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Phu luc 1: Phan doc thém cua chwong 1 (Cau tao & phan loai co’
cau)

Thay thé khép cao biang khép thap

Trong qua trinh xét cdc nhém At-xua trén ddy, ta chi xét dén céc co ciu chia
toan khdp thap vi khi gip co ciu cé khdp cao ta c6 thé thay thé€ bing khdp
thap.

Xét cd cAu c6 khép cao trén hinh 1-16a
3

|/

a. b.
Hinh 1-16: Co cdu c6 khdp cao

Co ciu gém dia tron 1, ban kinh r, ti€p xtic ngoai véi dia tron 2 ban kinh
r,. Pia 1 quay quanh khép O, day dia 2 quay quanh khép O, nhd sy tiép xic &
khdp cao C. Vi A va B 1a tim 2 dia tron nén trong qud trinh hai dia chuyén
dong, hai di€m A va B c6 tinh chit sau:

- A va B lu6n cdch nhau m6t khoang 1 =r; + 1,

- Chuyén dong tuong ddi cda A so v6i B 1a chuyén dong quay quanh B
va ngudc lai.

- A va B nim trén phuong phdp tuyén chung cia bién dang 2 dia tai
di€m ti&p xiic C.

Néu ta dung mdt khiau 3 c6 kich thuge dong 1 = r; + r, ndi hai dia bing
hai khép badn 1€ tai A va B thi chuyén dong clia co cdu khong thay ddi. Tuy
nhién da ting mot rang budc thira. P& bac tu do clia cd cAu khong thay ddi, sau
khi thém khau 3 va hai khép thdp A, B, ta phai bd di khép C. Khi d6 ta nhan
dugc mot co cau 4 khau ban 1€ O;ABO, (H.1-16b) chita toan khGp thip ma tinh
chat chuyén dong ciing nhu bac ty do khong thay d6i so v6i cd cAu hai dia ban
dau.

Trudng hdp tdng quét, n€u dia 1 va 2 khong tron ma cong bat ky thi tai
vi tri dang xét, c6 thé thay dudng cong bing vong tron mat ti€p. Do vay, viéc
thay th& khép cao c6 thé dp dung cho bat ky trudng hgp nio va cd cAu thay thé
c0 gid tri tie thoi tai vi tri xét.

Xét co cau cam hinh 1-17a,



a. b.
Hinh 1-17. Co cdu cam

Khép cao C dugc thay bing khau 3 vdi khép ban 1€ tai A va khép trugt
tai B. A 12 tAm cong clia bién dang cam tai diém ti€p xiic C. Bién dang clia
khau 2 tai di€m ti€p xdc C 1a thing nén tim cong & vo cling. Khép quay B & vo
cung chinh 13 khép tinh tié€n B (H.1-17b).

Viéc thay thé khép cao bing khdp thap khong phai chi @€ xét nhém tinh
dinh ma viéc phan tich dong hoc cd ciu thay th€ cho biét ci vé dinh tinh ciing
nhu dinh ludng clia cd cAu dugc thay th€ tai vi tri dang xét.

* Mot 56 khdp logi cao dugc thay thé bing khdp thap thudong gap: ’

Khop loai 4 Chudi dong thay thé

Hinh 1-18



Phu luc 2: Phan doc thém cua chwong 2 (Phan tich déng hoc)

Phu luc 2.1: Gidi thiéu ti I¢ xich tay quay dé vé hoa do:

Ba TLX K|, K,, va K, déu c¢6 thé¢ CHON TUY Y khi v& cac hoa d6. Tuy
nhién dé co thé thay thé viéc tinh gia toc phap tuyén theo cong thirc bang 1 phép
v&, gitta 3 TLX nén c6 mot quan hé nhat dinh.

s Phép vé daé xac dinh thanh phan gla toc phap.
Vi du: xac dinh gia toc phap a"cg clia co cdu 4 khau ban 18 ¢ hinh 2-6.

C
2 C ba
tep
pv
Nco
C'
b - b'
tCB NcB
A D
Hinh 2-6
n Ve Kl(be)
ad B~ =
l, K,.BC
_ (be)* K’
via"cg =K, xb’neg = b’neg = —_—
CB CB CB BC Ka K,
2
Néu ta chon: =1 (2-3)

a*"*1
Nghia 1a: K, = (K,*/K)) thi b’ncg = [(be)*/BC]. Nhu vy c6 thé xac dinh
doan biéu dién gia tdc phap b’ncg bang mot phép vé rat thuan tién nhu hinh 2-7a.

C
C

) b)
Hinh 2-7
Lay doan BC trén hoa d6 co cau lam duong kinh vé mot vong tron. Lay B
lam tAm va doan be trén hoa dd van tdc lam ban kinh v& mot cung tron cho cit



vong tron trén tai ¢ va ¢’. Goi H 1a giao diém ctia duong kinh BC va diy cung cc’
thi:
BH = b’l'lCB

That vay; AbcC ddng dang ABHe = BH = [(bc)*/BC]

Nhu vay néu 3 TLX K,, K,, K, thoa man hé thirc (2-3) thi khi v& hoa do gia
tdc, tit ca cac doan biéu dién gia tdc phap déu co thé xac dinh bang phuong phap
\

Chu y: khi be > BC, hai vong tron khong cat nhau, ¢6 2 cach vé:

+ Cach thtr nhat: Vi b’neg = [(be)*/BC] = [(2bc)*/4BC] = c6 thé v& dudng
tron dudng kinh 4BC va cung tron ban kinh 2bc dé chiing cét nhau.

+ Céach thur 2: Trén hai du(mg thang vudng goc tai B (H.2- 7b), dat 2 doan
BC va Bc = be. Néi C véi ¢, 1di tir ¢ ké dudng vudng goc voi co cdu, dudng nay
cit BC tai H.

H =[(bc)*/BC] =b’ncp
% Tilé xich tay quay:

Gia st TLX chiéu dai 1 K, thi phai chon TLX van tdc 1a:

K, = (o, k).K, (2-4)

Trong do: k dugc chon tuy y.

Vi cach chon trén = p,b =k.AB

Phai chon TLX gia toc la:

K, = (o, k)" K, (2-5)

V6i cach chon trén = p,b’ = k*.AB

Chu y: Véi cach chon TLX tay quay ta van co: e

K> _ [(@/k)*xK}] _
K, K, [(w/k)xK,xK,
Nhu vay s& dung duoc phuong phap v& dé xac dinh cic doan biéu thi thanh
phan gia téc phap.
** Xdc dinh gia tdc Co-ri-6-lit theo phuong phap tilg
Cu thé voi bai tap cho ¢ hinh 2-8, doan biéu thi chiéu dai (46 16n) cua
a%s3p, x4c dinh nhu sau:
aK3332 = 2(,03 X VA3A29 dlIQ’C bléu thl béil’lg doan KB3B2-
KaxKgpspz  =2[ Vss/less ] X Vg
=2 [ (pybs xKy) /lcps ] x bsby x K,
[(1/k)* x K; ] x Kpsp) =2 K,” x [(pybs X bsby) / lcps]
=2 (01/k)* x K;* x [(pybs x bsb,) / CB3 x K|]
= Kaspz = 2 X [(pybs X bsby)/ CBs]
= (2.b3by)/Kp3p2 = CB3/pyb; q
Quan hé gitra cac do dai trén dugc thé hién qua cach vé (H.2-8), tr do xéc
dll’lh dlI(_)’C KB332.

That vay:




() /1 (1)

Hinh 2-8
Phu luc 2.2: Giéi thiéu phwong phap giai tich & phwong phap do thi
Phwong phap giai tich
Co céu 1a 1 chudi dong kin khi co dinh 1 khau. Cho nén bao gio ciing c6 thé 1ap 1
chudi vecto kin. Xét trong co cau tay quay — con trugt nhu hinh v& 2-9.

A

Hinh 2-9
a+thi+0h+x =0 (2-6)

Vi:
Xe: chuyén vi cua diém C;
I, [>: vecto chiéu dai cua khau 1 va 2.
4.1. Xac dinh chuyén vi ciia con trugt
Chiéu phuong trinh (2-6) 1én 2 truc toa dd, ta c6:
a+1;.sin@; — l.sing, =0 (2-7)
0+ 1;. cosp; + 1. cosp, —x. =0 (2-8)
T (2-7) = singp, = (a + 1;.sin@,)/1,
Thay vao (2-8):
= Xe = l1.co50; J=ll.sing, +a)/L,T’ (2-9)
Trong cong thire (2-9), néu cho trude vi tri khau dan (goc @) s€ xac dinh
duoc chuyén vi cua khau cong tac (x.). Néu cho trude khau dan quay, tic 13 goc




@, nhitng gia tri tr 0 dén 360°, c6 thé tim dwoc nhing gia tri twong Gmg cia
chuyén vi x, tor d6 tim dugc su lién h¢ gitra x. va ¢; dudi dang do thi.
4.2. Xac dinh van toc cda con trugt

- Pao h?lm truc tiép tu (2-9) ‘theo bién t, ta s& c6 V().
- Co thé tinh van téc V(t) bang cach khac:
Dao ham phuong trinh (2-7) va (2-8) theo toa do suy rong ¢;:

l;.cos@; — 1p;.1.cosp, = 0 (2-10)

— ll.sin(pl — izl.lz.Sin(Pz — Vc((P) 0 (2-1 1)
Véi: i21 = % va V = dx dx dt = VC

do, d(/’1 dr d¢1 @
Gidi hé (2-10) va (2-11): = iy = 2S84 3 V(@) = 1, SN2 =)
[, cosg, cos @,
Trong céac biéu thic trén, goc @, duge xac dinh tir phwong trinh (2-7):
. . l,cosp, +a
@, = arcsin(————)

2
4.3. Xac dinh gia toc ciia con truot
dv
o) = @
do,
Vi iy = _ diy, _Lsing +iy [, sing,
dg, [, cos g,
Néu khau din quay déu: a.(t) = dV/dt ma V. = V,.o,.
= a(t) = a(@).o]
Phlr()'ng phap db thi
< Do thi chuyen vi: (d3 gi6i thiéu ¢ phan phuong phép vé)
< P06 thi van toc:
ds ds dop _

Ve(t) = T dp di V(@) x o (2-12)

Trong d6: V(@) nhan dugc bang cach vi phan d6 thi s = s(¢) theo goc quay

=— 11.COS([)1 — (i21)2.12.COS(P2 — i’21.12.sin(p2

Mubdn tim V(t) chi can 1ay V() nhan voi van toc goc khau dan.
< Do thi gia toc:

_dV(le) ~_dV(p) do  _ > i
a(t) " = do di 0, = a(p).o, (2-13)

Trong d6: a(p) = dV(¢)/de, tim dugc bang cach vi phan d6 thi V().




Hinh 2-10

% Gi6i thiéu phwong phap vi phin va tich phan d6 thi (Hinh 2-11)
Nguyén tac: gia st ta da xay dung dugc do thi s = s(@)

Yéu chu: tim db thi ()
do

+ Trén d6 thi s(¢) ldy 1 diém A tuy y. V& tiép tuyén tt voi dd thi s() tai A.
, ds
Ta co: tga, = —
de
+ Chon H 12 mét diém bét ky trén truc O’ kéo dai. Vé HB// tiép tuyén tt.

Ta co: O’B = O’H.tgaa
+Néu léy O’H =1 don vi, thi O’'B = tga, = ;z’_s
®
+ Cho nén O’B biéu dién dao ham cua s = s(p) tai A va A’ 1a 1 diém cta do

thi can tim.
+ Lap lai qua trinh trén cho nhi€u diém trén d6 thi s = s(¢), s€ nhan dugc do

thi V() = j—;«o).



¢
—
0
ds/do ‘
B Al
¢
—
H 0 N

Hinh 2-11
«* TLX Kkhi vi phén do thi
Dau (*) s€ biéu thi gia tri that cia 1 dai lugng nao do.
Ta co:
ds* dsK, K.
=tga,.—
do* dqo K, K,
Nhan tir s6 va mau sd trén cho k = O’H, véi chu ¥:

V*:

k.tgoa = ds/dp = V(¢) cho nén V* = s
K,k
N V * Ks
Viy: Ko = 8 - Kk (2-14)

Trong biéu thirc nay K, Ky, Ky(g) 1a TLX cua cac tryc toa d¢ s, ¢ va ds/de.
% Tich phan dd thi thuc hién theo cac budc nguoc lai cia nguyén tic vi phan
d6 thi.

