Theory of Machine 0.01 Introduction
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Theory of Machine 0.02 Introduction

§1. Binh nghia mén hoc
- Nguyén ly may 1a mén hoc co' s& k¥ thuat, nghién ctru vé nguyén Iy cau tao,
déng hoc va dong Iwc hoc co cau va may
- Nguyén ly may cung cép kién thirc dé giai quyét hai bai toan co ban trong thyc
té: bai toan phan tich va tbng hop
- Bai toan phén tich: xac dinh cac dac trung cAu trac, ddng hoc va ddng lwc hoc
c@a co cau da cho trwde, tr d6 suy ra tinh nang lam viéc clia chung. Bai toan bao
gom phan tich cau tric, phan tich ddng hoc va phan tich dong Iwc hoc clia co cau
va may
+ Phan tich cau tric: nghién clru cac nguyén tac clia cau tric co' cau va kha
nang chuyén dong cla co ciu
+ Phan tich dong hoc: xac dinh chuy&n dong ctia cac khau, chi xét dén quan hé
hinh hoc gilra chung
+ Phan tich déng lwc hoc: phan tich chuyén dong dudi cac nguyén nhan nhw
Iwc tac ddng va surc i
- Bai toan tong hop: xac dinh cac lvgc dd co ciu va cac kich thwdc clia cac khau
théa man nhirng diéu kién dong hoc va dong Iwc hoc da cho
- Bai toan phan tich va bai toan tdng hop la ngwoc nhau va la co sé ctia nhau
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Theory of Machine 0.03 Introduction

§2. Béi twgng mdn hoc
- TW cac dinh nghia trén, ta thay: dbi twong ciia mén hoc la co ciu va may
- Co céu: Co cAu la tap hop nhirng vat thé chuyén dong theo quy luat xac dinh, ¢
nhiém vu bién ddi hay truyén chuyén déng
Vi du:
+ Co c4u banh rang dung truyén chuyén déng quay ti truc cha dong sang truc
bi dong

+ Co céu tay quay con trwot dung bién di chuyén dong quay thanh chuyén
dong tinh tién kht hoi
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Theory of Machine 0.04 Introduction

§2. Béi twong mén hoc
- May: May la tap hop nhitng co clu, cé nhiém vy bién dbi hay st dung co nang
dé lam ra cdng ¢6 ich
Vi du:
+Dong co nd
+ May bao ngang
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Theory of Machine 0.05 Introduction

§2. Béi twgng mdn hoc
- Phan loai may: tuy nhiém vy, may dwoc chia lam hai loai chinh

+ May nang lwong: nhiém vy bién ddi cac dang nang lwong

+ May cong tac: st dung co nang lam ra céng c6 ich. May cong tac dung dé
thwe hién cac quy trinh cong nghé khac nhau trong san xuét: bién déi hinh
dang, kich thwérc, vi tri, trang thai, ... cia s&n pham hay nguyén vat liéu. Vi duy
may tién, may dét, ...

+ May t6 hop: gdbm céc loai may dwoc phdi hop véi nhau dé thye hién mot
nhiém vu cu thé nao dé

+ May ty dong: cac dong tac clia may dwoc thire hién mét cach ty dong béng
cac co ciu clia chung, khéng can sy can thiép truc tiép clia con ngudi

- Nguyén ly may khéng nghién ctru tat ca cac loai may va tat ca cac van dé vé may
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Theory of Machine 0.06 Introduction

§3. No6i dung giao trinh
- Téng cdng 13 chwong, bao gém 3 phan chinh
+ CAu tao co cau
+ Phan tich dong hoc, déng Iwc hoc

+ Xét cac co cau cy thé: co cau cam, co' cau banh rang, co' cau phang toan
khép thap, ...

- Téng sb gid: 56 tiét = 42 tiét ly thuyét + 14 tiét bai tap
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Theory of Machine 0.07 Introduction

§4. Vi tri mén hoc

Nguyén ly may la mén hoc ky thuat co s& ndi lién toan, ly, co ly thuyét voi cac
mon ky thuat co s& chuyén mon khac nhw chi tiet may, cong nghé ché tao may, ...
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Theory of Machine 0.08 Introduction

§5. Tai liéu tham khao
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Theory of Machine Structure of Mechanism

1. CAU TAO CO CAU
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Theory of Machine 1.02 Structure of Mechanism

§1. Binh nghia va khai niém co ban
1. Chi tiét may va khau

- Chi tiét may (tiét may): may hay co cdu cé thé thao rdi ra thanh nhiéu bd phan
khac nhau, bd phan khong thé thao rdi ra dwgc nira goi la chi ti€t may

Cylindre

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 1.03 Structure of Mechanism

§1. Dinh nghia va khai niém co ban
- Khau: trong co cdu va may, toan bd nhitng bd phan c6 chuyén déng twong déi
déi so vadi cac bd phan khac goi la khau
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Theory of Machine 1.04 Structure of Mechanism

§1. Binh nghia va khai niém co ban
2. Thanh phan khép dong va khép dong
- Bac tw do (btd) cua khau
+ Mot kha nang chuyén dong doc lap déi véi mét hé quy chiéu — mét btd
+ Giira hai khau trong mat phang — 3 btd: Tx, Ty, Qz
+ Gilra hai khau trong khdng gian — 6 btd: Tx, Ty, Tz, Qx, Qy, Qz

y -

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 1.05 Structure of Mechanism

§1. Dinh nghia va khai niém co ban
- N&i dong: dé tao thanh co céu, cac khau khéng thé dé roi nhau ma phai dwgc
lién két véi nhau theo mét quy cach xac dinh nao d6 sao cho sau khi ndi nhau
cac khau van con co kha nang chuyén dong twong déi — ndi dong cac khau
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Theory of Machine 1.06 Structure of Mechanism

§1. Binh nghia va khai niém co ban
- Thanh phan khdp déng, khdp dong
+ Khi ndi déng, cac khau sé cé thanh phan ti€p xic nhau. Toan b ché ti€p
xuc gilta hai khau goi la mét thanh phan khdp dong
+ Hai thanh phan khdp déng trong mot phép ndi dong hai khau hinh thanh
nén moét khép dong

Thanh phan khip déng trén ban Ié phai

Thanh phéan khép dong trén ban 1é trdi
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Theory of Machine 1.07 Structure of Mechanism

§1. Binh nghia va khai niém co ban
3. Phan loai khép dong
- Theo s6 btd bi han ché: Khdp ddng loai k han ché k btd hay cé k rang buéc

g

Khép loai 1 Khép loai 2 Khép loai 3

Khép loai 4 Khép loai 5 Khép loai ?
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 1.08 Structure of Mechanism

§1. Binh nghia va khai niém co ban
- Theo dac diém ti€p xuc
+ Khdp cao: thanh phan khdp déng la diém hay dwong

®» &

+ Khdp thap: thanh phan khdp dong la mat
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Theory of Machine 1.09 Structure of Mechanism

§1. Binh nghia va khai niém co ban
4. Lwoc dd
- P& thuan tién cho viéc nghién cliu, cac khdp dwoc biéu dién trén nhitng hinh
vé bang nhiing lwdc dd quy wdc
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Theory of Machine 1.10 Structure of Mechanism

§1. Binh nghia va khai niém co ban
- Céc khau ciling dwgc thé hién qua cac lwge dd don gian goi la lwge dd khau

- Trén lwgc d6 khau phai thé hién day da cac khdp dong, cac kich thwdc cé anh
hwdng dén chuyén dong cua khau va chuyén dong cla co céu
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Theory of Machine 1.1 Structure of Mechanism

§1. Binh nghia va khai niém co ban
- Chudi déng: nhigu khau néi véi nhau tao thanh mét chudi déng
- Phan loai chudi dong
o Chubi déng kin o Chubi déng ho
o Chudi dong phdng o Chudi dong khéng gian

%

- Co c4u: co cau la mét chudi dong co6 mét khau ¢d dinh va chuyén dong theo
quy luat xac dinh. Khau cé dinh dwdc goi la gia
- Phan loai co cau: twong tu nhw déi véi chudi déng
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Theory of Machine 1.12 Structure of Mechanism
§2. Bac tu do cla co ciu

I. Binh nghia

- Bac tu do (btd) cuia co ciu la sé thong s6 ddc lap can thiét dé xac dinh hoan
toan vi tri clia co' cdu, no cling 1a sé kha nang chuyén dong twong dsi doc lap
clia co céu do

IIl. Tinh bac tu do clha co ciu khéng gian (trwdng hdp téng quat)
W, bdc tudo téng cong cua cac khau dong néu dé'rdi
W=W,-R R sdé'rang budc cua tét ca khdp ddng trong co céu
W béc tuwdo cua co céu
1. S6 bac tu do trong co cau
1 khau dé rdi trong khdng gian c6 6 btd — btd téng cdng clia n khau dong la
W, =6n
2. S6 rang budc chira trong co céu
Khdp loai k han ché & bac tu do. Néu goi p, 1a sé khdp loai k chira trong co
cdu — tong cac rang budc do p, khdp loai k gay nén la k.p,. Do doé
R= i pk T{‘ong thue téi,'l so: réng blu,o‘c‘thu’o'ngA nhg’ hon gia tritrén
P vi trong co’ céu ton tai cac rang budc trung
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Theory of Machine 1.13 Structure of Mechanism

§2. Bac tu do cua co céu

Vi du: )O(ét co cau 4 khau ban I‘%
'y 'y

Oz

+ Rang budc truc ti€p: rang budc giltta hai khau do khdp ndi true ti€p gitta 2 khau
dé dwoc goi la rang budc truc ti€p

+ Rang budc gian ti€p: néu thao khdp 4, gitta khau 1 va 4 cé rang budc gian tiép
(1) X (2 B (3) B,

+ Rang budc trung: ndi khau 1 va 4 bang khdp 4, gilta ching cé rang budc truc
ti€p sau
() X (2 Bor (3) Boy (4 Ko (5) Ko

— 3 rang budc trung. Rang budc trung chi xay ra & khép déng kin clia co cau

5
Goi R, la s6 rang budc tring — téng s6 rang budc trong co cdu: R = kak -R,
k=1

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 1.14 Structure of Mechanism
§2. Bac tu do cla co ciu s
3. Cong thire tinh bac tu do clia co cau khong gian: W = 6n—(2kpk _R‘)]
Vi du: Tinh bac tu do cta co ciu 4 khau ban & k=1
Oy
S6 khau dong n =3
S0 khép loai 5 ps =4

Sérang budc traing R, =3
— Béc tu do clia co cdu
W =6x3—(5 x4 —3) =1 btd

Oz
Vi du: Tinh bac tu do cla co cdu ban tay may

5

1 2 3 4
\\%‘ _\ (_%_, " s8khau dong n =35
B\ T S6khdploai5 p; =5
< =
Ll

— Béc tu do clia co cdu
W =6x5—(5%5) =5 btd
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Theory of Machine 1.15 Structure of Mechanism

§2. Bac tu do cla co cdu
lIl. Tinh bac tu do cla co cau phang
1. S6 bac tvw do trong co cau

1 khau dé rdi cé 3 btd — s6 btd tdng cong cta » khau dong: 1, =3x

2. S6 rang budc chira trong co céu
- khdp loai 4 chira 1 rang budc

Co cau phéng c6 2 loai khép { - _ ] ° N
- khdp loai 5 chira 2 rang budc

— tdng s6 rang budc trong co cdu: R =1p, +2p, —R,

Vi du: Tinh bac tu do cta co cdu chém nhw hinh vé
Oy
A

S
e
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Theory of Machine 1.16 Structure of Mechanism
§2. Bac tu do cla co ciu
- Co cau toan khdp loai 5 vdin =2, ps =3
- Chon hé quy chiéu gan vdi gia
Oy Oy
A

i, o
— » Ox
rvza
; \°¢
Oz
- Chwa dong khdp 4, khau 1 cé kha nang: (1) Tox (2) Toy
- Dong khdp 4, khau 1 ¢ kha nang: () Rx  (2) Toy

— Bac tu do clia co cdu

W =3x2—(2x3-1) =1btd

(
(

(V)

(V]

) R
) B

r4
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Theory of Machine 117 Structure of Mechanism

§2. Bac tu do cla co cdu
Vi du: Tinh bac tv do cua co cdu hinh binh hanh

3
E C
B \

F \4p”

- Co cau toan khdp loai 5 véi: n=4, k=5, p,=6
- Bac tw do cua co céu la
W =3 x4 —(2 %6) =0 btd
- Trén thuc t&, co ciu nay lam viéc dwac — diéu nay c6 gi mau thuan khéng ?
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Theory of Machine 1.18 Structure of Mechanism

§2. Bac tu do cla co ciu

F

=7 W=i W=-1i

- Chu y khau 5 khong ¢ tac dung gi trong chuyén dong cta co cdu ABCD
- N&u bd khau 5 ra, co cdu trd thanh co cdu 4 khau ban & véi btd bang 1
- Khi thém khau 5 va 2 khép E, F vao

+thém khau 5 ( EF’) — thém 3 bac tv do

+thém 2 khdp loai 5 (E, F) — thém 4 rang budc
- Goi r la s6 rang budc thira c6 trong co c4u, btd ctia co' cau phang

W =3n-Q2ps +p, —r)

- Trong co cdu hinh binh hanh G trén, r = 1,va W =3 x4 —(2x6 —1) =1 btd

— thém 1 rang budc
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Theory of Machine 1.19 Structure of Mechanism

§2. Bac tu do cla co cdu
Vi du: Tinh bac tv do cua co cdu cam can ddy day con lan

n =3
k =45
Py =1
ps =3

W =3x3-(2x3+1)=2btd

— K&t qua nay c6 dang khong ?

- Trong thuc t€, co cdu bén chi co 1 btd vi chuyén ddng lan cla con lan 2 quanh
khdp B khéng anh hwdng dén chuyén ddng cé ich clia co cdu nén khong dwac
k€& vao bac tu do clia co ciu

- Btd thém vao ma khoéng lam anh hwdng dén chuyén déng cua co cdu goi la btd
thira, ky hiéu la s

-Trélai co cducam gtrén W =3x3 —(2x3+1-0) —1 =1bid
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Theory of Machine 1.20 Structure of Mechanism

§2. Bac tu do cla co ciu
Toém lai, cdng thire tinh btd
- déi vdi co cau khong gian

5
v =on-( Sim » |
k=1
- d6i véi co cau phang tri¥ co cdu chém
W =3n—-Q2ps +p, —1)—s

Vi n: s6khau dong k : loai khép dong Py s6 khdp loai k
R, :sdrang budc trung 7 :s6 rang budc thita s : sd btd thira
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Theory of Machine 1.21 Structure of Mechanism

§2. Bac tu do cla co cdu
IV. Y nghia bac tu do — Khau dan va khau bi dan

@ P4
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Theory of Machine 1.22 Structure of Mechanism

§3. Nhém tinh dinh
I. Nguyén ly tao thanh co céu
M6t co cdu cd I btd |a co céu dwac tao thanh bdi I khau déan va nhitng nhém

c6 btd bang zero

W = w + 0+...40
— _—

khdu ddn  nhom cé btd=0
II. Nhém finh dinh
Nhém finh dinh 1a nhitng nhém can bang hay chuyén dong, cé bac tw do bang
zero va phai tdi gian (trc 1a khong thé chia thanh nhitng nhém nhé hon dwgc
nira)
Da6i vdi nhom tinh dinh toan khdp thap

W =3n-2p, =0

n|l 2 4 6
=

Ps| 3 6 9
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Theory of Machine 1.23 Structure of Mechanism

§3. Nhom finh dinh

ll. Nguyén t&c tach nhém tinh dinh

Khi tach nhém finh dinh phai theo nguyén tac sau
+ Chon trwdc khau dan va gia
+ Sau khi tach nhém, phan con lai phai la 1 co ciu hoan chinh hodc khau dan
+ Tach nhitng nhém & xa khau dan trwdc roi dan dén nhirng nhém & gan hon
+ Khi tach nhom, th& tach nhitng nhém don gidn trwdc, nhém phirc tap sau
Vi du: Tach nhom tinh dinh co' ciu ddng co diezen, co cdu bom oxy
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Theory of Machine 1.24 Structure of Mechanism

§3. Nhém tinh dinh
ll. Nguyén tac tach nhém tinh dinh

1 2
gyt
7" o,
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Theory of Machine 1.25 Structure of Mechanism

§3. Nhém tinh dinh
[1l. Nguyén t&c tach nhém tinh dinh
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Theory of Machine 1.26 Structure of Mechanism

§4. Thay thé& khdp cao bang khdp thap
- Trong co cdu phang, thwdng cé khdp cao loai 4, dé tach thanh nhitng nhém
tinh dinh nhw nhitng co' cau phang toan khdp thap — phai thay thé cac khép
cao thanh nhitng khdp thap nhwng van ddm bao dwoc chuyén ddng clia co ciu

W =3%x2—(1+2x2)=1btd W =3x3—(2x4)=1btd
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Theory of Machine 1.27 Structure of Mechanism

§4. Thay thé& khdp cao bang khdp thap
- Thay thé& khdp cao bang khdp thap phai dam bao hai diéu kién
+ bac tu do cua co céu khong ddi
+ quy luat chuyén dong khong dai
- Nguyén tac: dung 1 khau hai khdp ban [é va dat cac ban I& tai tam cong cua cac
thanh phan khdp cao tai diém ti€p xdc
- Vi du: Thay thé& khdp cao bang khdp thap & co cdu cam cén lac day bang

- Su thay thé& khép cao bang khdp thap khdng phai chi d& xem xét nhém finh dinh
ma viéc phan tich dong hoc co cdu thay thé cho biét ca vé dinh tinh ciing nhw
dinh lwgng clia co cau thay thé tai vi tri dang xem xét
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Theory of Machine Kinematic Analysis of Mechanisms

2. DPONG HOC CO CAU
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Theory of Machine
§1. Pai cvong

2.02 Kinematic Analysis of Mechanisms

Phan tich ddng hoc co céu la nghién ctiu quy luét chuyén dong ctia co cau khi da
biét trwdc lwge d6 dong cua co ciu va quy luat chuyén dong cta khau dan
I. N&i dung

- Bai toan vi tri
- Bai toan van téc
- Bai toan gia toc
Il. Y nghia
- Xac dinh vi tri — phdi hdp va st dung chuyén déng cua cac co cdu d€ hoan
thanh nhiém vu cla cac may dat ra, bé tri khong gian, vo may,...

