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TOM TAT
Bai bao trinh bay mo hinh khao sat dac tinh dong luc hoc cua ly hop bang phan

mém Matlab/Simulink. Téc gid da phan tich so @6 dong liec hoc ly hop ma sdt, thiét ldp
mé hinh tinh todn va mé phong hoat dong ciia ly hop véi cdc diéu kién khdc nhau. Két
qua mé phéng cho thdy mé men xodn dong co dat gid tri I6n nhat khoang 180 N.m Két
qud mé phong thu dwoc do trueot ciia mé men xodn ciia truc khuyu déng co va mé men
xodn ciia phan tir bi déng la + 5 N.m trong thoi gian khodn 0.03 gidy sau khi ly hop dong
hodn toan. Két qua mé phéng cho thdy khi nguoi diéu khién bat dau dong ly hop, vin toc
g6c cua phan chi dong giam dan, vin toc géc phan bi ddng ting dan dén khi mé men ma
sdt thang mé men cdan ciia 6 6, 6 té bat dau chuyén dong. Khi ly hop déng hoan toan, vin
toc goc ciia phan chii ddng va bi dong dan tang 1én dén gid tri on dinh.
Tw khoa: Ly hop ma sat, mé men xodn, van téc goc.
ABSTRACT

This paper presents a model for investigating the dynamic characteristics of a clutch using
Matlab/Simulink software. The author analyzed the dynamic diagram of a friction clutch,
established a computational model, and simulated the clutch's operation under different
conditions. Simulation results show that the engine torque reaches its maximum value of
approximately 180 N.m. Simulation results obtained a slip of the engine crankshaft torque
and the driven element torque of £ 5 N.m within approximately 0.03 seconds after the clutch
is fully engaged. Simulation results show that when the driver begins to engage the clutch, the
angular velocity of the driving part gradually decreases, and the angular velocity of the driven
part gradually increases until the friction torque overcomes the car's resistance torque, and
the car begins to move. When the clutch is fully engaged, the angular velocity of the driving
and driven parts gradually increases to a stable value.

Keywords: Friction clutch, torque, angular velocity.

1. it van dé

Ly hop 1a mot khop nbi ding dé truyen
mo men Xoan tir truc khuyu dong co dén hé
théng truyén lyc. Chirc ning quan trong cua
ly hop 1a dung dé déng va ngit chuyen dong
giita truc khuyu dong co véi hé thong truyen
luc khi khoi hanh, khi phanh xe 6 t0, chuyen
s6 trong qua trinh van hanh 6 t6. Viéc dong
va ngat ly hop s& lam giam va dap cac cip

banh rang an khép trong hé thong truyén
luc giap cho qua trinh sang s6 duoc dé
dang, ém diu, nang cao hiéu suat truyén
cta hé théng truyén luc [1-2].

Ly hop c¢6 tac dung nhu mdt co cau an
toan bao dam cho dong co va hé thong
truyén luc khoi bi qua tai dudi tac dung
cua tai trong dong va moé men quan tinh,
tor d6 nang cao hi¢u qua phanh, nang cao
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hi€u suat lam vi¢c va nang cao tuoi tho 0 t0
[3].

Tinh toan dong luc hoc ly hop cho phép
xac dinh dugc cac thong sé nhu lyc, mé men
tac dung 1€n cac b phén cua ly hop trong qua
trinh hé thong 1am viéc. Cac thong s6 nay lam
co s& danh gia hiéu sudt cua ly hop [4-5].
Trudc khi tinh toan dong luc hoc, ta phai so dd
hoa hé thong, dua ra gia thiét dé don gian hoa
cho mo hinh tinh toan. Két qua nhan dugc tu
qua trinh tinh toan phai nam trong pham vi sai
s0 cho phép thong so k§ thudt cuia nha san Xudt.
Dé ¢ két qua md phong lam co sd so sanh VOl
két qua thi nghiém cho cac nghién ctu tiép
theo, trong nghién ctru nay tac gia xay dung
mo hinh mé phong khao sat dong luc hoc cua
ly hop nhu sau:

- Thiét 1ap m6 hinh dong luc hoc cia ly hop

- Xay dung hé phuong trinh vi phan mo ta
hoat dong cua bo ly hop.

