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This study presents a simple approach for balancing the slider-crank
mechanism that is transformed by four-bar linkage mechanism, applied
to design the piston-cylinder mechanism. Due to the shaking force
acting on the mechanism frame, the slider-crank mechanism is vibrated
during its operation which results in reducing the machine
performance. To balance mechanism, the shaking force is minimized
by using a counterweight. The counterweight is designed and located at
the opposite side of the crank part to balance the shaking force during
the mechanism operation. The shaking force equations are established
to investigate the influence of counterweight parameters on the shaking
force. The shape and size of suitable counterweight are determined
based on the simulation results. The single piston-cylinder mechanism
with suitable counterweight is designed following the simulation result
to validate the calculation process. Finally, the counterweight design
flow chart is expressed, which can be used to balance any slider-crank
mechanism applied to machine design.
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TU KHOA

Co cu b6n khau ban 1é
Tay quay con trugt
Can bang co cau may
Thiét ké may

Thiét ké d6i trong

Noi dung bai bao trinh bay phuong phap don gian trong Vlec can bang
co ciu tay quay - con trugt 1a mot dang bién thé cua co cdu bdn khau
ban I&, ing dung trong thiét ké co cau piston - xy lanh. Do dnh huong
cua lyc rung dong tac dung 1én khung co céu, co cAu tay quay - con
truot bi rung anh huong dén kha ndng hoat dong cua mdy. Dé cén
bing co cdu, cac luc rung dong giy mat can bang dwoc khir boi ddi
trong. Doi trong duogc thiét ké cb dinh ¢ phia dbi dién trén tay quay
nham can bang cac luc rung dong trong qua trinh hoat dong. Cong
thirc cua luc rung dong duoc thiét lap dé xac dinh dwoc hinh dang va
kich thuéc phu hop cia déi trong. Co ciu piston - xy lanh véi ddi
trong dugc thiét ké dya trén két qua mé phong da ching minh cho quy
trinh tinh toan. Dua trén két qua tinh toan va mé phong dé xdy dung
so dd thiét ké dbi trong phu hop Vvéi tung ung dung cua co ciu tay
quay - con truot trong thiét ké may.
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1. Gioi thigu

Trong thiét ké may, can bang may dong vai tro quan trong trong viéc on dinh va tdi uu hiéu
suat lam viéc ctia co cdu may, dic biét dbi véi cac co cau may lam viéc ¢ tdc d6 cao. Co cAu bon
khau ban 1& 1a mot trong nhitng co cau dugc tng dung pho bién trong thiét ké may. Trong d6, co
ciu tay quay - con truot la dang bién thé cua co cau bdn khéau ban 18 duoc sir dung rong rai trong
cac thiét ké may nhu dong co dot trong, tay truyén cic may dap, may cua,. Gan day, co cau tay
quay - con trugt dugc phat trién mé rong tmg dung sang cac linh vuc phat trién cac co cAu quét
anh ng dung trong y sinh [1], [2] va cong nghiép [3], [4]. Ngoai ra, co cau tay quay - con trugt
con duge tmg dung thiét ké co cau ciia robot di chuyén [5].

Dic thu cla co ciu tay quay - con truot 1a c6 cac luc mat can béng x4y ra trong qua trinh hoat
dong, diéu nay gy ra rung dong cua co céu hay cua toan may. Pé nang cao hiéu qua lam viéc va
mo rong Gmg dung cua co ciu tay quay - con truot, c6 rat nhiéu nghién ciru dwa ra giai phap giam
rung dong trong qua trinh hoat dong cua co céu va duoc chia thanh ba nhém chinh. Nhom mét 1a
str dung cac dbi trong gan vao cac khau chuyén dong cta co ciu [6] - [8]. Dua trén viéc phan bd
khéi lugng, st dung d6i trong nhim giam rung dong 1a phuong phap giup tao ra cac thiét ké don
gian. Nhom thtr hai la tu cén bang thong qua viéc su dung cac co cau glong hét nhau duoc sip
xep hoat dong ¢ cac phuong khac nhau dé triét tidu cac luc gay mat can bang [9], [[10]. Huong
thr ba 1a st dung thém co cdu cam dé dleu khién qué trinh chuyen dong cua co ciu tay quay -
con truot [11], [12]. Bién dang cua co cdu cam dugc thiét ké dam bao co cdu hoat dong 6n dinh
trong céac diéu kién 1am viéc cu thé.