- Van téc va gia téc la nhitng théng sé can thiét phan anh chét lwgng lam viéc
cla may
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Theory of Machine 2.03 Kinematic Analysis of Mechanisms

§1. Pai cwong
lll. Phwong phap
- Ty theo ndi dung, yéu cau cla ting bai toan, ta cé thé sir dung cac phuwong
phap khac nhau: giai tich, do thi, hoa do vécto, ...
- Phwong phap dé thi, phwong phap hoa do vécto
Uu diém
+ Pon gian, cu thé, dé nhan biét va kiém tra
Nhwoc diém
+ Thiéu chinh xac do cé sai s6 dung hinh, sai sé doc, ...
+ Phwong phap do thi, két qua cho quan hé giira mét dai lwgng dong hoc
theo mot théng sé nhat dinh thwdng |a khau dan
+ Phwong phap hoa d6 vécto, két qua khong lién tuc, chi & cac diém roi rac
- Phwong phap giai tich
Uu diém
+ Cho méi quan hé giita cac dai lwong bang biéu thic giai tich, d& dang cho
viéc khao sat dung may tinh
+ Do chinh x&c cao

Nhwoc diém
+ DGi véi moOt 86 co' cdu, cong thirc gidi tich rat phirc tap va rat kho kiém tra
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Theory of Machine 2.04 Kinematic Analysis of Mechanisms

§2. Phan tich ddng hoc co cau phang béng phuong phap giai tich
Xét co cdu tay quay - con trwgt Iéch tdm cé vi tri dang xét nhw hinh vé

Cho: 1,p, Ipc, @, & hang s6 va do 1éch tam e
Xac dinh: x, v, ac

o =@ (1) =t 0, =0,()= f(9)

Xo =l cos@, +1,co8¢, VO Isi s B . Ising +e
\Sing, +e=1[,sme, = @, =arcsin—————

2

Ve =v.(t) =L o,(sing, +cosg, tang,)

X=X =x,.(w (t = 2
¢ =%c(@) = xc (0, (1)) a0 = a(6) =l cos(g, +¢,) , Lcos” g

cosQ, 1, cos’ @,
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Theory of Machine 2.05 Kinematic Analysis of Mechanisms
§3. Phan tich déng hoc co' cdu phéng bang phwong phap db thi
Xét co cau 4 khau ban [é co vi tri dang xét nhw hinh vé

Cho: Ly, Lpe, Lepy Ipys @4 haNg 6
Xac dinh: ¢;, w;, &;

Xac dinh gia tri @;tlr phwong phap vé,
do va lap bang

1 2
P o1 Of o o
2 | o | o3 | o | o

Xay dung d6 thi @;= @;(@))
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Theory of Machine 2.06 Kinematic Analysis of Mechanisms

§3. Phan tich déng hoc co' cdu phéng bang phwong phap db thi

Ps

\

o, =03(p) ol

U do,

do,
dey T/\ . o 99 _dode, do,
o \/ o dt dt dp ' do,

A _, _do_d( dp)|_ .d,
\/ \/ o - dt dt\ " d, ' de?
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Theory of Machine 2.07 Kinematic Analysis of Mechanisms

§4. Phan tich dong hoc co' cdu phéng béng phwong phap hoa d6 vécto
On mét s kién thirc vé dai s8 vécto
- Pinh Iy lién hé van téc
+ Hai diém A4, B khac nhau cung thuéc mét khau dang chuyén ddng song phéng

Vp =V Ty

+ Hai diém 4,, 4, trang nhau, thudc hai khau dang chuyén dong song phang
twong déi déi vai nhau

vy, =V, TV,

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 2.08 Kinematic Analysis of Mechanisms

§4. Phan tich dong hoc co cau phang béng phwong phap hoa dd vécto
- Dinh ly lién hé gia téc
+ Hai diém A4, B khac nhau cung thudéc mét khau dang chuyén dong song phang

+ Hai diém 4,, 4, trang nhau, thudc hai khau dang chuyén dong song phang
twong déi déi vai nhau

— 0 —
o 11V, 4 quay 90" theo &,
“ah = 20V

"V 4,4,

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 2.09 Kinematic Analysis of Mechanisms
§4. Phan tich dong hoc co cau phang béng phwong phap hoa db vécto
Diéu kién dé giai mot phwong trinh vécto

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 2.10 Kinematic Analysis of Mechanisms
§4. Phan tich dong hoc co cau phang béng phwong phap hoa dd vécto
Vi du: Cho co céu 4 khau ban [& tai vi tri nhw hinh v&. Tay quay 1 quay déu véi van
téc géc m,. Xac dinh van téc, gia téc diém B, C, E va gia téc goc khau 2, 3

gid tri thdt |m

gid tri biéu dién |mm|

gid tri that |mi/s

VT e A
gid tri biéu dién |mm)

gid tri that |m /%]

A= T e
gid tri biéu dién |mm)

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 211 Kinematic Analysis of Mechanisms

§4. Phan tich dong hoc co cau phang béng phwong phap hoa db vécto
Vi du: Cho co cau culit tai vi tri nhw hinh vé. Khau dan 1 quay déu véi van téc goc
;. Xac dinh w;, &, v, a,

3 D “w gid tri that |m |
gid tri bicu dién |mm) '

gid tri thdt |m/s gid tri that |m/s”]

= .. . Iy X #(l - .. . . 2 X
gid tri bi¢u dién [mm)| gid tri biéu dien |mm|

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 3.01 Force Analysis of Mechanisms

3. PHAN TICH LUC
CO CAU

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 3.02 Force Analysis of Mechanisms
§1. Phan loai luc

1. Ngoai luc

- Luc can ky thuat

- Trong lwgng cac khau

- Luc phat dong

2. Lvc quan tinh
- Co céu la mot co hé chuyén ddng co gia tée, tic ngoai luc tac dung 1én co
c4u khong triét tiéu nhau — khong thé dung phwong phap tinh hoc dé giai

- D€ giai quyét bai toan hé luc khéng can bang — dung nguyén ly D’Alambert
Né&u ngoai nhirng luc tac dung Ién mot co hé chuyén dong, ta thém vao
dé nhitng lyc quan tinh va xem chung nhw nhitng ngoai luc thi co hé
dwoc xem la & trang thai can bang, khi dé cé thé dung phwong phap tinh
hoc dé& phan tich luwc co hé nay

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 3.03 Force Analysis of Mechanisms

§1. Phan loai luc
3. Noi luc
- Luc tac dung 1an nhau gitta cac khau trong co' cau (phan luc lién két)
- Tai méi ti€p diém cla thanh phan khdp déng, phan luc nay gém hai phan
+ Thanh phan ap luc: vudng goc vai phwong chuyén déng twong doi
Tang cac thanh phan ap luc trong mot khdp — ap luc khdp dong

S
T

—>

+ Thanh phan ma sat: song song vdi phwong chuyén dong twong déi
Tong céac thanh phan ma sat trong mot khdp — luc ma sat

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 3.04 Force Analysis of Mechanisms

§2. Diéu kién tinh dinh
- P& tinh phan luc khdp déng — tach co cau thanh cac chudi dong hé, trén do
phan luc & cac khdp chd la ngoai luc: viét cac phwong trinh luc cho chudi
- Muén giai cac bai toan ap luc khdp dong
s6 phwong trinh luc 18p dwoc = s6 8n chira trong cac phwong trinh
DPay la diéu kién tinh dinh cda bai toan
- Gia st tach t co cdu ra modt chudi déng n khau, p, khdp loai k
+ SO phwong trinh lap dwgc: 6n phwong trinh
+ S6 4n chia trong chudi dong: phu thudc vao sé lwong va loai khép dong

Khéploa * |R|? Khoploa 2 |R|?x;z? Khéploa 2 2?82 R|?

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 3.05 Force Analysis of Mechanisms

§2. Diéu kién tinh dinh

Khoploa 4 [R,[?|R.|?xz ?xz ? Khoploa & |R,|?|R.|?|R,|?x; 7x; ?
Y Y ¥

R,

— — R 23

R

e e y
(2
YR R
| R|,x? | R|,M? |R|,a? |R|?
Khép loa & Khép loa 4

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 3.06 Force Analysis of Mechanisms

§2. Diéu kién tinh dinh .
Nhw vay, khdp loai k chira k &n — téng s6 &n trong chuéi la ZkPk

k=l
- P& tinh phan luc khdp ddng — tach co céu thanh cac chudi dong hd, trén do
phan luc & cac khdp chd la ngoai luc va viét cac phwong trinh luc cho chudi
- Diéu kién dé giai dwoc bai toan
s6 phwong trinh luc 18p dwoc = s6 8n chira trong cac phwong trinh

6n = SZ‘ijk
k=l

S
hay 6n— Z/(fz =0
k=l

- Béi véi co cdu phang diéu kién dé giai dwac bai toan: 3n—-2p,—p, =0
- Cac nhom tinh dinh thoa diéu kién trén
— D& xac dinh cac phan luc khdp ddng, ta phai tach co cdu thanh nhitng nhém
tinh dinh va viét phwong trinh luc cho tirng nhém nay

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 3.07 Force Analysis of Mechanisms

§3. Xéac dinh ap lyc khép dong
- Cac budc xac dinh ap luc khép déng

+ Téach nhém tinh dinh

+ Tach cac khau trong nhém tinh dinh
bat cac ap luc khdp dong va cac ngoai lyc [én khau

+ Viét cac phwong trinh can bang Iwc cho tirng khau

+ Giai cac phwong trinh viét cho cac khau thuéc mét nhém tinh dinh
Giai cho cac nhém & xa khau dan trwedc (ngwoc lai véi bai toan ddng hoc)

- Véi co cau phang, mét khau viét dwac 3 phwong trinh

> F,=0 a
~ P=0
sz =0 hay { z
Y Mgy, =0 2. Mo, =0
oz

- Céac phwong trinh luc trén c6 thé dwac gidi bang cac phwong phap da biét:
phwong phap giai tich vector, phwong phap hoa d6 vector (da giac luc), ...

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 3.08 Force Analysis of Mechanisms
§3. Xéac dinh ap lyc khép dong

Vidu

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 3.09 Force Analysis of Mechanisms

§3. Xéac dinh ap lyc khép dong
- Viét phwong trinh lwc cho tirng khau trong cing mét nhém

W5,

YP=P+Ry+R,=0
S M =M, +Ryx~Ph, =0

YP=P,+R,+R,=0
ZMB :_M2+R3T2ZBC_f)2h' =0

Py

- Giai cac phwong trinh lyc ciia cing mot nhém

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 3.10 Force Analysis of Mechanisms

§4. Tinh luc trén khau dan
I. Phwong phap phan tich luc

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 3.1 Force Analysis of Mechanisms

§4. Tinh luc trén khau dan
2. Phwong phap di chuyén kha di _ . )

- Moment (lwc) can bang trén khau dan la moment (lwc) can bang tat ca cac
lwe (k& ca lwc quan tinnh) tac dung 1én co cdu — tdng cong suét tire thoi cla
tat ca cac lwe tac dung lén co ciu bing khong

- Theo nguyén ly di chuyén kha di

B N, cbng suat cua lyc P,
ZN’f - ZN”/ =0 N]l:[. cong suét cla momtl-:tntMl.

- Cong suét cla luc P; '

— P17k — . . o .
Ny, =BV, V' van téc cla diém dét luc P,
- Cong suat cia moment M,
N, =M®] @' van t8c goc ctia khau chiu tac dung

N . . clia moment M,
- Moment (luc) can bang trén khau dan

Mcb &.)1"'2(13[1;;/( +M:‘6?)i):0 = Mcb

PV + 2BV +M@)=0 = P,

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 4.01 Friction

4. MA SAT

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 4.02 Friction
§1. Pai cvong

- Ma sat |a mét hién twong phd bién trong tw nhién va ky thuat
- Ma sat vira co loi vira co hai
+ Hai: giam hiéu suat may, lam néng may, lam mon chi tiét may;, ...
+ Loi: mot sb co cAu hoat dong dwa trén nguyén ly ma sat nhw phanh, dai, ...

— Nghién clru tac dung ctia ma sat dé tim cach giam mat tac hai va tan dung
mat c6 ich ciia ma sat

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 4.03 Friction

§1. Pai cvong
1. Phan loai
- Theo tinh chét tiép xuc
+ Ma sat wot + Ma sat kho + Ma sat 2 wét, 2 khd

T L
M N

- Theo tinh chét chuyén dong
+ Ma sat trwot + Ma sat lan

e

- Theo trang thai chuyén dong

+ Ma sat tinh + Ma sat doéng
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 4.04 Friction
§1. Pai cvong

2. Nguyén nhan cta hién twgng ma sat
- Nguyén nhan co hoc

=S

3. Lwc ma sat va hé sd ma sat

Fmax
fi==y
F
tang, =% = f

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 4.05 Friction

§1. Pai cvong

% A
3 Py A f,=—=2
| - N
» F 7
I N tang, =% = f,
I 7 N
P S
Fmax
d
F
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 4.06 Friction

§1. Pai cvong
4. Dinh luat Coulomb vé ma sat trwot khd
- Lyc ma sat cuc dai va lyc ma sat dong ti 1é véi phén lyc phap tuyén
Fow =/ N
Fy=f;N
- Hé s ma sat phu thudc
+ vat liéu bé mét tiép xuc
+ trang thai bé mét tiép xuc (phéng hay khéng phéng)
+ thoi gian tiép xuc
- Hé s ma sat khéng phu thudc
+ ap lyc tiép xtc
+ dién tich tiép xuc
+ van toc twong déi gitra hai bé mat tiép xtc

- Déi véi da sb vat liéu, hé sb ma sat tinh I6n hon hé sé ma sat dong f, > f,

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 4.07 Friction

§2. Ma sat trén khép tinh tién (ma sat trwot khod)
|. Ma séat trén mat phdng ngang

-Tacdung lén 4 métlyc  P(P,P)
- Lwe phat dong P, =P =Psina
- Lwe can P=F, =fN=fPcosa
- Diéu kién chuyén dong: luc phat dong > lyc can
Psina > f Pcosa
tana > f =tang
aze

— Khai niém mat nén ma sat

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 4.08 Friction

§2. Ma sat trén khép tinh tién (ma sat trwot khod)
Il. Ma séat trén méat phéng nghiéng
- Trwong hop A di lén trén méat phang nghiéng
+ Lyc tac dung O,P,N.F

+ Phuong trinh can banglyc P+ QO+ N+ F =0

+ Tai vi tri can bang lwc P =Qtan(a + @)

— Dé A4 chuyén dong Pz Qtan(a + @)

+ Diéu kién tw ham
oa+p =n/2

P - » khéng thé thuc hién dwoc lwc P 1én nhw vay

oa+¢>n/2 tan(a+¢)<0— P nam theo chiéu nguoc lai

> Didu kién tw ham a+(ng

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



4.09 Friction

Theory of Machine
§2. Ma sat trén khép tinh tién (ma sat trwot kho)

- Trwong hop A di xubng trén mét phéng nghiéng

+ Lwc tac dung O,P,N.F
' + Phwong trinh can banglwc P+ Q0+ N+ F =0
Q\:_‘ Q:.r—a
S R
+ Tai vi tri can bang lwc P=Qtan(a - )
— Dé A4 chuyén dong 0> _r
tan(a — @)

+ Diéu kién tw ham
oa-¢g =0 Q- khdng thé thwe hién dwoc lwc Q Ién nhw vay
oa-¢p <0 tan (a-9)<0— Q nam theo chiéu nguoc lai

ase

— Diéu kién tw ham
Nguyen Tan Tien

HCM City Univ. of Technology, Mechanical Engineering Department

4.10 Friction

Theory of Machine
§2. Ma sat trén khép tinh tién (ma sat trwot kho)

Ill. Ma sat trén ranh chiv V'

Nguyen Tan Tien

HCM City Univ. of Technology, Mechanical Engineering Department



Theory of Machine 4.1 Friction

§2. Ma sat trén khép tinh tién (ma sat trwot kho)

=
>z

=
|
=

QF4——p

] /A VA A A7

\J Q A Q
+ Lyc tac dung O,P,N,F
+ Chiéu céc lyc 1én phwong thang ding N'=2Ncos 8 =0
= 2N= 0
cos ff
+ Lwc ma sat trén thanh ranh F=fN
— Diéu kién chuyén dong P>2F
= P22fN:LQ:f’Q
cos
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 412 Friction
§2. Ma sat trén khép tinh tién (ma sat trwot kho)
IV. Ma sat trén khép ren vit
- Céu tao ren vit
‘q .q iq
C < ;
ren tam giac ren vudng ren hinh thang ren trong

ren ngoai

ren phai ren trai

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 413 Friction

§2. Ma sat trén khép tinh tién (ma sat trwot kho)
- Ma sat trén ren vudng

1 0
P
—
21
I ﬂ-dtb l
A =arctan
ﬂ-dtb

2 R . - - ‘ - 2 - > by - 2
+ Trién khai mat ren theo mat tru ra mat phang,mat ren tré thanh mat phang
phéng nghiéng mét géc A. Ma sat trén khép ren vuéng dwoc xem gan dung
nhw ma sat trén mat phang nghiéng
— Bai toan vat chuyén dong trén mat phang nghiéng P = Qtan(« t @)
+:van chat, P phat dong, Q can

>M>M,, =rpOtan(atp) chaydau
s y - :thao Idng, P can, Q phat déng

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 4.14 Friction

§2. Ma sat trén khép tinh tién (ma sat trwot kho)
- Ma sat trén ren tam giac

| v,

i
—
| mdy, |
A = arctan @' = arctan f
dy, cos

+ Ma sét trén khép ren tam giac dwoc xem gan ding nhw ma sat trén ranh chiv
¥V ¢c6 thanh ranh nghiéng mét goc B va dat nam nghiéng mét goc A
+ Twong tw nhw ma sat trén ren vuéng
P =0Qtan(a + ¢")
M, = rpQtan(a £ ¢)

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 4.15

Friction

§2. Ma sat trén khép tinh tién (ma sat trwot kho)

- So sanh ren tam giac va ren vuéng

+ Moment can thiét dé van chét vao trén ren
vudng < trén ren tam giac
— dung ren vuéng dé truyen déng

M, =r,Qtan(A+¢)<r,Qtan(A+¢) = M,,

+ Moment can thiét dé thao ra trén ren tam
giac > trén ren vudng )
— dung ren tam giac trong cac moi ghép tinh

M, =r,Qtan(A—p) > r,Qtan(A-¢p) =M,

HCM City Univ. of Technology, Mechanical Engineering Department

Theory of Machine 4.16

Nguyen Tan Tien

Friction

§3. Ma sat trén khdp quay (ma sat trwgt khod)
- Khép quay dung nhiéu trong may maéc, goi la 6 truc

- C6 hai loai 6 truc
+0 d&: chiu lyc hwéng kinh (vudng géc véi truc quay)
+0O chan: chiu lwc hwéng truc (song song dwong tadm truc)

M

y

- O chiu ca hai lwc hwéng kinh va hwéng truc goi la 6 d& chan

HCM City Univ. of Technology, Mechanical Engineering Department

Nguyen Tan Tien



Theory of Machine 417 Friction

§3. Ma sat trén khédp quay (ma sat trwot khod)
. Ma sat trén 6 d&
Xét trvong hop & d& hé (da mon): gitra ngdng truc va mang 16t cé do hé
mdng I6t ' ngdng truc !

|
M=M(R,Q)=Rp=0p=M,,
1
N=———R
F=fN 1+ 12 ..
2 2 ), = = M(R:Q):f,Q” f,——
{R =F*+N Fe f R Ji+ 2

JI+ 12

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 4.18 Friction

§3. Ma sat trén khdp quay (ma sat trwgt khod)

mdng It ' ngdng truc

Ban kinh vong ma sat p

£ phu thudc vao vat liéu ché tao & (1) va két ciu cta 6 (r)

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 419 Friction

§3. Ma sat trén khédp quay (ma sat trwot khod)

VVong ma sat va hién twong tw ham

GOG

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 4.20 Friction

§3. Ma sat trén khdp quay (ma sat trwgt khod)
Il. Ma sat trén chan
1. O chan con méi - Gia thiét mat phang tiép xdc tuyét déi phang
—> ap suét tiép xdc p phan bd Géu  p=——T——
z(ry —n")
- Xét hinh vanh khan, dién tich ds =2z rdr
- Lwc tac dung trén dS

dN =pdS = 2Q —2nrdr= erz dr
7(ry =1") n—h
- Lwc ma sat trén dS 5
dF = fdN=f QQFQ dr
n—n

- Moment ma sat trén dS
2
M =dFr=f 29" arr=p 227 4

2 2
L —h L —h

- Moment ma sat trén & chén (con mai)

2
d’”—ng

n n 2Q 2 3 3

r r, — L
- - Loh
M_de_jf = —
w hTh L —h

Ul

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 4.21

Friction

§3. Ma sat trén khédp quay (ma sat trwot khod)
2. O chan da chay mon

- Gia thiét chi c6 mang 16t mon

- Phan b ap suét

- Phan lwc trén dS

Ul

- Moment ma sat trén & chan (@@ mon) M = £ Q

:ka)r

" 27(n-1)

— tai moi diém cla bé mat tiép xtc dd mon u ti 1& thuan
vGi &p suét tiép xdc p va van téc daiv =@ r
u=kpor

k = const
A
r ko

dN:pdSzéZEVdr:thdr
r

:>Q=J.dN:J.27zArdr:27zA(r2—rl)

Ul

__ 9

B 27(r, —n)r

I"2+I"1

2

HCM City Univ. of Technology, Mechanical Engineering Department

Theory of Machine 4.22

Nguyen Tan Tien

Friction
§4. Ma sat trén khép cao (ma sat lan)