- Giai h¢ phuong trinh vi phén voi cac di‘éu
kién cu thé khac nhau bang phan mém
Matlab/Simulink.

2. M6 hinh co hgc ly hop

Tt cau tao, nguyén ly hoat dong cua ly
hop ma sat da dugc trinh bay ta xay dung mo
hinh co hoc nhu hinh 1 [4-5].
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Hinh 1. M6 hinh co hoc cua ly hop

Gia thuyét, xem khéi luong cua phﬁn chu
dong ly hop duogc tap trung bang mot banh da
tuong dwong duoc dic trung bang mdé men
quan tinh I, khdi lugng phan bi dong cua ly
hop dugc tap trung béng mot banh da tuong
duong, dugc dédc trung bang md men quan tinh
L. Phan tir ndi cac chi tiét phan chu dong va
phan bi dong duoc mo ta bang céc truc ndi [3].

Mlh max m-R-Flb X0 max~i (1)

Khi ly hop dong hoan toan ta xét van
tdc goc gitra phan chi dong va bi dong l1a
bang nhau (j = y). Khi My, max< My, khi d6
mod men ly hop dugc tinh [4]:

My = Thh* ML @)
I+1
Trong do:
m - hé s6 ma sat
R - Bén kinh trung binh cua dia ma sat
(mm)
) r23 _ ’,13

R= 5 (W) 3)

<

Hinh 2. Dia bj dong

r;-Ban kinh trong cua dia bi dong (mm)
ry- Ban kinh ngoai cua dia bi dong (mm)
Qua trinh tinh toan cac ché db tai trong
trong hé théng truyén luc mé men ma sat
cta ly hop dugc ldy nhu sau:
Mih = Mip max.(1 - ™) 4)
Trong do:
M max 1& m6 men tinh cua ly hop khi
¢ trang thai ly hop dong hoan toan.
k 12 hé sb dic trung cho téc d6 dong ly
hop
k =%; t. 1a thoi gian dong ly hop.
Trong mo6 hinh tinh todn m6é men cuc
dai tdc dong 1én h¢ théng truyén luc, ta
xem xét ngudi didu khién nha ban dap ly
hop dot ngot. Thoi t. = 0.01 , 0,04 gidy (ly
hop dan dong co khi khong c6 tro luc) [4].

3. Hé phwong trinh vi phan ly hop



Trong thyc té phan chu dong va phan bj dong
cia ly hop dugc ndi voi nhau. Vo ly hop
duogc ndi chat véi banh da béng cac bulong,
dia ép duoc ndi v6i vo ly hop thong qua cac 10
x0 1a. Cac 10 xo 14 vira truyén md men xodn
vira 1a thanh phan dan hdi cho phan cha dong
ctia ly hop nhu hinh 3 [4]. Cac tryc ndi cia mod
hinh dugc xem nhu 13 mot thanh phan dan hoi
c6 do cung va hé s6 can xodn b.
Inc 1616
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Hinh 3. M6 hinh ly hop

Trong do:

1- M6 men quan tinh phan chu dong cua ly
hop
2 - M6 men quén tinh phan bi dong ctia ly hop
3 - Truc chu dong cua ly hop
4 - Truc bi dong cua ly hop
Ipc - M6 men quan tinh cua dong co dugc quy
dan vé banh da
Ic - MO men quén tinh cua banh da tuong
duong thay cho khdi lwong chuyén dong tinh
tién cua oto.
by, ¢; - Hé s6 can xoén va do cung cua phﬁn chu
dong ly hop.
b,, ¢, - Hé sb can xodn va do cung truc bi dong
cua ly hop.
Yy, j - La cac goc xo0dn & dau truc va cubi truc,
ta ¢c6 h¢ phuong trinh sau.
[&=M - M, (5)
L =Miy—-M,

Tach phan chi dong va bi dong cua ly
hop, dat cac mo men, xét can béng cua hé va
1ap phuong trinh vi phan mo ta ly hop [4].