2

Quan hé TLX trong phép tich phan d6 thi 1a: (Vi du tir 6 th1 o , ta can
do’

v& db thi —)
do
KV((p) = Ka(q)).K(p.k (2— 15 )

ds d’s

Trong do: Ky Kae); Ko 1a TLX cua céac truc toa do d—; —; ¢.k1la
Q

2

doan tuy chon O’H ¢ trén truc O’¢ trong h¢ truc toa do ( =5 P)
do

Huéng din cach tich phian & vi phén do thi

TiCH PHAN - VI PHAN PO THI
1. Tich phén do thi

10



Bi todn: Cho @ thi y(x) = ?, tim 8 thi ¥(x) = [ y(x)ds
X

- d¥(x)
| dx

O, x, % X, X X, X X X X X X, X

Cic budc tién hanh:
- Chia tryc hoanh x cta do thi (xOy va xO,y) bang cac diém Xx; sao cho trong moi

doan Ax; = X; — Xj.1, gia tri cia ham y(x) = ? dugc xem nhu 1a khong doi Vi.
x
- Chon cyec tich phan P v61 O,P =H lon tuy y.
- Trén do6 thi xO,Y, vé cac duong Bi.1B; // Pyi.
- Puong cong tron di qua cac diém B; 1a d thi Y(x) = I y(x)dx can tim.
Xdc dinh ti ¢ xich cdc truc cua do thi:
Trén d6 thi xO;y ta co
Y(Xi) = Xi.Bi
= Axi.tan O;Py; + Ax; .tan O,Py, + ... + Ax; .tan O,Py;
= Z Axg.tan O;Pyy

k=1

- 2 AXk_M
k=1 H

11



1 i
= — AXk.Olyk
o

Gidsux,y, Y la cac gia tri biéu dién trén do thi cua cac gia tri that o, V, S, ta c6

cac quan h¢:

A Ve,
Ax:_w; Oy, =y(x;) = (@)
Hy H,

Do d6:

1 1
Y(x) = m Axk.O1yx
k=1
_ 1 Ap, V(g)
H/qu k=1 1uv

1

= Ap,V
Hy,uz 2V ()

oy k=1

1 P
= Vip)de
Huy,p j

PV 9,

1
= S(e)
Huy,p

@Iy

Mat khac, Y(x,)= St)

s

Suy ra: us = Hpolty

2. Vi phan do thi

Bai todn: Cho d thi Y(x) = j y(x)dx , tim dd thi y(x) =

dY (x)
d

Bai toan hoan toan tuong tu nhu dbi voi bai toan tich phan d6 thi da trinh bay

phia trudc.

Cic buéc tién hanh:

Chia truc hoanh x ctia d6 thi (xO;y va xO,y) bang cac diém x; sao cho trong mdi
doan Ax; = X; — Xj.1, gia tri cia ham Y(x) = J y(x)dx duoc xem gan dang véi doan
thrfmg B;.1B..

Chon cuec tich phén P v6i O,P =H l6n tuy y.

Trén do thi xO,Y, vé cac duong Py; // Bi.1Bi.

X, +X; A
i can tim.

Puong cong tron di qua cac diém A{ d 1; (%)
X

yj 14 db thi y(x) =
Bfmg 1y luan tuwong tu ta van co quan hé ti 1€ xich gifra cac truc dd thi nhu trén
H

=

4

12



Chii y trong qud trinh thuee hién tich phén /vi phén do thi
- Céc doan chia Ax; phu thudc vao dudng cong biéu dién, duoc chia cang nhoé cang
tt dé ting d6 chinh xac.
- Chon cyc tich phan / vi phan H sao cho d¢ 16n ctia duong cong sau khi tich phan /
vi phan du 16n va ro.
- Cha y cac diém cyc tri, vi du Y (¥maxmin) = 0, Y(Ymax/min) = O.

13



Phu luc 2.3: Phwong phap hoa dd phan tich dong hoc co ciu loai 3

NDE

Hinh 2-12

6.1. Bai toan vi tri

Xét co ciu sang tai lic (loai 3) nhu trén hinh 2-12a.

+ Thao khdp C, ching ta c6 diém C, va C;. Piém C, nam trén vong tron 7,,
néu xem chudi dong con lai EDFG 1a mét co cu 4 khau ban 1& véi gia ¢ dinh 1a
EG thi quy dao cia diém C; ludn cé thé vé duoc (trinh bay ¢ phan trudc).

+ Vi vay, nhitng vi tri diém C can tim, trong tng véi cac diém B (vi tri
khau dan) cho trudc sé& 1a giao diém ciia cac vong tron y,, va quy dao ys.

+ Sau khi tim duoc céc diém C, x4c dinh diém D va F chi 14 bai toan dung
hinh don gian, vi da biét vi tri diém E va G.

6.2. Bai toan vén toc (H.2-12¢)

C6 nhiéu cach gidi bai toan van tc co cau loai 3. Trong phan niy sé trinh
bay nhitng diém At-xua.

Céach xéac dinh cac diém At-xua:

+ Piém At-xua S nam trén khéu 3, 13 giao diém cua BC va DE.

14



+ Ta co:
1753 = I7c+ Vsic =Ve+ Vet Vsie (1)
Trong d6: V ¢ va V 3¢ €O cung phucmg (vi cung vudng gbc voi S;B)
+ Tuong tu: Vss=Ve+ VoeT Vsp (2)
Trong d6: V pg va V s3p ¢6 ciing phuong (vi cing vudng goc voi S;E), tir
(1) va (2) s& xac dinh dugc V g3.
+ Phuong trinh van toc diém F:
{VF =V 53+ Vps3
Ve=Va+Vrg o q ) i
+ Trén k}}au 3 biét dugc van toc diém S; va diem F, van toc cac di€ém khac
dugc xac dinh bang nguyén ly dong dang vé van toc.
6.3. Bai toan gia toc (Hinh 2-12d)
+ Phu’O’ng trinh gla tde dlem S3
asy= ac"‘ a "ssc+ a sic
JLass =ap+ a"s;p+ a's;p
Vi
{ac— ap+ a "t a CB
ap=agt a DEJr a'pe
{aSS_aB+aCB+a s3c+ac13 JFassc (3)
= as;=ap+ a'pet+ a"s;pt a'pe + a'sip 4)

Tir (3) va (4), ding hoa d6 vecto s& xéc dinh duoc as;.
+ Phuo’ng trinh Xac dinh gla téc diém F:
ap=as;+ a FS3+ a'rs
{aF_ agt a kG T a FG
Trén khau 3 biét gia toc diém S; va gia téc diém F, gia toc cac diém khac
xéac dinh bang nguyén 1y dong dang vé gia tdc.

15



Phu luc 3: Phan doc thém cda chwong 3 (Phén tich Iuc)
Phu luc 3.1: Lwe quan tinh
2.1. Phuong phap dong tinh hoc

Trong qud trinh chuyén ddng clia mdy, néi chung cic khiu cé gia toc,
tdc 1a téng ngoal lyc tdc dung 1€n co hé khong can I?E‘mg.v Do d6 khong c6 thé
dua vao di€u ki}%n can bang d€ xac dinh céac luc chua biét. D€ giai bai toan lyc cua
hé khong can bang nay, ta dua vao nguyén ly D’ Alembert.

Theo nguyén Iy D' Alembert : "Néu ngoai cdc luc tdc dung lén co hé, ta
thém vao nhiing luc qudn tinh va coi chiing nhu nhitng ngoai luc thi co hé dugc
coi la cdn bdng, va khi dé c6 thé diing phuwong phdp tinh hoc dé gidi bai todn luc
cia co hé'.

That vay, theo dinh luat Newton thi mét vat co khdi lugng m chiu téng hop

luc Zl_) s& co dugc gia toc a theo quan hé:

>P=ma = »P-ma=0
Goi P gt = - M. a 1a luc quan tinh, thi
dP+Py= (3-2)
Tuong ty, vat quay co6 moémen quan tinh J chiu tic dung cua tong momen
ZM s& duoc gia toc goc & theo quan hé:

SM=le=>YM-Je=0
Goi M ¢ =-J.& 12 momen quén tinh, thi
ZM + My =0 (3-3)
Xét truong hop tong quat, khau chuyen dong song phang c¢6 khoi luong m,
momen quan tinh d6i v&i khéi tam JS, gia toc khoi tim 13 a , gia toc goc 14 ¢ thi

sinh ra mot lyc quan tinh P qt = - m.a dat tai khéi tam S va mot momen lyc quan
tinh Mqt— -Je.

Hinh 3-1

Neéu ta c6 thé thu gon tat ca cac lyc ve khoi tam S, sau d6 thém vao lyc quan tinh
va mémen luc quan tinh thi h¢ lyc can bang.

16



2.2. Xac dinh lyc quan tinh cia cac khéiu
a) Khdu tinh tién
+e=0—>Mgu=0.
+ P g =-m.a, di qua khoi tam, ,
b) Khdu quay quanh truc co dinh di qua khoi tam
Fa.=0->Pg=0.
+My=-lc¢. , ,
¢) Khiu quay quanh truc co dinh khong di qua khoi tim
Xét khau AB quay quanh A c6 khoi tdm S nhu hinh 3-2.
- Gia toc khdi tim S quay quanh A 13 a .
- Giatdc goc cua khau 12 «.

Hinh 3-2
Ta co:
Pg=-m.ag chiéu nhu hin_h vé& (nguoc chiéu a)
M4 = -J.e: nguoc chi€u ¢
Mac khac:

c— & _ asina

1AS lAS
Hop luc cia P o va M  ta dugc P’y chinh 1a P  doi song song v&i n6é mot
doan l1a h. Vo1

h:

a sino

=N ‘Mqt

=1,

lAS

M, J.a.sina J_.sina

S

P, l,gma m.l,q

Phuong cua ﬁ'qt cat AS tai 1 diém K, (ngoai doan AS, va vé phia diém S)
h J
lska = =— (3-4)

sinot ml,q

17



Hay laka = las + lska =

(Theo dinh Iy Huyghen vé moémen quan tinh ddi véi truc song song
Ja=1Js+m(lxs)’)
JA

ml,q

Piém K, goi 1a tim va dap ciia khau d6i voi truc A. Tam va dap con goi la
tam dao dong.

+ Nhan xét:

+ Tam va dap K, chi phu thude vao cAu tao cua khau va truc A di chon chu
khong phu thudc vao chuyén dong cua khau.

+ Khi khau quay quanh truc c¢6 dinh di qua A, ﬁ'qt luén di qua 1 diém co

(3-5)

= lAKA:

dinh trén khau, diém d6 chinh 13 tim va dap K.

d) Khau chuyén dong song phang 7

Trong truong hop nay c6 thé xem luc quan tinh 1a tong hinh hoc cua céc luc
quan tinh trong chuyén dong theo cing véi diém A (ﬁ;t = -m.ax) va lyc quan tinh

trong chuyén dong tuong d6i quay quanh A (ﬁ'qt = -m.asa, 6 phuong qua K,).

Py = Py + P\, =-m.(ax + asa) = - m.as (3-6)

Giao diém ctia phuong 2 lyc quén tinh theo ciing va quan tinh trong chuyén
dong tuong doi duogc goi la cuc quan tinh (T). ‘ ,

Vi du: Xdac dinh lyc quan tinh trén thanh truyén AB trong co cau tay quay —
con truot.

T B o A
KA/ Pa

(D2)//a's"

(D1)// paa’

b'

pa

A

o |
o

S2A

Hinh 3-3
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- Buéc 1: V& hoa dd gia tdc.
- Budce 2:

+ Xéc dinh diém K, theo lgea = —5— (hay Laga =
2°AS m2 'lAS

JA

).

+ Xac dinh cuc quan tinh T:
*Tu S vé duong D, // p,a’ (duong tac dung cua Py ).
* Tu Ky vé duong D, // a’S’, (duodng tac dung cua 1_3'qt ).
* T la giao diém cua D, va D,.
+ Luc quan tinh P , nam trén duong D; di qua T va Ds // p,S’; (biéu thi
gia toc diém S trén khéu 2 dang xét), P , nguoc chiéu p,S', va c6 do lon:

Pqt =my.agy = m2.Ka.paS,2
Chu ¥: trong phuong phéap vé& trén, c6 thé thay thé vai tro cua diém A béang
bat clr diém nao khac ciia khau AB thi két qua van giéng nhau.
Phu luc 3.2. Xac dinh ap lwc khép dong trén co ciu loai 3
Xét nhom At-xua loai 3 nhu hinh 3-6.

E
/?\\
ﬁz C // [ \\
] LB . F
2 / 5
B //// 3 Ps
Q
L, 2
Rz Rl <
12 © D w H
Rlos
4 ) =n
P4 Ros
R
Hinh 3-6 ol Re
O
R

- C6 3 lyc moi biét phuwong 13 R1>, Ros, Ros.
- Lay mOmen tai E:
dM, =0 =  Xéc dinh dugc R's.

