥ thém mot sd thong sd khac:

- G6c nghiéng cua rang: trén mat tru co sé, ky hi¢u 1a B, trén mat tru chia 1a .

Ttr cong thire (9-42):

= tgP = (1/r,).tgP, = tgf./cosa (9-43)
Véi a la goc an khop.
Chu y: khi 2 banh rang nghiéng an khép thi B, = -3,
- Budc rang trén hinh try chia (lan, ban dau)

Mit tru chia s& cit ring cua banh  rang nghiéng theo nhirng mat cit ndo do. Khai trién
hinh try chia trén mat phang. Cac mat cat ndy 1a nhiing Vet nam nghiéng (H.9-12d). Cac thong
sO cua banh rang nghiéng duoc xac dinh trong nhiing tiét dién khac nhau.

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

Budc rang tg goi la bude ngang.
Mobdun mg = ty/n goi 1a médun ngang.
+ Trén tiét dién doc theo chiéu truc ctia banh rang (tiét dién doc).
Budc rang t, goi 1a bude doc.
Mo6dun m, = t,/n goi 1a médun doc.
+ Trén tiét dién phap, vudng goc véi cac dudng rang.
Budc rang t, goi 1a budc phap (tuyén).
Modun m,, = t,/mt goi 1a modun phap.
Modun phap m, duogc ti€u chuan ho4, chon my = m, khi ché tao.
+ Quan h¢ gitta cac budc va modun:

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

m,, = m,.cosf} = m,.sinf3 (9-45)
- Cac thong s khéc:

r="'2m.Z =" (my/cosP).Z (9-46)

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

r;=r—1’.m, (9-48)
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6.3. Uu nhugc diém cia banh rang nghién so v6i banh rang thing twong tng
- Hinh 9-13 thé hién qu4 trinh tiép xtc ctia 2 mit rang cua banh rang nghiéng (voi (P) la
mit phang an khop). Trén hinh 9-13b, B, va B, la diém vao khop va diém ra khép cua tiét dién
ngang, qua trinh tiép xtic bat dau chi 1a 1 dlem B, tang dan dén tiép xuc hoan toan theo chiéu
dai cua rang (MM’) va giam dan, chi con tiép xuc tai B, trudce khi thoi tiép xuc, vi thé trong
thoi gian tiép xtic, xem nhu diém tiép xtic M di chuyén tir B, dén B’.

—
Bi M B B'
P
Bi M B2
a) b)
Hinh 9-13
- Goi g lahé s6 trung khép cua cdp banh ring nghiéng va g, 13 hé s tring khép & cap banh
rang thang twong ung thi:
- e=¢g 1t (B.B/ty) (9-49)
- Uu diém:

+ Lam viéc ém diu.

+ Kha nang tai 16n hon.
- 4 huoc diém: xuét hién luc doc truc, c¢6 thé khic phuc béng cach dung banh rang chir V.
- Thong thuong ngudi ta chon = 8° —15°

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

1. CAP BANH RANG TRU CHEO

1.1. Cau tao
Banh ring tru chéo dung dé truyén chuyén dong quay gitta 2 truc chéo nhau (hinh 9-15),
thuong chung 13 cic banh ring c6 mit ring 13 mat xoan ¢ than khai (con goi 1a banh ring
xodn than khai), c6 cac goc nghiéng khong dbi ximg (B # -B,). Cau tao mit riang va cac thong
sd gidng nhu banh ring nghiéng.

90 - B
Vi Vi 90 - Bz
VPZ
L
1 < 1
AN
{1/
2

a) b)
Hinh 9-15: banh rang tru chéo & cdc thong 56 co ban
1.2. Dac dlem tlep xuc
- Ty sb truyén:
+ Vi 2 tryc khong song song nhau nén 1 mat rang s& tiép xuc theo 1 diém P. Qua diém
P v& mit phang tiép xuc chung v6i 2 hinh try lan. Hoa d6 van toc trén mat phang tlep xuc thé
hién ¢ hinh 9-15. Tiép tuyén chung t-t v6i 2 dudng ring ctia banh ring va vecto van tdc twong
dbi V,, phai song song nhau.
+ Hinh chiéu cua vén tdc 1én phuwong phéap tuyén bang nhau:
= Vp.cosP; = Vp.cosP, < oy.11.cosP; = m,.15.cos[3;
Vi vay:
=2 =2 (9-50)
®, 1.cosP, Z,
- 4 han xét: mudn thay ddi ty sd truyén co thé thay doity s ro/r; hodc cosp,/cosp;.
- Goc giita 2 truc 1a y = |By £ B,|; ddu + tmg v&i bo truyén banh ring tru chéo co rang xoin
cung chiéu, va nguoc lai.
- C6 hién tugng truot doc theo rang.
Van tdc trugt Vi, hudng doc theo duong rang va cé gia tri:
Vlz = |(01.I'1.Si1’1B1 + O)z.l'z.SinB2| (9-51)
4 éu chon cac ty sd 1,/r; hodc cosPy/cosp; khong hop 1y, co thé 1am cho van tdc truot
tang nhiéu.
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- Tiép xuc theo diém nén kha nang tai khong cao, mau mon. Trong nganh ché tao may,
banh rang try chéo it dugc stir dung vi cac nhugc di€ém nay.
- Khi thay doi khodng cach va goc gifra 2 truc, ty so truyén s€ khong thay doi.

