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TOM TAT

Ly hop la mot bo phdn quan trong giip truyén nguon déng lic tir dong co sang hdp sé va
cudi cung dwa dén banh xe dan déng. Mé hinh mé phong dong luc hoc ly hop tren 0 to Ia mot mo
hinh todan hoc dwoc tao ra duwa trén nguyen Iy hoat dong cua ly hop. N6 bao gom cdc yéu té quan
trong nhur @6 trueot cia ly hop, dp sudt bé mat dia ma sat, liwc ép va toc dé quay déng co va truc ly
hop. Khi mé phong, ngudi ta thwong sir dung cdc phan mém mé phong sé dé gia lap cdc gid tri dau
vao va dau ra ciia ly hop. M6 hinh mé phong nay cho phép nghién ciru ddnh gid hiéu qua lam viéc
ciia ly hop trong cdc diéu kién khdc nhau va téi wu héa né dé dam bao téc dé va chuyén sé ém diu,
dong thoi gidm thiéu mon va ting tuéi tho cua ly hop. Mé phéng déng lie hoc ly hop trén 6 16 la
mét trong nhitng cong cu hivu ich givip cdi thién hiéu sudt ciia hé thong truyén déng é 6.

Tir khéa: Ly hop co khi; Lo xo mang; Hop so co khi; Pong luc hoc; Mé phong.
ABSTRACT

The interconnection between the engine and the transmission or transaxle is facilitated by
means of a clutch system which plays an important role in transferring the propulsive power from
engine to the transmission and driving wheels. The dynamic simulation model of the automotive
clutch consists of mathematical expressions that are built based on the working principle of the clutch.
These are crucial factors affecting clutch dynamics such as slipping ratio, friction plate pressure,
pressure force and rotational speed of the engine and input shafts of transmission. In simulation,
numerical simulation software is exploited to simulate the clutch input and output parameters.
This simulating model make it possible to evaluate the performance of the clutch under different
conditions or to improve to ensure that the clutch engage and shift gears smoothly, disengage
decisively while to minimize wear and increase the long life of the clutch. The dynamic simulation of
the automotive clutch is one of the useful tools to improve the performance of automobile drivetrain.

Keywords: Mechanical clutch;, Diaphragm spring, Manual transmission;, Dynamic;
Simulation.
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1. PAT VAN PE

Ly hop 1a mot b phan quan trong cua
hé thdng truyén lyc dong vai tro 1a khép ma sat
gilt nhiém vu dong va ngit truyén moé-men va
cong sudt tir dong co qua hop sd dén cac banh
xe chu dong giup ngudi 1ai ¢ thé chuyén sb
hodc khoi hanh xe tir trang thai dung yén sé
mot cach dé dang. Viéc tinh toan thiét ké ly hop
12 mot qua trinh quan trong nhdm dam bao yéu
cau tinh dong luc hoc cta xe. Bén canh phuong
phép tinh toan truyén thong, dé hiéu rd hon
vé dic tinh dong luc hoc cua ly hop trén 6 t0,
nguoi ta thuong sir dung cac cong cu may tinh
mo phong va danh gia trude trong giai doan
tién thiét ké.