- Chon TLX Kp va v€ hoa do luc (twong tu nhu trén co cau loai 2).
Phu luc 3.3: Phuong phap sir dung dinh 1y Ju-cop-ski

Pinh ly Ju-cop-ski:
Co ciu dang can bang dudi tac dung cua cac luc, néu trén hoa dd van tdc quay di
90° theo 1 chiéu quay nao do6 cé dat cac ngoai lyc va lyc can béng tali mut cac
vecto biéu dién van toc cua diém dat luc, thi téng momen cua cac lyc nay ddi véi
cuc p, bang 0.
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Pcb

Hinh 3-8
, Pcb-hcb + P2h2 — P3h3 = O
Tong quat: Py,.he, + Pihy + Pohy + ... + Ph, =0
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Phu luc 4: Phan doc thém cua chwong 4 (Ma sét trong khép
dong)

Phu luc 4.1: Ma sat trong khép tinh tién

2.3. Dang ranh tron

Hinh 4-7
% Vit A chiu tai trong Q vudng goéc voi phuong truot. Ap suét do rinh B tac

dung 1én A phan b trén phan cung chin béi goc B. Néu xét mot dién tich vo cling
bé dS (dS =l.r.da).
Goi p(a) 12 4p sudt trung binh trén dién tich phan bd d6

= dN = p(a).dS
Luc ma sat xac dinh bang cong thurc:
F= [dF = [Lrp(a)da (4-3)
B B
Phan luyc N = I dN.cosa = Jl.r.p(oc).cos a.da (4-4)
p B
I L.r.p(a).da
pitf=- —f ! = f
N

. I Lr.p(a).cosa.da
o

> 1a hé s6 ma sat twong duong, phu thudc vao quy ludt phan bd ap suét

p(a). , , ,
A goi 1a h¢ s6 phan bo 4p suat,
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Ilrp(oc) da

A= (4-5)
Ilr p(a).cosa.da

Vatge’ =1 ¢’ goi la goc ma sat thay thé.
s Cac quy luat phan b ap suat thuong gap:

+ Trong cac khép tinh tién mdi, ap suat thudng duoc coi 1a phan bd déu
p(a) = p; lac nay B = 180°. Thay p(a) vao cong thirc (4-5) v6i tich phéan cén tir -
/2 — 1/2

= A="7/2.

+ Néu truc A cimg, 16t 6 B mém, sau khi chay mon, thi quy luat phan bé ap
suat dugc thé hién & hinh 4-7b. Luc ndy p(a) = p,.coso., trong d6 ap sudt 1on nhat
Do Ung v6i d6 mon hudng tAm 16n nhit & chd tac dung cua lyc N. Thay p(a) vao
cong thtrc (4-5) véi tich phan can tir -n/2 — w/2

= A =T1/4.
Ta c6 thé tinh p, bang cach thay p(a) = p,.coso vao cong thirc (4-4):
= p= =L (4-6)
nrl mrl

2.4. Ma sat trén mit phang nghiéng
- Xét vat chuyén dong déu 1én trén nhd lyc day P (H.4-8a)

90%(—P)

P
902 (au+B)
a)
‘ Hinh 4-8 ‘
Tt hoa d6 luc (H.4-8b) v€ cho vat chuyén dong déu:
P sin(a+9)
Q sin[90° —(¢—P)]
~P=0Q. sin(a + ¢)
cos(B—¢)
* N&u P // mit phing nghiéng (H.4-8¢)
—0=P= .sm(oc+(p)
B Q CoS O

* N&u P c6 phuong nim ngang (H.4-8d)
B=-a =P=Q.tg(a + o)
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- Né&u lyc P’ dugc dung d€ giit cho vat khong bi tut doc
= (R,N)=-¢
Trong céc cong thic trén ¢ s& ddi diu.
= khi P’ ¢6 phuong nim ngang = P’ = Q.tg(a - ¢)
Khi xét ma sat trén dang ranh nghiéng (H.4-9)

| \n

, Hinh 4-9
+ Néu vat c6 xu hudng chuyén dong 1€n trén thi:
, P=Q.tg(a +¢) ’ (4-7)
+ Néu vat ¢6 xu hudng chuyén dong xudng duoi thi:
P=Q.tg(a-¢7) (4-8)

Trong d6: ¢’ 1a goc ma sat thay thé & dang ranh.
2.5. Ma sat trong khép ren vit

o

b)

Hinh 4-10
+ C6 thé xem mit vit nhu 1 trudng hgp riéng clia mit phing nghiéng
cudn trén mit tru. Khai tri€n mit try, ta s& c¢6 1 dudng thing nghiéng thay cho
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dudng xodn Sc. Pai dc chiu lyc thang dimg Q s& dich chuyén 1én doc dudi tac
dung cta lyc ngang P (H.4-10).

+ Luc P can thiét dé vin chit dai 6c duogc tinh theo (4-7), véi (a + Q) <
90°.

D&i véi ren tam gidc hay ren hinh thang thi ¢’ dugc tinh theo (4-2): tge’=
f/cosP. Luc P can thiét s& 16n hon so véi khi ding ren vudng hay ren hinh chir
nhat (B =0 = @ = ¢). Vi thé trong cac chi tiét truyén dong (vit-me, vit kich)
thuong la ren vuodng.

+ Pai 6c khi lam viéc c6 thé bi thdo 16ng, dé tranh hién tuong nay, theo
(4-8):

, P’>Q.tg(a-¢’) hodc(a-¢’) <0 (hién tugng ty ham)

Vi thé trong cac chi tiét ghép (bu long — dai 6¢) nén dung ren budc ngan,
ren tam giac hay ren hinh thang c6 B cang 16n cang tot.

Phu luc 4.2: Ma sat trong khép quay

Trong cic cd ciu thudng gip, khép quay la chd ti€p xic giita chdt va
ban 1€, hodc ngdng truc va 16t § — Trudc tién ta xem ma st trong khép quay 13
ma sat trugt kho.

3.1. Phan tich lyc tac dong trong khép quay

Xét trudng hgp tdng quit, truc va ngdng truc ti€p xidc trén 1 cung 6m CD

= B. Truc quay déu duéi tai trong Q (tdc dong qua tim O ) vd md men M (H.4-

11a).

a) b) c)

Hinh 4-11
< X&t phan lyc N: dp suit phian bd theo 1 quy ludt p(a) nio d6 trén cung
om. C4c 4p suit qua tim. Nén N ciing s& qua tim O.
+ Phuong cua N dudc xdc dinh sao cho [dNsina. = 0.
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+ Gid tri N xdc dinh theo: N = fﬁ dN.cosa
Véi: dN = p(a).Lr.da (4-9)
Trog d6: 1: chiéu dai ngdng truc, r: ban kinh truc , da:: géc chidn cung ds.
% Xétluc masat: F= fﬁ f.dN.cosa = f.N, theo phuong x.
< Phén lyc toan phan (H.4-11b):
R=N+F
Tir diéu kién cAn bing lyc = R =- Q va tgp=f=F/N

R=Q=+VN>+F = yN2+f2N? =N.4/1 +f>
S N=Q/ 1+f (4-10)

Nhdin xét:

+ N chi phu thudc vao Q va f, khong phu thudc vio mdé men M va quy
luat phan bd 4p suit.

+ N léch véi tai trong Q mot géc bing géc ma sat.

% MO men ma sit:

Tu di€u kién quay déu, nén mdmen M phai cin bing v6i mdmen ma sit

M, (=F.a).
=>M,s=Fa=R.p=Q.p

Trong 0 F=f N=f.Q/ 1+f* =f.Q; v6i " = £

VI+f?

1a hé s6 ma sat

thay thé.
Cénh tay don a dugc tinh nhu sau, vi F 1a hop cia tat ca cac luc ma sat cia
cac phan tir c6 dién tich dS nén:
Fa=JprdF=rp.fdN;  viF fN=a=(rJ{dN)N.
Thay N va dN da tinh & phan ranh tron, ta co
_ [p(eyda

a =
_[p(oc).cos o.da

T =AXT (4-11)

V6i A: hé s6 phan bo 4p suit.
=>M,=Fa=Qf A.r (4-12)
% Vong tron ma sit: vong tron tdAm O , bdn kinh p dugc goi la vong tron
ma sat.

Gi4 st ngoai luc Q’ tic dong lén truc, cdch truc ddi xing 1 doan bing h,
chuyén Q’ vé mit phing d6i xitng, dugc Q va md men Q.h. M6 men nay lam
quay truc (H.4-11c). Xét 3 truong hop sau:

e Luc Q’ citvong trd ma sit
Ta co:
h<p = Qh<Q.p;
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4 . tgo _ _
Véi p = a.sing = a. m atf=Air.t
< Q.p=Q.f".A .r: day chinh 1a md men cda lyc ma sat.
Nghia la khi Q’ cit vong trd ma sat thi Q.h < M, truc diing yén
Khi Q’ ting thi M, ciing ting theo, bdt ddng thiic trén vin khong thay ddi,
truc van ding yén, du luc Q’ 16n bao nhiéu tuy y. b6 1a hi€n tugng ty ham
trong khép quay.
e Luyc Q’ ti€p xiic v6i vong ma sit: h=p
< Qh = M,,: truc c6 thé quay déu duoc.
e Luc Q’ khéng cat vong ma sét: truc s& quay nhanh din.

Y nghia: khi thi€t k&€ tay quay truc mdy, ban kinh tay quay phii 16n hon ban
kinh vOng ma séit.
3.2. Ma sat & 6 d&
Ung dung cic cong thirc trén dé tinh M, va ban kinh vong tron ma sat clia
cac loai khop quay thuong gip trong thuc té.
a) Khdp quay ho
o

Truc

Lot truc

Hinh 4-12
- Bic di€m: ban kinh truc nhd hon ban kinh 6, khi quay, truc va & ti€p
xtc theo 1 dudng sinh, trén mit cit ngang, ti€p xic nhau tai 1 diém B (H.4-12a)
- C4c y€u t6 luc :
+ Canh tay don ma sat a=r
+ Hé s6 phan bd dp sudt: A =1
+ MdOmen ma sit: M, = Q.p = Q.r.f’ (4-13)
- Nhan xét: xem 16 12 mit phang nghiéng, cé géc nghiéng ting dan. Pau
tién truc va & ti€p xic tai A. Khi truc quay lin trén thanh 16 (H.4-12b). Tir A
dén B, géc nghiéng o nhd, nhung vi hién tugng tu ham, truc khong tut xudng (o

}:> p=rf
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< ¢). Pén B, géc nghiéng bing géc ma st ¢, nén di€ém B 12 mién gidi han tu
him. Quéa di€m B, truc sé& khong lan 1€n dudc, nén truc va 5 sé ti€p xtc tai B
va quay tai do.

b) Khép quay khit moi (hinh 4-13a)
- Pic diém: ban kinh truc va & bing nhau, dp luc phan bd déu trén cung
ti€p xiic CC’: p(a) = p.
- C4c y&u t6 lyc :
+ N niim & giita chia cung CC’ thanh 2 phan ddi xitng, géc o thay ddi
tur -n/2 —>m/2
+A=n2;a=(m2)r ;p=(2)rf

+ My = (1/2).1..Q (4-14)
+ Ap sudtp = _Q
2rly1+£?

= + 0 e di bi 1
19} \) Truc chua lin | - T UC dé b ltn

R
. k‘
\.
\.
\.

N B
/\ F
[

; ~
d A

Hinh 4-13

¢) Khop quay khit, da mon (hinh 4-13b)

- Ap sui't phan bd theo quy ludt cosin trén sudt cung ti€p xdc lam viéc:
p(a) = p.cosa. v6i o thay ddi tir -m/2 —7/2.

-Tinhdugc: +A=4/m1 = a=Ar = (4/n).r

Vap=»Arf =@/mn).rt
+ My = Q.p=@/n).rf’.Q (4-15)

2Q.cosa

mrlyl+f?

p(a) = hiing s6

- Céc chiing minh twong tu nhu & 6 khit méi, ta co: p =
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- So s4nh ta nhan thiy : M, (8 hd) < My, (8 khit mon) < My, (8 khit
mdéi)

3.3. Ma sit ¢ & chin

- 6 chdn dung dé dd truc theo chiéu truc (hinh 3-14). Mt ti€p xic gitra
truc va & 1a mot hinh vanh khin, ban kinh trong r; va ban kinh ngoai r».