ITKDC ITCES

Hinh 4. So do dong luc hoc cua toan b ly
hop
H¢ phuong trinh vi phan moé ta ly hop
nhu sau [4]:

Itkoc-P1 = Mrkpc — My
Iy.¢1 =M;-Mpg
L. ¢y =Mpg—-M,

Iy = My—Mrcps
Trong do:

Ml :C](y 1'j 2)+b1(y&z 'Jgé) (7)
M, :Cz(j 27y 1)+b2(j8§ -y8§)

M6 men tr dong co 1a mé men dau vao

MTCHS

(6)

cua ly hop. Gid st m6 men cua dong co
bién thién theo quy luat cia ham Sin véi
Mrkpc = 100 + 3.sin5t (8)

MO0 men can Mg 1a mo men cua cac chi
tiét chuyén dong quay va chuyén dong tinh
tién quy vé truc bi dong cua ly hop, duoc
chon theo quy luat

Mrcus = k.Y§ 9)
Trong do:
k 1a hé s;
y& 1a van toc goc phan bi dong ctia ly hop
MTKDC =100 + 3sinbt

Mrcns =k (10)7

Str dung Matlab/simulink dé giai h¢
phuong trinh vi phan (6), (7), (8), (9) va
(10) ta nhan dugc két qua mo phong dit
tinh trugc cua ly hop khi dong ly hgp. So
d6 cdu trac mdé phong ly hop trong
Matlab/simulink dugc thé hién trong hinh
5.
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Hinh 5. So d6 cdu triic mé phong ly hop
trong Matlab/simulink. q
Céc thong so0 dugc st dung dé chay
chuong trinh moé phdng nhu sau.
C, = 11500(N.m/rad);
C,=7740 (N.m/rad) ;
I4=0.15 (kg.m2);
I, =0.02 (kg.m2);
[, =0.003 (kg.m2);
I. =0.7 (kg.m2);
b;=2*0.3*sqrt(c, *I4*1,/(I4+],))
(N.m.s/rad);
b,=2*0.3*sqrt(c,*I.*L/(I+1,)) (N.m.s/rad);
k=0.4;

muy = 0.3;
r; = 0.06 (m);
r, = 0.09 (m);

R =2*((r® - r®-)/(r2°2-r172))/3 (m);
1=2 (ly hop don);

Floxo(max) 4500 (N)
M| Hmax = muy*R*FIx*I (N.m);
Mrchs = ky&}?

Mo phong & thoi diém ban dau t =0
1 = @1 =300(rad/s);
4. Két qua md phong va nhin xét

Str dung Matlab/Simulink m6 phéng thu
dugc mo men tu truc khuyu dong co. Gia tri
mo men xoan cua dong co dat gia tri cuc dai

khoang 180 N.m, thoi gian mé phong hé
thdng trong 6 gidy nhu trong hinh 6. Gia
tri m6 men ctia phan chu dong dat tir 0 N.m
dén 180 N.m trong thoi gian khoan 0.9
giay. Sau khi ly hop dong hoan toan, gia tri
mo men cua phﬁn chu dong dat khoan 80
N.m dén 120 N.m. Tuong ty nhu trong
hinh 7, gia tri m6 men ctia phan bj dong
dat tir 0 N.m dén 180 N.m trong thoi gian
khoan 0.93 giay. Sau khi ly hgp dong hoan
toan, gid tri moé men cua ph?m bi dong dat
khoan 85 N.m dén 110 N.m. Tur két qua
mo phong ta thiy rang gia tri 6 truot trong
qua trinh dong ly hop trong khoan 0.03
gidy va gia tri d trugt khoan +£ 5 N.m.
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Hinh 6. M6 men M, phan chii dong
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Hinh 7. M6 men M, truc bi dong Iy hop

Hinh 8 mé ta van téc goc cua phan tir
chu dong va phan tir bi dong cta ly hop.
Van toc goc cua phan chu dong cua ly hop
khi nguoi diéu khién dong ly hop, van toe
giam di do tai trong cua 6t6 tang. M6 men
cua ly hop tiép tuc ting do nguoi diéu
khién nha dan ban ly hop.