I. Hién twong

/ - \\\: / =3 \

| LQ | M I
Ge-mtoo 8 ]

| ‘ | My,
THTF 7T 7777y ’FO’?’F!?TX,FF;" / s 7?7272’??’[%77 s
R R R

HCM City Univ. of Technology, Mechanical Engineering Department

Nguyen Tan Tien



Theory of Machine 4.23 Friction

§4. Ma sat trén khép cao (ma sat lan)
[I. Nguyén nhén
Hién twong ma séat lan dwoc giai thich bang tinh dan héi tré cla vat liéu
Véi cing mdt bién dang &, (ng suét p, sinh ra trong qua trinh ting bién dang
Ién hon (ng suét p, sinh ra trong qua trinh gidm bién dang

p
\ \
b, ~ -
b 0 M 0
. - Yy | S S |
0/ ¢ & |
a b a
7777W{jﬂ 7. > T /5{1{
o
R
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 4.24 Friction

§5. Ma sat trén day déo (day dai) .
I. Tinh moment ma sat trén bd truyen day dai
- Truyén dong dai dwoc dung nhiéu trong k¥ thuat
- B truyén dai gébm: pulley dan 1, day dai 2 va pulley bi dan 3

@

- Khi chwa truyén dong, 2 nhanh day dai c6 strc cang ban dau S,
- Khi truy&n dong, strc cang trén nhanh céang tang 1én S,
strc cdng trén nhanh chuing gidm xudng S,

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 4.25 Friction

§5. Ma sat trén day déo (day dai)

- Gia thiét do thay ddi (rng suét la nhw nhau trén hai nhanh day dai
S-S =5,-8, } 28, 28"
- Cong thirc Euler S, =S.e"” e+l

e 41
- Xét doan day dai vo cung bé, (bd qua khéi lwgng day dai), chiu lwc tac dung

2dN siny

S+dS

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 4.26 Friction

§5. Ma sat trén day déo (day dai)

- Gia thiét do thay ddi (ng suét la nhw nhau trén hai nhanh day dai
S -8 =5,-8, } g - 25, 28 .e”
- Cong thire Euler S, =S,e” 1 Pe 11

e’ 41
- Xét doan day dai vo cung bé, (bd qua khéi lwgng day dai), chiu lwc tac dung
s

2dN siny

M,=SR+dF R—(S+dS)R=0

S,
= dF =dS= [dF = [dS = F =5, -5,
B 5
S+dS
- Moment ma sat trén day dai

o, M, =FR=(S,-S)R f nhé séma sat dai/pulley
”_q £ goc 6m cua day dai

R ban kinh pulley

1
e’

=M, =2RS,—
ms oe/ﬂ+1

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 4.27 Friction

§5. Ma sat trén day déo (day dai)
ll. Cac bién phap ky thuat dé tdng kha nang tai cia bo truyén day dai
-Tang S,
— Lwe tac dung I&n truc tang, tudi tho dai gidm: chu y tiét dién dai, & truc
-Tang R
— B6 truyén cong kénh

-Tang f
oM, pe’’
Some o 4RS, >0
of (e” +1)?
+ Chon vat liéu dai va pulley phu hop
+ Ré&c chét ting ma sat |én dai va pulley

-Tan 18
9l oM, e’

op ‘@’ +1)?*
+ Chon chiéu quay cho nhanh chung 1én trén
+ Tang khoang céach truc — chu y kich thwéc bd truyén va day dai dao dong
+ Chon ti s6 truyén khong Ién qua — giam géc ém cuia day dai trén pulley
+ Dung pulley cang dai — giam tudi tho day dai

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 4.28 Friction

§5. Ma sat trén day déo (day dai)
Mét s6 cach dung pulley cang dai

Pretensioning by adjustment of center distance

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 5.1 Balancing of Machinery

5. CAN BANG MAY

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 52 Balancing of Machinery
$1. Pai cuong

. Muc dich can bang may
- Khi co ciu va may lam viéc, ludn xuét hién lyc quan tinh

- Lyc quan tinh thay doi tuy theo chu ky lam viéc ctia may va phu thudc vi tri
clia co cu — ap lwe trén cac khép phu thude vao lyc quan tinh va thay doi
co chu ky

- Ap Iwc nay dwoe goi la phan Iywc dong phu (phan biét véi ap lwe khong déi do
tai trong tinh gay nén)

- Vi bién thién cé chu ky nén lwc quan tinh la nguyén nhan cha yéu gay ra hién
twong rung dong trén may va méng may — lam giam do chinh xac ctia may va
anh hwdng dén cac may xung quanh, néu cong huwdng cé thé pha hiy may

— Phai khir lwc quan tinh, loai trtr ngudn gbc gay nén rung dong

DAy la muc dich cla viéc can bang may

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 53 Balancing of Machinery

$1. Dai cvong
Il. Noi dung can bang may
Can béng may la mét viéc rat phirc tap, & day chi khao sat hai van dé co ban
- Can bang vat quay
phan phéi lai khéi lvong vat quay dé khi lwe quan tinh ly tam va moment
quan tinh cua cac vat quay

- Can bang co cau ’ ’
phan phéi lai khéi lvong cac khau trong co' cdu dé khi co' cau lam viéc, tong
cac lyc quan tinh trén toan bd co cau triét tiéu va khéng tao nén ap lyc dong

trén nén
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 54 Balancing of Machinery

$2. Can bang vat quay
I. Céac trang thai can bang cla vat quay
Ba trang thai mat can bang cla vat quay
- Mat can béng tinh
- Mat can bang dong thuan tay
- M4t can bang dong hén hop (mét can bang dong)

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 55 Balancing of Machinery

$2. Can bang vat quay
I. Cac trang théi can béng cua vat quay
1. Mat can bang tinh

zi || zu
oz |\ 777

- Xét mot dra tron khdi lwong c6 truc quay di qua trong tam dia va vuéng géc
véi mét dia. Khi cho dra quay quanh truc, cac phan ti trén dra gay ra nhivng
lwe quan tinh hoan toan can bang nhau, khéng c6 lwc tac dung lén truc ngoai
trie ban than trong lwgng dia — Ta noi dTa dwoc can bang tinh

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 5.6 Balancing of Machinery

$2. Can bang vat quay
I. Cac trang théi can béng cua vat quay
1. Mat can bang tinh

- Gé&n vao dia moét khdi lwong m tai ban kinh r, trong tam clia dfa l1éch mét doan

R==—""—1r=20
M+m

- Khi vat quay véi van tbc géc @, sinh ra lwc quan tinh ly tam
P, = mre’ =(M +m)Rw* #0

— Ta néi dra méat can bang tinh

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 5.7 Balancing of Machinery

$2. Can bang vat quay
. Cac trang thai can béng cua vat quay
2. Mét can bang dong thuan tay
- O nhirng vat quay c6 chiéu day I&n, ngay khi trong tam cla vat ndm trén
truc quay van cé thé con lwc quan tinh khéng can bang
- Xét vat da can bang tinh

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 5.8 Balancing of Machinery

$2. Can bang vat quay
. Cac trang thai can béng cua vat quay
2. Mét can bang dong thuan tay
- Gén 2 khdi nang c6 khéi lwgng m,, m, ndm & hai bén truc quay va c6 ban
kinh twong &ng la r;, r,, théa m 7, =—m,r,

[ P 7+ m,7;
- Trong tdm cua dia khong thay doi 7, = RLUSS/-UN -
m,+m, +M P =miao’
- Khi vat quay véi van tbc géc @, sinh ra lyc quan tinh ly tam ! .,
- Hailyc nay tao nén métngdu M, =P,a=P,a#0 Py =mh0

gay nén phan lwc dong phu trén truc — vat chi can béng & trang thai tinh ma
khéng can bang & trang thai ddng — vat mat can bang déng thuan tay

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 5.9 Balancing of Machinery

$2. Can bang vat quay
I. Cac trang théi can bang cla vat quay .
3. M4t can bang dong hén hop (méat can bang déng)

- Khi vat quay mét can bang tinh, ton tai lwc quan tinh
Pqt #0, Mqt =0

- Khi vat quay mat can bang dong thuan tuy, ton tai moment lyc quan tinh
Pqt =0, Mq, #0

- Thuec té, vat quay tdn tai ca lwc quan tinh va moment lwc quan tinh
I3qt #0, A7Iqt #0

— ta goi chung la méat can bang ddong hén hop hay méat can bang déng

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 5.10 Balancing of Machinery

$2. Can bang vat quay
Il. Can bang vat quay c6 chiéu day nhd
1. Nguyén tic can bang
- Binh nghta: vat dwoc goi la cé chiéu day nhé khi kich thwdc chidu truc twong
ddi nhd so véi kich thwdc huwéng kinh sao cho cé thé gia thiét khédi lwong cla
vat quay dwoc phan b chi trén mét méat phang vudng goc véi truc quay

ol h<<D
- C4c tiét may nhw banh rang, pulley, ... dwgc xem la thudc loai nay
- Nguyén tic can bang: vat cé chiéu day nhé mét can béng Ia do trong tam
cla chung khong trang véi truc quay. Khi lam viéc, phat sinh lwc quan tinh ly
tam tac dung I1&n truc lam vat mét can bang tinh. Do d6 thwc chét cia viéc
can bang la phan bé lai khdi lwong sao cho trong tam cla vat vé tring véi
tam quay dé khir lwc quan tinh sinh ra khi lam viéc

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 5.11 Balancing of Machinery

$2. Can bang vat quay
Il. Can bang vat quay cé chiéu day nhd
1. Nguyén tic can bang
- Chirng minh: Xét vat quay goém cac khdi lwgng m, (i=1,2,...) c6 trong tam
nam & nat cac vector ban kinh r; Khi truc quay voi van toc goc o, cac khoéi
lwong nay sé gay ra nhirng lwc quan tinh ly tdm P m, ra)

- Trong tam cla vat quay 7; = Z”; L£0

- Bé can bang can thém vao mét khéi lwong m tai
ban l(inh r sao cho Ig’c quan tinh ly tdm do né gay
ra, P=mr®*, can bang véi lwc quan tinh ly tam do
cac khéi lwgng m; gay nén

P+Y P=mia’ +Yy mio =0
hay m7+2mi7,. =0

- Phwong trinh nay dwoc gidi bang da giac lwc nhw da biét — xac dinh dwoc
vi tri va lwong can bang can thém vao m7

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 5.12 Balancing of Machinery

$2. Can bang vat quay
Il. Can bang vat quay cé chiéu day nhd
1. Nguyén tic can bang
- Khi phwong trinh trén thda, trong tam chung clia céac khdi nang m, va khoi
néng m thém vao sé vé trung v&i tam quay

~ mr + Zm V
e =
m+ Zm
- Téng D m 7. goi la lwgng mét can bang clia vat quay
- Khéi lwgng m thém vao goi la déi trong
- C6 thé thay thé viéc thém vao dbi trong m & 4 bang
cach lay di mot khdi lwong m & vi tri B, xuyén tam
dbi ctia 4

- C6 thé dung nhiéu dbi trong thay cho mét ddi trong. Vi du c6é thé dung nhiéu
khéi lwgng m! dat tai cac mut vector ban kinh 7' sao cho mi =Y m!F!

- Trwong hop vat quay co chiéu day nhé (can ban tinh), ta chi can it nhat mot
ddi trong va chi can tién hanh trén mét mat phang duy nhét

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 5.13 Balancing of Machinery

$2. Can bang vat quay
Il. Can bang vat quay c6 chiéu day nhd
2. Thi nghiém can bang tinh
a. Phwong phap do truc tiép

Uu diém: thiét bi don gian, ré tién, dé thyc hién
Khuyét diém: do mét thoi gian ‘
thieu chinh xac do ton tai ma sat gitra truc va dao can bang

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 5.14 Balancing of Machinery

$2. Can bang vat quay
Il. Can bang vat quay c6 chiéu day nhd
2. Thi nghiém can bang tinh
b. Phwong phap hiéu sé6 moment

123456781

- Chia vat quay lam nhiéu phan béng nhau va danh sb diém chia

- bat vat Ién dao can bang va quay tiét may theo mot chiéu nao dé, sao cho
tat ca cac vi tri danh sb déu dwoc dwa vé vi tri ndm ngang

- U’ng VG vi tri i, ta dat mot déi trong m; tai mut vector ban kinh r sao cho vat
bét dau Ian trén dao. Khéi lwgng m, dwoc ghi lai va Iap thanh do thi

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 5.15 Balancing of Machinery

$2. Can bang vat quay
Il. Can bang vat quay cé chiéu day nhd
2. Thi nghiém can béng tinh
b. Phwong phap hiéu sé6 moment

- Tl @6 thi ta xac dinh dwoc gia
tri va vi tri cac khéi lwong m,, .
va mmin

- T hinh vé

™ Mms +Mng _mmaxgrzo
_Mng - mmingr + Mms = 0
- Suy ra lwgng mat can bang

7
MrG = (mmax _mmin)a

M: khéi lwong vat quay
7. ban kinh trong tam

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 5.16 Balancing of Machinery

$2. Can bang vat quay
lIl. Can béng vat quay cé chiéu day Ién
1. Nguyén tic can bang
- Binh nghta: vat dwoc goi la co chiéu day I&n khi kich thwéce chiéu truc twong
ddi 16n so véi kich thwéc hwéng kinh ma khéi lwgng khong thé phan bé trén
mot mat phéng vudng goc vaéi truc quay

- Nguyén téc can bang: vat quay hoan toan dwoc can bang khi phan phdi lai
khai lwgng trén hai mat phang tuy y vuéng goéc vaéi truc quay

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 5.17 Balancing of Machinery

$2. Can bang vat quay
[Il. Can béng vat quay cé chiéu day Ién
1. Nguyén tic can bang
- Chirng minh: (phwong phap chia lyc)
+ Gia sr vat quay godm nhiéu mét phang (i), i=1,2,..., c6 cac trong tam m,
nam vudng goc véi truc quay va dwoc dat & mut cac vector ban kinh 7,

+ Khi truc quay véi van téc @ sé sinh ra cac lyc quan tinh 15 = m,-FiWZ

+ Chon hai mét phéng (/) va (/) lam hai mat phang x& ly (can bang)

+ Chia lyc P thanh hai thanh phan dat trén hai m&t phang (/) va (1)
— Bai toan xt ly lwong mét can bang trén tivng mat phang (7) va (1)

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 5.18 Balancing of Machinery

$2. Can bang vat quay
lll. Can bang vat quay co chiéu day lon
2. So lwvgc vé may can bang déng

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 5.19 Balancing of Machinery

$2. Can bang vat quay
IV. Tw can bang
- Trong thuc té ta gap nhirng loai may cé khéi lwgng vat quay thay ddi lién tuc
nhw may gi&t, may ly tam, ... 1am cho gia tri va vi tri mat can bang cla vat quay
thay déi lién tuc

N, )

- D& can bang vat quay trong trwéng hop nay, ngudi ta gan vép truc cla vét‘
quay mot bd phén trong dé cé nhﬁi‘ng con lan lam nhiém vy doi trong can bang.
Bién phap nhw vay goi la tw can bang

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 5.20 Balancing of Machinery

$2. Can bang vat quay
IV. Tw can bang
- Nguyén tac ctia phwong phéap nay dwa trén co sé&
Khi vat quay dat téc dd rat Ion (@ — <), trong tam cla vat trung véi tam quay

RNo + Goi m: khéi lwgng vat quay
A y: d6 véng cla truc quay
S e : khodng léch tam gitra truc quay va khéi tam

| g -
y—=e k : d0 clrng chong udn cla truc quay
:;ZIHEZ' ®,: tan sb riéng cla vat quay, o’ =k/m
+ Khi vat quay v&i van toc goc w sé gay nén lyc ly tam

@ P=ma’(@+7)
WNo +Lwc hdiphuc  R=k

+ Theo dinh luat Newton P+R=0 hay ma*(3+é)—ky=0

L mo% & @

Y e’ k o’
2_1 rz—l

ma 0]

+ Khi a)—>oo:>ﬁ—>0,y:—é hay y+¢ =0 tam quay trung véi trong tam

@

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 5.21 Balancing of Machinery

$2. Can bang vat quay
IV. Tw can bang 2

- Trén thyc té, khi @> 2@, ta co thé xem a),z -0

- Dwya vao nguyén tac trén — thwc hién ty can bang theo so’ do nguyén ly sau

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 5.22 Balancing of Machinery

$3. Can bang co ciu (can bang may trén méng)
|. Phuong phap khdi tam
1. Nguyén tac can bang

- Chi xét co ciu phéng

- Co cau la mét hé chét diém co khdi tam ludn di dong trong qua trinh chuyén
dong ctia co ciu. Néu thu gon cac lwe quan tinh cla toan bd co ciu vé khoi
tam cla no, ta dwgec mot vector chinh P va mot moment chinh M

- Co cAu hoan toan can bang khi P=0va M =0
- Can bang M rét phtrc tap — chi xét can béng lwc quan tinh chinh P
- . m : khéi lwgng co ciu
P=-m dg RPRTY 1 X:ga > X
ag: gia toc khoi tam cua co cau
P=0sd, =0

— Can bang co ciu bang cach bé tri khdi lwgng cac khau sao cho khébi tam
ludn luén ¢b dinh

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 5.23 Balancing of Machinery

$3. Can bang co ciu (can bang may trén méng)
|. Phuwong phap khéi tam
2.Vidu
a. Can bang co ciu tay quay - con truot

- Khoi lwgng cac khau m;, m,, m;

- Trong tam S,, S,, S, dat tai 7,7, 7,

)
)

n=25
K=1+s,
K=+l +s,

- Khéi tam co cu

- mip +m,r, +mi;  ms, +(m, +my)l, N m,S, +msl, N m,s,
: =

m, +m, +m, m, +m, +m m+m,+my,  m+m,+m
ms, +(my, +my)l, =0

— Dé khdi tam cb dinh, 7 = const = -
myS, +myl, =0

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 5.24 Balancing of Machinery

$3. Can bang co ciu (can bang may trén méng)
|. Phwong phap khéi tam
2.Vidu
a. Can bang co ciu tay quay - con truot

ms, +(m, +my), =0 =
m,yS, +myl, =0 5 sy
2

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 5.25 Balancing of Machinery

$3. Can bang co ciu (can bang may trén méng)
|. Phuwong phap khéi tam
2.Vidu
b. Can bang co ¢

&u bén khau ban 1&

- Khoi lwgng cac khau m;, m,, m;

- Trong tam S,, S,, S, dat tai 7,7,,7,

1
)

h=5
K=h+s,
K=0+1+s,
- Khoi tdm co' cau
~omS +(my +m)l m,s, +myl, m,s, L e
vy, = + + = rg=nth,+n
m +m, +my m+m,+m, m+m,+nm,
hl hz h3
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 5.26 Balancing of Machine

$3. Can bang co ciu (can bang may trén méng)
|. Phwong phap khéi tam
2.Vidu
b. Can bang co ¢

Qo

[, —pp- Baitoan co vo so loi gidi

- D& khéi tam khong chuyén dong, 7 = const . Diéu nay c6 thé thwc hién
dwoc néu da giac vécto tao bdi cac vécto hy,h, hy va 7; €6 phwong
song song cac khau va suat ti 1é theo

Ls_hl h, _h _mz(lz_SQ)Z’ ms :_m3(l3—s3)z-

bk = oms = ,
lo ll 12 13 171 lz 1 292 13 2

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 5.27 Balancing of Machinery

$3. Can bang co ciu (can bang may trén mong)
Il. Phuong phap can bang tirng phan
Xét can bang co clu tay quay — con truot

- Phan phéi khéi lwgng khau 2 tap trung
tai hai diém B va C. Goi cac khéi lwong
dolamyvam

B C lz -5,

My =m,———

{mB +m, =m, [

=
mys, =me(l, =s,) m. =m. 2

- my: khéi lwong quay
- m: khéi lwgng tinh tién
— Tuy yéu cau, cé thé can bang thanh phan quay hay can bang thanh phan tinh tién

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 5.28 Balancing of Machinery

$3. Can bang co cau (can bang may trén mong)
Il. Phuong phap can bang tirng phan
1. Can bang thanh phan quay

— Bai toan tré vé bai toan can bang vat quay da xét

L—s s,l

2 2

m,s, =ms, +mgl, =ms, +m, ; L = mgs, =ms +m,|l -2
2

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 5.29 Balancing of Machinery

