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Tom tat 

Bai bao trinh bay mot mo phong si anh hadng cua khe ha ban kinh din sg phan bi ap suit mang dau 6 
diu to thanh truyin dong ca 5S-FE. Cac phaang trinh cua bai toan gim gdm phaang trinh Reynolds bien 
dii, phuxyng trinh chiiu day mang dau va phaang trinh can bing tai. Cac phaang trinh nay daac giai bang 
phaang phap phin ta hiru ban. Theo chu ky lam viec hut-nen-nS-xa, phan bi ap suit thay doi theo goc 
quay cua true khuyu, chu yiu tap trung xung quanh vi tn (P cua thanh truyin theo chiiu quay. Cang gan vai 
ky ni xung quanh vi tn 370° (liic xay ra sg nS) dinh phan bi dat gia tn lan nhk. Khi thay ddi khe ha ban kinh 
24pm toi 69pm dinh cCia phan b6 ap suit tang khoang 19%. Kit qua tlnh toan dagc so sanh vai ket qua tinh 
toan ta phan mem ACCEL (phin mim do nhom nghien ciru cua Dai hoc Poitiers, Cong hoa Phap viit cho 
cac hang xe hai di giai quyk bai loan boi tran cho i thanh truyin). Gia tri cgc dai cua ap suit tai cac goc 
quay khac nhau cua true khuyu lan han gia fri thu dagc tir phin mim ACCEL. 

Tir khda: Thanh truydn, bdi tran thuy ddng, phuong trinh Reynolds, phan bd ap suat, ACCEL 

Abstract 

This paper presents a numerical simulation of the influence of the radial clearance on the oil film pressure 
distribution of the 5S-FE engine's connecting-rod big end bearing. The equations for this problem are the 
modified Reynolds equation in hydrodynamic regime, oil film thicness equation and equation of equilibrium 
of the charge. These equations are solved by the finite element method. According to the intake-
compression-power-exhaust process of the engine's operation cycle, the pressure distnbution vanes versus 
crank angle, is mainly concentrated around the position CP of the housing bearing. As close to the burst, in 
the neighborhoods of 370° of crank angle (zone of explosion), the pressure distribution peak reaches a 
maximal value. When ihe radial clerance increase from value 24pm to 69pm, the peak of the pressure 
distribution increased by 19%. The calculation results were compared with the results from the ACCEL 
software (the software Is developed by the University of Poitiers' researchers, France for car manufacturers 
to solve the problem of connecting rod lubrication). The maximum value of the pressure at the different 
crankshaf's angles is greater than the value obtained from the ACCEL, 
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Thanh truyen la rapt frong cdc bd phdn quan 
trgng ciia dgng ca, trong do 6 dau to thanh tmyen 
dugc tao bdi thdn thanh tmyen, nap thanh truyen va 
true khuyu lara viec frong dieu kien khac nghiet nhu 
tai frgng ldn va thay ddi lien tue, van tdc ldn va nhiet 
do cao, , . Do vdy viec nghien cuu dac tinh bdi tron d 
ddu to thanh truyen frong qud trinh lam viec dang 
dugc cdc nha khoa hgc vd cac nhd sdn xuat het siic 
quan tara. 

' Dia chi lien he: Tel.: (+84) 978263926 
Eraail: hai.franthithanh@hust.edu.vn 

_ Nam 1984, Booker va Shu [1] da dua ra each 
tiep can mdi cho viec tmh toan chd do bdi tran thiiy 
dong dan hoi. Cdc phuang phdp tidp can dua fren 
phuang phdp phdn tu hiru ban vd ap dung true ti^p 
cho tat cd cdc hinh dang mdng ddu vdi bdt ky tai 
frgng phiic tap nao tdc dung ler. ' -nat. Cimg nam. 
Goenka [2] trinh bay rapt p"huon^ ..,i phdn tir hiiu 
han tinh toan chg dd bdi trcm lan ..im dang kd thdi 
gian tinh toan. Nam 1985, Boo, : vd Labouff [3] 
cdng bd radt nghien cim vd d ciin, vh 6 dan hdi chiu 
tdi frgng dgng. Nam 1985, Fantin. j. ..\^h [4] da thyc 
hien so sanh hoat dgng eiia hai d i • ,o ,hanh tmyln 
dan hdi ddng ca xang va dgng c .,-] ^Jg^ ^gg^ 
Fantino va cong su [5] da tbuc • AL liiih toan 6 
dau to thanh tmyen vdi cdc gid ' '^ \a mic 
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khong bien dang, ddu bdi fron cd do nhdt khdng ddi. 
6 boat dgng frong trang thdi qud do vd chju tai trong 
ddng. Nam 1986, Goenka va Oh [6] ciing de cap den 
vdn de bdi fron thuy dgng dan hoi. Phuong phdp ciia 
cac tac gid dua tren md hinh cua Rohde va Li [7]. 
Phuang phdp Newton-Raphson va hai phuong phap 
sd {phan tir hiju ban va sai phan hiru ban) dugc sii 
dung de giai gan diing phuong frinh Reynolds. Nam 
1990 Kumar vd cdng sir [8] da nghien ciiu so sanh, 
phdn tich cac phuong phap khac nhau giai quyet vdn 
de bdi fron thiiy dgng dan hdi. Nam 1988, Mcivor vd 
Fenner [9] da nghien cmi va cho thay rang viec sii 
dung phdn tir tu giac 8 mit tiet kiem thdi gian dags ke 
so vdi phdn tir tara giac 3 mit. Nara 1992 Fenner va 
cdng sir da su dung tii gidc ludi 8 nut de phdn tich 
mdng dau [10] de nghien ciiu ve d chiu tai frgng 
nang. Su bien dang dan hdi ldm tang dang ke pham vi 
vd chieu day cua mang ddu vd ddn den giam dang ke 
ap luc ldn nhdt trong tiep xuc. Nam 2001, Botmeau 
va Hajjam [11] da dua ra thudt todn dua tren md hinh 
cua JFO (Jakobson-Floberg va Oisson) va rdi rac cac 
phuong trinh bang phuang phdp phdn tu hiiu han. 
Thuat todn nay cho phep xac duih viing gian doan va 
tdi tao ciia radng ddu. Cac tdc gia dua ra radt phuang 
trinh Reynolds sira ddi cd the dp dung cho ca viing 
lien tue vd viing gidn doan eua raang dau. 