- M6 men ma sét: xét 1 phan t& dién tich dS hinh vanh khin, bdn kinh r
va chiéu day dr. Dién tich ctia phan t& nay 1a: dS = 2nr.dr

Ap lyc tdc dong 1én phan t6: AN = p.dS

= Luc ma sat: dF = f.dN

M6 men ma sdt clia phan t6 1a : dM,,, = r.dF

Mb6 men ma sdt cla 16t 6 tac dung 1én tryc la:

Mgy = [2r fp.r”.dr (4-16)

0
T — L~y
!"-——-—_____/
|
|
M
|

Hm'/

i

| Phan té
I dién

: tich dS
"

Fl

. Hinh 4-14
a) O chdn con mdi (Hinh 4-14a)

Ap sud't phan bd déu trén dién tich ti€p xic giita truc va 6: p = %
n(r -1,
3.3
— Mms _ 2fQ§r2 21“1 ) (4_17)
3(1‘2 - )
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Néur;=0; n=1r = M, = %f.Q.r
b) 0 chdn dd chay mon
Thay ring 4p sudt phan bo theo dudng hyperbol (hinh 4-14b) x4c dinh
bdi :
_ Q
2n(r, —1,).r
= My = | 2n.£p.r?dr = £Q. rz”l (4-18)

Khir,=rvagr =0 =M, =% (f.Q.r)

Nhung néu: r =1, = 0, 4p sudt & tAm truc s& 16n v ciing. Nén d€ tranh,
ngudi ta thudng khoan 16r= A d gitra.
Phu luc 4.3: Mot so dang bién toc khac

- B6 bién toc hai khéi xuyén 16m (H.4-22)

Bo bién toc nay it truot nhung ché tao phirc tap. Tuy vao vi tri cta dia ma
sat trung gian ta co cac ty 50 truyen khéc nhau.

n:=const nmi=const n:=const
|

N 1] 1\ I

n<n ‘1[’ = 1 n>n

Hinh 4-22

- B6 bién toc cau (Hinh 4-23a) gdbm 2 banh ma sat con tiép xuc v6i khdi cau
trung gian, téc do duoc diéu chinh nhd vao sy thay d6i d6 nghiéng cua truc qua
cau, do tiép xtic theo diém nén cong suat truyén khong 16n.

- B6 bién toc ma sat con (Hinh 4-23¢).

- B4 bién tdc ma sat cau (Hinh 4-23b, ¢).

- BO bién tdc nhiéu dia ma sat (Hinh 4-23d).

- BO bién tdc 2 dia ma sat con c6 banh trung gian (Hinh 4-231). ..
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Hinh 4-23
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Phu luc 5: Phan doc thém cua chwong 5 (Péng lwc hoc may)
Duéi tac dung cua cac luc, may s& co chuyén dong nhit dinh, goi 1a chuyén dong
that ciia may. Nghién ctru chuyén dong ciia may dudi tic dong cta cac luc cho
trudc 1a nhi€ém vu co ban cua dong luc hoc may.

Nhi¢m vu quan trong cua dong luc hoc 1a xac dinh ham ) chuyén dong cua cac
khau, c6 tinh dén cac luc va momen quén tinh, khéi lugng, tinh chéat dan hdi cua
cac vat liéu, luc can cuia moéi truong chuyén dong cua may..., can béng luc quan
tinh, bao dam may lam viéc binh on....

1. KHAU THAY THE - CAC PAI LUQNG THAY THE

1.1. Khéu thay thé

May 1a mdt co hé co nhiéu khau. Bai toan s& rt phuc tap néu déng thoi
nghién ctru nhiéu khau. Ta d3 biét, chuyén dong cta cac khau khac s& biét dugc
néu biét duoc chuyén dong cuia khau dan. Déi véi may la co hé c6 1 bac tu do, bai
toan dong luc hoc quy vé nghién ctru chuyén dong cia 1 khau, duoc goi 1a khau
thay thé. Co thé chon bat ky khau nao lam khau thay thé, nhung thong thudng,
chon khau dan 1am khau thay thé.

Khi nghién ctru chuyen dong cua khau thay thé thay cho nghién ctru chuyen
dong cua toan co cau (gdm nhiéu khau), can phai bao dam tuong duong vé mit
dong luc hoc gitra 2 d6i twong nghién ctru.

Nghia la:

+ Pong ning khau thay thé bang dong ning cta toan bd co cau khi chuyén
dong

=>E (1).

+ Cong sudt cac lyc tac dong 1én co cdu bang cong sudt cua luc tac dong
1én khéu thay thé N;= YN, (2).

Vi vay khi nghién ctru chuyén dong cta khau thay thé, can phai chuyén cac
dai lwong dic trung tinh chat dong luc hoc cua toan bd co cdu vé khau thay thé,
sao cho dam bao duoc 2 diéu kién trén.

1.2. Cac dai lwgng thay thé
a. Khéi lwong thay thé (m,)
Néu khau thay thé chuyén dong tinh tién, theo diéu kién (1):

2 n
Y N V2 4T 0?) 12

Trong do:

m,: khéi luong thay thé; V: van toc ctia diém dat khoi luong thay
thé;

m;: khéi lugng cua khau tht i; V;: van téc khdi tAm cua khau i;

Jsi: mOmen quan tinh do1 véi khoi tam cua khau thir 1
o;: van toc goc cua khau thir 1.

_w| (Y o,
S ropa) o1
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Chu y: cac ty sO (V4/V) va (0/V) c6 thé xac dinh duoc nhd hinh dang cua
hoa dd vén tdc.

b. Mémen qudn tinh thay thé (J,)

Néu khau thay thé chuyén dong quay, dong ning quay 1a J.( ©*/2) voi o 1a
vén tdc goc cta khau thay thé.

=] = z{m(zj _,_J(% ” (5-2)

c. Lwc thay thé (P) ’ q ’ ‘
P, 12 lyc trén khéu thay thé dat tai diém c6 van toc 1a V, theo di€u kién (2)

= P.V= Z(Pi.Vl..cosal. +M,.0,)
i=1
Trong do6:
P; 14 lyc tdc dong tai di€m dat luc c6 van toc Vl, 0 khau thtr 1; M; 1a mémen
tac dong trén khau thir i c6 van toc goc 1a o; a, = (P,V,).

=P = ;{P[.%.cosa[ +M, 7’} (5-3)
d. Mémen thay thé (M)
Tuong tu
= M= Z{PI 4 .cosa, + M, } (5-4)
i=1 < @

Chu y:

+ Trong khi nghién ctru c¢6 thé thay thé riéng tiung loai luc: luc (mdmen)
phat dong thay thé; luc (momen) can thay thé, luc (mdmen) ma sat thay thé..

+ Khau dan thong thuong 1a khau cé 1 bac ty do dugc ndi voi gia bang mot
khép quay. Nén thuong sir dung 1 loai dai lugng thay thé J, va M,, di nhién day la
cac ham sd theo goc quay ¢ cua khau dan.

2. PHUONG TRINH CHUYEN PONG CUA MAY

Phuong trinh chuyen dong ciia may dugc biéu thi qua phuong trinh chuyen
dong cua khau thay thé, d6 chinh 1a phwong trinh /dong luc hoc mo ta chuyén dong
cua khau thay thé (chi trinh bay cho khau thay thé 1a khau quay). Phuong trinh nay
c6 thé viét dudi nhiéu dang khac nhau.

2.1. Phwong trinh chuyén ddng ciia may viét dwéi dang dong ning (tich phan)
- Phuong trinh chuyén dong:
J,w; J, o

Ag—A.=AE= TM,d.dgo—TMw.dgp: :

P 4]

(5-5)

Trong do:
+ AE: d0 bién thién dong nang cia co cau.
AE =E, — E4, vo1 E|, E, 1a dong nang cua khau thay thé tai thoi diém t,
va t.
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+ My, M.: mOmen thay thé cua cac luc phat dong va lyc can.

+ A4, Ac: cong cua luc phat dong va cong cua luc can trong khoang thoi

gian tir thoi diém t; dén t,, trong Gmg v6i gbe quay cua khau thay thé 1a ¢, va

P2.

+ ®;, ®,: van toc gdc cua khau thay thé tai thoi diém t, va t,.

- Tur phuong trinh chuyén dong nay c6 thé tim duoc cac dic diém dong luc
hoc trong cac thoi ky chuyén dong cia may. C6 thé chia qué trinh lam viéc cia
may lam 3 thoi ky:

+ Thoi ky chuyén déng mo may:

Gia str thoi diém 1 bat ddu mé may, nén ¢ = 0.

2

Tir phuong trinh chuyén dong (5-5) ta c6: Aq— A, = AE = J®

Vé sau ciia phuong trinh nay luon luén duong, nén A4 — A, = AE > 0.

Vi véy trong thoi ky md may, cong phat dong phai 16n hon cong can, bién
thién dong niang duong, nén dong ning ting. May s& chuyén dong nhanh dan,
cong thira bién thanh dong ning.

+ Thoi ky chuyén déng binh én:

Trong thoi ky chuyén dong binh 6n, van téc goc cia khau thay thé bién
thién theo chu ky. Chu ky nay thuong la chu ky Vl tri ctia may, do 1a thoi glan T,
hay goc quay ¢, sau 1 chu ky co cau may tro vé vi tri cii. Trong thuce té, thong
thuong chu ky vi tri va chu ky vén tde trung nhau. Trudng hop vén téc khau dan
co dinh la truong hop dac biét cua chuyen dong binh 6n.

Gia st thoi diém 1 13 bat dau va thoi diém 2 1a két thic 1 chu ky chuyén
dong binh 6n. Theo dinh nghia ciia chuyén dong binh 6n, van téc bién thién theo
chu ky nén o, = ®, va theo nhan xét trén, cac dai luong thay thé ciia mot co cu
nhat dinh, chi phu thudc vao vi tri cia nd. Nén sau mot chu ky chuyén dong: J,; =
Jo, tir (5-5) ta co:

AE =As—A.=0

Nhu vay trong mot chu ky chuyén dong binh on, cong dong dugce cung cp
phai bang cong cua lyc can bi tiéu hao di.

Néu momen quan tinh thay thé khong d6i, trong thoi ky chuyen dong binh
6n (AE = 0), o s& khong thay dbi, chuyén dong cta khau thay thé 13 chuyén dong
deu.

Can phan biét chu ky dong hoc va chu ky dong luc hoc: Theo dinh nghia &
trén, chu ky dong hoc cua co cdu hay may 1a chu ky vi tri, thong thuong né 1a mot
vong quay
(2m) cia khau thay thé; chu ky dong luc hoc 1a chu ky cua van toc goc that cua
khau thay thé duéi tac dung cua céac luc da cho trudce. Chu ky dong luc hoc khong
nhirng phu thudc vao cAu tao ctia co cAu ma con phu thudc vao chu ky cua cac luc
tac dong, 1 chu ky ciia mémen thay thé va cong cta luc phat dong va cong cia luc
can.
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+ Thoi ky chuyén déng tdt mdy: thoi ky nay bat dau khi ngimg cung cép
cong phat dong cho may, tirc A; = 0.

Tu phuong trinh (5-5) cua may, ta co6 —A. = AE.

Bién thién dong ning 1a mot sé 4m nén dong nang glam dan, van téc khau
thay thé s& giam lam mday chuyén dong cham dan, trong giai doan nay thuong
thém vao cac luc ham, tao ra cong him (A,) dé may chong ding.

A

Q)
| |
| |
| i t
P
O M? may Chuy?n d?ng T?t may
binh ?n
Hinh 5-1

Céc thoi ky chuyén dong cia may duoc biéu thi & H.5-1. Thong thuong
thot ky chuyén dong mé may va tat may chiém mot khoang thot gian rat nho trong
sudt thoi gian lam viée cua may. Thoi ky chuyén dong binh 6 6n chiém hau hét thoi
gian lam viéc cua may. Cling c6 nhiéu loai may (cac loai can tryc...) lam viée
ngay trong giai doan chuyén dong khong binh 6n (mé mdy va tit mat).

2.2. Phuong trinh chuyén dong ciia may viét dwéi dang mémen (vi phéan)

M=My—M, = i(Jf“’z]:w—z.de v 4o

dp| 2 2 de dt
) (phuong trinh dang nay it dugc st dung)
3. CHUYEN PONG THAT CUA MAY

Trong khi giai bai toan phan tich dong hoc co ciu, ta gia st 1a khau dan
quay déu. Thyc té, cac luc tac dong 1én may ludn thay ddi, vi tri co cau ludn ludn
thay d6i. Vi vay chuyén dong that cua khau dan la khong déu. Xac dinh chuyen
dong that ctia may, tic 1 xac dinh van téc ctia khau dan tai timg vi tri cta co cau.

Xét khau thay thé 1a khau quay, c6 mémen quén tinh 1a J,, chiu tac dong ciia
cac momen thay thé 1a M4 va M.

Trong thuc té, dai lugng M, nay c6 thé 1a ham cua ¢, cua ® hodc cua t; hoac
c6 thé 13 ham cuta céc théng s6 @, o, t.

(5-6)

Vi du:
bong co dién: My = My(o).
bong co dot trong: My = My(®,0).
May bom, quay ly tam: M, = M (o).
May ép: M. = M(p)...
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O day chi xét trudng hop My, M., J; déu 12 ham cua ¢@. Xac dinh chuyén
dong that cua may s€ dwa vao phwong trinh (5-5). ’
- Tai thot diém bat ky, dong nang cua khau thay thé la:

2
E=T o= |2 (5-7)
2 J

Goi E, 1a dong nang tai thoi diém ban dau cta mot chu ky chuyén dong
binh on. Ta co:

(%)
E=E,+AE=E, + I(Md M )dg
(2}
Vi vay, tai tung thoi diém nhét dinh, véan toc g6c duoc xac dinh theo cong
thire:

Jt

- Néu cac dai lugng trong vé pahi cua (5-8) déu dugc cho dudi dang giai
tich, sau khi thay vao, s& nhan dugc biéu thirc giai tich » = o(¢). Bai toan da giai
xong.