$3. Can bang co ciu (can bang may trén méng)
II. Phuong phap can bang tirng phan
2. Can bang thanh phan tinh tién

- Lwe quan tinh sinh ra

qu =—(mc+my)a. =-mac

ac = —Zla)f[cos o+ ;—‘ cos 2(/)1]
2
P

qt
- Lwe quan tinh gém
D Dl D2
F,=F,+F,
1 2
B, =m,wl; cos ¢,
2

P} =m,wf %cos 20,
2

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 5.30 Balancing of Machinery

$3. Can bang co ciu (can bang may trén méng)
II. Phuong phap can bang tirng phan
2. Can bang thanh phan tinh tién

- Déi trong can bang thoa

2
2m,(2@,)’ 1, cos 2¢, = m,w} %cos 2¢,

2 _ 2
| 2m, @, 1, cos @, = m,m; 1, cos g,
2

A
m;r, = l _(m3+mc)51
- 2 2
myr, =—=(my+m.)-—
' 12 B 812

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.01

6. CHUYEN DONG THYC
& DIEU CHINH
CHUYEN PONG MAY

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 6.02
$1. Pai cvong

- Khi may lam viéc dwéi tac dung clia cac lwe, may c6 mot chuyén dong nhét dinh
goi la chuyén déng thyc clia may
- Viéc xac dinh chuyén dong thuc ctia may
dwéi tac dung clia cac lwc [a mot van dé co
ban clia dong lwc hoc may
- Chuyén déng cla cac khau trong may phu
thudc vao chuyén dong cla khau dan
— D& biét chuyén dong thwe clia may ta chi can
biét chuyén déng thwe ctia khau dan
- Van tbc thue clia may thay ddi theo thoi gian,
diéu chinh chuyén ddng may gdm hai bai toan
+ Lam giam bién dd dao déng cua van toc
— Lam déu chuyén dong may
+ Lam cho van tbc may thay ddi c6 chu ky,
tirc duy tri sw can béng gitra céng dong
va cong can
— Tiét ché chuyén déng may

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.03

$2. Phwong trinh chuyén déng may
|. Phwong trinh ddng nang
- Phwong trinh ddng nang clia mét co hé co dang 4 = AE
A : cong cla tat ca cac lyc tac dung Ién co cau trong thoi gian (7,,7)
AE: d6 bién thién dong nang cla co hé trong thoi gian (795
- Lyc tac dung 1&én may gém hai loai
Lwe can: lyc cén ky thuét, lwc ma sét, trong lwong cac khau, ...— A4,
Lwc phat dong: lwc phat dong ctia dong co —->A,>0
- Téng cong tac dung lén may 4 = A4, + A,
— Phwong trinh dong nang A, +A4.=AE
- Céc théng sé AE, A, A, dwgc tinh theo
+ Thong s6 déng hoc va déng lwc hoc may (kich thuéc, khdi lwong, moment
quan tinh cac khau, ...)
+ Lyc tac dung Ién may
+ Van téc cac khau
— Xac dinh biéu thiee tinh A, A, AE

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 6.04

$2. Phwong trinh chuyén déng may
|. Phwong trinh ddng nang
1. Tinh cdng Iwc phat dong Ad
- Cong suat tire thoi cda Iwe phat dong

_da4,
dt

N :Mda:del

M, \wc phat dong dét trén khau dan
@, van toc goc khau dan
- Cong cua lyc phat dong trong thoi gian (¢, 1)
t t 4
A, =[Ndt=[Modt = [M,dp

lo lo [

@ lwc phat dong dét trén khau dan @, = o(t)), @ =o(t)

4, = JM do
2t

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.05

$2. Phwong trinh chuyén déng may
|. Phwong trinh ddng nang
2. Tinh cbng Iyc can Ac
- Cong suét tire thoi cla lwe can 1én khau thiy &
Ny = Mkak +Ecl7k

E,Mk Iwc can va moment can tac dong lén khau thi k&

Vi»@, van téc diém dat lwc P, va van tbc goc khau thir k

- Cong suét tire thdi cla tat ca cac lwe can tac dung 1én may
N, =)'N,=> (M,»,+PV,)
- Cong cua lwc can trong tt:c‘yi gian ]Eto, 1)
A = [N.di=[Y (@, + BTy ds
o Wk

A =M@, +PV,)dt
C k %k k" k

I

HCM City Univ. of Technology, Mechanical Engineering Department

Theory of Machine 6.06

Nguyen Tan Tien

$2. Phwong trinh chuyén déng may
|. Phwong trinh ddng nang
3. Tinh d6 bién thién dong nang 4E
- Béng nang cla khau the &
E, =%mk Ve +%Jk w;
m,,J, khéilugng va moment quan tinh ctia khau the k
Vs . @, van tdc trong tam va gia téc goc khau thir k

- Boéng nang cia may
E=YE, =Z(1mk Ve +1Jk a),f]
T T\ 2 k2
- D6 bién thién dong néng trong thei gian (¢, 7)
1
AE==%"(m, Vi +J, @)
2 k Po

¢

i ) )
AE = EZ(’”A Vs, +Jca)
X

s

HCM City Univ. of Technology, Mechanical Engineering Department

Nguyen Tan Tien



Theory of Machine 6.07

$2. Phuwong trinh chuyén déng may
|. Phwong trinh ddng nang

- Phuwong trinh déng nang may

¢

Mo+ Sz, + BT =4 S ¥, 40, |
- k

@ I

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 6.08

$2. Phuwong trinh chuyén déng may
Il. Pai lwgng thay thé - khau thay thé
1. Moment can thay thé

A J.Z(Ma)k+PV)dt—J-Z( —+P ]wldt—[z( —+P_Jd(p

ty to

M

— C6 thé thay thé tAt ca cac lwc can, moment can tac dung I&n cac khau cla
may bang mdt moment can thay thé, M, dat trén khau dan, gia tri ca M,
dworc tinh theo céng thirc

© \ a)] @, )

- Biéu thirc tinh cong can dwoc viét lai st dung moment can thay thé

[
A= [Mdy
Po
I /S e . p
- Céac gia tri — va — chi phu thudc vao vi tri cia co cau
(01 a)l

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.09

$2. Phwong trinh chuyén déng may
Il. Pai lwong thay thé - khau thay thé
2. Moment quan tinh thay thé

1 | v. V¥ 2
E:EZ(mk Vszk"l‘-]k a)kz) :zzk:!mk( Skj +Jk(%j :la)lz

& @, )

J
— C6 thé thay thé tat ca cac khéi lwgng, moment quan tinh cla tat ca cac khau
trén may bang mot moment quan tinh thay thé, J, dat trén khau dan, gia tri
cua J dugc tinh theo cong thirc
LY (a,)

J=Y m/ +J

. —
k| \ o ) \ @ )
- Pong nang cta may dwoc viét lai siv dung moment quan tinh thay thé
1
E= EJ o}
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 6.10

$2. Phwong trinh chuyén déng may
Il. Pai lwong thay thé - khau thay thé
3. Khau thay thé
- Phwong trinh ddng nang may dwoc viét lai st dung cac dai lwong thay thé

? ? 1 210
JOMd d(p+(;[Mc dp == Jo \%

- Phwong trinh trén 1a phwong trinh déng nang ciia khau dan cé moment quan

tinh J, chiu cac lyc tac dung M, M, va quay véi van tbc goc la @,

— Pé xac dinh chuyén dong thwc clia may (d6i véi may coé 1 bac tw do), ta chi
can xac dinh chuyén dong thwc ctia khau dan béng cach thu gon céc dai
lwong: lwe can, moment quan tinh cla tat ca cac khau vé dat trén khau dan
va viét phwong trinh dong néng ctia khau dan véi cac dai lwong thay thé nay

- C6 thé thay thé cac lyc can, lwc phat ddong, moment quan tinh, khéi lwong
cac khau bang cac dai lwgng thay thé dét trén mot khau bat ky. Khau ma
trén do dat cac dai lwong thay thé, goi la khau thay thé. Théng thwong, khau
dan dwoc chon lam khau thay thé

- Tt chuyén dong thwec ctia khau dan — xac dinh chuyén dong thwc ctia may

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.11

$2. Phuwong trinh chuyén déng may
Il. Pai lwgng thay thé - khau thay thé
4.Vidu

- Cho co' ciu nhw hinh vé
+ moment quan tinh khau 2 1a J,
+ khéi lwong khau 2 va 3 1a m, va m;
+ khau 2, 3 chiu tac dung cia moment M,, lyvc P,
— Tinh M_, J thay thé dat trén khau dan

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 6.12

$2. Phuwong trinh chuyén déng may
Il. Pai lwgng thay thé - khau thay thé
4.Vidu

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.13

$2. Phwong trinh chuyén déng may
Il. Pai lwong thay thé - khau thay thé
4.Vidu

Ves

a’z _ Isc

_ pbcly, _EIA;B\

o 7 wpblye  pbly MC:—MZEZA%B+G2&ZABcosa+P3£lAB
pb pb

lAB

Vs, __mps, _psy, - Pb e

o upbll, pb ™ T ps, . Y bel, Y be, Y
' " @ J=my| =2y | +J,| A tmy | —,

Ve __mpe _be, pb pb Iy p

o ppbll,  pb v

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 6.14

$2. Phwong trinh chuyén déng may
Ill. Phwong trinh moment
- Phwong trinh ddng nang may

@ [ @
R T R T
[M,dp+ M, dp=_Jo \% = [, +M,)dp = Joi|,
Po Po Po
- Pao ham hai vé phwong trinh trén — phwong trinh chuyén déng may dwoi
dang vi phan (phwong trinh moment)
1 ,dJ da,

M, +M, =—w] —+J
2 do dt

- Viéc giai bai toan chuyén dong thwe bang phwong trinh moment néi chu,ng
phirc tap hon khi dung phwong trinh d’éng‘ nang. Tuy nhién, trong mét so
trwéng hop dac biét, bai toan giai quyét bang phwong trinh moment dé dang
hon

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.15

$3. Chuyén dong thuc clia may
I. Ché d6 chuyén déng may
- Khi may hoat dong, van téc may néi chung bién thién, ta phan biét cac ché do
chuyén déng sau
+ Chuyén dong khéng binh 6n: van téc may bién thén khéng cé chu ky
+ Chuyén dong binh 6n: van téc may bién thién cé chu ky

N N

Khéi dong Lam viéc Tdt mdy

4

\

- Trong giai doan may chuyé&n dong binh én, sau mét thei gian T, hay sau mot
géc quay ¢, cla khau dan, van tdc cia may lai tré vé tri sb ban dau

- T, va ¢, goila chu ky dong lwc hoc cia may

- Néi chung, giai doan chuyé&n dong binh én chinh 14 giai dgan may lam viéc, con
giai doan khong binh n trng véi lic kh&i ddng may hay tat may

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 6.16

$3. Chuyén dong thuc clia may
I. Ché d6 chuyén déng may
1. Ché d6 chuyén dong binh én

T(M +M )dgo:lJaf\“’ = o) = 22 2, )+LT(M +M )dy
o d c 2 1 % 1 J((D) 1 0 J((D) o d c
} J =const
4

[, +M)dp=0
Po
— May chuyén déng binh én véi van téc déu

= w,(p) = o,(p,)

J # const

= o(p) # o (¢,)

[
[(M,+M)dp=0
Po
— May chuyén déng khéng déu nhwng van cé thé binh én sau méi chu ky

dong lyc hoc ¢, néu J@+d,) %rfM +M,)dp=0
J(¢0) ’ Po ’ )

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.17

$3. Chuyén dong thyc ctia may
I. Ché dd chuyén dong may
1. Ché d6 chuyén dong binh én
Chu ky dong hoc ¢ ‘ o
Chu ky lwc hoc (chu ky cong) ¢, ‘F = Chu ky ddng lvc hoc ¢,
J(¢0):J((p0+n¢) (n=1,2,---)

ptmg, B
[, +M)dp =0 (m=12,9[ = o =05 @00

Po
2. Ché dd chuyén dong khong binh én
A, > A.— May chuyén doéng nhanh dan
A, < A.— May chuyén doéng cham dan

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 6.18

$3. Chuyén dong thyc ctia may
Il. Xac dinh van tdc thwe cua khau dan
- Phwong trinh dong nang cé thé viét dwéi dang

_ 2 a’lz((po) f _ M
wl((/))—\/J((p)(J(%) 5 +J0(Md+M(,)d¢] = w(p) ,/ZJ(@

trong d6  E(p)=E(p,)+AE(p,)

E(p,) = %J«po)wf ()

AE(py) = [(M,+M,)dgp

Po
— Dé xac dinh w,(p) ta di xac dinh cac dai lwong M, (p), M (¢),J (@)
- Cac ham M (p),M (¢),J(p) cho dwéi dang gii tich, bang sé hay db thi

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.19

$3. Chuyén dong thyc ctia may
Il. Xac dinh van tdc thwe cua khau dan
1. Phwong phap sb
- Biéu thirc tinh van tbc trén c6 thé viét lai dwéi dang

2 a)2(¢) Pis1
o(p. )= [——| J(@)——"L+ | (M, +M )d
(@,1) o) (2D~ !( M) do

hay @,(¢,,)= \/J(;)[E((p,) +AE(p,)]

trong dé

E((oi) :%J((Di)a)lz((oi)

M(pi1)
Pis1
AE(p) = [(M,+M,)dp o

1
~ E[M (@) + M ()@ —0)

i Pint ?
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 6.20
$3. Chuyén dong thyc ctia may
Il. Xac dinh van tdc thwe cua khau dan
1. Phwong phap sb
Dai litong L I I O A R A et I [ e
Moment qudn tinh thay thé J gy J, J,=J I Jy
Moment thay thé cdc lyc cdn M, My | M, M, M, My
Moment djng M, | Mg | Myo My, My My
Téng moment M=M,+M. | M M, M, M, M,
Bién thién djng ning AE | AE; | AE, AE, AE, AE,
Djng ndng E E, E, E, E, E;
Vén t6c g khau din o, |o(@) |oy(p)]| - o (9,) @ (¢,) ()

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.21

$3. Chuyén dong thuc clia may
Il. Xac dinh van tdc thwe cua khau dan
2. Phuong phéap dé thi

- Xay dung do thi J (), M, (9),M ,(p)

-Congddthi  M(p)=M (p)+M (p)

- Tich phan db thj M (¢) — db thi AE(p) — db thi E(p)

- Xay dwng d6 thi £(J) (dwong cong Wittenbauer) tr d6 thi E(¢)va db thi J (@)

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 6.22

$3. Chuyén dong thuc clia may
Il. Xac dinh van tdc thwe cua khau dan
2. Phuong phéap dé thi

(ry r

M () & ’

M (p)
My(p)

VAVAVAE

01 2 3 45 6 7 8 9101112 13 14 1516 17 18 19

AT RT /T

R/ 9 ¢ v ¢ 7 T 0

or CT 1 €T 71T 1T N1 A

() o

E(ug) 4
7\ 7™\ Py
\ SN\ LN A
X/ X/ ’\\O/’ \
VN |
\
01 2 3 45 6 7 8 910111213 141516 17 18 19 Ymin 19 J(py)

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.23

$3. Chuyén dong thyc ctia may
Il. Xac dinh van tdc thwe cua khau dan
2. Phwong phap db thi
- T dwong cong Wittenbauer xac dinh van téc @, nhw sau
E (ug) + Tai ¢ = ¢*, ddong nang va moment
quan tinh cia may co gia tri
EF=E(¢)
T = J(gh)
xac dinh b&i diém K trén dwong cong
+Goi ' = Z(0J,0K) , taco
OE' _E(@") py _E@") 1,

oI J(@) 1y, @) wy

k k
+ Do do &(pk)zﬁtanl//k:wl((pk): 2&(01{): Z&tanl//k
J(@) u, J@) T u

- Trwdng hop tdng quat, duwdng cong E(J) bao gébm 3 giai doan: khéi dong,
chuyén déng binh 6n va tat may. Trong giai doan binh én,  bién thién gitra
W, Va ¥ . — van tdc may bién thién trong khodng @i, + @ .

k
o ¥ min Jk J (y) tany " =

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 6.24

$4. Lam déu chuyén dong may
I. Hé sé khéng déu cla van téc

- T phwong trinh chuyén dong may 1 ,dJ
I ,dJ  do do, MMy,
M,+M,=—&' —+J— = g=—1»~= 9
2 do dt dt J
2 . 2 ~ A 1 2 aJ
-bPé may chuyéndoéngdéu ¢ =0 = MC,+MC—Ea)1 d—:o
@

- Diéu kién trén khong thé thyc hién dugc trén thyc té — trong giai doan chuyén
déng binh on, van toc may dao dong trong khodng @, i, ~ @,
- Pé danh gia do chuyén dong khong déu clia may — dung hé sé chuyén dong

khongdeu o = @y~ Oy ) P T Oy
= , Wy =

w, 2
- Hé sb chuyén dong khong déu & dwoc quy dinh tiéu chuan cho tirng loai may,
vi dy, may néng nghiép [0] = 1/5+1/150, may bom [J] = 1/5+1/30, may cdng cu
[6] = 1/20+1/150, ...