2. CO' CAU TRUC VIiT - BANH ViT

_ Tryc vit — banh vit dung dé truyén chuyén dong gitra hai tryc chéo nhau. Thuong gép
nhat 1a loai truc vit — banh vit ma gdc gitra 2 truc bang 90° va dang truc vit — banh vit 1a hinh
tru.

2.1. Céu tao

I\g_ ﬁ-rﬂﬁ: e l. v-.
o Y- _\I_ﬂll'\l'lllﬁ\\--—-ﬂh 1)

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

Gia str c6 1 cap banh rang truc chéo, truyén chuyén dong quay gitta hai truc vudng goc
nhau (y = 90°). Cap banh ring nay c6 dic diém: goc nghiéng B, rat 16n, B, nho. Vi thé dudng
ring cua banh ring 1 duoc quan nhiéu vong trén banh ring (hinh 9-16). S6 ring cia banh ring
1 khong thé nhiéu duoc, vi bude ciia dudng xodn cé gia tri nhat dinh. Thong thudng Z; = 1 + 4.
So rang Z, con goi la s6 dau méi, banh rang 1 duogc goi la truc vit, banh rang 2 dugc goi la
banh vit.

Vi vay, thuc chét cla co cau truc vit — banh vit 1a mot cap banh rang tru chéo. Céu tao
mat ring gidng nhu banh ring try chéo.

2.2. Pic diém cia co ciu truc vit — banh vit

- Ty sb truyén: (vi 1a banh ring tru chéo nén ty sb truyén duoc tinh nhu (9-50))
o, T1,cosB, _Z,
®, 1.cosp, Z,

- 4 han xét: sb dau mdi cua truc vit Z, rat nho, trong khi d6 Z, c6 thé liy 16n.Vi vay co
ciu ndy c6 vu diém co ban 1a ty s6 truyén c6 thé rat 1on, nhung kich thudc co cau van nhé gon.

- G6c nghiéng cua banh vit va truc vit khac nhau nhiéu, nén van tdc truot tuong ddi doc
rang s& rat 16n, vi vay hiéu suét cia co cau thap, nhiét d6 ¢ ving tiép xtc s& cao.

- Trong bd truyén truc vit — banh vit, mat rang cua truc vit va banh vit tiép xuc theo
diém nén kha ning tai khong cao, mau mon. Bé dat duoc tiép xtic duong giita truc vit va banh
vit, s& phai thay d6i mat ring cua banh vit. Banh vit dugc cat bang dao phay lan c6 hinh dang
hoan toan gidng nhu truc vit s& an khdp vai banh vit. Khi d6 mit chin ring cta banh vit khong
phai 1a 1 hinh try, ma 1a 1 mat xuyén 10m tao bo1 mat tron cd duong sinh 14 cung tron bao léy

112 =
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tryc vit dudi 1 goc 6m Q (Hinh 9-17a). Cing co thé 13 vit 16m (truc vit globoit) (hinh 9-17b)
dé truc vit 6m lay banh vit, cling c¢6 thé ca truc vit va banh vit déu 10m, 6m lay nhau.

\(J,/‘. |
b)

Hinh 9-17: hai dang mat chan rang cua banh vis

2.3. Cac loai mat dung lam mat rang cua truc vit hinh tru

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

a) Miit xodn éc thin khai:

- Trén hinh tru co s& ban kinh Io, V€ duong xodn ¢ véi goc nghiéng la a (H.9-18a).
Mit xoan 6¢ than khai duogc tao thanh bang nhing duong thang co 3 dac diém sau day:

+ Tiép xuc v6i hinh try co so (ndm trong mit phang tiép xtic voi hinh tru).
+ Tya trén duong xo4n dc.
+ Tao v&i mat phang day 1 goc nghiéng bang goc nghiéng cua duong xoan 6c.

- Budng giao cuia mat xodn 6c¢ than khai voi mat phang day la duong xoan oc than khai
clia vong tron co so r,. Truc vit voi mét rang la mat xoan dc than khai goi 1a tryc vit than khai.

- Trong cic mit cit song song voi mat cat chinh (14 mat phang chira duong tam tryc vit
va vuong goc vdi truc banh vit), cd6 1 mat cit tlep xuc voi hinh try co s, trong doé vét rang la
duong thang.

b) Mt xoin éc cong-vé-lit

- Mt cong-vo-lut dugc tao thanh boi nhing duong thang MM v¢i 3 tiéu chuan sau:

+ 4 am trong mat phang tlep xuc v6i hinh tru co sé.
+ Tya trén dudng xoan oc.
+ Tao v6i mat phang day 1 goc o’ khéc véi g(’)c nghiéng ctia duong xoan oc.