- Trong thyc té, da s cac trudng hop, cac ham My = My(¢); M= M(¢); J;
= J(9) déu cho trudc va thuong duoc xac dinh dudi dang bang s, hay dd thi. Vi
vay ham o = w() ciing chi im duogc dudi dang bang s6, hay dang do thi, bang
phuong phap sb hay phuong phap do thi.

- Cac budc co ban dé tién hanh x4c dinh ® = o(¢) bang phwong phap d6 thi
duoc tién hanh nhu H.5-2.

0= Jiwo v [, -1, )dg) (5-8)
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a)

b)

Hinh 5-2

+ Xac dinh mémen can thay thé M,(¢) theo cong thirc (5-4), My (@) va
J(o) tai nhiéu vi trf ctia co cau (cang nhiéu cang chinh xac) trong mot chu ky
chuyén dong binh 6n. Trong d6 M,(¢) dugc tinh theo cong thirc (5-4); mémen cia
luc phat dong thay doi rat it nén c6 thé xem My(¢) = const va J (o) duoc tinh theo
cong thic (5-2).

+ Trén h¢ toa 46 OeM, v6i TLX K, Ky, ta v& d6 thi M(¢) va My(o).

+ Tich phan d6 thi Mc(¢) va My(), ta s& c6 d6 thi A(¢) va Ag(p).

+ Dung phép trir 2 d6 thi A(@) va Ag(e) 1a s& co d6 thi AE(o).

Chu ¥: E = E, + AE(9), nén d thi E(¢) chinh 1a d6 thi AE(¢) tinh tién di
mot doan béng E,.

+ Tir sb liéu d tinh, véi ti 18 xich K, ta v& do thi J(¢). Cht y dén vi tri cia
cac truc toa do dé tién viéc két hop do thi & bude ké tiép.
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+ Phéi hop hai d6 thi E(o) va J () dé dugc do thi E(J,), dudng cong nay
duoc goi 1a duong cong Wittenbauer (1857-1922).

- Dua vao db thi dé xac dinh .

Gia str can tim vén téc goc cua khau thay thé tai vi tri ¢ = ;.

Ta co:

ti
Vé6i E* va J; la gia tri that ciia dong nang va momen quan tinh thay thé duoc xac
dinh boi:

E = KJ eBl _ K, 1, v6i Ky, K 14 TLX ciia db thi tuong tmg.,

%
t

; \/ X, E.J, \/2 X, gy, (5-9)
(H.5-2¢)

Néi goc O voi cac diém khac nhau trén d6 thi E(J), dung cong thirc (5-9) s&
tim duoc van tdc goc ciia khau thay thé (va s& tim duoc van tdc ciia tat ca cac khau
clia co ciu).

Tir d6 thi nay, nhan thiy y thay doi trong khodng [Wmax, Wminl, V& gid tri
cuc tri ctia véan toc gbc cua khau thay thé la:

max
min J min

K
= [2—L ¢ 5-10
o o 18V (5-10)
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Phu luc 6: Phan doc thém cua chwong 6 (Céc chi tiéu chat Iwong
cua May)
Phu luc 6.1: Céu triic chung ciia 1 hé thong tu dong
Mot hé diéu chinh tu dong ndi chung bao gom (H.6-9):
1. Péi tuong can diéu chinh v6i thong sO can diéu chinh.
2. BO diéu chinh ty dong gom cac phan tir:
+ Phan tir nhay (cam bién): ¢6 nhiém vu phat hién do léch cua thong 5O
diéu chinh so voi yéu cau va dua ra tin hiéu diéu khlen
+ Phan tir khuéch dai: nham tang thém cong suét cia tin hiéu diéu khién.
+ Phan tir chap hanh: c¢6 nhiém vy thyc hién dong tac diéu chinh ddi tuong
diéu chinh dé dua thong sé diéu chinh tré vé gi tri yéu cau.
+ Ngoai ra, con c6 lién hé nguoc (con goi 1a phan hoi) dé cai thién didu
kién lam viéc cua hé théng.

Péi trong didu chinh So
B6 didu chinh tir d6ng
. [Phdntw | [Phéntw | [Phinte | |
chép hanh khuéch dai nhay
® Lién hé ngwgc -

G I Li

Hinh 6-11: Can bang khdu quay mong dung phwong phap don can.
1: Chi tiét mat can bang, 2: Pon can, 3: Bé ti, 4: Luoi dao.
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Chi ti€t khong cin bing 1 c6 trong lugng Q = m.g dudc dit vao & truc A
& dau don can 2. Pon cén ti 1én bé 3 biing 1udi dao 4. Treo trong ludng G § dau
B va dit Ivc k&€ R § di€m C cda don dé€ can bing trong lugng Q cla vat khong
can bing. Quay tir tir vat khong can biang, trong tAm S clia n6é s& quay quanh A.
khi S d&n vi tri S, xa di€m tua O nhat thi luc k& chi luc cua dai R,y Gid st x 1a
khodng cdch tir trong tAm S dé&n truc quay A va M,y 12 momen ma sit & di€ém
tua O ta ¢ :

QU + %) =Gl + Ry ] + My (6-12)

Ti€p tuc quay vat khong can bing 1 cho d&n khi luc k& chi luc cuc tiéu

Rinin. Khi d@6 trong tim S & vi tri S, gin di€m twa O nhi't ta c6:

Q (11 - X) = G12 + Rmin-l + Mmsl (6-13)
Tir (6-12) va (6-13)
—Q.x="% Rpa - Roin) . 1 (6-14)

Cong thitc nay cho ta lugng mat can bing Q.x. con vi tri cAn biang thi xdc
dinh bing cdch ddnh ddu dudng kinh nim ngang khi Iuc k& chi cyc tri.
Phu lyc 6.3: Phuong phap do thi (phwong phap hiéu s6 mémen)

De tranh anh hudng cua ma sat lan, voi thiét bi don gian nhu phuong phép
do truc tlep, ta ¢6 thé tién hanh nhu sau:

- Chia mit dau cta khau quay 1am nhiéu phan bang nhau va danh dau bang
cac ban kinh O; (voii=1, 2, ...) nhu trén H.6-10a. Lan lugt xoay cac ban kinh O;
vé vi tri ndm ngang va img voi mdi vi tri, trén ban kinh R nhu nhau ta dat khoi
lugng mi sao cho vat bat dau quay. Rd rang khdi lugng mi thay di theo vi tri i va
ta v& duoc dd thi nhu H.6-10b. Trén d6 thi ta xac dinh dugc my,y, My, UNg V6 Vi
tri A, B.

- Goi mr 1a khéi luong mat cin bang cua vat quay thi vi tri cia mr Gng
véi khoi luong myax, My, nhu H.6-10c. Tai hai vi tri ndy ta ¢6 hai phuong trinh
can bang lyc:

My 2R =mgr + My,
mmingR + mgr = Mms (6'15)
trong d6 M, 1a mOmen ma sat lan cua truc cua vat quay va dao.

Tu hai phuong trinh trén suy ra:

mr = %R(mmax M) (6-16)

Nhu vay phai bu luong m tinh theo (6-16) vao vi tri A hay b6t & vi tri B thi vat
duoc can bang.
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B 8 v2tri

c)

Hinh 6-12: Cén bang khdau quay mong ding phwong phdp do thi

ZMmax

d)

SMmax
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Phu luc 8: Phan doc thém cua chwong 8 (Co’ cau cam)
Phu luc 8.1: Quan hé giira géc ap lwe & vi tri tam cam
a. Poi véi cam can tinh tién:
V& co ciu thay thé ctia co cu cam, v& hoa do van téc = tam giac OAC
ddng dang voi tam giac P,ab. (H.8-13)

W
B
O a VBa
1 b
0 Ph s
pV
Hinh 8-13
— Yy _OC Pt OC =y: OA =1
v, 04
Q_X_ ds
Vv, r dtor
=y= ds/do (8-5)

Néu dat y theo phuong nam ngang (vudng goc voi phuong chuyén dong
ctia can dNy) mot doan BD =y, nbi D v6i O. Ta nhan thiy rang goc giita O va
phuong chuyén dong cta can chinh 1a goc 4p luc o, ding voi moi vi tri clia co
cau.

Nhu vay mudn khao sat sy thay d6i cac goc ap luc trong thoi gian cam
quay, ta chi can xac dinh di€ém D, n61 D vdi tdm cam O, ta s€ xac dinh duogc goc ap
luec.

Nhén xét: Goc ap luc 16n nhat Gmg voi vi tri cta cac tiép tuyén vé& tir O va tiép xtc
v duong cong [(ds/do), s] (H.8-14a).

41



b)

Hinh 8-14
Cdch xdc dinh miém tam cam: (H.8-14b)
+ V& 2 tiép tuyén (1) va (2) vé6i dudng cong [(ds/de), s], hop véi phuong
chuyén dong 1 goc [a].
+ Ving gach chéo 1a ving bao dam diéu kién vé goc ap luc.
+ Néu chon O lam tdm cam thi kich thudc cta cam la nho nhat
(v6i R, =Ks.0B,) va ta co co cu cam léch tam (e).

+ Néu thiét ké co cAu cam ding tdm ta chon O, lam tam cam
(voi R, =Ks. O(B,).

Cdch vé gan diing: (H.8-14b)

Chuy2 diém D’ va D” g v6i B’D’ va B”D” dat cuc tri ¢ pha di xa va
pha vé gin. Qua D’ va D” v€ 2 duong (17) va (2’) song song voi (1) va (2) twong
ng ta s€ xac dinh dugc mién tim cam gan ding.

b. Poi véi cam cin lac

Nhan xét: khi can lic quay 1 goc y ta co thé xem diém B (d4u can) tinh tién
theo phuong vudng goc voi can 1 doan s. Vi s = Ly, trong d6 1 1a chiéu dai can
va vy 1a goc lac.
ds ., dy
d(p - do
Céch v& gan ding (H.8-15)

= y= (8-6)
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>

S
3

D
R
3R

=

Hinh 8-15
c. Poi v6i cam can tinh tién diu bing.
Co ciu cam can tinh tién dau b8ang chi lam viéc dugc khi cam c6 bién hinh
1a duwong cong 16i p > 0 (H.8-16).

D

(\]

—~—— N
AN\
HN
o

9 _ Hinh 8-16
Goi B 1a mdt diém thudc can 2, dang trung véi tam cong A
= hoa do gia toc (H.8-16)
V& OC // canh day cta cin = AOAC ~ Ap,b’a’
Z ag d’s d’s
G R e 2
r oa, dto'r do
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d*s

2

Map=s+Z=s+

;p>0

d’s
do’
Vi s ludn ludn duong = |Z| <s
Tt truc cta can, dit doan Z doc theo dau cta can duoc xac dinh boi diém
D. N6i D véi tam quay . Dit goc gitta OD va phuong chuyé n dong 13 goc a.
T hinh v& p > 0 < a0 <45° (vi |Z] <5).
Néu ta v& @6 thi sZ va ni 1 diém bt ky trén dd thi véi tim quay O ta s&
xéac dinh duoc goc a tmg véi vi tri duge xét cta co cau (H.8-17).
Ol = Olyax Khi OD tiép xuc voi duong cong sZ.

s+ >0 (8-7)

Ny |

o

X
£ 01
g
(oN
0
Hinh 8-17

Céch giai bai toan nguoc:
2

+ V& duong cong (s, %) voi cung 1 TLX.
®

+ V& tiép tuyén voi nhanh am cua duong cong hop véi dudong thang dimg 1
gdc 45°, cat tryc s & mot diém O;.

+ Chon Oy 1am tdm cam thi bién hinh cam s& c6 ban kinh cong nho nhat
bang khong (pmin = 0). Vi thé dé bién hinh cam c6 ban kinh cong nhé nhat 13 pmin,
ta phai ldy tAm quay ctia cam & vi tri O, ndm du6i O, mot khoang cach 13 poin.

Phu luc 8.2: Trinh tu thiét ké co' cAu cam

> Lap d6 thi chuyén vi, do thi van tdc, do thi gia téc ciia can. Néu cac do thi
nay déu cho trude thi bude nay ta bo qua, thong thuong chi cho 1 trong 3 db thi
d6. Luc nay tiy truong hop co thé ding phuong phép vi phan d6 thi hay tich phan
d6 thi dé 1ap 2 db thi con lai.

» Xac dinh tam quay cta cam.

> Téng hop dong hoc: 14 bai toan xé4c dinh bién hinh cam, day 1a bai toadn
nguoc cua bai toan phan tich dong hoc.
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> Xac dinh bién hinh 1y thuyét.