- Khi d6
[5] — [a)lmax]_[a)lmin] w., = [a)lmax]—'_[a)lmin] [a)lmax/min] — a)[b (1_’__ [§]j

th
w, 2

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.25

$4. Lam déu chuyén dong may
II. Lam déu chuyén dong may
1. Bién phap lam déu
-Jphuthudcvitricocdu J = J, + J(p)
DN

——

phan cé dinh phan thay dbi theo @

-Do doé
a/ d dJ () M“Mc_%a’f%
P oL g+ d@)=" = = i
dop do d Jo+J(9)

- Gidm ¢, bang cach tang phan cb dinh ciia moment quan tinh
- Tang J, bang cach 1ap mét khdi lwgng phu goi la banh da, J,, 1én
+khau dan, hoac
+ khau c6 i s6 truyén véi khau dan khong dbi
- Banh da co tac dung tich trir nang lweng khi 4, > A4, va giai phéng nang
lwgng khi 4, < 4_, nhé d6 diéu hoa viéc phan phéi nang lwong trong cac giai
doan chuyén déng khac nhau ctia mét chu ky dong lwc hoc may
- J, cang I&n cang co tac dung tot nhwng khéng thé qua Ién

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 6.26

$4. Lam déu chuyén dong may
II. Lam déu chuyén dong may
1. Bién phéap lam déu

FLYWHEEL

MEAN
RADIUS

N

——\

N

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.27

$4. Lam déu chuyén dong may
II. Lam déu chuyén dong may
1. Bién phap lam déu

Solid Wheel Solid Rim: (a) Solid hub Rim In Halves Segment Type
(b} Split hub Shrink Links Shrink Links
OrKeyed Links

®

Rim With Bolted Rim With Bolted Wheel In Segment Type
Flange Joints Midway Flange Joints Halves With With Pad
Between Spokes Next To Spokes Split Spoke Joint Joints
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 6.28

$4. Lam déu chuyén dong may
II. Lam déu chuyén dong may
2. Xac dinh J, bang phwong phap do thi
Bai toan: Cho théng s déng hoc, dong lwc hoc va cac ché do lam viéc ctia may
Xac dinh J, can thiét dé dam bao gia tri [6] yéu cau
Trwong hop tong quéat: Gia thiét may chuyén dong binh én, sau khi I&p banh da
E'(ug) A E(up) A - J(¢) va E(¢) tang lén mot lwong
O E va 6J héang sb
- dang dwong cong E=E(J) khdng
thay déi, chi cé hé tryc toa do
chuyén dich mét doan SE va 6J

l// X ,
y = voioJ=J,
V/’ ¥ min [5]
max > '
&T ¢ o J(1y) [a)lmax/min] = wzb[l * 2]
= l//;nin o
= 2 2
o Jy P J' (/JJ) [a)l'max/min] ~ wtb(li[é‘])

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.29

$4. Lam déu chuyén dong may
II. Lam déu chuyén dong may
2. Xac dinh J, bang phwong phap do thi

T bidu thire van téc @, (9") = ,/2ﬁtam//k = tany* =ﬁwf(co")
iy 24,

_ My

’ ’ 2
E'(/IE) A E(/JE) A = tanl//max/min - 2 [a)lmax/min]

E

= 2’: o} (1£[5])

E

ab=Pa—Pb
a ¥ max = O’P(tan l//:nax —tan l//llnin)
, ¥ min
¥ max " =0’ = abﬂj
" b)) J(yj>:>Jd‘OP”J_tan | —tany)
< ¥ min - Vo = i
o J, P J" (uy)

2
r -z r 2 r r = X a)
Néu 14p trén khau x c6 ti sé truyén cb dinh di voi khaudan  J; =J, (w‘]

X

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 6.30

$4. Lam déu chuyén dong may
II. Lam déu chuyén dong may
2. Xac dinh J, bang phwong phap do thi
Trwdng hop moment quan tinh thay thé clia co cau la hang sb
- Bién thién déng nang cuc dai sau khi lap banh da

1 , 1 ,
AE‘max = 5 (JO + Jd )[a)lmax ]2 - 5 (JO + Jd )[a)lmin ]2 _ AEmax _
. ' 2 2 B @’[5] *°
VoI [a)lmax/min ] ~ a)tb (1 * [5]) b

- Cong thirc trén dung dé xac dinh banh da ddm béo yéu cau lam viéc clia may
hay kiém nghiém diéu kién lam viéc cGia may khi chon trwéc banh da

- GOI @,,,/min 12 Vi tri khdu dn khi dat van téc o,

max/min’

AE, .. dugc tinh nhw sau

A
-M . (p)
Prnax
M, (p) AEmax: J.(Md—'_Mc)d(D

Prmin

v
A

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.31

$4. Lam déu chuyén dong may
II. Lam déu chuyén dong may
2. Xéac dinh J, b%ng phwong phap d6 thi
F Vi du: Xac dinh J, dat trén truc chinh cia may tién
c6 J,, = const, moment dong co M = const,
tién vat c6 ban kinh » nhw hinh vé, Iwc cat
F = const, cho trwéc @, [J]

- Moment can
{Fr khi dao cét chi tiét

¢ |0 khidao khéng cét chi tiét
Fi — - M
PN =[] u -May chuyén dong binh én, 4, =4,
RY/ 2 4 5
Mp2r=M,|"=+=|=>M,==Fr
+ + d c( 2 6] d 6
0 . A VA, ,  -Biénthién dong nang cyc dai
2 ol r Frr
- ANE. ==Fr =>J,=—5—7-J
2 max 4 r d 4(057 [5] tt
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 6.32
$5. Tiét ché chuyén dong may
I. Khai niém

- Viéc lam déu chuyén dong may nhw da xét chi ¢ y nghta khi ché do chuyén
doéng clia may 6n dinh, tic cong dong va cong can phai bang nhau sau méi chu
ky dong lwchoc 4, = A4,

- Khi may lam viéc, ché do tai trong cia may thay ddi, tirc c6 sw mat can bang
gitra A, va 4. D& ddm bao may chuyén dong 6n dinh, can phai hiéu chinh 4,
méi khi c6 sy thay dbi 4 . Day la ndi dung cua viéc tiét ché chuyén dong may

- Nhu vay, tiét ché chuyén dong may la duy tri sy can bang gitra 4, va 4, dé
may chuyén dong binh én

- Pé tiét ché chuyén dong may, ta dung co ciu tiét ché

- Co cu tiét ché c6 nhiém vy
+ phat hién ra sy thay dbi cta tai trong (4,
+ hiéu chinh 4, twong (rng cho phu hop v&i ché do tai trong ma&i

- C6 nhiéu loai co cau tiét ché: dién, dién tir co khi, ...

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 6.33

$5. Tiét ché chuyén dong may
Il. Co céu tiét ché ly tam
1. Co céu tiét ché ly tam kiéu tryc tiép
- Nguyén ly lam viéc

- Nhwoc diém
+ khéng nhay dbi v&i cac tin hiéu
thay déi nho
+ ton tai sai s tinh
Ao=0,-w,#0

— co cAu tiét ché ly tam kiéu gian tiép

HCM City Univ. of Technology, Mechanical Engineering Department

Theory of Machine 6.34

Nguyen Tan Tien

$5. Tiét ché chuyén dong may
Il. Co céu tiét ché ly tam
1. Co céu tiét ché ly tam kiéu gian tiép
- Nguyén ly lam viéc

- Uu diém
+ dap wng nhanh dbi vé&i cac tin
hiéu thay déi nho
+ khong ton tai sai s6 tinh
Ao=0,-w,=0
- Nhwoc diém
+ van tbc goc sau khi hiéu chinh
dao ddng lién tuc

=

J

HCM City Univ. of Technology, Mechanical Engineering Department

Nguyen Tan Tien



Theory of Machine 7.01

7. HIEU SUAT

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 7.02
§1. Pinh nghia
- Hiéu suét 7 la ti sé gilra cong c6 ich va tbng cong ma may tiéu thu
— Aci _ Ad _Ams _1 Ams ACi: C?ng co !Ch - a N . " a
n=s—=———=1-——"= A, cdng phat dong (cong ma may tiéu thy)
Ad Ad Ad

4,,;: cong cla lyc ma sat

- Hién nhién 0 < <I

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 7.03

§2. Hiéu suét ctia mot chudi dong
I. Chudi néi tiép
- Xét chudi dong ndi tiép n thanh phan

A, cong dwa vao chubdi dong

A, cong lay ra sau chudi dong

A, : cong con lai sau khi qua thanh phan c6 hiéu suét ;
- Hiéu suét chubi ndi tiép

— Aﬂ _ Aﬂ Aﬂ—l A3 AZ Al
Ad Anfl An72 2 Al Ad _ An _
=>n= =0y Moy " 1
4, 4,
U
Ai—l
n
= n=[]n
i=1
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 7.04

§2. Hiéu suét ctia mét chudi dong

I. Chudi song song A
o b K . X > >4

- Xét chudi ddng song song »n thanh phan ! !

LA |

A, cong dwa vao chubdi dong A—»
A,": cong thanh phan dwa vao
thanh phan cé hiéu suét 7,

v
A, : cong con lai sau khi qua : An

thanh phan cé hiéu suét 7,

i z x. A AC[:A1+A2+...+An
- Hiéu suat chudi song song 7 =—< véi e ,
A A=A +A4+-+4

d n A
4 4, =34
A= (T g‘m
. n;
24
— 77:1';114‘
=

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 8.01 Planar Mechanism with Lower Pairs

8. CO' CAU PHANG
TOAN KHOP THAP

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 8.02 Planar Mechanism with Lower Pairs
§1. Pai cvong

- Co céu phang toan khép thap la co cau phéng trong d6 khép dong gitka cac khau
la khép thap (khdp tinh tién loai 5 hay khép ban 1€)
- Pwoc st dung nhiéu trong thuc té ky thuat
+ Co céu culit dung trong may bao
+ Co cAu tay quay - con trwot dung trong dong co nd, may ép truc khay, ...
+ Co cAu 4 khau ban 1& dung trong hé thdng gidm chén cua xe dap, ...

1

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 8.03 Planar Mechanism with Lower Pairs

§1. Pai cwong

- Uu diém

+ Thanh phan tiép xdc la mat nén ap suét tiép xdc nho
— bé&n mon va kha néng truyén lwc cao

+ Ché tao don gian va céng nghé gia cong khép thap
twong dbi hoan hdo — ché tao va Iap rap dé dat do
chinh xac cao

+ Khdng can céc bién phap bao toan nhw & khép cao

+ D& dang thay déi kich thwéc dong ctia co ciu bang
céach diéu chinh khoang cach gilra cac ban I&. Viéc
nay khé thue hién & cac co ciu véi khép cao

- Nhwoc diém
+ Viéc thiét ké cac co cdu nay theo nhirng didu kién
cho trwéc rat khd — khé thwe hién chinh xac bét ky
quy luat chuyén dong cho trwdc nao

D
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 8.04 Planar Mechanism with Lower Pairs

§2. Co cAu bén khau ban 1& va cac bién thé
1. Co cAu bbn khau ban 1& (four bar linkage)

- Co cAu c6 4 khau ndi véi nhau bang 4 khép ban 1é
+ khau 4 ¢ dinh: gia (frame)
+ khau 2 déi dién véi gia: thanh truyén (coupler)
+ 2 khau con lai
quay dwoc toan vong: tay quay (crank)
khdéng quay dwgc toan vong: tay quay (rocker)

crank - rocker crank - crank rocker - crank rocker - rocker

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 8.05 Planar Mechanism with Lower Pairs

§2. Co cAu bén khau ban |& va cac bién thé
1. Co céu bdn khau ban 1& (four-bar linkage)
- Pwoc dung nhiéu trong thyce té
+ khau 1 quay, khau 3 quay: co cu hinh binh hanh, ...
+ khau 1 quay, khau 3 I&c: co ciu ba-tdng may dét, ...
+khau 1 lac, khau 3 quay: co ciu ban dap may may, ...
+khau 1 lac, khau 3 lac: co céu do vai, ...

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 8.06 Planar Mechanism with Lower Pairs

§2. Co cAu bén khau ban |& va cac bién thé
2. Céc bién thé clia co ciu bdn khau ban 18
- Xét co' cAu 4 khau ban 18, cho khép D Iui ra = theo phwong LAD — co céu tay
quay - con truot

8«

co cau tay quay - con trwot chinh tam
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Theory of Machine 8.07 Planar Mechanism with Lower Pairs

§2. Co cAu bén khau ban 1& va cac bién thé
2. Céc bién thé clia co ciu bdn khau ban 18
- Tl co cAu tay quay - con trwot chinh tam, déi khau 1 1am gia — co ciu cu-lit

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 8.08 Planar Mechanism with Lower Pairs

§2. Co cAu bén khau ban 1& va cac bién thé
2. Céc bién thé clia co ciu bdn khau ban 18
- TW co cAu tay quay - con trwot chinh tam, déi khau 2 1am gia — co' ciu cu-lit

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 8.09 Planar Mechanism with Lower Pairs

§2. Co cAu bén khau ban 1& va cac bién thé
2. Céc bién thé clia co ciu bdn khau ban 18
- Tl co cu cu-lit, cho khép B i ra oo theo phwong cla gia 1 — co clu tang

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 8.10 Planar Mechanism with Lower Pairs

§2. Co cAu bén khau ban 1& va cac bién thé
2. Céc bién thé clia co ciu bdn khau ban 18
- Tl co' cAu cu-lit, cho khép A4 i ra oo theo phwong ca gia 1 — co cu sin

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 8.11 Planar Mechanism with Lower Pairs

§2. Co cAu bén khau ban 1& va cac bién thé
2. Céc bién thé clia co ciu bdn khau ban 18
- TW co cAu sin, dbi khau 4 lam gia — co ciu ellipse

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 8.12 Planar Mechanism with Lower Pairs

§2. Co cAu bén khau ban 1& va cac bién thé
2. Céc bién thé clia co ciu bdn khau ban 18
- TW co cAu sin, dbi khau 2 lam gia — co ciu oldham

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 8.13 Planar Mechanism with Lower Pairs

§3. Bac diém dong hoc co cau 4 khau ban 1&
1. Ti sé truyén
- Trong co cAu 4 khau ban 1&
+ khau dén 1 quay déu voi van téc goc @,
+ khau 2 chuyén ddng song phang véi van téc goc @,
+ khau bi d&n 3 quay véi van toc goc w;

- Ti s6 truyén gitra hai khau tuy y clia mot co
cau la ti s6 van téc goc gitvra hai khau do
w . W,

Iy =— iy =
2 a)3
- Ti 6 truyén cta co ciu la ti sb truyén gitra
khau dan va khau bi dan cla co cau

@

I3 =
3

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 8.14 Planar Mechanism with Lower Pairs
§3. Bac diém dong hoc co cau 4 khau ban 1&
1. Ti sé truyén
- Dinh Iy Kennedy: Trong co c&u 4 khau ban I8, tam quay tirc thoi trong chuyén
dong twong doi gitrka hai khau doi dién la giao diém gilra hai dwdng tdm cla hai

khau con lai
P24
VP[;
: a)l _ lAPls lDPls
3 =—"= %
2 Rs AP,
lDPn

Coéng thire trén dwoc phat biéu dwéi dang
dinh ly sau

- Binh ly Willis: Trong co' céu bon khau ban 18, dwong thanh truyén chia dwong
gia ra lam hai phan ti I& nghich v&i van toc cia hai khau ndi gia

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 8.15 Planar Mechanism with Lower Pairs

§3. Dic diém dong hoc co ciu 4 khau ban &
1. Ti sé truyén
- Pac diém dong hoc co ciu 4 khau ban 1&
+ Ti sb truyén la moét dai lwong bién thién phu thudc vi tri co cau

_ lDPlz _ o
Iy = =

/ w
AR, 3

+ P, ; chia ngoai doan AD — i,; > 0: @, cung chiéu w,

P, ; chia trong doan AD — i,; < 0: @, nguoc chiéu @,
nC

|
w; 7
D
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 8.16 Planar Mechanism with Lower Pairs

§3. Dic diém dong hoc co ciu 4 khau ban &
1. Ti sé truyén
- Pac diém dong hoc co ciu 4 khau ban 1&
+ Khi tay quay 4B va thanh truyén BC dudi thang hay dap nhau, tirc P; = 4,
khau 3 dang & vi tri bién va chuén bj déi chiéu quay

+Néu 4B = CD, AD = BC : co cAu hinh binh hanh P, o=, = =]

~ ~ R P .
— khau dan va khau bi dan quay cung chiéu va cung van toc ’
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Theory of Machine 8.17 Planar Mechanism with Lower Pairs

§3. Bac diém dong hoc co cau 4 khau ban 1&
2. Hé sb néng suét
- Hé s0 néng suat 1a ti so gilra thoi gian lam viéc va thoi gian chay khong trong
mot chu ky lam viéc cla co cau
- Hé sé nang suat dung danh gia mac do lam viéc cla co ciu
- Khau dan c6 hai hanh trinh
+ hanh trinh di irng v&i goc ¢,
+ hanh trinh vé& &ng véi goc ¢,
+ thong thwong ¢, # ¢,
- Xét co cau 4 khau ban 1& nhw hinh, néu
chon hanh trinh vé la hanh trinh lam viéc,
hanh trinh di la hanh trinh chay khéng

P _@/o, g 18046

ld‘ chu ky lam vigc (011/ a)l Q; 180-6
- Hé s6 nang suét phy thudc  + két cdu clia co céu

+ chiéu quay clia khau dan o,
+ chiéu céng nghé cua khau bj dan

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 8.18 Planar Mechanism with Lower Pairs

§3. Dic diém dong hoc co ciu 4 khau ban &
3. biéu kién quay toan vong ctia khau néi gia
- Biéu kién quay toan vong cla khau 1

+ Thao khép B —» xét quy tich B, va B,
{B,}=0(4,1)
{Bl} = O(D:lz +13)_0(D7| 12 _13 |)

|Zz_l3|

+ Khau 1 quay toan vong < {B,} c {B,}

|12—13|S|l4—11|
L+L 21+

— Diéu kién quay toan vong ctia khau ndi gia: khau ndi gia quay dwoc toan vong
khi va chi khi quy tich cia né nam trong mién véi cta thanh truyén ké véi néd
- Biéu kién quay toan vong cla khau 3 — twong tw

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 8.19 Planar Mechanism with Lower Pairs

§4. Bac diém dong hoc co ciu bién thé
1. Co c4u tay quay — con trwot léch tam

- Ti s6 truyén
A _
: Ve =V
= ol =Ve
, 1

(B,} S
2 Zz 13 VC

- Hé sb nang suét
180°+6

e, x " 180°-4
” - Dieu kién quay toan vong
B, — = hanh trinh lam viéc {5 }=0(4 Z,' )

~—— hanh trinh chay khong {B}=MeR :A<y,<A
l,  dk khau 1 quay toan vong

(B} {B,)

l,—e<l,
= =l +e<l,
L +e<l,

ZAPIS

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 8.20 Planar Mechanism with Lower Pairs

§4. Bac diém dong hoc co ciu bién thé
2. Co céu cu-lit
- Ti s6 truyén: Tam quay tirc thoi ctia khau 1 va 3 |a giao diém cta BC va AD

Q) ZCP
= - S S Kl
n=Ve 3= a)llA}’l3 = 5 ZCPB ===

hanh trinh lam viéc v
— A A
@y Lip,

- Hé sb nang suét
L _ 180 Z +y
180 " —yw
®» - Diéu kién quay toan vong
+ Khau 1
{B\}=0(4,1))
{B,} =R’
— khéu 1 luén quay duwoc toan vong
+Khau3 —» ?
Dé khau 3 quay toan vong, /,> 1,

_ [
Khil,=1,: inzﬁ:ﬂ:2:const

}:{BI}C{Bz}

@y Ly,
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Theory of Machine 8.21 Planar Mechanism with Lower Pairs

§4. Bac diém dong hoc co ciu bién thé
3. Co c4u sin

N

- Ti s6 truyén: Tam quay trc thdi cGia khau 1 va 3 |a giao diém cta BC va AD
(D—> o= 4D 1 xx)

Ven=Ves = a)llAPl3 =V=V. = ;=

-Hé sbé nang suat: k= 1
- Piéu kién quay toan vong: Khau 1 luén quay dwoc toan vong

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Cam Mechanism

Theory of Machine

9. CO CAU CAM

Nguyen Tan Tien

HCM City Univ. of Technology, Mechanical Engineering Department

Cam Mechanism

Theory of Machine
§1. Pai cvong
I. Binh nghia
- Co céu cam la co céu c6 khép loai cao, thyc hién cljuyén dong qua lai clia
khau bj dan nh& vao dac tinh hinh hoc ctia thanh phan khép cao trén khau dan

___ Valve
spring

Rocker / “/
‘!