Cac nghién ctru vé ly hop dugc cong
bd tip trung vao cac nghién ctru khao sat,
danh gia anh huong hiéu suat ma sat, hiéu sut
nhiét d&én kha ning 1am viéc bd ly hop. Pién
hinh trong nghién ctru [1], tac gia thiét ké va
phén tich dac tinh ctia dia ma sat trong ly hop
ma sat kho mot dia. Nghién ctru khdo sat ung
suét, bién dang ctia dia ma sat khi sir dung céc
vat liéu ma sat khac nhau. Téac gia da st dung
phuong phép toan thong thuong va st dung
phuong phap phan tir hitu han bang cach ung
dung phin mém moé phong ANSYS. Cung ¥
tuong do, [2] thuc hién toi wu hoa két cdu tAm
ma sat voi hinh dang ranh thoat mat khac nhau,
vi tri dat dinh tan gilra tam ma sat va 10 xo 1a
theo quy luat khac. Ngoai cac dic diém vé Gmg
suit, bién dang, qua trinh sinh nhi¢t trong tam
ma sat cling dugc ké dén. Tac gia da thyc hién,
phan tich danh gia két cAu tim ma sat thong qua
phuong phéap phan tir hitu han bang phin mém
ANSYS. Trong nghién ciru tiép theo [3], cac
tac gid da xay dung va thuc hién phan tich ung
suat nhiét trong ly hop ma sat kho. Nghién ciru
da thyc hién xay dung cac phuong trinh toan
nham tinh toan lwong nhiét phat sinh trong qua

trinh ly hop bi trugt. Tur d6, tac gia dua ra giai
phap nham tbi uu két cdu cua tim ma sat d6 1a
tao ra rinh dong tAm trén tdm ma sat gitip giai
phong ning luong nhiét t6t hon.

Trong bai bao nay, mbi quan hé giira
mo-men xoédn ly hop 1 dia va hanh trinh 1am
viée cua dia ép dugc xdy dung dua trén cac
thong sb anh hudng co ban den qué trinh an
khdp bao gdm do trugt, ap suat ép va luc ‘ma
sat, nhi¢t d§ 1am vi¢c. M6 hinh mo6 phdong s6 va
két qua danh gia khao sat duoc thuc hién trong
moi truong Matlab/Simulink va Simscape. M6
hinh m6 phdong nay cho phép cac ky su va nha
thiét ké 6 t6 danh gia hiéu suit cua ly hop trong
cac diéu kién khac nhau va téi uu héa no dé
dam bao téc d6 va chuyén sd tron tru, dong thoi
giam thiéu mon va tang tudi tho cta ly hop. M6
phong sb dic tinh dong luc hoc ly hop trén 6 t6
1a mdt cong cuy hitu ich gitip cdi thi¢n hi¢u Suat
ctia hé théng truyén dong 6 to.

2.COSO LY THUYET

Hé théng ly hop thong thudng bao
gdém hé thdng din dong va cum ly hop. Trong
nghién ctru nay, cum ly hop ma sat kho voi mot
dia ma sat sir dung 10 xo ép loai mang cung
v6i hé thong dan dong thuy lyc. Dé md phong
hé thong ly hop, ching ta co thé sir dung cac
phuong trinh tinh todn moé ta dac tinh co ban
cua ly hop. Luc ma sat cua ly hop ma sat 1 dia
theo [1] dugc md ta nhu sau:

F, =J.Z.ﬂ.u.p.r.é'r:/r.u.p.(roz ) (1)

Trong d6: F_la lyc ma sat, p la hé 5O
ma sat, r 1a ban kinh dia ma sat, P, 1a 4p suat tac
dung 1én bé mat ma sat, va r,T lan luot 1 ban
kinh ngoai, ban kinh trong cua dia ma sat.
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Véi RH la ban kinh lam vi¢c trung binh,
md-men ma sat tdc dung lén dia ma sat:

M=F.R, 2)

Trong qua trinh dong ly hop, ly hop sé
xay ra hién tuong truot giita phan chu dong va
bi dong. Do su trugt ma sat gitta cac bé mit,
mot lugng nhiét sé sinh ra trong qua trinh truot
ma sat dugc xac dinh qua cong thuec:

r=‘h 3)

g,

Trong d6, T la nhiét do tang 1én cua chi
tiét (°K), v 1a hé s xac dinh phin cong truot
ding dé nung néng chi tiét can tinh, L, 1a cong
trugt toan bd sinh ra khi dong ly hop (J), ¢ 1a
nhiét dung riéng cua chi tiét bi nung nong, g la
khdi lwong chi tiét bi nung néng (kg). Phan tinh
toan nhi¢t do duogc xac dinh khi tinh todn thiét
ké két cau cum ly hop [5].