Riéng ddi v6i cam dau con lin, sau khi v& dugc bién dang 1y thuyét, can
phai xac dinh bién dang thuc té. Mubn thé can phai xac dinh ban kinh con lan. Ban
kinh con lan r; cang I6n, ton thit ma sat cang nho, diéu kién lan khong trugt cang
dé thuc hién. Nhung néu r, qua 16n, s€ xay ra hi¢n thuong tu giao ctia bién dang
thue (H8-16a), luc ndy hinh dang thuc s& gdm 2 phan dudng cong cit nhau, trong
thyc té ché tao bién dang cam nhu vay rat kho khan.

74\
W - a__ ¢
I Blé't'.j dang 1V thuyét %ﬂ,‘a
v P BN
/ bl /d N\

/ \

/ \
| \

Bién d:_uflg thue
a) b)
Hinh 8- 18: Hién twong tu giao cua bién dang thuc
Thong thuong chon r; = 0,7 puin.
Céch xac dinh py,;, duoc thé hién qua H.8-18b.
Phu luc 8.3: Tong hop dong hoc co ciu cam

- Noi dung cta bai toan tong hop co ciu cam:

Cho trudc quy luat chuyén dong cta can, phai thiét ké co ciu cam thuc hién
quy luat chuyén dong nay.

Vi co cdu cam can tinh tién: quy luat chuyén vi s = s(¢) cta can theo goc
quay @ cua cam, voi co cu cam can lic: quy ludt bién thién goc lic v = y(@) cta
can theo goc quay ¢ cta cam.

- Bai toan tong hop co cAu cam goém hai budc:

+ Xac dinh vi tri tam cam.
+ Tong hop dong hoc co cdu cam hay xac dinh bién dang cam.
6.1.Tong hop co cAu cam cin diu nhon

Trong co cdu cam can tinh tién dau nhon, goc ap luc dau can o thay do6i
theo vi tri tiép xuc gifra cam va can. Ung vOi mdi vi tri tiép xuc, goc ap luc dau
can o c6 mot gia tri xac dinh.

Pé bao dam cho co ciu cam lam viéc nhe nhang, khong bi ty ham, thi goc
ap luc a tng vé1 mot vi tri tiép xuc phai nhé hon hoac béng mot gid tri cuc dai cho
phép:

Va0 < [Olmax] < oy (8-8)
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Thé ma, nhu chiing minh & phan trén, khi cho truéc quy luat chuyé n dong
clia can, gbc ap luc dau can lai phu thuoc vao vi tri tam cam O,. Nhu vay dé thoa
man diéu kién (8-8), can phai chon vi tri tim cam O; mot cach hop 1y.

a) Xdc dinh vi tri tim cam cén tinh tién dau nhon

o Mién tém cam trong co cau cam can tinh tién dau nhon:
4 Xét co cAu cam can tinh tién dau nhon (H.8-19). Goi B 1a
diém tiép xuc gitta cam va dau can tai vi tri dang xét.

Khi cho trudc tim cam Oy, néu dung diém E; v6i BE; = ‘ﬁ trong do d_‘
i (0 i
1a gia tri tuyét ddi cua (j—sj g véi vi tri n6i trén, phuwong chiéu cua vecto BE,
®

la phuong chiéu cua vecto van toc V,, cta diém B; trén dau can quay di 90° theo

chiéu o, , thi goc ap luc o, tng vai vi tri tiép xac B; chinh 1a goc gitta ¥, va O,E,

12

L (8)

Hinh 8-19
Nguoc lai, khi chua biét vi tri tAm cam O, néu qua E; ké duong thang (A;)

hop voi van toe V., mot goc bang [oimay] thi:

+ Khi O, nim trén duong (A)), ta co: o = [Olmax]-

+ Khi O; nim phia dudi (A), ta co: o < [Omax]-

+ Khi O, ndm phia trén (A;), ta cO: ot > [Olmax]-

Luu ¥ rang ta c6 thé dit duong (A;) vé phia bén phai hay vé phia bén trai
cia diém E;, tng voi phia phai ta c6 duong (A), con tng voi phia phai ta co
duong (AY).

4 Nhu viy dé thoa min diéu kién o; < [Olmax] thi tim cam O,
phai ndm phia duéi hai dudng thing (A;) va (A"), hay néi khac di tim cam O, phai
nam trong mién ().
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v Pé thoa mén diéu kién Vo : o < [Olmax] thi tAm cam O, phai
nam phia dudi moi duong thang (A;) va (A™)), tirc 1a ndm trong mién () giao cua
moi mién (§;) noi trén (H.8-20).

Céch dung hinh dé tim mién tim cam:

Mién tam
cam (9)

Hinh 8-20
Ta can dung tit ca cac duong (A;) va (A" tng véi cac vi tri tiép xtc khac
nhau trén bién dang cam, khi biét trude dd thi Chuyén vi s =s(¢) va gbc ap luc cuc
dai cho phép [Otmax]-
Trinh ty tién hanh:

- Dung phuong truot xx cta cin (xx song song vdi truc ¢ cta do thi s
= s(¢)). Dung diém B, - vi tri gﬁn tam cam nhit cia diu can, diém B, - vi tri xa
tam cam nhét cua dau can.

- Chia hanh trinh s, = BB, cua can thanh n doan bﬁng nhau bﬁng
cac diém B,, By, ...B;,...B,.

- Tir d6 thi s = s(¢), dung phwong phap vi phan db thi, suy ra duoc dd

thi j—s((p) . Tix 6 xéc dinh dugc gid tri ﬁj fwong tmg véi vi tri Bi clia dhu cAn.
@

i
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- Tu B, dung diém E; twong tmg. Ung véi goc ¢q, ta dung dugc cac
diem E,, E,, E,,...E,. Ung voi goc ¢y, ta dung duoc cac diem E’, E’(, E’,....E’,.
Vi du dé dung diém E; ung vo1 goc @4 ta tién hanh nhu sau: Dyng doan
d

d A = 1x A P+
B(E, = ‘d—s , phuong chiéu cua vecto B,E, la phuong chi€u ctua vecto van toc
%

1
V_;‘é ctia diém B, trén ddu cin Gng v6i hanh trinh di quay mét goc 90° theo chiéu
o

- Tir E;, dung hai duong (A;) va (A"} twong tng; Gmg voi goc @4 s& b
cac duong (A?) va (A"), con tng vGi goc @, s€ co cac duong (A)) va (A").

- Mién tdm cam (0) chinh 1a mién duéi cia moi duong (A?), (A7),
(A7) va (AY) noi trén.

Ghi chu:

Dbi v6i co cdu cam can tinh tién dau nhon, cic dudng (A?) va (A") song
song voi nhau, cac duong (A?) va (A”) song song véi nhau, do vay chi can ndi
cac diém Ei thanh duong cong kin (E) va ké hai tiép tuyén (A?) va (A" )o phia
dudi cua (E), hop véi phuong trugt xx mot goc bang [oima]: mién tAm cam 1a
mién nim phia dudi hai duong (A’) va (A").

. 0,
n . i
/ .
\ (&)
Q /
@y G “
Hinh 8-21

e Mién tdm cam trong co cau cam can lac dau nhon.

v Twong ty nhu trén, dé thoa man diéu kién Vo : 0 < [Olmax] thi

tdm cam O; phai ndm phia duéi moi dudng thang (A;) va (A*). Piém E; duoc xac

dinh nhu sau: Tt B; dung diém E; voi BE; = lyy. ‘; V| trong dé

d—l//‘ la gid tri
do|,

i
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tuyét ddi coa (i—"”} ung véi vi tri noi trén; 1y, 1a chiéu dai cta can lic; phuong
®

chiéu cta vecto B.E, 1a phuong chiéu cua vecto van toc V,, ciia diém B; trén dau

can quay di 90° theo chidu o, (H.8-21)

v Céch dyng hinh dé tim mién tim cam:

[ﬂ’ ] N E’ E’,=B,=E [ﬂ’mx
nax 5 ! w m

— \4 -* ]

e

Vo4

N2

N
)
/S

- Tu dd thi v = y(o), ta xac dinh dugc goc lic cuc dai Wmax CUA can.
Dung cung tron B,B,, c6 tdm la cam can O,, ban kinh bang chiéu dai can 1., va
chdan mdt gbc bang Y ax.
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- Chia goc lac cuc dai Wmax CUA can thanh n phﬁn déu nhau béng cac
diém B,, By, ...B,,...B,,. Chia gbc lac cuc dai Wmax trén truc y cua dd thi v = y(p)
cling thanh n phﬁn déu nhau b?mg cac diém 0, 1, 2,..., i,...,m.

- Tir @6 thi y = y(¢), dung phuong phap vi phan do thi, suy ra dugc

dd thi fj—l/l(gp) . Tur @6 xac dinh gia tri [f{—wj tuong g voi vi tri Bi cua déau can.
® ® ),

- Tu Bi, dung diém Ei twong tmg. Ung vdi goc @, ta dung duoc cic
diém E,, E;, E,,...E,. Ung véi goc ¢,, ta dung dugc cac diém E’,, E’|, E’,....E’,.
Vi du dé dung diém E; ung voi goc ¢q4 ta tien hanh nhu sau: Dyng doan
d
B{E| = L. :;S , phuong chiéu cua vecto B,E, la phuong chiéu cua vecto van tdc
Pl

Vv ;2 ctia diém B; trén dau can (mg véi hanh trinh di quay mot goc 90° theo chiéu

o, .
- Tu E;, dung hai duong (A;) va (A" twong tng. Ung v6i goc ¢q s& ¢b
cac duong (A?) va (A7), con tng vGi goc @, s€ ¢b cac duong (A)) va (AY)).
- Mién tam cam () chinh 12 mién duéi ciia moi duong (A?), (A),
(AY) va (A}) noi trén.
Ghi chu
+ Tam cam O1 c6 thé chon tai mét vi tri nao dé trong mién tAm cam (9).
Khi chon O tai dinh D ctia mién (0) thi kich thugc co cdu cam s& nho gon nhét.
+ Khi chon xong tdam cam O, ta biét thém mét s thong sb sau:
o Dbi véi co chu cam can lic dau nhon:
Ban kinh vecto nho nhét Ryin = 01B, va 16n nhét Riax = O1B,,.
Khoang cach tam cam — tam can: 10102
0 Dbi véi co cdu cam can tinh tién dau nhon:
Ban kinh vecto nho nhét R, = OB, va 16n nhat R, = O;B,,.
Do léch tam e = O;H,, (H, 1a hinh chiéu cua O, 1én phuong trugt xx
clia can).
+ Néu [0tnax] cang nho thi mién tam cam (0) cang xa diém B, - vi tri gan
tam cam nhat ctia dau can, co cdu cam cang cong kénh.
b) Téng hop dong hoc co cdu cam (V& bién dang cam)
Bai toan tong hop dong hoc co cdu cam chinh 13 bai toan nguoc cua bai
toan phan tich dong hoc.
° Téng hop dong hoc co cdu cam can tinh tién dau nhon.
+ Sb liéu cho trudc:
Quy luat chuyén vi ctia can s = s(¢); Ban kinh vecto nho nhét Ry D6 1éch
tam e.
+ Yéu cau:
V& bién dang cam thyc hién quy lut chuyén dong da cho cua can.
+ Cach v€ bién dang cam (H.8-7)

50



- Dung phuong truot xx ctia can (xx song song vdi truc s ctia do thi s
= s(¢). Dyng diém B, - vi tri gan tim cam nhét cia dau can. Dung tam giac
0,B,H, v61 OB, = Ryin; O1H, = e; O;H, L xx. Tam cam chinh la diém 01

- V& vong tron tam sai (Oy, e). Trén vong tron (Ol, e) xuat phat tir
diém H, lan luot dit cac goc @4, Px, Oy, ¢, theo nguoc chiéu o, .

- Chia cung @4 trén vong tron (O;, ¢) 1am n phin déu nhau bing cac
diém HO, H,, H,,...H;,...H,,. Déng thoi cling chia doan biéu dién gdc @4 trén truc @
cia d6 thi s = s((p) ]1am n phan déu nhau. Dya vao d6 thi s(¢), xac dinh gia tri
chuyén vi s; cia can tuong ng voi goc quay ¢ = H,O,H; cua cam.

- Keé tlep tuyén voi vong tron (O, e), diém tiép xuc 1a H;, trén tiép
tuyén nay dung diém B; véi HB; = H,B, + s;. Piém B; chinh 1a mét diém thudc
bién dang cam. Néi cac diém B; bang mot duong cong tron, ta dugc bién dang
cam ung voi goc @q.

- Lam tuong tu dé vé bién dang cam tmg voi goc ¢,.

- Bién dang ung voi1 cac goc ¢, ¢« la hai cung tron tam O, ban
kinh 1a Ry, va Ryax = Riin T Smax-

o Tong hop déng hoc co cdu cam can ldc dau nhon

+ 86 liéu cho trude:

Quy luat bién thién goc lic cua can y = y(); Ban kinh vecto nho nhat
Rmin va 16n nhit Rmax; Chiéu dai can lcan; Khoang cach tim cam — tdm cin
10102.