- Puong thang MM’ tao v6i dudng sinh ciia mit xodn ¢ than khai 1 goc y (H.9-18b).
Vét ctia mit xodn dc cong-vo-lat trén mit phang day 13 mot dudng xodn dc cong-vo-lat. Truc
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vit v&i mat rang 1a mat xo04n 6¢ cong-vo-lut dugc goi 1a truc vit cong-vo-lut. 4éu o’ = q, truc
vit cong-vo-Iut trd thanh truc vit than khai.
¢) Mt xodn éc Ac-si-mét
- Mit xodn d¢ Ac-si-mét duoce tao boi cac duong théng 6 cac diéu kién sau:
+ Qua truc cua hinh tru co so.
+ Tao vdi truc nay goc y khong doi.
+ Tua trén dudng xoan dc.
- Mit phing vudng goc voi truc hinh try cat mat xoan bc Ac-si-mét theo 1 duong x04n
¢ Ac-si- -mét. Mat phang qua truc hinh try cit mit xoan 6c Ac-si-mét theo 1 duong thang. Vi
vay ¢ mat cit chinh tiét dién, 12 mot thanh rang c6 bién dang thang (H9-18c¢).

3. BANH RANG NON

Trong b truyen banh rang nén, rang phan b trén hinh non cut. Banh rang nén duogc
dung dé truyén chuyén dong quay giira 2 truc cit nhau, chéo nhau trong khong gian.

3.1. Phén loai

2
P
5

Hinh 9-19: phan logi banh rang non
Tuy theo dang duong rang trén banh rang, banh rang non co6 2 loai chinh:
- Banh riang nén thang:
+ Duong rang chym vao dinh rang (H.9-19a).
+ Pudng rang nghiéng, tiép xtic v4i vong tron ban kinh p (H.9-19b).
- Banh rang nén khong thang (ring cong):
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+ Puong rang la cung tron ban kinh r; (H.9-19c¢).
+ Puong riang 1a dudng xodn 6¢ Ac-si-mét (H.9-19d).
+ Puodng rang la duong than khai ciia vong tron ban kinh p (H.9-19¢).
3.2. Banh ring nén ring thing
- Ty s6 truyén: banh ring nén ring thang dung dé truyén chuyén dong giira 2 truc cit
nhau, goéc gitra 2 truc 1a 9, ty ) truyén lai;, = o/m,.

Hinh 9-20: quan hé van téc
Mit lin ciia banh ring nén 13 2 mit noén ¢6 chung dinh tai O. Vén tdc goc giita 2 banh
la ®; va o, c6 quan hé ®1= s+ o1y, duoc thé hién trén hoa dd van tdc gbc (H.9-20a).
T hoa do van tdc gbc, ta co:

S0 O, (9-52)
sind, o,

Vo106 =0, + 9, ta co:
cotgd= m; cotgd,= I +cosd (9-53)

sind sind

Vian toc goc twong d6i o, hudng theo OP, chuyén dong twong ddi 1a chuyén dong quay
quanh tryc OP (truc quay tirc thoi) voi van tde goc o;,. Khi an khép, 2 hinh nén sé lan khong
truot 1én nhau.

- Sw hinh thanh mdt rdng: mat rang cua banh rang nén la mat than khai non, dugc tao
thanh boi dudng thing MM’ nidm trén mit phang (P) lin khong truot trén hinh nén cut (co
dinh 12 O). 4 éu MM’ qua diém O, dugc mit rang cta banh ring nén rang thang (H.9-20b), néu
MM’ khong qua diém O, dugc mit riang ctia banh rang nén ring nghiéng.
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nho N

~

/
St cdu ddy

mdt cau ddy ldn

Hinh 9-21: théng sé hinh hoc

- Thong sé ciia banh rang non (H.9-21):

+ Chiéu day cta banh ring nén dugc gii han boi mit cau, tim ¢ O, nhung ban kinh
khéc nhau. Tiét dién cia banh rang non vo1 2 mat cu goi la mdt mut 16n va mat mut nhd.

+ Chiéu cao cia banh ring nén duoc gidi han boi 2 hinh nén chung dinh: hinh nén dinh
rang va hinh nén chéan rang. Kich thudc cua ring thay doi theo chiéu doc ciia ring.

+ Mat mat 13 mit cdu, cho nén khé biéu dién kich thude. Vi vy mit mut duoc thay
bang mit non phy (1a mat nén vudng goc voi mat non lan). Vét cia banh ring nén trén hinh
nén phu 13 banh ring hinh phéu. C6 2 banh ring hinh phéu trén mit nén phu & mit mut 16n va
mat nén phu ¢ mat mut nho.

+ Trén banh riang hinh phéu:

% t.Z =2nr v6i t 12 budc rang trén vong lan va Z 1 sb rang.

Modun mut 16n: m = t/m.

Bén kinh vong lan: r = 2 m.Z.

Chiéu cao dinh va chan ring cua banh rang hinh phéu: h’ = m; h” = 1,25m.

Bén kinh vong dinh: r. =1 + h’.cosd.

Ban kinh vong chan: r; =r —h”.cosd.

Chiéu dai dudng sinh (nén): L = r/sind.