Noi dung cua bai béo trinh bay vé ing dung ciia co ciu tay quay - con truot trong thiét ké
piston - xy lanh. Co cAu mét can béng do lyc rung dong tac dung 1én khau ¢ dinh. Dua theo
nguyén 1y d’Alembert tong luc tic dung 1én khau ¢ dinh dugc xac dinh, ddy chinh 1a lyc gay ra
rung dong. Pé giam thiéu rung dong, d6i trong dugc thiét ké dat ¢d dinh phia d6i dién véi khop
quay cua tay quay. Hinh dang va kich thudc cua dbi trong dugc xdc dinh dé dam bao tong luc
rung dong tac dung 1én khau c¢b dinh 1a nho nhit. Cac két qua tinh toan duoc mé phong, qua dé
thiét ké duoc dbi trong phu hop cho co ciu piston - xy lanh. Dya trén két qua m6 phong, so do
thiét ké d6i trong dugc trinh bay. Theo do, co thé thiét ké ddi trong cho co ciu tay quay - con
trugt bt ky dé mo rong tng dung cta co cdu trong thiét ké may.

Noi dung con lai cta bai bao dugc trinh bay nhu sau: phan 2 phwong phap nghién ctru dua ra
so dd cua co cau tay quay - con trugt tir do lam co s¢ dé xdy dung cdc cong thirc tinh toan luc
gdy ra rung dong. Phan 3 két qua va ban luan dua ra cac két qua so sanh lyc rung dong tac dung
1én co cau tay quay - con truot khi co dbi trong va khong co dbi trong, qua do thiét 1ap duoc so
do thiét ké doi trong cho timg truong hop co cau cu thé. Cudi cung, két luan vé tac dung cta ddi
trong trong thiét ké co cdu tay quay - con truot dugce trinh bay & phan 4.

2. Phwong phap nghién ciru
2.1. So' do co cdu tay quay - con truet

Hinh 1 chi ra so d6 cua co cdu tay quay - con truot. Tay quay 2 thyc hién chuyén dong quay tron
trong khi d6 con truot 4 thyc hi¢n chuyén dong tinh tién qua lai. Tay bién 3 duoc st dung dé truyén
chuyen dong giira tay quay 2 va con truot 4. Goi R, L, X 1an luot 1a gia tri ctia ban kinh tay quay,

chleu dai tay bién va vi tri tirc thoi ctia con truot nhu trén Hinh 1. Khi tay quay chuyén dong véi
vén tde goc khong ddi w thi vi tri ttrc thoi ctia con truot duge xac dinh theo cong thtrc (1).

=R t+1 |1 (R' t>2~L R2+R< 4+ 2 cos2 t) 1)
x =Rcosw [sinwt)] = 2l Cos W 2 Cos 2w
Vian toc (vg) va gia tdc (ag) ciia con trugt dugce tinh bang dao ham bac nhat va bac hai cta x
va duoc xac dinh lan luot theo cong thire (2) va (3).
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. : R
Ve =X = —Rw (sm wt + ﬂsm Zwt) 2

R
Ay = ¥ = —Rw? (cos wt + 7 cos Zwt) (3)

CcT

—

Hinh 1. So d6 co cdu tay quay con trieot. 1 - khdu cé dinh, 2 - tay quay (TQ), 3 - tay bién, 4 - con truot (CT)
Luc tac dung 1én co ciu tay quay - con trugt trong qua trinh hoat dong dugc xac dinh dua theo
nguyén 1y d’ Alembert. Hinh 2 chi ra m6 hinh phan tach cac khau tuy do cta co cau tay quay - con
trugt. Luc gdy ra rung dong la luc mat cén bang tac dung 1én khéu c6 dinh 1. Khi d6, lyc mét can
bang la tong hop cac lyc tdc dung Ién khau co dinh 1 va dugc xac dinh theo cong thirc (4).