Sau khi tinh todn va chon lya cac thong
5O két cau cho dau vao mo phong sd, hé thong
ly hop trén 6 t6 dugec md hinh hoa bang cong
cu Matlab/Simulink va Simscape Vé dong hoc
chuyén dong, cac khdi chuyén dong quay Vo1
thong s6 nhu khdi luong quan tinh, van toc goc
ctia dong co ciing nhu bd phan cta hé thong
truyén Iyc. Kh6i ma sat dang dia mo phong moi
quan hé giira phan chii dong va bi dong cua ly
hop. Trong qua trinh dong ly hop s€ xay ra hién
tugng truot, van tdc truot giita phan chi dong
va bi dong dugc xac dinh nhu sau:

0=0,-o, @)

Trong do, o, 1a van tbc goc phan bi
dong, o, 1a van toc goc phan chu d(f)gg. Khi ly
hop déng hoan toan, s€ khong cé hién tuong
truot, lic nay mo-men truyén qua ly hgp bao
gdm mo-men ma sat tinh va mo-men ma sat

dong. Theo thuat toan cia md hinh, mo-men
ma sat dong dugc xac dinh:

Mk = luv'a)_'_Mcontact (5)

Trong d6: M, 1a mé-men ma sat dong,
u, lah¢ so céI} nhét, o la van toc trugtvaM
la mo-men tiép xuc dugc xéac dinh dya qua cong
thtrc sau:

M,y =kDN.R, P, A ©6)

contact wu fric”

Trong do: k, 1ahé sO ma sat dff)ng khéng
thtr nguyén phu thudc vao o, N 1a s6 luong bé
mat ma sat, P la ap suat ma sat C}ia ly hop, A
la di¢n tich ma sat, D 1a hé so truyén dat cua ly
hop. Béi v6i ly hop méi D = 1, d6i véi ly hop
sdp dat dén trang thai mon dong déu:

3 (r+r)
D=2_10o i/ (7)
Ar+r,n 41
Doi vo1 moé-men ma sat tinh duoc xac
dinh:
M, =k.D.N.R, P, A (8)

Trong d6, k_1a h¢ s6 ma sat tinh khong
thr nguyén phu thudc vao o, cac tham so con
lai da giai thich & trén.

Ngoai ra, trong mo hinh mé ta day du
mdi quan hé glua cong suit va mo-men xoan,
khéi diéu khién tir ngudi lai qua ban dap ly hop
dén bo tro luc qua xi lanh chinh dén xi lanh
cong tac, khéi co cau chap hanh 10 xo mang
va moay 0, mdi quan hé vé nhiét dé khao sat
lugng nhiét sinh ra véi cac cum chi tiét chinh.
Phuong trinh todn theo mo hinh mo ta luong
nhiét dugc truyén bang cach dan nhiét giita hai
bé mat cua cung mot vat liéu dya trén dinh luat
Fourier sau:
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A
Q=k-5g-(1} —T5) 9)

q

Trong d6: Q 13 lwong nhiét truyén, k 1a
h¢ s6 dan nhigt ctia vt ligu, A_1a dién tich bé
madt truyen nhiét, D, la khoang cach gitra hai bé
mat, T, T, 1an luot 1a nhiét d0 cua hai bé mat.

3. XAY DUNG MO HINH
3.1. So' 6 khdi mé hinh
So d6 khdi thuat toan trong nghién ctru

nay dugc minh hoa va mé phong day du theo
Hinh 1.

Hinh 1. So' do khéi mé phong hé thong ly hop.