Van toc goc phan crm dong ly hcw
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Hinh 8. Vin téc géc phan chii dong va bi
dong ly hop

Khi mé men cua ly hop thing mé men can
ctia 6t6. O to bat diu chuyén dong vén tdc goc
ctia phan chi dong ting dan dén gid tri 6n dinh.

Van tbe gbc cua truc bi dong tang tur 0
(rad/s) 6 t6 bat dau ting toc do, dén khi ly hop
dong hoan toan van tbe gbc cua truc bi dong
tang theo quy luat cua phan chu dong cia ly
hop.

Khi nguoi diéu khién bat dau dong ly hop,
vén tbe goc cua phan chi dong giam dan, van
toc goc phan bj dong tang dan dén khi mé men
ma sat thing mod men can ciia 0 t6, 6 t6 bat dau
chuyen dong. Khi ly hop dong hoan toan, van
toc goc cua phan chu dong va bi dong dan ting
1én dén gia tri 6n dinh. Piéu ndy mo ta dung
hoat dong ctia cum ly hop trong thuc té.

Trong sir dung nguoi diéu khién bat dau
dong ly hop, dong thoi voi qua trinh dong ly
hop, nguoi diéu khién phai tiép thém ga cho
phan chi dong cua ly hop co véan tdc goc ting
1én d@é khic phuc dan stc can ban dau cia 6t6.

Khi ngudi diéu khién bat dau dong ly hop
xuat hién cac xung md men trong cac phan tur
tham gia chuyén dong quay cua hé thng
truyén lyc. Cac xung mo men rat 16n, gia tri

cac xung nay phy thudc nhiéu vao tdc do
dong ly hop sau d6 cac xung giam dan va
dao dong quanh gia tri on dinh.

Két qua thu duoc trén mo hinh da phan
anh dung dac tinh dong luc hoc va trang
thai trugt cua ly hop cua qua trinh hoat
dong. Day la phuong phap nghién ctru xay
dung mod hinh toan hoc va moé phong hé
thong bang phan mém giup tiét kiém thoi
gian, chi phi trudce khi tién hanh cac nghién
ciru thuc nghi€ém qué trinh truot cua ly
hop.

5.Két luan

Trong nghién clru nay tac gia da xay
dung duoc mdt quy trinh mé phdng khao
sat dac tinh dong luc hoc cua ly hgp ma sat
nhu:

- Pa xay dung mo hinh co hoc ly hop

ma sat.

- P3 phan tich so do dong luc hoc ly
hop ma sat.

- ba tinh toan mo hinh dong hoc hoc

ly hop ma sat.

- ba trinh bay h¢ phuong trinh vi phan
mo ta dac tinh dong lyc hoc ly hop ma sat.

- Giai hé phuong trinh vi phan véi céc
diéu kién cuy thé trong Matlab/ Simulink.

Két qua moé phong dé khao sat dugc mo
men, van toc va van tbc gbc cua phan tur
cha dong va phan tir bj dong cua ly hop ma
sat. Khao sat dugc mot s ché do lam viéc
dac trung cua cum ly hop va anh huong
clia mot sO thong sb tdi tai trong tac dong
1én hé thong truyén lyc. M6 Hinh c6 thé
duogc ung dung khi nghién clru mé phdong
cho cac ly hop st dung trén cac 6 td khéc
nhau.
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