S

T
S
T

AN

R,
SN

N
N
N
N
N

4

Pushrod —/ g H

- Cam

Nguyen Tan Tien
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Theory of Machine 9.03 Cam Mechanism

§1. Pai cvong
Il. Phan loai
- Co cau cam phang: cac khau chuyén déng trong mét mat phang hay trong cac
mat phang song song nhau

+ Theo chuyén doéng clia cam: cam quay, cam tinh tién
+ Theo chuyén dong ctia can: |ac, tinh tién, chuyén déng song phang
+ Theo dang day cla can: bang, nhon, con l&n, bién dang béat ky

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 9.04 Cam Mechanism
§1. Pai cvong

Il. Phan loai

- Co cAu cam khéng gian: cac khau chuyén dong trong cac mat phang khong
song song nhau

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 9.05 Cam Mechanism

§1. Pai cvong
[ll. Néi dung nghién ctru
- Hai bai toan co ban vé co ciu cam
+ Bai toan phan tich: cho truéc co cau cam ’ )
— xac dinh quy luat chuyén ddng cta can
+ Bai toan tong hop: cho truwéc quy luat chuyén déng cla can
— xac dinh hinh dang, kich thwéc, ... cia cam

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 9.06 Cam Mechanism

§2. Phan tich dong hoc co cAu cam
|. Co cAu cam can day day nhon
1. D6 thi chuyén vi
a. Phuong phap chuyén déng thyc

<Y

Px
o P ey @,
2
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Theory of Machine 9.07

Cam Mechanism

§2. Phan tich dong hoc co cAu cam
|. Co cAu cam can day day nhon
1. D6 thi chuyén vi
b. Phwong phap dbi gia

a
AN
NN

<Y

HCM City Univ. of Technology, Mechanical Engineering Department

Theory of Machine

Nguyen Tan Tien

Cam Mechanism

§2. Phan tich dong hoc co cAu cam
|. Co cAu cam can day day nhon
1. D6 thi chuyén vi
c. Cac giai doan chuyén dong

P
a— ,1»‘ '4—(0,,

A /

27

Pe

HCM City Univ. of Technology, Mechanical Engineering Department

Nguyen Tan Tien



Theory of Machine 9.09 Cam Mechanism

§2. Phan tich dong hoc co cAu cam
|. Co cAu cam can day day nhon

2. Van téc s
s =s(9) ds
= Vv=— »
P =p(1) dt 0 z
_ do ds ds
dt do dp
. ds .
- "™ o @
d
3. Gia téc
dv , d’s )
a=—=uw, 3 d”s
dt d@ d(p2
0 \/ \/ v
DU B PR
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 9.10 Cam Mechanism

§2. Phan tich dong hoc co cAu cam
ll. Co cAu cam cén l&c day nhon

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 9.11 Cam Mechanism

§2. Phan tich dong hoc co cdu cam
ll. Co cAu cam cén léc day nhon

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 9.12 Cam Mechanism

§3. Phan tich lwc co cAu cam
- Muc dich xac dinh kha nang lam viéc ctia co ciu cam dwéi tac dung cua tai trong
B - Lyc tac dung 1én can cam
+Tai trong O theo phwong chuyén vi ctia can
+Phan lyc P tir cam tac dung lén can

P=N+F ‘
+Phan lwc R tir gia tac dung Ién can
R=N'+F'
- PBiéu kién can bang lwc
O+R+P=0
- Tw da giac lyc
0 B P
sin[§—(a+p+9¢)]  sin(5+¢)
P cos ¢’

:> —_
QO cos(a+@+¢)
@: gbc ma sat gitra cam va can
@’: g6¢c ma séat gitra gia va can

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 9.13 Cam Mechanism

§3. Phan tich lyc co cdu cam

0 - Goc ap |’l_.I’C Oi: goc gilra phwong tac dung lwc
va van toc diém dat lyc

- Khi « dat gia tri sao cho o +¢ +¢@’ = 7/2
P/Q — « day la treong hop tw hdm cla co
céu cam — goc ap lwc a khéng dwoc 16n qua
mdt gia tri gi¢i han cho phép

- Géc ap lwe ati lé nghich véi kich thwéc cla
cam - a< [a,, ] nhung phai du I&n d& dam
bao kich thwéc cam nhé gon

- V&i cam céan day [«,,, ] = 30°+35°
Véicam can lac [a,,,,] = 30°+35°

AX:

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 9.14 Cam Mechanism

§3. Phan tich lyc co cdu cam

Tong hop co cau cam la thiét ké co cdu cam théa man cac diéu kién
- Lam viéc dwoc, tic la a < [a,,,,]
- Pam bao quy luat chuyén déng cho trwéc ctia can
- Kich thwéc ctiia cam nhd gon nhét cé thé

Nhw vay bai toan téng hop co cdu cam bao gdm 2 phan
- Xac dinh vi tri tdm cam
- Xac dinh bién dang cam

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 9.15 Cam Mechanism

§4. Tdng hop co cdu cam
l. Xac dinh tam quay cla co cdu cam (Bai toan tdng hop dong lwc hoc co cdu cam)
1. Cam can lac day nhon
a. Bai toan 1
Cho:
-goc ap lvc a<[a,,,]
- chiéu quay @, ctia cam 1, chiéu dai can /.
- Vi tri CB; clia can lac 2 va van téc V,, clia dau can tai thoi diém dang xét
Yéu cau:
- phai d&t tam cam 4 & dau dé théa man cac diéu kién cho trén ?

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 9.16 Cam Mechanism

§4. Tdng hop co cdu cam
l. Xac dinh tam quay cla co cdu cam (Bai toan tdng hop dong lwc hoc co cdu cam)
1. Cam can lac day nhon
a. Bai toan 1 .
- Xét co cau cam théa a = [a,,

ax]

- Quan hé van téc

=i =i =i
VB2 = VB1 + szB1
L CB ? /1t
C .
17 | ? ?

- Ung véi méi vi tri ctia b/ trén 1t — ta co
mot hoa do van toc va mot vi tri cha tam

cam ma
AB' 1 B'b|
ABi — Vi{ — /’lvBlbll
w w

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 9.17
§4. Tdng hop co cdu cam
l. Xac dinh tam quay cla co cdu cam (Bai toan tdng hop dong lwc hoc co cdu cam)
1. Cam can lac day nhon
a. Bai toan 1 - b/ chay trén tt — A chay trén A'// nn va
} cach B' mét doan x(AB' 44" ~ AB'bb]")
“{ . -Goi X'=ANCB, tatinh x'=B'X'
Cwi, - Tam gidc dong dang AB'bb; ~ AB'AX'
B'X' B'A x o
—=—— hay —=—
B'b,  B'b Ve, Vg

chay vy =or, vy, =Ql= a)[dl//] !

; do
XX :[W] z
dp
- Vay, quy tich A’ ctia tam cam A4 // nn va
cat can cam tai diém X cach dau can
mot doan x' nhw trén, chiéu B'X' 1a chiéu
vector v, xoay 90° theo chiéu @,

Cam Mechanism

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 9.18
§4. Tdng hop co cdu cam
l. Xac dinh tam quay cla co cdu cam (Bai toan tdng hop dong lwc hoc co cdu cam)
1. Cam can lac day nhon
a. Bai toan 1

Cam Mechanism

- Géc ap luc co thé dat bén phai / trai ﬁ;z

- Néu géc ap lyc dat bén trai 17;2, quy tich
cla tam cam 4 1a dwong thang A" // n'n’
va ciing di qua diém X’ nhw da xac dinh

— Tam cam c6 thé dat tuy y trén A va A"

- Néu thay diéu kién « = [¢,,, ] bang diéu
kién @ < [a,,,,] va cho biét cam dang &
giai doan di xa hay vé& gan — tam cam 4
c6 thé dat tuy y trong hai mién &' hodc
55 gi&i han béi A va A"

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 9.19 Cam Mechanism

§4. Tdng hop co cdu cam
l. Xac dinh tam quay cla co cdu cam (Bai toan tdng hop dong lwc hoc co cdu cam)
1. Cam can lac day nhon
b. Bai toan 2

Cho:
-goc ap lvc a<[a,,,]
- quy luat chuyén dong ctia can

Yéu cau:
- phai dat tam cam 4 & dau dé thda man cac diéu kién cho trén ?

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 9.20 Cam Mechanism

§4. Tdng hop co cdu cam
l. Xac dinh tam quay cla co cdu cam (Bai toan tdng hop dong lwc hoc co cdu cam)
1. Cam can lac day nhon
b. Bai toan 2
- Cho quy luat chuyén déng clia cAn— tai mdi thoi diém bai toan trd vé bai
toan 1 nhw da xét, ta xac dinh dwoc mién tam cam &7 twong (rng

Va
T Bl

i
Ay

- Trwong hop [, = [,,,.]"

- Tam cam la mién giao nhau @ ctia cac mién §'

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 9.21 Cam Mechanism

§4. Tdng hop co cdu cam
l. Xac dinh tam quay cla co cdu cam (Bai toan tdng hop dong lwc hoc co cdu cam)
1. Cam can lac day nhon
b. Bai toan 2

- Bé xac dinh mién tam cam
+ v& cac vj tri ctia can Cb'
+ v&i mdi vi tri cha Cb!, xac dinh 8!
+ mién tm cam la phan giao cla cac @'

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 9.22 Cam Mechanism

§4. Tdng hop co cdu cam
l. Xac dinh tam quay cla co cdu cam (Bai toan tdng hop dong lwc hoc co cdu cam)
2. Cam can day day nhon

- Twong tw nhw trwéng hop can l&c day
nhon véi cac chu y
+ quy dao diu can la mot doan thdng
0 lan ] — ¢6 thé xem la quy dao dau can
lac c6 tam quay & vo cuing
+ cac gia tri xi dworce tinh theo cong thirc
+ cac doan B'X' song song nhau — Av"
song song nhau

- Khi [a,,

I =la,
+ tim cac diém X réi néi thanh dwdng cong tron

+ ké hai tiép tuyén 4, va A', véi dwong cong trén thda diéu kién a = [
+ mién Jxac dinh bdi hai tiép tuyén trén la mién tam cam can tim

], viéc tim mién tdm cam nhw sau

ax- ax-

max]
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Theory of Machine 9.23 Cam Mechanism

§4. Tdng hop co cdu cam
l. Xac dinh tam quay cla co cdu cam (Bai toan tdng hop dong lwc hoc co cdu cam)
3. Cam can day con l&n
- Can day con lan c6 thé 1a can 1ac hay can day
- Viéc xac dinh tdm cam giong nhw trwong hgp can day nhon da xét
4. Cam can day day bang
- Trong co cAu cam can day bang, « = const
— diéu kién a < [a,,, ] dé dang duoc thoa
- Pay can tiép xuc véi moi diém trén bién dang
cam — bién dang cam phai 16i
- Ban kinh cong p tai mét diém trén bién dang
cam Vi quy wédc: p > 0 néu di doc bién dang
cam theo chiéu kim dong hd ma tam cong ctia
bién dang cam nam ve phia tay phai
- Diéu kién 16i cha bién dang cam la tai moi
diém trén bién dang cam, ta phai c6 p£>0

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 9.24 Cam Mechanism

§4. Tdng hop co cdu cam
l. Xac dinh tam quay cla co cdu cam (Bai toan tdng hop dong lwc hoc co cdu cam)
4. Cam can day day bang
Cho: )
- quy luat chuyén dong ctia can
- Vi j(ri gan tdm cam nhat cda can
Yéu cau:
- Xac dinh tdm cam sao cho
+ théa man quy luat chuyén déng
+ bién dang cam I6i )
+ kich thwé'c cam nhé gon nhét c6 thé

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 9.25 Cam Mechanism

§4. Tdng hop co cdu cam
l. Xac dinh tam quay cla co cdu cam (Bai toan tdng hop dong lwc hoc co cdu cam)
4. Cam can day day bang

- Thay thé khép cao tai B bang 1 khau va 2
khép thap
-Taco p=DB=s+r,+z, VOi
s: chuyén vi so v&i vi tri thAp nhat ctia can
r,:ban kinh nhé nhét cia cam
z: dai lwong bién thién

- V& hoa d6 gia tdc tai diém dang xét
- — - K =
ag, = 4z + dpp + dgp
1 xx /a, Il xx
? \d, | 0 ?
.. . [np4a
ap=dap=dp = / 2
4p@
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 9.26 Cam Mechanism

§4. Tdng hop co cdu cam
l. Xac dinh tam quay cla co cdu cam (Bai toan tdng hop dong lwc hoc co cdu cam)
4. Cam can day day bang

- Tam giac déng dang Azbd ~ ADHA = ™ _ DH
md DA
, d*s
2 2
:z:DH:aBZIAD: d<”2 zAD:di
ap Lip do
2 2
do do p=s+di+r0>0:>rg>—[s+5“§]
(4

ha r>— s+ d’s +0
y o d¢2

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Cam Mechanism

9.27

Theory of Machine
§4. Tdng hop co cdu cam
Il. Téng hop dong hoc co cidu cam
- La bai toan vé bién dang cam thep quy luat chuyén vi cho trwdc clia can sau
khi xac dinh tdm quay theo céac diéu kién dong hoc, déng lwc hoc da cho
- Bai toan nay la bai toan nguoc v&i viéc
phan tich déng hoc co cau cam da xét
- Néu la co cdu cam can l4c day con lan,
bién plang cam tim dwoc la bién dang ly
thuyét — xac dinh bién dang cam that
+ LAy cac diém trén bién dang ly thuyét
lam tam, vé cac cung tron ban kinh
bang ban kinh con lan
+ Hinh bao ctia ho dwdng t(On nay la
bién dang that ctia cam can tim

Y
AN

T
3

X

"‘v- ==
2

Yy
%Y

N

Nguyen Tan Tien

HCM City Univ. of Technology, Mechanical Engineering Department

9.28 Cam Mechanism

Theory of Machine
§4. Tdng hop co cdu cam

Il. Téng hop dong hoc co cidu cam
Khi chon ban kinh con lan r; cha y

- r, cang I&n — ton thét ma sat cang it

-r;, qualén — xay ra hién twong ty giao cta

bién dang cam
— bién dang cam that cé diém

“ VL= Puin
nhon, moén nhanh
-r; > P, — bién dang cam that giao nhau,
khéng dung dwoc

-1, <Puin —thuwéngchonr, =0,7 p,..

Nguyen Tan Tien

HCM City Univ. of Technology, Mechanical Engineering Department



Theory of Machine 9.29 Cam Mechanism

§4. Tdng hop co cdu cam
lIl. Trinh ty thiét ké co cdu cam

1. Lap db thj chuyén vi, db thi van toc va dd thi gia téc ctia can cam
2. Xac dinh tam quay cla cam (tbng hop dong lwe hoc)
3. Xac dinh bién dang cam (tdng hop déng hoc)
Néu la cam can day con lan,
- V& bién dang cam ly thuyét
- Xac dinh ban kinh con lan
- X&c dinh bién dang cam thuc té

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.01 Planar Gear Mechanism

10. CO' CAU
BANH RANG PHANG

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 10.02 Planar Gear Mechanism
§1. Pai cvong

I. Binh nghia va phan loai
- Binh nghta: co ciu banh ring la co ciu cé khép loai cao dung truyén chuyén
dong quay gitra hai truc véi mét ti sé truyén xac dinh nhé sy an khép truc tiép
gitba hai khau cé rang

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.03 Planar Gear Mechanism

§1. Pai cvong
I. Binh nghia va phan loai
- Phan loai theo
+ vi tri gitra hai truc: co' cAu banh réng phéng, co' ciu banh réng khéng gian
+ sy an khép: co cdu banh réng an khép ngoai, &n khép trong
+ hinh dang banh rang: banh rang tru, banh rang cén
+ cach bb tri rang trén banh rang: banh réng thang, banh rang nghiéng, chiv V

S0
o@

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 10.04 Planar Gear Mechanism
§1. Pai cvong
Il. Binh ly co’ ban vé an khép
. . o OP
-Tisbtruyén i,=—-=—2— = const?
o, OP

- Binh Iy co' ban vé an khop: Dé ti s6 truyén cb dinh, duong
phap tuyén chung ctia mét cap bién dang phai ludn cat
dwdng ndi tam tai mot diém cb dinh

-Vong lan
+ P la tdm an khép
+ v, =0,0,P=0,0,P=v),
+ Hai vong tron (0,,0,P) va (0,,0,P)lan khong treot 1én
nhau, goi la vong lan, cac ban kinh dwgc ky hiéu

r, =0P
r, =0,P
+ Cap banh rang ndi (ngoai) tiép khi hai vong lan noi
(ngoai) tiép nhau

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.05 Planar Gear Mechanism
§2. Chirng minh dwéng than khai phu hep véi dinh ly co ban vé an khép
|. Pwérng than khai va cac tinh chét

- Duding than khai: Cho dwéng thang A 1an khéng trwot trén vong tron (O,r,), bat
ky diém M nao thudc A sé& vach nén mét dwdng cong goi la dwéng than khai
Vong tron (O,r,) goi la vong co s&

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.06 Planar Gear Mechanism

§2. Chirng minh dwéng than khai phu hep véi dinh ly co ban vé an khép
|. Pwérng than khai va cac tinh chét
- Tinh chét clia dwdng than khai

1. Bwdng than khai khéng cé diém nao ndm trong vong co s&

2. Phap tuyén clia dwéng than khai la tiép tuyén cta vong co sé va nguoc lai

3. Tam cong clia dwong than khai tai mot diém bét ky M |a diém N nam trén
vong co' s@, va NM = NM,

4. Cac dwong than khai cda 1 vong tron la nhitng dwong cach déu va co thé
chong khit lén nhau. Khoang cach gitra cac dwdng than khai bang doan
cung chan gita cac dwong than khai trén vong co sé& MK = M K,

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien




Theory of Machine 10.07 Planar Gear Mechanism

§2. Chirng minh dwéng than khai phu hep véi dinh ly co ban vé an khép
Il. Phwong trinh dwéng than khai
- Chon hé toa do cuc véi O lam géce, diém M thudc A duwgc xac dinh béi

—_—
(6, =M .OM
< —
| n=0M
_—— —— MN
6, = i.ON - MON = —— —q,
C
— - r
a.= (A, Mt) : goéc ap lwc
1
r.o= 0
cosa,
0 =tano, —-a,
— Phuwong trinh dwdng théan khai 7
cosa,
6. dwoc goi la inva, (involute o) hay la ham than khai
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 10.08 Planar Gear Mechanism

§2. Chirng minh dwéng than khai phu hep véi dinh ly co ban vé an khép
lIl. Pwérng than khai phu hop véi dinh ly co ban vé &n khép

_ - Dinh ly co ban vé &n khop:
Dé i s6 truyén cb dinh, dwong phap tuyén
chung ctia mot cdp bién dang phai ludn cat
dwong ndi tam tai mot diém cb dinh

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.09 Planar Gear Mechanism

§3. Bac diém cua banh réng than khai
I. DPwong an khép, géc an khép

- Puong an khép ly thuyét

- Goc an khop a;

r,oT,
cosq, =—=—=
rL rL

r,.: ban kinh vong co s& banh rang 1 va 2
1, : ban kinh vong lan banh rang 1 va 2

- Goc an khép, dwdng an khdp, vong lan phu
thudc vao khoang cach truc, tirc phu thudc
vao khoang cach twong ddi gitra hai banh
rang

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.10 Planar Gear Mechanism

§3. Bac diém cua banh réng than khai
[I. Kha nang dich tam

- Khi khoang cach truc thay df)i, ca’g ban kl'n’h
vong lan thay dbi nhuwng ti sb truyén van cb
dinh

_a)l _POZ_rLz roz

,=—= =—~=—2=const
w, PO, noh,
— — + - _payla mat dac diém va la mot vu didm cla
/ banh rang than khai, vi khi I&p rap, néu
, /" khoang cach truc khong dam bao, ti sb truyén
o/ van dam bao

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.11 Planar Gear Mechanism

§3. Bac diém cua banh réng than khai
1. M6t vai thong sé clia banh réng than khai

- Vong dinh r,

- Vong chéan r;

-Vong cosé r,

- Trén vong ban kinh r (r;<r.<r,)
+ chiéu day rang S,
+ chiéu rong ranh W,
+bwéc rang ¢,

t.=W_+8,

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.12 Planar Gear Mechanism

§3. Bac diém cua banh réng than khai
IV. Diéu kién an khép déu

- Gia st tirng c&p bién dang dbi tiép thda diéu kién co ban vé an khép

- Qua trinh &n khép clia mét cép banh réng la gdm nhiéu cép bién dang dbi tiép,
ké tiép nhau Ian lwot vao an khép

- Khi chuyén tiép ti c&p bién dang an khép trwdc sang cép bién dang an khép
ké tiép sau, dinh ly &n khép van dwoc thda ?

- D& dam bao an khép lién tuc véi ti sb truyén cb dinh, cac cap bién dang dbi
tiép cha hai banh rang phai lién tuc ké tiép nhau vao tiép xuc trén dworng an
khép — phai thda man cac diéu kién

+ an khép dung
+ an khép trung
+ an khop khit

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.13 Planar Gear Mechanism

§3. Bac diém cua banh réng than khai
IV. Diéu kién an khép déu
1. Diéu kién &n khép dung (an khép chinh xac)

- Diéu kién ty, =ty, hay 1,

= toz

1

- Cac thong s6 1, .1, la théng s6 ché tao, do do viéc thay ddi khoang cach
truc khong &nh hwéng gi dén diéu kién an khép duang

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.14 Planar Gear Mechanism

§3. Bac diém cua banh réng than khai
IV. Diéu kién an khép déu
2. Diéu kién an khép trung (diéu kién trung khép)

-Diéukién AB>t, hay g=AB_A4B , & 1 hé s6 trung khép

Ly lo

- & la sb cap bién dang trung binh ddng th&i &n khép trén dworng &n khép

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.15 Planar Gear Mechanism

§3. Bac diém cua banh réng than khai
IV. Diéu kién an khép déu
2. Diéu kién an khép trung (diéu kién trung khép)

AB=N,B-N,4
:NIB_(N1N2_N2A)
=N,B+N,A-N,N,

N R NP+PN)

\/r - +\/r -r - rL sina, +7r,, sinaL)
2 .
—\/ r, +\/r —r —Asina;

\/rZ—rZ +\/r —r —Asing,

e 0y
t

o

- & phy thudc vao diéu kién ché tao (r,.r,.,) va diéu kién lap rap (4, «;)

=Se=

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.16 Planar Gear Mechanism

§3. Bac diém cua banh réng than khai
IV. Diéu kién an khép déu
3. Diéu kién &n khép khit
- Khi @, cung chiéu kim déng hd, diém b’ e L]
va diém o' € L] sé dén tiép xdc nhau tai P
b'P=a'P
- Khi @, ngwoc chiéu kim déng hd, diém b e L,
va diém ae L, sé dén tiép xdc nhau tai P

bP=

N /N 7N /N

Doddé b'P+bP=a'P+aP

= b'b=da
:>WL2 :SLI

L= SL2

L, — ML

— Diéu kién &n khép khit {

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.17 Planar Gear Mechanism

§3. Bac diém cua banh réng than khai
V. Hién twong trwot bién dang va hé sb trwot bién dang

- Phwong trinh van téc diém M

Ve, = Yyt TV
LOM LoM L nn
? Lo ?