3.3. Cac dang truyén dong ciia cip banh ring nén
Xét cap banh rang non rang nghiéng vdi cac goc nghiéng trén mat non lan 1a By va B,.
a) B, = Bo: cip banh ring non truyén dong giiva hai truc giao nhau:

/ K/
0‘0 0‘0 L)

X3

0

K/
0‘0

7
‘0

D)

)/
X4

L)

Bdnh rdng nén rdang thang Banh rang non rang nghiéng
Hinh 9-22: goc nghiéng trén banh rang non

Giao trinh Nguyén Ly May 90



Truong Dai hoc Nong Lam Tp. HCM Khoa Co khi - Cong nghé
Pic diém truyén dong:
- Ti s0 truyén:

o _Zy 1 OP.sing, sing,

DN =0l = e =, Z, B OP.sing, sing,

- Truyén dong giita hai truc giao nhau tiép xtc theo dudng thing d. 4 éu 1a cip banh
ring nén rang thang thi d qua dinh nén. a éu 1a cip banh ring nén ring nghiéng thi d khong
qua dinh noén.

- Tai diém tiép xuc trén mat nén lan khong c6 van tde truot tuong ddi.

b) B, # Bo: ciip banh ring non truyén dong giwa hai truc chéo nhau: goi 1a banh ring
non rang cong

- Ti s6 truyén: i, _@ 2 _ncospy

®, Z,  r1.cosf

- Bic diém tiép xuc: tiép xuc theo diém va c6 van tdc truot twong dbi nén mit ring mau
mon va mon khong déu.

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

+ Kha ning truyén tai cao.
+ An khép ém.
+ Do nhay va sai s6 thap.
+ it dn,...
Phan di sdu nghién ctru c6 thé tim hiéu ¢ nhitng chuyén dé riéng.

Hinh 9-23: Banh rang non rang cong
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Ill. HE BANH RANG

1. DAl CUONG
Dp nhu ciu thuc té, ta khong chi ’sfr dung mot cdp banh r:Zlng ma st dung nhiéu cap banh rang
noi voi nhau, tao thanh mot hé thong va dugc goi 1a hé thong banh rang hay hé banh rang.

Hinh 9-24: mo ta hé banh rang

Cong dung: str dung hé banh ring c6 thé dat dugc nhing cong dung khac nhau nhu:
+ Thyec hién ty s6 truyén 16n (H.9-24a).
+ Can truyén chuyén dong quay giita nhitng truc cach xa nhau (H.9-24b).
+ Truyén chuyén dong gitra cac truc can thay doi ty s6 truyén (hop s6) (H.9-24c).
+ Thay d6i chiéu quay (H.9-24d).
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~+ Hop nhiéu chuyén dong thanh 1 chuyén dong, hay chia 1 chuyén dong thanh nhicu
chuyén dong doc 1ap nhau (b0 vi sai) (H.9-24¢)
Phan loai: co6 2 loai co ban l1a h¢ banh rang thuong va hé banh rang vi sai.

2. HE BANH RANG THUONG
Hé banh rang thuong 1 hé banh rang trong do tat ca cac truc déu co duong truc ¢ dinh.
Vi du: H¢ banh rang & hinh 9-25:

7 Z;
AT
VA F Z
4 T 7 L * Z,
A Z, 7 A bz
v — 7 T = »
% 1 T 5 z, —
T BZR 7
% o A4 2 2 S
) u Z6 - ~ 0O
z 1z
a) b)

Hinh 9-25: hé banh rang thuong
Bac tr do cia hé: W =3n—2ps —ps voips=6;ps=5n=6=W =1
Ty sd truyén:

Z\ Z, Z; _ﬁ
= __1)( Z)(Z)( Z;)'( )

Z, 2Ly 2L, Zs. Z
1 2 3 4 5 6
=(-1" (Z )(Z )(Z )(Z )(Z )
Tong quat, goi k 1 sb cip banh ring ngoai tiép trong hé c6 n banh ring, cong thirc tinh
ty s6 truyén c6 dang

k 2 3 Z -
=(-1)" (Z)(Z,) ----- ) (9-59)

n-1

Chu y:
+4 éu iy, <0 thi banh rang 1 va banh rang thir n quay nguoc chleu nhau va nguoc lai.

+ Banh rang 5 khong 1am anh huong dén gia tri cila ty s6 truyén, né dugc goi 1a banh
rang trung gian.

+ Trong hé banh ring khong gian, vin dé cung chiéu hay nguoc chiéu khong con y
nghia nita, nhung ta c6 thé xac dinh chiéu quay cta banh ring bi dong theo chiéu quay cua
banh rang chu dong nhu H.9-25b.
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3. HE BANH RANG VI SAI
3.1. Gi6i thi¢u N ,
+ HE banh rang vi sai 1a h¢ banh rang trong d6 moi cap banh rang c6 it nhat mét banh

rang c6 duong truc di dong (H.9-26a ,b).