Luc ban dap tir nguoi 1ai thong qua bd
tro luc lén tdc dong vao xi lanh chinh. Dong
dau tir xi lanh chinh day t6i xi lanh cong tac
1am di chuyén pit tong xi lanh cong tac. Pit tong
xi lanh cong tac tic dong vao cang md ngat luc
ép tr 10 xo ép 1én dia ép. Khi luc ép khong
du, cong suat tir banh da truyén qua dia ma
sat xudng moay o dén hé théng truyén luc bi
ngat hodc truyén mot phan. Cac khdi dic trung,
nghién ctru str dung cac khéi trong Simscape-
Driveline. Mot s6 khdi quan trong nhu xi lanh
chinh, xi lanh cong tac, cum ly hgp, 10 X0 mang,
moay o dia bi dong dugc mo ta trong Hinh 2.

-~ Moay o dia bi dong

Hinh 2. Cdc khéi diéu khién, co cau chdp hanh
cua hé thong ly hop

4. KET QUA MO PHONG

Céc thong sb két cau dugc tinh toan nay
dugc tinh toan dua trén 1y thuyét thiét ké tinh
toan he théng ly hop theo [4] cho xe con 5 chd.
Mot sb thong s tinh toan quan trong gém c6
duong kinh pit tong xilanh chinh, xilanh cong
tac 1an luot 1a 16 mm va 19 mm, ban kinh lam
viéc cua dia ma sat 1 116 mm. Céc théng sd
con lai theo xe tham khao va trong mo hinh
tham khao thong qua b s6 liéu cta thu vién dé
xdy dung mo hinh. Bé mo phong khao sat dic
tinh cta ly hop, mo hinh nay dugc st dung dé
xuét ra dd thi tbe do cua dong co va tbe do cua
hé thdng truyén lyc trong tinh hudng dong va
ngit ly hop. Thoi gian mé phong duogc thiét 1ap
trong 100 gidy va ta thuc hi¢n khao sat cac tinh
hubng déng ly hop véi trang théi toe dd & vong
tua cao. Két qua mo phong dugc thé hién ¢ cac
d6 thi dudi day.

Hinh 3. Két qua mé phong khi nguoi ldi nha ban
dap nhanh
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£ 6 n 0 0 10
Tho gian (s)

Hinh 4. Két qua mé phong khi nguweoi lai nha ban
dap tur tur

Hinh 3 va Hinh 4 1 két qua mo phong
ung voi cac trang thai dong ly hop khéac nhau.
Tai thoi diém 4s, nguoi 1ai bat dau dap ban dap
ly hop, qua trg lyc lyc tac dung 1én xi lanh chinh
tang dan dén gia tri 1300 N va khong d6i cho
té1 giay thir 60 img véi trang thai gitr ban dap
ctua nguoi l1ai. Khi luc tdc dung 1én xilanh chinh
dat gia tri khoang 800 N, ly hop bi ngét, diéu
nay duogc thé hién trén d6 thi tbc do gitra dong
co va hé thong truyén luc khi ma hai toc d6 nay
khong con dong nhit. Tai gidy thi 60, ngudi
1ai bat ¢au nha ban dap ly hop, khi luc ban dap
giam xudng dudi 800 N, qua trinh dong ly hop
dién ra. Trén Hinh 3 1a trang thai déng ly hop
nhanh khi ma thoi gian dé dong ly hop hoan
toan khoang 950 ms, twrong Gmg véi tan s6 1,05
Hz. Trong qué trinh nay, nhiét d¢ tang dot ngot
nhung khong déng ké tir 297°K 1én 297,035°K.
Trén Hinh 4 1a trang thai dong ly hop tur tir voi
thoi gian dong ly hop hoan toan khoang 2,2s
tmg voi tan s6 khoang 450 mHz va nhiét do
tang tir 297°K 1én 297,041°K.