R
Z F, = =mgRw? cos wt — mRw? (cos wt + L cos Zwt)

— _ 2 .
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Hinh 2. M6 hinh phén tich cac khdu tw do ciia co cau tay quay con trieot theo nguyén Iy d’Alembert
(Myq - khoi lwong tdp trung ciia tay quay, me - khoi lwong tdp trung ciia con truot)

2.2. So' do tay quay con truot cé déi trong

Dé giam anh hudng cia luc mat can bang tac dung 1én co ciu trong qué trinh lam viéc, trén
tay quay ctia co cau dugc gan thém ddi trong nhu Hinh 3. Hinh dang va kich thudc cua ddi trong
dugc tinh toan sao cho tong luc gay ra rung dong s& la nho nhét. Doi trong duoc dat ¢ phia doi
dién v6i kh6p quay cua tay quay va dugce thiét ké sao cho khoang cach tir diém quay (O) t6i trong
tam cda d01 trong (r) la nho nhit & dam bao kha ning hoat dong va giam kich thudc téng thé cua
toan co cau may. Khi do, tong lyc gy ra rung dong duoc tinh theo cong thirc (5).

R
Z F, = —=m,Rw? cos wt + mg,rw? cos wt — mRw? <cos wt + - cos 2wt>

®)

Z F, = —my Rw? sin wt + mgerw? sin wt

Dbi trong khi d6 duoc thiét ké voi cac thong sd dé cho tong luc mét can bang theo cong thic
(5) 1a nho nhat.
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Hinh 3. So do tay quay con trieot véi doi trong (PT): My, - khoi heong tdp trung ciia doi trong
3. Két qua va ban luan
3.1. Déi trong cho co cdu piston - xy lanh

Déi trong duge thiét ké cho co cAu piston - xy lanh c6 théng so dugc trinh bay trong Bang 1.
Pé thdy duogc su thay ddi cia tong luc giy ra rung dong 1én co chu, tong luc gdy mét can bang

dugc tinh toan theo cong thic (4) tng véi toc do quay khong ddi tai 1000 va 2000 vong/phit

100 200
tuong (g VGi van toe goc w bang — - mva Tn rad/s.

Bang 1. Thong sé co cu pit téng - xy lanh

TT M5 ta Théng s6
1 Ban kinh tay quay (R) 35 mm
2 Khéi lwong tay quay (m,) 0,35 kg
3 Chiéu dai tay bién (L) 140 mm
4 Khdi luong tay bién (m5) 0,3 kg
5 Khdi lugng pit tong (m4) 1,03 kg

Dua trén sy phan bd trong tdm cia tay bién thi khdi lugng tap trung tai tay quay (M) va con
trugt (M) lan luot la:
mtq = m2 + %mg = 0,55 kg (6)
Mg, = my +3ms = 1,13 kg (7
Hinh 4 a va b lan luot chi ra téng lwe rung dong tac dung lén khau c¢b dinh 1 ung vai téc do
quay 1000 va 2000 vong/phit. Dé dang nhén thy khi téc do quay cua tay quay tang 1én 2 lan thi
tong luc gdy ra rung dong ting 1én gan 4 1an. Qua d6 co the két luan rang can phai t6i uu gia tri
toe dd quay cua tay quay trong qua trinh lam vi¢c ctia co ciu.
F.

ii('] Téng lye rung djng tac dung 1én khiu cd dinh 1 () l(JU)(-) Téng lye rung dfng tic dung 1én khiu cé dinh 1Y)
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Hinh 4. Tong e rung dong tac dung lén khédu cé dinh 1 tai téc dé quay cia tay quay:
(a) 1000 vong/phiit, (b) 2000 vong/phiit
Déi trong dugc thiét ké voi hinh dang va kich thudc phi hop dé giam tdng luc rung dong tac
dung 1én khau ¢ dinh 1. Hinh 5 chi ra tong luc rung dong tac dung 1én khau cb dinh 1 véi toc do
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clia tay quay tai 1000 vong/phut. Vi ddi trong ¢ thong s6 mg,r = Mg R thi tong luc rung dong
theo phuong y bi triét tiéu. Tuy nhién khi d6 tong luc rung dong theo phuong x con 16n khoang
900 N, nhu Hinh 5a. Dé co cdu hoat dong dugc hiéu qua thi luc rung dong theo phuong x va y
can dugc t6i wu dé tuong dong gia tri. Hinh 5b chi ra lyc rung dong khi thong s6 ciia ddi trong 1a
mg;T = R(m¢q + 0,5m;) tuong Gmg v6i gia tri cta lye rung dong vao khoang 460 N.