— xay ra hién twong trwgt twong doi theo
phwong ti€p tuyén gilra hai bién dang goi la
hién twgng trugt bién dang

- Hién twogng nay la mét trong nhirng nguyén
nhan lam mon mat ti€p xdc cua rang

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.18 Planar Gear Mechanism

§3. Bac diém cua banh réng than khai
V. Hién twong trwot bién dang va hé sé trwot bién dang

- Cung trwgt trén moét canh rang la cung vira
l&n vira trwgt doi v@i canh rang doi tiép
trong mét thai gian nao do

- DO mon clia canh réng phu thudc vao chiéu
dai cung trwgt. Khi vi tri ti€p xuc di tv P— M,
cac cung trwgt trén cac canh rang la

dSl Z@
dS2 =Mb

- Hai cung trwgt nay noi chung khdng bang
nhau, cung trwgt nao I&n hon sé bi mon it
hon

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.19 Planar Gear Mechanism

§3. Bac diém cua banh réng than khai
V. Hién twong trwot bién dang va hé sb trwot bién dang

- D& danh gia d6 mon do trwgt, ngudi ta
dung hé sé trwgt x4, dwgc dinh nghia

ds, —ds ds

H = 1d t=l-—2
s, ds,
=a’sz—a’s1 1 ﬁ
P ds, ds,

- C6 thé tinh dwdng cong trwgt theo
MN, . MV,
MN, 25 Mo MN, 12

My =1-

- Hé sb trwot 1 phu thudce vi tri diém tiép xdc, tai tam &n khép ta €6 g, = 11,= 0

- Hai hé s truot cla cép diém ddi tiép bao gi cling trai dau nhau, hé s6 co gia
tri am bao gid cling co6 gia tri tuyét doi I&n hon

HCM City Univ. of Technology, Mechanical Engineering Department

Nguyen Tan Tien

Theory of Machine 10.20

§4. Khai niém v& hinh thanh bién dang than khai
I. Cach hinh thanh bién dang than khai

Planar Gear Mechanism

’ Tooth cutting processes for cylindrical gears

I
[ 1

Form cutting processes ’ Generating processes

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.21 Planar Gear Mechanism

§4. Khai niém v& hinh thanh bién dang than khai
I. Cach hinh thanh bién dang than khai
1. Chép hinh
- Bién dang than khai cé dwoc la do chép lai hinh dang cla lwdi cat
- Hai kiéu dao dung dé chép hinh: dao phay ngén, dao phay dia

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.22 Planar Gear Mechanism

§4. Khai niém v& hinh thanh bién dang than khai
I. Cach hinh thanh bién dang than khai
1. Bao hinh
- Bién dang than khai c6 duwgc la do mét ho dwdng cong bao hinh
- Buong bi bao c6 thé 1a: mét dweng than khai hay mét dwéng thang

Dao cdt dang bdanh rdang than khai

Phéi dang dugc gia cong ‘

Dao (thanh rdng sinh)

Phéi dang dugc gia cong

Gia cong bdnh rdng bdng dao cdt dang banh rdng than khai Gia cong bdnh rdang bang dao cdt dang thanh rang sinh

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.23 Planar Gear Mechanism

§4. Khai niém v& hinh thanh bién dang than khai
M6t s6 hinh anh vé cat rang than khai

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.24 Planar Gear Mechanism

§4. Khai niém v& hinh thanh bién dang than khai
1. Xét thanh réng sinh v& mét ho dwérng thang bao hinh tao bién dang than khai
1. Chirng minh thanh réng hinh thang cé thé &n khép véi banh réng than khai

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.25 Planar Gear Mechanism

§4. Khai niém v& hinh thanh bién dang than khai
[l. Xét thanh rang sinh vé mét ho duwdng théng bao hinh tao bién dang than khai
2. Quan hé ddng hoc gitra thanh rang va banh rang

- Khi canh rang tinh tién mét doan ds = Mm,,
banh rang quay mot géc de

Y
7, v,

o o

v _dsdi_ds__ds _m,
o dpldt dep ad'lr, MM'°
_ Mm, ,_to

Mm, cosa ° cosa

- Do do

= const

— Trong qua trinh an khép, van téc tinh tién clia thanh rang va van toc goc clia
banh rang cé mét ti 1& nhat dinh tinh theo

Y__%

@ CoSa
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 10.26 Planar Gear Mechanism

§4. Khai niém v& hinh thanh bién dang than khai
Il. Xét thanh rang sinh v& mét ho dwdng thang bao hinh tao bién dang than khai
3. Vé bién dang than khai
- Xét chuyén dong twong déi gitra thanh réng déi véi banh rang, cac canh
banh rang sé ding yén va’céc canh thanh rang sé& c6é mét loat vi tri hop
thanh nhirng ho dwdng thang co6 hinh bao la cac canh rang than khai
— Suy ra cach vé (hinh thanh) bién dang than khai nhw sau

+ Cho phéi quay tron véi van tbc @
+ Cho thanh réng tinh tién vé&i van téc v
r

o

. N N v
+ wvavthéaquanhé —=—"—
w Ccoso

+ Tap hop cac duong thang sé tao nén
mot ho dwdng thang bao hinh 1a
dwdng than khai canh rang

+ Tap hop cac duwong thing sé tao nén

Gia cong bdnh rdang bdng dao cdt dang thanh rang sinh mét ho du,‘o,ng théng bao hinh la

dwdng than khai canh rang

Phéi dang dvoc gia cong

v
Dao (thanh rdng sinh) — eq—————

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.27 Planar Gear Mechanism

§4. Khai niém v& hinh thanh bién dang than khai
lIl. Théng sb ché tao co ban cla banh réng than khai
1. Dang cla thanh rang sinh

— 1 Puong dinh

£

& Puong trung binh
Il
-

Duong chan

- Gdc ap luc ¢, thdng thwdng a, = 20° (ddi khi 25° hay 18°)
- Buwdc rang ¢,

- Modun thanh réng m, = ¢,/n (dwdc qui theo tiéu chuan)

- BPwdng trung binh clia thanh rang

- Chiéu cao dinh rang, /4, , chan rang, 4

- D€ tranh &ng suét tap trung & chan rang cua banh rang
— lam cac ban kinh lwgn & dau rang va chan rang cda thanh rang

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.28 Planar Gear Mechanism

§4. Khai niém v& hinh thanh bién dang than khai
lIl. Théng sb ché tao co ban cla banh réng than khai
2. Théng sb ché tao co ban

a. Vong chia, r

- Trong qua trinh &n khép gitva banh rang
than khai va thanh rang, vong lan cta
banh rang c6 ban kinh ¢b dinh, bang

v r
r=0P=—=—2—=const
Vong chia 0] cOS at

- Khi cat banh rang bang dao thanh rang
nguwdi ta goi vong lan la vong chia

bumg chia_ Dpgng théng trén thanh réng lan khong
trwot doi vai vong chia tai tam an khdp
P goi la dwdng chia

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.29 Planar Gear Mechanism

§4. Khai niém v& hinh thanh bién dang than khai
lIl. Théng sb ché tao co ban cla banh réng than khai
2. Théng sb ché tao co ban
a. Vong chia, r

-  phu thudc vao ti sé van téc v/w cla

thanh réng va phéi khi ché tao ma khéng

phu thuéc khoang cach giﬁ’a’ chung

— vong chia la thdng so ché tao

vong chia = Trong qua trinh st dung, vong chia
khéng thay déi — lay cac thong sb ng
v&i vong chia lam théng sé ché tao co
ban cda banh rang

- Buwéce trén vong chia = buwéc trén dwdng
chia = buéc trén dwong trung binh cua
thanh rang, = ¢,

Duong chia

. Y 5 , o zt zt
-Goizlasorangchabanhrang r=—=—"
2 2x
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 10.30 Planar Gear Mechanism

§4. Khai niém v& hinh thanh bién dang than khai
lIl. Théng sb ché tao co ban cla banh réng than khai
2. Théng sb ché tao co ban

b. M6-dun m
- M6-dun la moét thong sb co ban vé kich thuwéc cha banh rang than khai
t 2r d
m=—=—=—
T z z

- Md-dun dwoc tiéu chudn hoa
...112515 1,75 2 225 25 275 3 3,25 35 375445555 ...

- T4t ca kich thwéc clia banh réng déu dwoc tiéu chuan hoa theo mé-dun

d=mz, t=rxm, 6=Em,

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.31 Planar Gear Mechanism

§4. Khai niém v& hinh thanh bién dang than khai
lIl. Théng sb ché tao co ban cla banh réng than khai
2. Théng sb ché tao co ban
c. Géc ap lwc a

0 - T‘rong qua trinh hinh thanh canh rang than khai
bang thanh rang, goc gitta phap tuyén chung cla

cac canh rang cla thanh rang va banh rang vdi

dwdng chia goi la goc ap luc trén vong chia

-~ n - Go6c nay bang goc ap luc trén thanh rang a = a,

cosa ZE
-
- Géc ap luc la théng s co ban vé hinh dang rang

-
— - Diéu kién &n khdp ding co thé viét lai

=

n
2zr,  2rmrcose, 2rrcosa, 27r,
ty, = = =7Tmcosa, =nxm,Cosax, = = =1,
1 2
4 4 Z; Z
- D& thoa diéu kién an khép dung — chonm; =m,, a; = a,
— dung 1 dao d€ gia céng 2 banh rang an khdp nhau
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 10.32 Planar Gear Mechanism

§5. Banh rang tiéu chuén va banh rang cé dich dao
|. Cac ché do dich dao
- Banh réng tiéu chuan: 6=0
- Banh rang dich dao (dich chinh)
+ Banh rang dich dao dwong: 6 > 0
+ Banh rang dich daocam: <0

/ ‘ \ / |

= [ £ 0

\\ ‘ / \.\ ‘ ./.
'\._J,/'/ '\.,J./'/

——————— dwong trung binh  — - —-— - — dwdng chia, vong chia

-Po dich dao: 6 =¢m voi ¢ hé sb dich dao (hé s dich chinh)
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Theory of Machine 10.33 Planar Gear Mechanism

§5. Banh rang tiéu chuan va banh rang cé dich dao
|. Cac ché do dich dao
Vi du céac bién dang réng &ng véi cac ché do dich dao ctia banhrang m =5,z =18

AAAA

0=Em=0 o=Em=1 o0=Em=2
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 10.34 Planar Gear Mechanism

§5. Banh rang tiéu chuan va banh rang cé dich dao
Il. Hién twong cat chan rang va sé rang tdi thiéu
1. Hién twong cat chan rang
- Trong qua trinh ché tao banh rang bang dao thanh rang, c6 thé x& dich vi tri
twong doi clia phodi doi véi thanh rang
- Tuy nhién, néu dat dao gan tam ph0| qua mot vj tri gid¢i han, sé xay ra hién
twong chan rang bi cét lem, lam yéu réng va gay ra va dap khi phan lem an
vao phan lam viéc cla rang

i\
Y

o i

. )

\.\ J
e

— Vi tri gi¢i han cta thanh rang khi cat banh rang dwoc qui dinh béi diéu kién ?
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Theory of Machine 10.35 Planar Gear Mechanism

§5. Banh rang tiéu chuan va banh rang cé dich dao
l. Hién twong cat chan rang va sé rang tbi thiéu
1. Hién twong cat chan rang
- Diéu kién: dinh thanh rang khéng dwoc cét dwéng &n khép ngoai doan PN
- Chirng minh
+ Gia st thoi diém dau, bién dang b, clia dao
va bién dang b cla banh réng tiép xuc tai N
+Saudo, b, > b, b—>b
+ Chuyén vi cla b, trén dwong chia 1a SS,
trén dwong an khépla NN =SScose, (a)
+ Goi @ la goc quay twong trng cla banh rang,
ta c6 chuyén vi cla b trén vong co sé |a

!

NN'=r,p= roﬁ =SS"cose; (b)
r

+ (a) va (b) —» Diém N’ cla bién dang than khai b phai nam phia sau nat N
clia bién dang thanh rang b, — bién dang than khai gan gbc da bj cat lem

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.36 Planar Gear Mechanism

§5. Banh rang tiéu chuan va banh rang cé dich dao
Il. Hién twong cat chan rang va sé rang tdi thiéu

2. Hé sb dich dao va sb rang téi thiéu

- Goi + [ la khoang cach tir dinh ly thuyét caa thanh
rang dén dwdng chia

+ Q la hinh chiéu cta N 1én OP
- Diéu kién cat chan rang dwoc viét dwdi dang I < PQ

PO = PNsina = (OPsina)sin

=(rsina)sina = Amzsin2 a

l=m—-¢Em=m(1-E&)

:>1—§=yzzsin2a=%7

n .a ~ M a " N 1 -
- Diéu kién khong catchanrangla z>17(1-¢&) hay £ 717 z
- Néu chon trwéc & — chonzthod  z2z,, =17(1-¢)

) ‘ R 17—
- Néu chon truoc z — chon £thod &> &, =~ z

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.37 Planar Gear Mechanism

§6. Cac ché dd an khép ctia banh rang than khai
I. Phwong trinh an khép

28+ &) tanax

Zl+ZZ

inva, = +inva

- V& trai 1a biéu thirc cla cac thong sb an khép co ban: goc an khop ¢
- V& phai la biéu thire cla cac thong sé ché tao: goc ap lwe «, sé rang z,, z, va
cac hé sb dich dao &, &,
- Phuwong trinh an khép cho phép
+ hodc cén ct¥ vao cac thong sb ché tao suy ra diéu kién &n khép
+ hodc tuy theo yéu cau an khép, chon cac théng sb ché tao (&, &) phu hop

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.38 Planar Gear Mechanism

§6. Cac ché dd an khép ctia banh rang than khai
ll. Cac ché do &n khép

- Tuy tong hé sé dich dao (&, + &,) — 4 trwong hep dich chinh ng véi 4 ché do

an khép

+5=6=0 cép banh réng tiéu chuén

+ &+ 5=0(&# &#0)  cdp banh rang dich chinh déu (dich chinh khong)

+&+6>0 cap banh réng dich chinh dwong

+&,+46,<0 cap banh rang dich chinh am (ché do an khép nay

rat it gap trong thyc té ky thuat — khong xét)

=0 & =12 & =+1,2
&, =0 & =-12 &, =+2

m=5,z=20,&+&, =0 m=5,z=20,&+¢&,=0 m=5,z=20,&+¢&, >0
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§6. Cac ché do an khép ctia banh réng than khai
[Il. Cac thdng sé &n khdp va ché tao clia cép banh réng than khai

Cap bdnh rdng tiéu chudn Cdp bdnh rdng dich chinh déu Cap bdnh ring dich chinh
§=56=0 & =-6,#0 diwong
S1+6=0 §1+6, >0
Cdc thong s6'dan khdp
1. Géc an khép a=ap ap>a
2. Ban kinh vong ldan r=r r>r
3. Khodng cdch truc A=r+n A=(i+n) ccu?«Z
A=ry +rp, =3m(z+2,) :—;m(zlJrzz):ﬂ":o‘t’L
4. H¢ 56 phan ly e A:M[ﬂ,1]>o
A= I A=0 2 cosay
Cdc théng s& ché tao
1. Vong chia r r=mz/2
2. Géc.dp luc trén vong chia a =arccos (1, /1)
3. Vong chdn rang r; n=r—h"=m(z/2-f") p=r=h"+&m=m(z/2-f"+&), (f"=125)
4. Chiéu cao chan rang W= fm W =(f"=&m
5. Khe hé hudng tam C C=0,25m
re=r+fm I re=r+(/+&m [ n=r+(+é-pm
6. Vong dinh r. y=&+&E + A, Vihé sé gidm dinh rang
7. Chiéu cao dinh rang h=fm | B =(f"+&m W=(f'"+&-y)m
8. Chiéu cao ring h=W+1"=(f"+f")m h=HW+0"=(f"+f"—A)m
9. Chiéu day réng trén vong chia S=t/2=xm/2 | S=xm/2+2Emtana
HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 10.40 Planar Gear Mechanism

§6. Cac ché do an khép clia banh réng than khai
IV. Bac diém cuia cap banh réng dich chinh
1. Cap banh rang ijch chinr] ¢6 kich thwéc nhd gon hon cap banh rang thwéong
(ma van thda diéu kién cat chan rang)

Adczlm(zl+zz)ﬂ < lm(zl+zz)=A
2 osa, 2
2. D& thiét ké dam bao khoang céch truc 18 tuy y
A =imz42) S 4 laboisboia Lm SS%
2 a, 2 cosa,

AZ%m(zl-f—zz) = A labgisécia %m

3. C6 thé thay ddi vong dinh rang, nhdm
- Tranh nhon dau réng
- Thay déi hé sé trung khép ¢
- Can bang hé sb trwot dé can bang dd mon cla hai banh rédng nhd va 16n

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.41

§7. Banh rang thdng va banh rang nghiéng

Planar Gear Mechanism

- Ta da xét dén sy an khép clia mot cap banh rang trén mot tiét dién thang goc voi
truc quay clia ching ma khoéng dé y dén chiéu day réng

- Khi dé y dén chiéu day rang, tuy theo sw b tri clia rang trén mat tru doc chiéu
day, banh rang dwoc chia lam hai loai

+ Banh réng thang, cé cac rang nam song song véi truc banh rang

+ Banh rang nghiéng, cé cac rang nam nghiéng véi mét géc nghiéng

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.42

§7. Banh rang thdng va banh rang nghiéng
|. Banh rang théng

Planar Gear Mechanism

- Cach tao mat rang than khai

- Cach tao mat rang than khai twong tw nhw
cach tao dwdng than khai cla bién dang rang
v&i chu y cac yéu tb diém, dwong — cac yéu td
dwong, mat

- Nhitng d&c diém &n khép clia banh rang thang
gidng nhw nhitng dic diém an khép da xét cla
céac banh rang tiét dién véi cha y

+ Céc yéu tb diém bay gid 1a cac yéu té dwong

Vi du: diém vao khép, ra khép — dwdng vao khép, ra khép
+ Céac yéu td dwong bay gi¢ 1a cac yéu td mét
Vi du: dwdng an khép, vong chia — mat an khép, mat try chia
- Ngoai cac thong s da xét, con c6 thong sé: chiéu day banh réng B

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
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§7. Banh rang thdng va banh rang nghiéng
|. Banh raéng théng

- T tinh chét tao hinh clia mét rang than khai — céc réng tiép xtc theo dwong
thang song song v@i truc banh rang

- Chiéu day banh réng B cang |&n, viéc ddm bao cho banh réng tiép xtc nhau
hoan toan theo dwérng tiép xdc cang kho

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.44 Planar Gear Mechanism

§7. Banh rang thdng va banh rang nghiéng
Il. Banh rang nghiéng
1. Cach tao mat rang than khai
- Cach tao mat rang

- Tl cach tao hinh — tinh chét ctia mét xoan 6c¢ than khai
+ Tiép dién cla mat tru co s& la phap dién clia mat xoan éc¢ than khai va
ngwoec lai. Giao tuyén cua tiép dién cla mat tru co sé va mat xoan 6c
than khai la mot dwéng thang, tao véi dwong sinh ctia mét tru mot gée B,
+ Tiét dién ngang clia mat xoén &c than khai la dwong than khai vong tron
+ Trén mét try co s&, vét clia mat xoén bc than khai la mot dwdng xoan é¢
c6 géc nghéng £,