Banh rang c6 duong truc c6 dinh goi 1a banh rang trung tdm, banh rang c6 dudng truc
d‘i dong boi 1a banh rang vé tinh. Khau dong mang truc cua banh vé tinh goi 1a can, khi c6 dinh
can h¢ vi sai tré thanh hé thuong.

Biactuydocuahé: W=3n—-2ps—ps vOoips=3;ps=1;n=3=>W=2

7 — |z
can 1
T Cc X
bz _ Lt
22 ZZ
gj; Zl -
b)

Hinh 9-26: hé banh rang vi sai — lwoc do dong
< Hé banh ring hanh tinh: 13 hé banh ring vi sai c6 mét banh ring trung tim c6 dinh.

Khi cb dinh banh rang trung tam Z; cua hé vi sai trén hinh 9-26b thi h¢ nay tr¢ thanh hé
hanh tinh (H.9-27a).

Bac tu do cua hé hanh tinh:

W=3n-2ps—ps vOips=3;ps=2;n=3=>W=1.

Trong h¢ V1 sal va hé hanh tinh phang, du’O‘ng truc cua cac banh trung tam Zl, 73, va
duong tryc cua can C phai ndm trén mot dudng thang. Diéu kién nay duoc goi 1a didu kién
dong truc cua hé.

Hinh 9-27: hé banh rang hanh tinh
+ H@ vi sai kin 1a hé vi sai trong do6 cac banh rang trung tam déu khong c¢b dinh, nhung
hai banh ring trung tim hodc mot banh rang trung tim va can ndi véi nhau bang hé thudng.
Vi du trén hinh 9-28 1a mdt hé vi sai kin. Day 1a hé hon hop gdm mot hé vi sai (Zy, Zs,
va can C) va mot h¢ thuong (Zs, Z4, 2’4, Z5). HE thudong ndi banh rang trung tdm Z; va can C
cua hé vi sai.
Bac tu do cua hé vi sai kin: W = 1.
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22,
EZA
Z,
Z,
] . Hinh 9-28: hé vi sai kin
3.2. Ty s0 truyén )
a) H¢ vi sai phang:

Xét hé vi sai ér hinh 9-26a, banh ring trung tim 1 va can C quay quanh truc cd dinh 0O,
v6i cac van toc goc wi, w. khong phu thugc nhau, banh ring vé tinh 2 mang trén can C c6
chuyén dong quay kép véi Van toc goc .

Ta tim quan h¢ gilta w1, @> va o. bang cach doi gia co ciu, xem can C 1a gia ¢ dinh
hay néi cach khac 1a xet hé vi sai trong chuyén dong twong d6i voi can C. Thi cac banh ring 1
va 2 déu cO duong truc ¢ dinh va hé tré thanh hé thuong. Trong hé nay, cic banh ring 1 va 2
s€ cO van toc goc la:

@ = O] - O; @; =Wy - O

Goi i, 1a ty sb truyén cta banh ring 1 va 2 trong chuyén dong twong ddi d6i véi can C,
ta co:

o _o-o

hy = -
o, ©,—0,
Thé nhung trong chuyén dong tuong d6i, hé tré thanh hé thuong, ty sb truyén i, co thé
tinh theo sb rang:
i, =-7Z,/Z,
Xet hé banh rang vi sai ¢ hinh 9-26b, 1y ludn tuong ty, xet hé vi sai trong chuyén dong
tuong doi vai can C, ta co:

e a)l _a)c
I3
C
N ONE0)

Trong do i/, tinh nhu trong h¢ thuong, ij, = (-Z./Z,).(-Z5/Z’,)
Mot cach téng quat, ta co thé xac dinh quan h¢ gifra van tbe gbc gitra 2 khau trong hé vi
sai bang cong thirc sau:

.0 o -0

jo = Zm T e (9-60)
T w0 w -
q q c
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Trong do oy, ®q la van toc goc tuyét doi cua cac banh rang m, q can xét nao do trong
h€ vi sai va . la van toc goc tuy€t doi cua can. i, dugc tinh nhu trong h¢ banh rang thuong.

Cong thuc trén goi la cong thie Willis.
b) H¢ vi sai khong gian

s Dicu kién dong truc trong h¢ vi sai khong gian: moi banh trung tdm va can déu dong

truc, moi mat non lan phai c6 chung mét dinh (H.9-29).
s Ty s0 truyén i, :

Xét chuyén dong twong ddi ciia hé véi can C trong hé vi sai khong gian. Trong chuyén

- cC

— — —_ .
Dl =W1—Wc, W2 =02—Wc

— C — —
. w1 ‘0)1 — ¢ Z
j llcz = — = — — = _2
> ‘a)z — e Zl
Ta co:
- = —  — 2
+Do o/l w. = ‘a)l—a)c :|a)1—a)c .

2 2 2 NN
=, + 0. —202.0..