Ff/ Téng lyc rung djng tic dyng 1én khau ¢ dinh 1 (N) F(:; Téng lyc rung djng tac dung 1én khéu c6 dinh 1(N)

25

0.8 200

0.6 150 1 T /
0.4 100 /

0.2 T T 50

0 0

-02 -50

600 -400 -200 0 200 400 F, 000 300 200 ~100 0 100 200F,
(a) (b)
Hinh 5. Tong lec rung dong tac dung lén khau cé dinh 1 tai toc dp quay ciia tay quay 1000 vong/phiit véi
théng s6 ciia doi trong: (a) Ma,T = myR, (0) mg,r = R(myq + 0,5m¢,)
Khi d6, hinh dang va kich thu6c cta ddi trong duogc thiét ké véi théng sé theo cong thirc (8)
dé dam bao tong lyc rung dong tac dung 1én khau ¢ dinh 1 14 nhé nhét.
’ Ma = R(Meq +0,5me) ’ &)
Co cau piston - xy lanh vi thong s6 theo Bang 1 duogc thiet ké vai doi trong phu hop duoc thé
hién trén Hinh 6. Hinh dang cua ddi trong va tay bién dugc tinh toan va lga chon dya trén cac yéu
cau lam viéc, khong gian hoat dong, kha ning chiu tai trong va kha ning gia cong ciing nhu cong
nghé lap rap co céu.

3.2. So do thiét ké doi trong cho co cdu tay quay - con truot

/ Yéucauthiétké /

Tinh gia tri: R, L,
M, M3, My, ©
v
Xac dinh gia tri mz, rtheo
cong thire (5)

Tf}ng lwe rung
dong la nhonha

Théng so thiét ké:
R L, w mg1;

Hinh 6. Co cdu piston - xylanh Hinh 7. So do thiét ké doi trong cho co cdu tay quay - con trieot
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Hinh 7 trinh bay so db cac budc thiét ké ddi trong cho co cdu tay quay - con truot. Tir yéu cau
thiét ké s& xac dinh duoc cac gia tri ban kinh tay quay (R), khdi lugng tay quay (m,), chiéu dai tay
bién (L), khéi lugng tay bién (ms), khéi lugng con truot (my), va tde do quay cua tay quay (w). Sau
d6, khdi luong (Mmy) va khoang cach tir tim quay tay quay toi trong tam cua ddi trong (r) dugc xac
dinh theo cong thirc (5) tir d6 s& thiét ké duoc ddi trong. Cac gia tri trén dugc xac dinh thong qua
viéc su dung phan mém Matlab dé v& ra biéu do cua luc rung dong. Thong s0 mg, va r dugce kiém
tra lai xem tong lyc rung dong 1a nho nhat s& thoa man yéu cau. Tir d6 s& thiét ké dugc co cau tay
quay - con truot voi déi trong phit hop véi cac tmg dung trong thiét ké may cu thé.

4. Két luan

Cén bang co cdu may chuyén dong chiém mot vi tri quan trong trong thiét ké ché tao may.
Giam rung dong cua co cau may khong nhimg nang cao kha nang lam viéc cia co cau ma con
nang cao tudi tho cua cdc co cau may do, dac biét dbi voi cac co cau may lam viéc & tbc do cao
hodc cac co ciu may lam viéc v6i do chinh xéc cao. Ddi véi co ciu tay quay - con truot thi thiét
ké thém d01 trong cho tay quay 1a phuong an don gian va hiéu qua nhat. Ung dung phd bién nhat
clia co ciu tay quay - con truot trong thiét ké may la co ciu piston - Xy lanh. Tt viéc tinh toan va
mod phong da xay dung duoc so do thiét ké ddi trong cho co céu tay quay - con trugt mo rong
sang tng dung trong phat trién co ciu quét anh téc do cao ap dung trong linh vuc y sinh va cong

nghiép [1]-[4].
Lo1i cam on

Tac gia xin gui 101 cdm on t61 Khoa Co khi - Co dién t@, Truong Ky thuét Phenikaa, Pai hoc
Phenikaa va Vién Nghién ctru va Cong nghé Phenikaa da ho trg tic gid thuc hién nghién ctru nay.
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