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 10.45 Planar Gear Mechanism

§7. Banh rang thdng va banh rang nghiéng

Il. Banh rang nghiéng
1. Cach tao mat rang than khai
- Tl tinh chét clia mat xoén &¢ than khai

+ Tiét dién thang gdc véi truc banh
rang nghiéng la mét banh rang
than khai vong tron

— ¢6 thé xem banh réng tru réng
nghiéng la mét hinh khéi do tiét
dién ngang cla banh rang thang
twong &ng tao ra khi tiét dién nay
chuyén déng xoén éc theo truc
thang géc xuyén tam cha no, véi
goc xoén B,

+ Cac rang cua banh rang nghiéng
tiép xdc nhau theo dwdng théng

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.46 Planar Gear Mechanism

§7. Banh rang thdng va banh rang nghiéng
[l. Banh rang nghiéng
2. Théng sb hinh hoc ctia banh réng nghiéng
- Ngoai cac thdng s6 giong nhu thong s6 cta banh rang thang, banh rang
nghiéng con cac thdng so sau
i

+ G6c nghiéng cua rang trén mét tru co' sé S,
+ Goc nghiéng cla rang trén mat tru chia g

- Goi h la bwdc xoan éc, ta co

27xr,
tan f =2
an f tan S
=tan f=—"%
2r  27mr, tanp cosa
tanf, =— = =
h  hcosa cosa
- Bwéc ngang ¢, modun ngang m, t,=rd/z m,=d/z=2r/z
- Bwdc phap ¢,, modun phap m, t, =t cosf m, =mcos
-Bwécdoct,, modundocm, t,=t /sinff m,=m, /sinf
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§7. Banh rang thdng va banh rang nghiéng
[l. Banh rang nghiéng
3. Banh rang thay thé ctia banh rang nghiéng
. - P& tién cho viéc giai quyét mot sé bai toan vé cau
}_ ' tao va dong lwc hoc clia cap banh rang nghiéng
A — qui cac bai toan vé trwdng hop banh ring thang,

don gian va quen thugc nhé khai niém banh rang
thay thé

- Xét mat phang vuéng géc tai diém P véi dwong
rang trén mét tru chia. Giao tuyén ctia méat phéng
va mat tru chia la mét dwong ellipse. Co thé coi
gan dung dwong ellipse nay, & lan can chd an
khép, trung véi vong tron mat tiép clia né tai d6

— Tai thoi diém dang xét, ¢ thé coi s &n khop cla cap banh réang nghiéng
nhw sy an khép cla cap banh rang thang cé vong chia la vong mét tiép trén

- Ban kinh vong mat tiép tai P chinh 1a ban kinh cong I&n nhét cda ellipse

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.48 Planar Gear Mechanism

§7. Banh rang thdng va banh rang nghiéng
[l. Banh rang nghiéng
3. Banh rang thay thé ctia banh réng nghiéng

! - Ban kinh vong mat tiép chinh la ban kinh cong Ién
nhét cda ellipse

a2
pP=—
b
r b= r=p= d
— f P
a= coszﬂ
cos
b=r

- Banh rang gié dinh c6 ban kinh bang ban kl'rjh
vong mat tiep dwoc goi la banh rang thay the

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
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§7. Banh rang thdng va banh rang nghiéng
[l. Banh rang nghiéng
3. Banh rang thay thé ctia banh rang nghiéng

. - Modun trén banh rang mat tiép

L i m'=m, =m_ cosf

- Sé rang trén banh rang thay thé
,_27}" B 2r d d

z T 2 57 2 57 3
m' m,cos" B m,cos" B m cos f

- S6 rang t6i thiéu ctia banh réng thay thé

zl =17 = z_ =z _cos f=17cos’ B

min min ~ “min

- Khai niém thay thé nay cho phép quy viéc tinh toan
cap banh rang nghiéng ve viéc tinh toan cap banh
rang thang

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 10.50 Planar Gear Mechanism
§7. Banh rang thdng va banh rang nghiéng
[l. Banh rang nghiéng
4. UYu nhwoc diém cla banh réng nghiéng
- Uu diém
+ Heé sb trung khop 16n
— Banh réng nghiéng an khép ém hon banh rang thang

) B B
[0 () (P)
M F A ——N N ===9N
; PR N e ey
4 ;/z/’ z
T ’
A f———"——&4 4 £ A4 ————1 4
M M M ——— NI N, : - N/

+ 86 rang tdi thiéu co thé nhé hon 17 (z,,;, = 17 cos’3)

— kich thwéc nhd gon hon banh réng théng trong cuing diéu kién lam viéc

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
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§7. Banh rang thdng va banh rang nghiéng
[l. Banh rang nghiéng
4. JYu nhwoc diém cla banh réng nghiéng
- Nhwoc diém
+ Tn tai lyc doc truc — Banh réng chir V

ot

N

ot
o

k(m e ~y
th A N~y

el
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Theory of Machine 11.01 Spartial Gear Mechanism

11: CO CAU BANH RANG
KHONG GIAN

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 11.02 Spartial Gear Mechanism

§1. Co cdu banh rang tru chéo
|. Dac diém céu tao

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



Theory of Machine 11.03 Spartial Gear Mechanism

§1. Co cdu banh rang tru chéo
|. Dac diém céu tao
- La co' cu banh rang tru tron rang nghiéng dung truyén chuyén dong gitra hai
truc chéo nhau
- Hai mét lan cta hai banh rang ti€p xdc nhau tai mét diém P

_ 7/ = - Hai giao tuyén ctia mat rang véi mét 1&n ctia méi
- —=N banh réng, a, va a, 1& hai dwdng xoan &c tiép xtc

p, Nhautai P :

- Hai dwang sinh p; va p, diqua P cta hai mat try
lan va ti€p tuyén # clahai duwdng rang a, va a,
nam trén ti€p dién chung ia,hai mat lan

- Géc nghiéng cta mét ""é_ng trén moéi banh rang

181 =ZL(p, m)';ﬂi 24(192,”)

w

L ?‘Jé‘g.l{js‘!hg vudng goc chung
1réng (di qua P)
01022 > X :UZP=V1+V2

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 11.04 Spartial Gear Mechanism

§1. Co cdu banh rang tru chéo

> “ L — . N
. Ti s6 truyén +, v,- Quan hé van téc

Ve, B i Ve

1 pp, Lpp s
W,7, on Vp Sin S +v, sin S,

=TI s0 truyén

Vg COS b= Vp, COS b ; @, 1 cospf,

p=—"=
i cos

@1, COS B, = Wk, COS B, | @,
- Goi m, ,m,,z,,2, ;}dyq\ngang va s0 rang

\ .
;%Y m,_ z, €os ,[fz _ m,z,C08 B, m,z,
12, 230 -

b msl Zl

A 0s f, _-"mslzl cosp,  m,z
. AN, .
- Biéu kién an khop'd g

et m,z, 2,

nl .
= = I, = =—
m_=m = = m,z,  z

m L)

- Thwdng dung cac cdp banh rang véi 5= 90°
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Theory of Machine 11.05 Spartial Gear Mechanism

§1. Co cdu banh rang tru chéo
Il. Ti sG truyén
- Uu diém
+ C6 thé chon 4 thdong s dé thoa
man mot ti s6 truyén cho trwdc
; _ @ _ 1,008 B,
" ®, rcosp
+ Khi thiét k&, mudn déi chiéu quay
clia mét banh trong khi chiéu
quay cla banh con lai khéng thay
d6i, khong can thém banh rang
trung gian ma chi can déi géc
nghiéng cla rang sao cho

5=180"—(B,+ ,)
Digu nay dé& thuc hién khi & = 90°

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 11.06 Spartial Gear Mechanism

§1. Co cdu banh rang tru chéo
1. Dac diém ti€p xac
- Cép banh rang tru chéo ti€p xuc theo diém
- Tai diém ti€p xuc co van tée trwot twong d6i nén méat rang mau mon va mon

khong déu
L | ""‘

a"
o
.y

)
4"
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Theory of Machine 11.07 Spartial Gear Mechanism

§2. Co cau truc vit — banh vit
|. Dac diém céu tao
- Co cau truc vit - banh vit 1a co cu banh rang tru chéo dac biét vai

+ gdc giao nhau gitta hai truc 6 = S, + #,= 90° — truyén dong gitta hai truc
vudng goc nhau

+ S, rét 16n (co thé dén 86°) nén dwdng rang thanh dwdng xoan G¢ quén trén
mat tru. S6 rang dwdc goi la s6 mai ren z, = 1+4. Banh rang nay dwoc goi
la truc vit, banh rang con lai dwgc goi la banh vit

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 11.08 Spartial Gear Mechanism

§2. Co cau truc vit — banh vit —
Il. Ti s6 truyén Wl

.
-

Tre -

- Nhw cap baﬁh@g tru chéo ‘ 1
: 7, COS -
112 =‘& — 2—ﬂ2 l? \h_ =

@, rcosp

W

- Wu diém: V

Vi s6 mai ren (z,) it trong khi s6
%anh vit (z,) cé thé &t nhigu nén ti

7 a

co thé rat 16n

truc vit dén 2
nguaoc lai)

2
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Theory of Machine 11.09 Spartial Gear Mechanism

§2. Co cau truc vit — banh vit
1. Dac diém ti€p xac

- BG truyén truc vit - banh vit ti€p
xuc theo di€m va co van téc trwot
- Van toc trwot cta bo truyén truc

vit - banh vit rat I6n nén mau mon,
ma sat I6n, hiéu suét thap

~ — Dé& khéc phuc, ngwdi ta thay déi
c4u tao cla banh vit

+ banh vit Idm: rang cta banh vit
@ trén mat tru tron xoay ma
dwong sinh la cung tron sao
cho banh vit dm 13y truc vit

+ truc vit Idm (truc vit globoit):
truc vit 6m |&y banh vit

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 11.10 Spartial Gear Mechanism

§3. Co céu banh rang nén
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Theory of Machine 11.11 Spartial Gear Mechanism

§3. Co cau banh rang nén
I. Cau tao cua banh rang hinh non
- Xét c&p banh réng hinh tru réng thang: cac dwdng sinh cla cac mét tru chan
rang, tru dinh rang, tru lan, tru chia, ..., dwdng ti€p xic gitta hai banh rang déu
song song nhau va song song vdi hai tam quay cta hai banh rang
— cac dwdng nay cat nhau tai diém O & vé cuc (»)
- Twdng twong rang dich chuyén O vé gan
trén dwong ti€p xuc gilra hai rang
+ cac mat tru tr@ thanh mat nén cung dinh
O nhw mat nén chan rang, non dinh rang,
non lan, nén chia, ...
+ mat phéng day trd thanh mat cau cung
tam O
+ mat tru than khai tr& thanh mat non than
khai
— banh rang hinh tru than khai tré thanh banh
rang hinh nén than khai

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien

Theory of Machine 11.12 Spartial Gear Mechanism

§3. Co céu banh rang nén
Il. Théng s6 hinh hoc ctia banh réng nén rang thang
- Kich thwdce dac trwng cho banh rang nén dwgc quy dinh la kich thwéce trén day
I6n. D& thuan tién, thay mét cau day I6n bang mat nén ti€p xdc voi mat cau nay

_—

mdt cdu ddy Ién

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien



11.13 Spartial Gear Mechanism

Theory of Machine

§3. Co cau banh rang nén
Il. Théng s6 hinh hoc ctia banh réng nén rang thang ;

- Modun (trén day I6n) m=—
VA

- X . tz,, 1
-Ban kinhvongchia r,=—>=—mz,
' 27 2

-Chiéucaodaurang 4 =m
- Chiéu cao chan rang h"=125m
- Ban kinh vong dinh 7, | =r,+ /' cosg,,

\
m
= 5 (Zl,z +2cos (01,2)

7
/ . 3 by ~ ”
- Ban kinh vong chan 7, , =7, —h"cosg,,

m
= 5 (z,,—2,5¢089,,)

o s . 14
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Theory of Machine 11.14 Spartial Gear Mechanism

§3. Co céu banh rang nén
lIl. Banh rang thay thé ctia banh réng nén rang thang

- Banh rang twdng twgng co6 ban kinh ', r’, dwgc goi la banh rang thay thé cua

banh réng nén réng thang

t
- Modun (trén day I6n) m=—
T

- Ban kinh vong chia  r, = —2—
T cose
' ’ 27,
-Sorangthay the  z,, :7’
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Theory of Machine 11.15 Spartial Gear Mechanism

§3. Co cau banh rang nén
IV. Cac dang truyén ddng clia cap banh rang non
Xét cap banh rang nén rang nghiéng véi géc nghiéng trén mat nén lan la g, g,
1. B, =—/3, : cap banh rang nén truyén chuyén dong gitra hai truc giao nhau

Banh rang non rang thang Banh rang nén rang nghiéng
-TisO truyén o =w,n, =i, = G h h OPSl_n g, Mo
w, z 1, OPsing sing,
- Truyén chuyén déng gilra hai truc giao nhau ti€p xuc theo dwdng thang d
+ banh ring nén rang thdng  — d qua dinh nén
+ banh rang noén rang nghiéng — d khéng qua dinh nén
- Tai diém ti€p xdc trén mat non 1an khéng cé van toc trwot twong doi
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Theory of Machine 11.16 Spartial Gear Mechanism

§3. Co céu banh rang nén
IV. Cac dang truyén ddng clia cap banh rang néon
Xét cap banh rang nén rang nghiéng véi géc nghiéng trén mat nén lan la g, g,
2. B, #—/3, : cap banh rang noén truyén chuyén dong gitra hai truc chéo nhau
- Cap banh rang nén chéo (hypoid)
- Cap banh rang nay hoan toan twong tng
véi cap banh rang tru chéo
- Ti s6 truyén
_® _z, 1,C08f,
W, Z B 1 cos f3,
- Dac diém tiép xuc: tiép xuc theo diém va
¢6 van toc trwot twong déi nén mat rang
mau mon va mon khéng déu
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Theory of Machine 12.01 Gear Trains

HCM City Univ. of Technology, Mechanical Engineering Department Nguyen Tan Tien
Theory of Machine 12.02 Gear Trains
§1. Pai cvong

Hé thdng banh réng |a hé théng bao gém nhiéu banh réng 1an lwot an khép nhau,
tao thanh mot chudi
I. Cong dung

1. Thwc hién mét ti s6 truyén 16n 2. Truyén dong gitra hai truc xa nhau

4. Thay dbi chiéu quay

A
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Theory of Machine 12.03 Gear Trains

§1. Pai cvong
Hé thong banh réng 1a hé thong bao gom nhiéu banh rang 1an luvgt &n khop nhau,
tao thanh mot chudi
I. Céng dung
5. Téng hop hay phan chia chuyén déng quay
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Theory of Machine 12.04 Gear Trains
§1. Pai cvong

Il. Phén loai (theo dac tinh déng hoc)
- Hé thdng banh rang thuwong: tam quay clia tat ca cac banh rang déu cd dinh

- Hé théng banh rang vi sai: c& mdi c&p banh ring &n khép nhau cé it nhat mot
banh rang cé6 tdm quay di dong @,
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Theory of Machine 12.05 Gear Trains

§2. Phan tich dong hoc hé thdng banh ring thwong
- Ti sb truyén clia mét cap banh rang
. _o_n
p=—"—"=—"=x%
W, m h Z
V@i quy wéc dau
(+) néu hai banh rang quay cling chiéu (an khdp trong)
(-) néu hai banh rang quay ngwdc chiéu (an khdp ngoai

. o 0 0 O o
j=—t=—Ix—Ex3x—2
0, 0, 0, 0, o

=l Xlp3 Xy Xlys

. z V4 V4 Z
Sig=|-2[+2 -2 -=
! !
z, z, p Z,

— -1y’ ZyXZyXZg

' '
ZyXZy X Zy
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Theory of Machine 12.06 Gear Trains

§2. Phan tich dong hoc hé thdng banh ring thuwdng
- T bai toan trén ta cé nhan xét

_(La) s la) m) yparaxs
Ls =~ + ' T - _(_) ' '
z, z oz oz, Z,Xzh Xz}

+ Sau moi lan qua c&p banh rang &n khép ngoai, van tbc goc dbi chidéu mot 1an
— dau cla ti s6 truyén phu thudc vao sé cap banh rang an khép ngoai
+ Banh rang én’khé’p’dc“mg‘thb’i v&i hai banh rang & truc trwedc va truc sau khong
anh hudng dén ti so truyen cta hé. Cac banh rang nay dwoc goi la banh rang
noi khéng
- Téng quat ta cé thé viét cong thirc tinh ti s truyén cta hé théng banh rang
thwdng nhw sau

. HZ bi déng

i, = (-1)"—=—" m: s6 cap banh rang an khép ngoai

HZ chii dong
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Theory of Machine 12.07 Gear Trains

§2. Phan tich dong hoc hé théng banh rang thuong

g
‘. m H bi dong
by = (_1) H

ZC/I/? dong

- Néu trong hé c6 cac cap banh rang khéng gian (hé banh réng khéng gian), cong
thre trén van dwoc dung dé tinh ti sé truyén cta hé nhuwng chua y réng dau cla
biéu thirc khéng con cé y nghia niva — chiéu quay cla cac truc quay trong hé
théng banh réng khéng gian dwoc xac dinh trye tiép trén hinh vé

®
Y,
=

D
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Theory of Machine 12.08 Gear Trains

§3. Phan tich dong hoc hé thdng banh rang vi sai
- Gia s cac banh rang va can C quay cung chiéu nhw hinh vé
- Béng phwong phap déi gia, chon can C lam gia, tic 1a xem nhw ca co ciu quay
quanh OC v&i van téc -, — hé tré thanh hé théng banh rang thuwdng
- Goi i, la ti sb truyén clia cac banh rang 1 va 2 trong chuyén déng twong ddi doi
véican C
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Theory of Machine 12.09
§3. Phan tich dong hoc hé thdng banh rang vi sai
- Viduy 1: Xét co chu

’
Z
2 - '

c
=T 0 —w z ! !
cl T h —W¢ 3 c_.c_.c_| 2 21| _2%4y 4

07 Vo lzci = a)Q _a)c — _i ZZ Z3 ZZ
zZy -

Gear Trains

£ a)l a)C ZZ
Zl
+ Khi cé dinh banh rang 1 i$= "% 1=y, =1-iC
0-w,
. 2,=99, z,=100 101 99 9.999 1
+ Néuchon 4§ , She=l-—x—=1- =
2, =101,z, =100 1007100 10.000  10.000

— Ti s6 truyén clia hé thong vi sai co thé rét Ién, nhung khi ti s6 truyén tang higu
suat clia hé thong banh rang gidam va dén mét gi¢i han nao do, sé€ xay ra hién
twong ty ham

+ Chu y rang khi chon s8 rang nhuw trén, cac banh rang phai dwoc tinh toan dich
chinh thich hop dé€ théa diéu kién dong truc
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Theory of Machine 12.10
§3. Phan tich dong hoc hé thdng banh rang vi sai
- Vi du 2: Co céu chi hwéng song song (Parallel-guidance mechanisms)

Gear Trains

N
\\\/ -
c 215 zZ _ W @ @
he=1l-i=l-——=1-—=—
Zy 24 z;
z, =z
1= 23
=>w,=0
o, %0
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Theory of Machine 12.11

Gear Trains
§3. Phan tich dong hoc hé thdng banh rang vi sai
- Vidu 3: Xét co cau

C —\
==
z= ] T2
71y {77
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Theory of Machine 12.12 Gear Trains
§3. Phan tich dong hoc hé thdng banh rang vi sai
- Vidu 3: Xét co cau
+Taco
. w, — O, Z, Z
i5=—"—C=-223 = 1= 0+, =20,
W) = O¢ Z3 Z)
+ Xe chay thang

=0, = W =0, =0

+ Khi xe chay vong, @, = @,, van toc dai banh
xe 1 va 2 khac nhau nhwng théa

1, w,1, [0 r
17 bxe _ 2bxe:>_2:_
R r o, R
2m, 2. 1
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