+ ‘a)z — ¢

o _ _ -  — 2
Do v, 1L w. = w:.0. =0:>‘a)z—wc =0, + ]
Tom lai:
- C
o)
ic — —_ |a)l _a)c = é
12 —c|
@5 \/a)zz +o’ 4
% Ty so truyén ij;:
Phan tich tuong tu, ta c6
C
e_ O -0
11‘3 = _lc = # — (-22/21).('23/2’2)
w; W@,
£ Z
Z1
b
a ¥
bz Can C 22 />
77 o
@
——
ZE
% Il
Z,

Hinh 9-29: hé vi sai khong gian

dong tuong doi nay, hé trd thanh hé thuong khong gian, van toc goc cua banh rang 1 va 2:
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¢) H¢ hanh tinh X
H¢ hanh tinh c6 mot bac tu do. Tt quan hé van toc goc trong hé vi sai, dé dang suy ra ty
s0 truyén trong hé hanh tinh.
Xét hé hanh tinh trong hinh 9-27a, trong d6 banh rang trung tdm Z; c6 dinh: m; =0
O, —@

oo
j— 113_
-

rr o eC ZZ Z3
Vo1 l]3 = —7 i _Z_'
1 2

4. Vi DU VE NG DUNG THYC TE CUA HE BANH RANG

a) Ung dung ciia hé thuong i ) .

- H¢ banh rang thuong dugc dung dé thuc hién cac ty so truyén 16n, ma mdt cap banh
rang khong thé thyuc hién duoc (hop giam tdc).

- Dung thuc hién nhiéu ty sd truyén khac nhau (hop s6, hop bién tdc).

Z, z,

Z,
ol |

=

(D)

Z 1z —z

3

Hinh 9-30: mot vi du vé hop $0
- Dung dé truyén dong gitra hai truc xa nhau vo1 mot ty sO truyén chinh xac. a éu
dung mot cap banh rang de truyen tir truc I sang tryc II dan dén khong hop ly Ve
mit kich thuoc va ché tao. a éu dung bo truyén dai hay xich thi ty sé truyén
khong that chinh xac.

Hinh 9-31: mot vi du vé truyén dong giita hai truc xa nhau

- Dung dé dao chiéu quay truc bi dan. Khi kéo chac A xuéng, truc I1 s& doi chiéu quay.
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Hinh 9-32: mét vi du vé doéi chiéu quay
b) Ung dung ciia hé vi sai
H¢ vi sai c6 hai bac tu do, do d6 n6 dugc st dung trong céac truong hop can téng hop
hai chuyén dong quay doc 1ap thanh mot chuyén dong quay, hay phéan tich mot chuyén dong
quay thanh hai chuyén dong quay doc lap.
Hop vi sai trong 6 t6: (hinh 9-33)

Néi vé truc cac ddng

Banh (1) \ Z Binh (3)

2z
2]

Z,

Hinh 9-33: hop vi sai trong o t6
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- Goi V, V1, V5 lan lugt 1a van tdc 6 t6 va véan tdc cua tAm banh xe sau 1 va 3; va
1, @3 1an lugt 1a van toc gée ciia banh 1 va 3 (hinh 9-331a).

- Khi xe chay trén duong thang, tacd: Vi =Vs =V = o, =0

- Khi xe chay trén duong vong, ta ¢6 V; < V3, do d6 dé xe di vong dé dang, khong
bi trugt trén mat duong, phai c6 ®; < ;.

- Thé ma, banh 1 va 3 cing nhan chuyén dong tir truc dong co (théng qua truc
cac-dang) lai phai c6 hai van tdc goc khac nhau. Do d6 can phai sir dung hé vi sai dé phan tich
thanh 2 chuyén dong nay.

Xét chuyen dong cua co ciu vi sai trong 6 t6 nhu hinh 9-33b.

+ Co cau gom mot hé thuong khong gian Z4 — Zs va mot h¢ vi sai kong gian gom Z,, Z»,
Z5 va can C. Hai banh ring c6 sb ring bing nhau Z, va Z; dan dong cho hai hanh xe va cung
an khop vaéi banh rang Z, (c6 thé quay quanh céan C).

+ Quan hé van tbe gbc trong hé vi sai trén la:

-0, n-n L, Ly

; — @, - ny—n, - Z, ‘Zz
= (nl - nc)/ (1’13 - nc) =-1
—=>n tn= 2nc

+ Can C gén lién véi banh ring Z, nén n, = n, = const. 4 hd vy khi 6 to di qua duong
vong, mot banh xe quay nhanh Ién, banh xe kia ty dong quay cham lai.

+ Thuc té & co cu vi sai trén, dé tai trong phan bd déu & cac banh rang, cac tryc, nguoi
ta lip thém banh rang Z’,. Thyc chét chuyén dong cua banh ring Z’, hoan toan gidng banh
ring Z,, nén vé nguyén ly khong can dé y dén 7’,.

¢) Ung dung ciia hé hanh tinh

- H¢ hanh tinh cho phép thuc hién mdt ty sb truyén 16m, c6 thé rat 16n. vi du hé hanh
tinh trén hinh 9-27a.

Ta co:

o
I3 =

Z, Zy
Z Z '

a éu chon hop 1y sb rang cua céac banh rang, vi du chon: 2, =99; Z; = 101; Z, =72’ =
100 thi i, = 1/10000.