+ Yéu cau:

V& bién dang cam thyc hién quy ludt chuyén dong da cho cia can.

+ Cach v€ bién dang cam (H.8-9)

- Dung vong tron tdm cén c6 tdm Ol ban kinh bang 10102. Trén
vong tron tAm can, xuat phat tir V1 tri ban ddu O2 cta tAm can, an luot dit cac goc
Qd> Px, Py, @y theo nguoc chiéu 601 .

- Chia cung @4 trén vong tron tm can lam n phan déu nhau bang cac
diém 07, O, 0%,...0.,...0". Pong thoi ciing chia doan biéu dién goc @4 trén
truc @ cua do thi y = y(¢) lam n phan déu nhau. Dya vao dd thi y = (@), xac
dinh gia tri chuyén vi y; cta can twong ing voi goc quay @; = 0,0, 0; clia cam.

- Ké duong thang hop voi O10; mét goc bang i + Ypax, trén dé
dung diém Bi vai O,Bi = lcan. Piém B; chinh 1a mot diém thudc bién dang cam.
Néi cac diém B; béng mot duodng cong tron, ta dugc bién dang cam Uing vdi goc
Pg- i

- Lam tuong tuy dé v€ bién dang cam tng véi goc @,.

- Bién dang ung véi cac goc @y, ¢y la hai cung tron tdm O,, ban
kinh 1a Ry, va Riax.

6.2. Tong hop co ciu cam can dau con lin
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e Trong chuyén dong tuong ddi ciia co ciu cam, tim I ciia con lan vach nén
bién dang ly thuyét, dong thoi tai diém tiép xuc B; gilta bién dang cam va con lan,
phap tuyén cua bién dang ly thuyét va bién dang thue trung nhau. Do vay, bai toan
tong hop co ciu cam can dau con lan dugc quy vé bai toan tong hop co cau cam
can dau nhon v&i dau nhon nam tai tdm I cua con lin, bién dang cam vé& duoc
chinh 14 bién dang cam 1y thuyét.

e Cach v& bién dang thuc tir bién dang 1y thuyét:

V& ho vong tron con 1an c6 tdm I, cé ban kinh béng ban kinh r; cua con lan,
tdm I ndm trén bién dang 1y thuyét. Bao hinh cta ho vong tron con lan noi trén
chinh 12 bién dang thyc can tim (H.8-11).

e (Cach chon ban kinh con lan ry :

Khi ban kinh r; cang 16n, ton thit do ma sat c& dau can cang bé. Tuy nhién,
néu r; 16n dén muc 1, > Pmin VO1 Pmin 12 ban kinh cong nho nhét ctia bién dang cam
ly thuyét, thi trén bién dang cam thyc co thé xay ra hién tuong tu giao. Con néu .

= Pmin thi trén bién dang thuc c6 thé c6 diém nhon, tai diém nhon sé& ¢ va dap giira
can va cam va diém nhon dé bj mon.

Trén H.8-18, ta thay khi rp > ppmin va bién dang cam thuc 1a bao hinh phia
trong ctia ho vong tron con lan thi trén bién dang cam thuc s€ c6 hién tuong tu
giao. Do do trong truong hop nay, ban kinh r phai thoa man diéu kién: rp < puin,
thong thuong lay 1. = 0,7Pmin.

6.3. Tong hop co cdu cam cin tinh tién dau bang

a) Xdc dinh vi tri tdm cam

e V6i co cAu cam can dNy dau bang, goc ap luc dau can o chinh 1a goc hop
boi duong thang vudng goc véi dau can va phuong trugt xx cia can. Do d6 goc a.
khong phu thude vi tri tam cam nhu trong co cdu cam can dau nhon, ma chi phu
thudc vao hinh dang dau cin: néu dau can vudng goéc phuong truot xx thi a = 0,
néu khong thi o bang hang sd. (H.8-23)

% :11 | //////f%

o

RN

n

7 A 3
Vay o = hang

1 B!

2
2

q CHinh8-23 ‘
Nhu vay, khi tong hop co cau cam can tinh tién dau bang khong can dua ra
diéu kién:
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Vit < [Olmax]
 Tuy nhién, v6i co c4u cam can tinh tlen dau bang, dé moi diém cua bién
dang cam c6 thé t1ep xuc dugce lién tuc voi can thi bién dang cam phai 1a mdot
duong cong 16i.
Khi cho truéc quy luat chuyén dong cua can, tuy theo vi tri tdm cam O; ma
cam c6 thé 161 hay 16m. Do d6, can phai chon vi tri tim cam hop 1y dé bién dang
cam 1a mot duong cong 16i.

SRR

%

Hinh 8-24
e Puong cong 16i:

Cho dudng cong kin (C) va mot diém M chay trén duong cong nay theo
mot chiéu ¢b dinh. Puong cong kin (C) dugc goi 1a 161, khi tai moi vi tri cua diém
M trén duong cong nay, tim cong cua duong cong ludén nam vé mot phia cta no.
Vi du duong cong trén H.8-24.

e Diéu kién 15i cua bién dang cam
> Xét co ciu cam can tinh tién dau bang (H.8-24). Goi B 1a diém tiép
xuc gitra cam va can, nn 1a phap tuyén cta bién dang cam va A 1a tAm cong cta
bién dang cam tmg véi diém tiép xtic B.

Khi xét chuye n dong twong d6i ciia can so v4i cam, thi diém tiep xic B
gifta cam va can coi nhu chay doc theo bién dang cam theo chiéu nguoc v6i chiéu
ol. Dé bién dang cam la 161, tAm cong A cua bién dang tng voi diém tiép xuc B
phai lu6n luén nam phia trai cua diém A. Nhu vay trong chuyé n dong tuyét dbi,
tam cong A phai ludn nam phia dudi diém B.

Néu chon chiéu duong trén phap tuyén nn hudng 1én trén, diéu kién 16i cta
bién dang cam:

p= AB >0 (p 1a ban kinh cong cua bién dang cam & diém tlep xuc B).

> Sau ddy tim diéu kién 16i cho truong hop can vudng goc véi phuong
truot xx.

Tir O, v& duong thang O,H L AB. Pudng thang song song v6i dau can va

tiép xUc voi vong tron tam Oy ban kinh R, cit AB tai M.
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Ta co
o= 1B
= p=AH + HM + MB
= p=z + Rmin +s
» Tinhz
Tai vi tri dang xét ctia co ciu, ta thay thé khép cao tai B bang khau 3 va hai
khép thdp B va A. Sau khi thay thé, van tdc va gia tc cta cac diém tuong Gmg
trén khau 1 va 2 trong hai co cu trong H.8-25a va H.8-25b hoan toan nhu nhau.
Dung hoa dd gia tdc cho co cdu thay thé.
Hai tam giac AO,H va p,a’|b’, dong dang nén:
' ' d’s
P.bs _ P 9 _ Gw dr’* _ ®!.0,4 — = d’s — = d’s
AH 04 z OA =z 0,4 dt’ .o do’
Tém lai, dé bién dang cam la 16i tai moi vj tri tiép xuc B gilta cam va can ta
phai co:

2
p=Rmin+[s+dij>O (8-9)

do

Hinh 8-25
e Mién tam cam trong co cau cam can tinh tién dau bang
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+ Dé bién dang cam la 161 phai hod man diéu kién (8-9), vi Rmin > 0 va s >
2

0, con y i c6 thé 4m hay duong tuy theo vi tri tiép xtic, do d6 ta chi can xét diéu
%

2

Y <o.
do’

+ Tir 46 thi s(¢), vi phan do thi nay ta duoc d6 thi j—s((o), vi phan d6 thi
Q

kién tuong tng v&i cac vi tri tiép xuc ma tai do

2 2

j(; (p) . Cong hai dd thi s(p) va 3(;

2 2
j i (chi can cdng hai do6 thi nay trmg v4i phan am cua do thi j i (9)).
® ®

(p) ta dugc do thi

95 () ta s duoc db thi
do

S+

2 2

d’s
>

4

Nhu vay, dé bién

.. s s o A
+ Goi m1n(s+ ] la cuc tr1 am cua do thi s+

do’
dang 16i, ta phai co:
2
Ry > | min(s+ d §]| (8-10)
de

2

i tai diém co cuc trj 4m
do
ctia nd. Ta thay, néu tim cam nam phia dudi (A ) thi thoa man diéu kién (8-10) va
bién dang cam 12 10i.
Toém lai, mién tdm cam 12 mién nim phia duéi duong thfmg (A) (H.8-26).

+ Goi (A ) 1a duong thang tiép xtc véi do thi s+

S

% s
s

Vi tri thap nhat ctia day can Q
o d3s )
111111‘ s+——7
R L det) (&)
°]
..... 0_
0}

Hinh 8-26: Mién tam cam trong co cdu cam can tinh tién dau bang
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e Ghi chu:

Sau khi chon duoc tdm cam Oy, ta x4c dinh thém duge ban kinh nhé nhat
Rmin cua bién dang cam (khoang cach tir O; dén vi tri thp nhét ctia dau cin)

b) Téng hop dong hoc co cdu cam can tinh tién dau bang

+ 86 liéu cho trude: Quy luat chuyén vi cia can s = s(¢); Ban kinh vecto
nho nhat R,

‘ + Yéu cau: V& bién dang cam thyc hién quy luat chuyén dong da cho cia
can.

+ Cach v€ bién dang cam (H.8-10)

- Dung phuong truot XX cua can (xx song song V0’1 tryc s cua do thi s =
s(¢)). Dung diém B, - vi tr gan tdm cam nhit cua dau can. Dung diém O, nam
trén phuong trugt xx voi OB = Rmm, day chinh la tam cam.

- Chia mat phang lam n phan déu nhau bang céac du:orng thing OOXO, 0x4,
05X,,...0i;. .., OpXx,. Dua vao dd thi s(¢), ta xac dinh chuyen Vi S; cia can tuong
ing voi goc quay ¢; = x,01x; cua cam.

- Trén duong thang 0x;, du’ng d1em I, vo1 O = s; + Ryin. Qua diém T, v&
dudng thang (D;) vudng goc voi dau can. Bao hinh ciia ho dudng thang (D;) noi
trén chinh 1 bién dang cam can tim.

Phu luc 8.4: Bao toan khép cao trong co ciu cam

Déi véi co ciu cam 12 co cdu c6 khdp cao, can phai c6 bién phap thich hop
dé bao dam su tiép xuc lién tuc gifta cac thanh phan khép cao ctia cam va can
(bién phap nay duoc goi la bién phap bao toan khdp cao).

C6 hai cach bao toan khép cao: bao toan bang luc va bao toan bang hinh.

e Bio toan bang lyc: Dung luc phuc héi 16 xo (H.8-27a), dung trong luong
cua can (H.8-27b), hodc nho ap luc chét long...
e Bao toan bang hinh: Ding cac rang budc hinh hoc nhur:

+ Cam ranh: hai bién dang cam 14 hai dudong cach déu nhau — H.8-27c.

+ Cam vanh: dung hai con lan tiép xtic & hai phia vanh cam — H.8-27d.

+ Cam kép: hai co cdu cam cho ciing mét quy luat chuyén dong ciia can
—H.8-27e.

+ Cam déu tir: ddy chinh 13 co cdu cam can tinh tién chinh tim, bién dang
cam c6 dic diém 1a khoang cach giita moi cap diém ddi ung trén bién dang 1y
thuyét ctia cam 1a mot hang sb - H.8-27f,

+ Cam can khung: bién dang cam c6 ddc diém 1a khoang cach giita hai tiép
tuyén song song ctia nd 1a mot hang s6 - H.8-27g..
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RS
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) nh vanh
cam -~ cam
C) X
< g
o
e) !
%l? Can khung
A
2\
g)

Hinh 8-27: a) Bao toan khdp cao dung 16 xo; b) Bao toan khdp cao ding trong
lwong can; c¢) Cam ranh; d) Cam vanh; e) Cam kép, f) Cam déu ti; g) Cam cdn
khung.
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Phu luc 9: Phan doc thém cuda chwong 9 (Co’ cau banh rang)
Phu luc 9.1: Banh riing tiéu chuin & banh ring cé dich dao (banh ring dich
chinh)

a) Bdnh ring tiéu chudn va binh rang cé dich dao

- Dao thanh rang: bién hinh cua dao thanh rang (hay tiét dién dao truc vit ndi
trén) co kich thudc tiéu chuh hoa (H.9-9c). Ta thdy rang budc ctia thanh rang (tq)
xét trén tit ca cac duong nam ngang déu bang nhau. Song riéng trén duong thing
H-H, bé day cua rang bang bé rong cta ké ring. Puong H-H goi 1a duong trung
binh cta thanh rang. Budc cua dao thanh rang la:

tg=my.m (9 21)
Trong d6, mddun cia thanh ring md duoc 1ay trong s6 modun tiéu chuN.
Tu duong trung binh H-H ta tinh duoc chiéu cao 1y thuyét dau rang cua thanh ring
(h> = my), chiéu cao thuc té dau rang thanh rang 16n hon chiéu cao Iy thuyét
0,25mg. Can phai ting 1én nhu thé dé chan riang cua banh ring dugc ché tao c6
chiéu cao bang 1,25my. Bién hinh ring thanh ring 1a duong thang nghiéng 1 goc
aq = 20°. Pau rang thanh rang dugc luon tron.