)
o £ =l
g ' 4
297 L L L L J
0

10 20 30 40 50 60 70 80 90 100
Thoi gian (s)

Hinh 5. Két qua mé phong trang thdi khi xe
khoi hanh

Két qua md phong tng voi trang thai
khi xe khoi hanh duoc thé hién qua Hinh 5. Khi
khoi hanh, téc d6 dong co ¢ tdc do khong tai,
nguoi l1ai nha ban dap tur tur, khi lyc tdc dung
1én xi lanh chinh dudi 800 N, qua trinh dong ly
hop bét dau dién ra tai gidy tha 8 va sau gidy
thtr 10 ly hop dugc dong hoan toan. Qué trinh
nay dién ra trong khoang 2s tuong Gmg voi tan
s6 500 mHz dam bao d6 ém diu. Qua trinh
khoi hanh 13 qua trinh ma ly hop trugt nhiéu
nhét nén luong nhiét sinh ra tang tir 297°K 1én
297,043°K. Lugng nhi¢t nay kha nho nén dam
bao dugc kha nang hoat dong cua ly hop. Nhu
vay, qua khao sat, ta danh gia dugc véi cac
thong s6 thiét ké, ly hop dam bao kha nang hoat
dong. Va viéc khao sat trang thai nha ban dap
ly hop cua nguoi lai phan anh d6 ém diu cuia hé
thong thiét ké va muc phat sinh nhiét trong qué
trinh truot cia ly hop rit nho nén dam bao tudi
tho cua céc chi tiét trong cum ly hop.

Nghién ctu thyc hién cic khao sat
tuong tu va dé xuat cac thong sd ly hop ma sat
kho mot dia sor dung 16 xo mang cho xe con
nhu sau dé c6 thé dam bao dic tinh dong luc
hoc theo Bang 1.
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Bdng 1. Ddy théng sé dién hinh ly hop 6 t6 con

) B Khodng gia tri
Thong so (don vi)
Ban kinh ma sat trung binh 100-130 mm
R,)
Duong kinh Plston xi lanh 15-16 mm
chinh
Duong kmAh pls:[on xi lanh 19-20 mm
cong tac
He¢ s6 ma sat (’u) cua dia 0,3-0.45
ma sat

Ban kinh ma sat trung binh cho phép
két cau gon nhe nhung ly hop dé& truot hoic
truyén mo-men t6t hon kém moé-men quan tinh
16m; xi lanh chinh 15-16 mm, xi lanh cong tac
19 mm can béng gitrta luc dap nhe/hanh trinh
dai va lyc dap nang/dong ngit nhanh; hé sé ma
sat 0,3-0,45 dao dong gitta ém ai, dé truot va
dut khoat, dé giat; thoi gian déng ly hop <1
gidy gdy rung, >3 gidy ting mon va nhiét. Tat
ca déu tac dong qua lai dén hién tuong truot,
sinh nhiét, d§ ém diu. Ngoai ra, dé dam bao yéu
cau lam viéc, ly hop can t6i wu hoa theo yéu
cau st dung, vat liéu, k¥ ning 1ai va méi truong
su dung.

5. KET LUAN VA THAO LUAN

Nghién ctru di d& xudt phuong phap
nghién ctru danh gia dac tinh dong luc hoc cua
hé théng ly hop trén 6 t6. M6 hinh mé phong
dong luc hoc ly hop trén 6 t6 1a mot mo hinh
toan hoc dugc tao ra dua trén nguyén ly hoat
dong cua ly hop duoc mo phong s6 nhd cong
cu Matlab/Simulink va Simscape-Driveline.

Két qua mo phong cho phép nghién ciru danh
gia hiéu qua lam viéc cua ly hop trong cac diéu
kién khac nhau dé can clir vao do, cac thong
s6 thiét ké ly hop c6 thé duogc thay ddi nd dé
dam bao ly hop dong ém diu va ngat dirt ngoat,
dong thoi giam thiéu mon va ting tudi tho cua
ly hop. M6 phong dong luc hoc ly hop trén 6
t6 1a mét trong nhitng cong cu hiru ich giap cai
thién hiéu suit ciia hé thong truyén dong 6 to. <
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