Tuy nhién, khi chon ty sd truyén va khiu dan can chu ¥ sao cho hiéu suét cta hé khong
qua thap va dac biét phai tranh hién tugong tu ham.

-4 gay ca khi ty sO truyén nho va vira, ngudi ta cling dung hé hanh tinh vi né c6 mot s6
vu diém vé két cau va tai trong:

+ Can C thudng c6 nhiéu chac phan bd déu, trén d6 lap cac khdi banh ring vé tinh
gidng nhau, vi vay phan luc trén truc cia can C va trén cac banh rang trung tim gan nhu bang
0 (H.9-34). Mdi banh ring chi chiu mot phan tai trong nén c6 thé lam nho, nhd d6 kich thudce
khuon khé nho gon.

+ Mic khac, trong hé hanh tinh, c6 thé dung cac cip banh ring ndi tiép co nhiéu wu
diém vé mit sirc bén so véi cip banh riang ngoai tiép.

ilc: (1)1/(1)0 I- 113 =1
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EIT +E2T +E3T ~ ()

Hinh 9-34: wu diém vé su phan bé luc
- Hé hanh tinh duoc dung dé tao nhimg chuyén dong dic biét, can thiét cho mot s6 qua
trinh cong nghé.
Vi du xét hé hanh tinh trén hinh 9-35a

Dao tién
3 |
T |C C4 bien
2 1 s
| ke R
- Zz ‘7"-\TI'[_]C khuyu
a) b) Co ciu may tién truc khuyu

Hinh 9-35: mot so ung dung ddc biét
+ Banh rang 1 12 banh trung tim cb dinh.
+Taco iy, =% o1t —1-Lla 4
1) Z, 7, Z,

+4éu léy Z,=75thi 13, = 0 = ®; = 0: banh rang 3 chuyen dong tinh tién tron. Trong
truong hop nay, hé hanh tinh duoc sy dung trong co cdu mdy tién truc khuyu, dung dé tién ¢
bién cua tryc khuyu (H.9-35b).

+ 4 éu 13y Z, # Z3, hé hanh tinh nay duoc sir dung trong cac co cdu may bén cap hay co
cAu may bén xo dira (H.9-36). Cac diy cap duoc bén lai tir cic nhanh cap, cac nhanh cap lai
duoc bén tir cac soi thép. a éu chiéu bén cac nhanh cap trong cung mot day cung chiéu bén cac
so1 thep trong cung mét nhanh, ta goi la cap bén xudi. a guoc lai, ta c6 cap bén ngugc.

Trong co cau may bén cap, cac sgi thép dugc mac trén cac banh rang 3, 3° va 3”. Khi
can C quay thi cac banh ring 3, 3° va 3” cling quay theo, cac soi cap dugc bén thanh cac nhanh.
DPong thoi cac nhanh ciing dugc bén thanh day cép.

Khi chon 7, <Z;3; = 13, > 0 = w3 cung chiéu o.: ta duoc cap bén xuoi.

c
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Khi chon Z, > Z; = 13, < 0 = 3 nguoc chiéu o,: ta dugc cap bén nguoc.

Cdc so1 thép

—

Hinh 9-36: co cau mdy bén cdp
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Chuwong 10: Mét sé co’ cau khac

1. CO CAU CAC-DANG (Cardan, Universal Joint)

Co ciu cac-dang hay khép ndi truc cac-ding dung dé truyén chuyén dong quay giita 2 truc
giao nhau mot goc a khong 16n 1im, nhung c6 thé thay d6i duoc trong khi co ciu dang hoat
dong.

1.1. Nguyén Iy céu tao

- Hinh 10-1a thé hién co ciu thuc, hinh 10-1b 1a lugc dd dong cua co ciu cac-dang.

Hmh 10-1: co cau Cardan & lwoc dé dong

- Co céu cac-dang gdm truc I va II ¢o thé quay quanh tAm X-X, y-y giao nhau mét goc a.
Truc I mang chac 1, truc I mang chac 2. Hai chac 1 va 2 cung ndi véi khau chit thap 3 bang
hai khép ban 18 & A-A’ va B-B’ véi cac diéu kién A-A’ 1 x-x, B-B” L y-y, A-A’ L B-B’; xx
va y-y giao nhau & O ciing chinh 14 diém giao nhau giita A-A’ va B-B’. Cac kich thudc OA =
OA’=0B=0B’=R

1.2. T¥ s6 truyén

- Trong qua trinh chuyén dong, quy dao ciia A-A’ 1a vong tron tdm O, ban kinh R, nam
trong mit phang vudng goc voi x-x va di qua tdm O. Tuong ty, quy dao cua B-B’ 1a vong tron
tam O, ban kinh R, nam trong mat phang vuong goc voi y-y va di qua tam O.

- Trong qua trinh chuyén dong, vi tri ciia A-A’ thay d6i, duoc dic trung bang thong s6
¢ 1a goc gitta A-A’ va M-M; trong d6 M-M 1a giao tuyén ctia mit phang chira cac duong tim
quay X-X, y-y va mat phang chira quy tich ciia A-A’ (Hinh 10-2).