- Banh ring c6 dich chinh: trong qué trinh ché tao banh ring than khai bang
dao thanh ring, ché d6 chuyén dong (tirc 13 ty s6 V/o) quyét dinh ban kinh vong
chia. N6i cach khac: ta cd dinh dudng chia trén dao thing ring bang cach dinh ché
d6 chuyén dong trong qua trinh ché tao (H-9-10). Néu ta dat dao thanh ring sao
cho duong trung binh cta nd trung véi duong chia, tirc 13 tiép xtc voi vong tron
chia trén phéi thi banh ring dugc ché tao ra 1a banh ring tiéu chuNy; néu duong
trung binh khong trung véi dudng chia thi ta nhan dugce banh rang khong tiéu
chuM (con goi la banh rang dich chinh, banh rang c6 dich dao).

——————— duong trung binh;, — - =—+=— = duong chia, vong chia
Hinh 9-10
- Khoang cach gitta duong trung binh va duong chia goi la d6 dich dao, ky
hi¢u: o. Do dich dao 6 dugc tinh theo cong thirc:
d=E&my (9-22)
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Qui uoc d6 dich dao va hé s6 dich dao & la am khi duong trung binh nam
trong dudng chia (H.9-10a) va 13 dwong khi duong trung binh nim ngoai dudng
chia (H.9-10c).

- Khi dich dao, vong co so ctia dudng than khai 1a khong d6i. Chi khac nhau &
chd: ding doan nao ctia duong than khai lam bién dang 1am viéc cta rang.

- Bic diém co ban cta cac bo truyén dich chinh:

+ Bo truyen dich chinh déu (&, + &, = 0) con goi 12 bd truyén dich chinh
cao, chiéu cao du rang va chan ring thay doi, chiéu day ring cua thay doi.

+ B0 truyén dich chinh duong hodc 4m (&, + &, # 0) con goi 1a bd truyén
dich chinh goc, goc an khop thay d6i, khoang cach tam thay d6i, hé s6 £ va f”
thay d6i, chiéu day va chleu rong ranh rang thay d01

b) Hi¢n twong cdt chdn rang va sé ring toi thiéu

- Hién twong cét chan rang:

Trong qué trinh ché tao banh ring bang dao thanh ring, c6 thé thay ddi vi
tri cia dao thanh rang ddi v6i phoi, song khong thé dat dao thanh ring gan phoi
qua mot vi tri gidi han, vi nhu vay s€ xay ra hién tuong chan rang bi cit lem (H.9-
11a).

- Nguoi ta chimg minh duge rang, trong qua trinh ché tao, néu dudng dinh cta
dao thanh ring cit duong dn khép & ngoai doan an khép 1y thuyét thi s xay ra
hién tugng cit chan rang.

0

—k—
N n
“ N\
Q) N

- A
l

m P o V
/)}% *8

n
Hinh 9-11

- biéu kién khong cit chin ring (H.9-11b)

Goi 1 1a khoang cach tir duong dinh ring 1y thuyét (chi phan tham gia cat)
ctia dao thanh ring toi dudng chia; Q 13 hinh chiéu caa N 1én phuong OP. Dé
khong xdy ra hién twong cit chan ring thi:

1<PQ
Ma PQ = PN.sino. = OP.sin’a = r.sin’o = (m.Z/2).sin’a
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Gia su banh rang dugc ché tao vai hé s6 dich dao 1a €, ta co:
l=m-0=m-&m=m.(1-§)
= m.(1 — &) < (m.Z/2).sin*a

Thong thuong o = 20°, nén diéu kién khong cét chan rang s& la:

1-§<Z/17 (9-23)
- Nhan xét:
+ Néu hé sd dich dao da chon thi sd rang phai bao dam:
2>7min=17(1-¢) (9-24)

D4 v6i banh rang tiéu chuM (& = 0) thi Zui, = 17. C6 thé dich dao dé s
rang nho hon (khi c6 yéu cau banh rang nho gon).
+ Néu sb rang Z da duoc quyét dinh thi hé sé dich dao phai bao dam:
€2 Enin = (17-2)/17 (9-25)
+ Zminy Emin 1 80 1ang t6i thiéu va hé sb dich dao téi thiéu dé khong xay ra
hién twong cét chan rang.

Phu luc 9.2: Cac kich thudc cia banh rang dich chinh
Gia su c6 2 banh rang co sb rang Z, va Z,, cung modun m, duogc ché tao
cung 1 dao thanh ring véi cac hé sé dich dao 1a &; va &, dang an khép v6i nhau
khong co6 khe ho.
- Bé day cua rang S:
+ Bé day cua rang trén dudng tron chia cua 2 banh rang (Sq; va Sa):
Sa1 = (m.my/2) + 2.my.&;.tgoy (9-26)
Sdz = (Tcmd/2) + 2.md.E_,2.tgocd (9-27)
+ Bé& day cua rang trén dudng tron ban dau (S, va S,)
Twr cong thiic S, & phé”m trudc, ta chimg minh dugc:
S, = Sdl.(m/md) + le.(inVOLd - il’lVOL) (9-28)
S, = Sg.(m/my) + mZ,.(invo - InVaL) (9-29)
Trong d6, m 13 modun tng voi vong tron ban dau.
- Ban kinh cac vong tron ban dau (r;, r,)

r=m.Z,/2; r,=m.Z,/2 (9-30)
- G6c an khép gitra 2 banh rang 1a o = o, dugc xac dinh boi:

nvo = [2(&1 + E;z)tgocd/(Zl + Zz) + inVOLd (9-3 1)
- Khoang cach truc A:

+ Dbi voi cip banh riang tiéu chuNy, dn khép khong co khe hd, khoang cach
gitra cac truc la:
A, = (191 + 1p)/cosa = [my(Z; + Z,)/2] (9-32)
+ Dbi voi cip banh rang dich chinh thi:
A = (1g; + 19p)/cosay = A,.(cosag/cosa) = [my(Z; + Z,)/2].(cosag/cosa)

(9-33)
- Budc an khép: t = t.m (9-34)
- Chiéu cao chan ring;

h” =1,25mg —my.§; + 1 —1q (9-35)
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h”z = 1,25.md — md.E_,z T, —TIp
vOi 412 = Ya md.Zl’z
- Chiéu cao dau rang:
h’] = h”z - 0,25.md
h’, =h” - 0,25.mq
- Puong kinh cua phoi:
Del = 2.1'1 + 2.1’1’1

. DeZ = 2.1'2 + 2.h’2
- H¢ s6 trung khop:
1

8:

2 2 2 2 3
(\/RCl —1, + \/Rcz -1, —A,.sina)
t.cosa

- Dung cong thie tinh S, & phan trudc dé kiém tra d6 nhon cua dau rang.

(9-36)

(9-37)
(9-38)

(9-39)
(9-40)

(9-41)
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Phu luc 10: Phan doc thém cida chwong 10 (Mét sé co cau khéc)
Phu luc 10.1: Co ciu Cardan kép

+ Trong thyc té ta hay dung 2 co cau cac-dang méc lién tiép goi la cac-dang
kép nhu hinh 10.3a, c6 truc 1 va 2 d01 xung nhau, hodc tryc 1 va 2 song song nhau
(H.10.3b). Chuyén dong duogc truyen tir truc 1 dén truc trung gian T vOi ti s6
truyén ir duge tinh nhu ¢ co cau cac-dang don, truc trung gian T lai truyén cho
truc 2 voi ti $6 truyen i1, cling dugc tinh nhu ¢ co cAu céc- -dang don.

Hinh 10-3

+ Ty s6 truyén:
TRUC 1 — KHOP CAC-DANG 1 —» TRUC TRUNG GIAN — KHOP CAC-

DANG 2 - TRUC
2
1 —sin? 2 1 —sin? 2
; @ l-sin” g cos” gy ; _ o l-sin’a,c08 ¢,
- - I — -
o, cos o, cos o,

. 2 >
. @ cosa, l-sm” a,cos @,
311 - = X e 3 =
T ®, cosa, l-sin”a cos @

- J o =a,
3‘_3 =const —
1_‘3’:’1 = @ry
. @
=1l = —= 1 (10-3)
@

Nhu vay, 2 co cdu céc- déng kép trén day bién chuyén dong quay déu thanh
chuyén dong quay déu cing van toc. Tuy vdy, goc o van khong dugc 16n vi truc
trung gian van bi dao déng xodn.
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+ Trong trudng hop tong quat, 2 cac-ding don khong ddi ximg nhau, nghia
1a 2 goc a khac nhau, 2 goc ¢ khac nhau thi ty sb truyén s& phu thudc vao 2 goc o
va 2 goc .

M5t s6 dang cdc-ding thwong gap:

Hinh 10-4
Phu luc 10.2: Pong hoc co cau Malte
2.2. S0 chét va so rinh trén co cAu Malte
- Tuy theo yéu cau truyén dong, trén khau 1 ¢ thé c6 1 hay nhiéu chdt, trén dia 2
c6 nhiéu ranh.
- Goi t; 12 thoi gian quay 1 vong cta dia 1, t, 1a thoi gian quay 1 1an cua dia
2. Ty s6 k = t/t; duogc goi la hé sb chuyén dong cua co cAu Man.
- Goi goc quay cua dia 1 ing véi mot 1an chuyén dong cua dia 2 13 2¢; va
khau din 1 14 quay déu, goi # 13 thoi gian khau 1 chuyén dong 1 goc 1a 2¢;.
t1—2'7r/a)1 _ k:tl:zﬂ
ty=t; =20,/ Hn o2
Chu y: Véi dinh nghia vé hé s chuyén dong nhu trén, ta ludn c6 0 <k < 1.
- Néu goi Z 1a s6 ranh trén dia 2, ta c6 goc giira 2 ranh ké tiép 1a 27/Z.
Ma2¢p,=n-2¢0,=n-2n/Z
(n-2717) Z-2
2r 27
Vik>0 =723 (10-4)
Viy so rinh trén dia 2 phdi lon hon béing 3.
- Gia sir s6 chdt trén khau 1 12 m thi théi gian quay cta dia 2 ung véi 1
vong quay cua khau 1 12 m.t, va hé s chuyén dong cta co cau Man la:

= k=

k_m.t2 _m(Z-2)
Y/
Vik<l1 = m< (10-5)

Viy so chét toi da trén co cdu Man phu thudc vao sé rinh 6 trén dia 2.
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2.3. Pong hoc co cdu Man

Trong qua trinh chét & trong ranh va truyén chuyén dong cho nhau, quan hé¢
dong hoc trong co cdu Man hoan toan gidng nhu quan hé dong hoc trong co ciu
Cu-lit, nghia 1a khi cho trudc co cau Man va qui luat chuyén dong ctia khau dan 1,
ta hoan toan c6 thé xéac dinh cac thong sb dong hoc cua khau 2 nhu xac dinh dong
hoc trén co ciu Cu-lit.

Xét mot vi tri bt ky cila co cau, khi d6 tay quay O,A va rdnh O,A cia dia
tao v6i dudng truc 0,0, cac goc 1an luot 1a @, va ¢, (Hinh 10-7).

Hinh 10-7
Trong tam giac OlAOz, ta co:
P sin Py sin Py
L sin1800 -y — ) “sin(p, + ;)
Asin ? Asin ?
= tep=— 1 = . =arcto—— 1 _
3 l—lcoswl Py marde ﬂ,COS(p1
(10-6)
Pao ham biéu thirc 10-6 theo @, ta duoc:
dp, _ Alcosg, —4) (10-7)
dp, 1-2Acosp, +1°
Vin tbc cua dia 2: o, = 40, _ 49, 4o, _ o, 9@, _, w, = o, Aleosgy —4) 5 (10-8)
dt do, dt deo, 1-2Acosgp, + 4
, 2
Gia toc cuadia 2: ¢, = do, _dw, dg, + o, d ¢22 49
de — dr do, ' de? di
Néu dia 1 quay déu (o, = const) thi:
. YY)
N S B LU (o (10-9)
de, (1-2Acosgp, +47)

Cac cong thuc 10-8 va 10-9 ching to khi dia 1 quay déu (w; = const) thi dia 2
quay khong déu.

Phu luc 10.3: mdt sé dang ciia co' ciu banh céc
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Fig. g.

Fig. h.

Hinh 10-10
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