¢ =AOM

Hinh 10-2: mé ta cdc théng s6
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- Ty s0 truyén duogc tinh theo cong thirc sau:
0] _ain? 2
i, = | _ l-sin“a.cos“¢ (10-1)
Wy cosa

1. . 4 han xét:

+ Khi co cdu chuyén dong, goc ¢ thay ddi tir 0 dén 27; cos’e thay doi tir 0 dén 1
nén ti sd truyén 1j, s€ thay doi tir 1/coso dén cosa. 4 hu vay khi ®; = const thi m, thay doi tir
Oomin = ©1.080 AN ®ypex = ®1/COSAL.

+ Do khong déu cua truc bi dan dugce danh gid qua hé $6 &:

5= “2max " “2min _ tgal.sino (10-2)
“1
R rang goc giao nhau a gilra 2 truc cang 16n thi d6 khong dong déu cang 16n, nghia la
truc bi dan dong cang bi dao dong xoén trong qua trinh chuyen dong dan dén kha ning bén ciia
tryc bi giam nhiéu. Pay 13 1y do goc giao nhau a trong co ciu cac-ding khong duogc 16n.
1.3. Co ciu Cac-diing kép
(Tham khao PL 10.1)

2. CO CAU MAN (Malte, Geneva Mechanism)
Co cau man 1a co cdu bién chuyén dong quay lién tuc thanh chuyén dong quay gian doan nho
trén khau din c6 chdt va trén khau bi din c6 nhiing ranh tiép xtic khong lién tuc v6i nhau.

Vi du tng dung: co ciu dn dao ctia may bao, co ciu thay u dao ctia may tién t dong, co
c4u dua phim ctia may chiéu phim, ...

2.1. Nguyén Iy céu tao

Hinh 10-5a va 10-5b thé hién co cdu Man, trong d6 khau dan 1 mang chdt 3 quay quanh
tam O;; khau bi dan 2 13 dia mang nhitng rinh 4 c6 thé quay quanh tim O,. Khi khau 1 quay
lién tuc, s& c6 lac chét 3 lot vao ranh 4 cia dia 2 & vi tri A va gat dia nay quay quanh O, mot
goc dén khi chét ra khoi rinh & vi tri B thi dia 2 s& ngumg quay nho cung tron CDE trén dia 1
tiép xuc véi cung tron FGH trén dia 2. Luc nay ranh ké tiép trén dia 2 & vi tri chd chét trén dia
1 vao dé truyén dong va qué trinh truyén dong xay ra lién tuc.

a)

Hinh 10-5: co cau Malte — cdc théng so - luoc do dong
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Sb chot trén dia 1 co thé bang 1 hay 16n hon 1. S6 rinh trén dia 2 thuong 14 4, 6, 8,...

Chu y:

+ Pé khong xay ra va dap khi chdt vao va ra khoi ranh, 6 vi tri nay chét phai chuyen
dong theo phuong cua rdnh nghia la ranh phai nam theo phuong tiép tuyén qui dao cta chdt
(H.10-5). Mudn vay phai thod mén:

02A01 = 02B01

+ Céac chdt va cac ranh trén co cdu Man c6 thé phan b bat ky (khoang cach tir tim cac
chdt dén tam O, co thé khong bang nhau nhu trén hinh 10-6a, cic rinh cta dia 2 c6 thé khong
huéng tim nhu trén hinh 10-6b), mién 1a chang phdi hop dugc véi nhau.

Hinh 10-6: sy phdn bé cdc ranh
2.2. S6 chdt va sb rinh trén co cdu Man
2.3. Pong hoc co cau Man
(Tham khao PL 10.2)

3. CO CAU BANH COC (Ratchet Mechanism)
Co ciu banh coc 1a co cdu bién chuyén dong qua lai thanh chuyén dong 1 chiéu gian
doan thong qua con c6c va banh coc.

Hinh 10-8: mé td co cau banh céc
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Hinh 10-8b mé ta co cau banh céc gom: thanh lac 1 lac qua lai quanh tam O, con coc 2
c6 thé truot trén ring cua banh coc 3 khi chiéu lic cung chiéu kim doéng hd va diy con coc
quay quanh tdm O khi chiéu lic nguoc chiéu kim dong hd. 4 hu vy banh coc chuyén dong
quay gian doan 1 chiéu. Pé hdm chuyén dong cia banh coc theo chiu nguoc lai (khi khong
nhan truyén dong ctia con coc 2) ta dung con coc 5 duogce bét trén gia 4 va duoc giir bang 10 xo
xodn Oc 6.

Chuyen dong qua lai co thé 1a chuyen dong lic quanh tdm banh coc (hoic chuyen dong tinh
tlen qua lai) nhan duoc tur co cau 4 khau ban 1&¢ ABCD (hinh 10-9a) hodc tur chuyén dong tinh
tién nho co cdu tay quay — con trugt (hinh 10-9b) hodc nho nhitng co cu khac.

a) b)
]  Hinh 10-9: cdc dang thay doi chuyén dong
Mot s0 dang cia co cau banh coc:
(Tham khao PL 10.3)
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