Trong bdi bdo ndy nhdm tdc gia nghien cuu anh 
hudng cua khe hd ban kinh den ap suat mang ddu d 
ddu to thanh tmyen cua dgng ca xang 5S-FE. 

2. Phiriyng trinh Reynolds bien doi 

Phucmg trinh Reynolds cho mgt d dd chiu tai 
dugc viet nhu sau [12]: 

dx \l2ti dx) dy U2fJ dy) (1) 

y 
Mme Bian &aza 

i — • 1 
[-- P=f.„ ^ 

X. ^ - ^ . . in 
— • 
R 

Hinh 1. Mien khai trien d 

Phuong trmh (1) dugc giai cimg vdi dieu kien 
bien Reynolds cd tinh tdi hien tugng gian doan mdng 
dau (Hinh 1). Trong midn khai tridn mang ddu Q. bao 
gdm viing lam viec (viing mang dau lien tue) va vimg 
mdng dau bi gidn doan 

- Viing lien tue SJ cd p > peat, (peat, la hang sd) Id 
viing ma be mat true va bac dugc phan cdch hoan 
toan bdi mang dau bdi fron. 

- Vimg gian doan flo co p^ pcm Id vimg cd xen 
ldn cdc Id khi. Tai virag nay be mat true va bac dugc 
phdn each bdi hdn hgp dau bdi fron - khi, 

Tai viing gidn doan phuong frinli (1) dugc viet 
lai dudi dang: 

y 5 P i + 2 5 i ^ = 0 (2) 
dx dt ^ ' 

Trong do p la khdi lugng rieng cua hon hgp dau 

bdi frgn - khi 

Dat f = ^£— Id chieu ddy ciia raang hdn hop 
Po 

ddu bdi tton - khi, vdi po la khdi lugng neng ciia hdn 
hgp dau bdi tron - khi, phuong frinh (2) frd thanh: 

" £ + 2 | = 0 (3) 

Giiia cdc vung O va flo !a cac dudng bien QT va 
i2" tai ddy bat ddu xdy ra hien tugng gian doan vd 
phuc hoi raang bdi fran. Nhu vay, de xac dinh dugc 
phan bd dp sudt va tim ra vimg gian doan ciia mang 
ddu phai gidi he hai phuong trinh (1) va (3) vdi hai an 
sd la p va r Bonneau va Flajjam [8] da dua ra an sd D 
dai dien cho ca hai bidn tren frong hai mien lien tue 
va gidn doan: 

- Ddi vdi vung mdng dau lien tue 

[D - p , D > 0 

g gian doan 

= r - / i , D < 0 ( p < p o ) 
F - 0 

(4) 

(5) 

Nhu vay hai phuang frinh (1) va (3) dugc viet 
dudi dang: 

dx\\z^dx) dz\i2ndzJ a 'jin + f^ 
dx dt 

Chieu ddy mdng ddu -

Hinh 2. Mat cdt d ddu to thanh tmyen 
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Chieu day mang dau h trong d bac frdn va ciing 
nhu hinh 2 dugc xac djnh nhu sau: 

= C — e^gCosO — CyeSiiid (7) 

Trong phuong trinh nay C= R^-Ra (khe hd 
hudng kinh), e,, vd ey la tpa dd ciia tam true Oa-
6=x/R la vi tri gdc cua mdt didm M. Biln ddi phuang 
trinh (7) ve dang: 

h = C(l- E^^cosO - Cy^sinO) (8) 

Trong dd c,^ = e^JC, eye = CyJC la do lech tara 
tuong ddi theo cac true toa dd cua tdm true. 

Phuong trinh cdn bdng tdi: 

Bo qua luc qudn tinh, phuang trinh can bang lire 
tdc dung len thanh tmyen nhu sau-

Pext+ Pp = hxt + /s pndS = 0 (9) 

Trong do F^^t Id ngoai lyc, Fp la luc thuy ddng 

sinh ra, n Id vector phdp tuyen vdi be mat bac. 

Chilu phugng trinh (9) len hai true X^, Ye ta 
dugc he phuong trinh can bang tdi. 

/^ pcosOdS - f;te = 0 

[/^ psinedS -Fye=0 

3. Md hinh hoa 

(10) 

Ap dung phuong phdp phdn tu hiiu han cho 
phuong trinh (6) fren mien khai trien (Hinh 1) ta cd: 

(11) 

Trong do Wlk hara frgng sd. 

Sii dung cdng thiic tich phan tiimg phan cho 
phuang frinh (11): 

^F)WDdn = 0 (12) 
Phuang trinh (12) ducrc viet duai dang he 

phuong trinh: 

R-[MlD*B-0 (13) 

Trong do: 

- F , ( t ) ) ) i n „ (14) 

Va; 

= i : ; ; , 5 ; ™ , ( i V m , ( f f ^ + 

-2ii:K; «„.«„.((!-f.ct-"))*''" 

!ji£i£l)-

(15) 
-At)))an,„ 

Trong do ne la s6 phjn ni, niie la s6 <At e i a mot 

phjn tir, npg la s6 di6m liy tich phan Gauss-

Trong miSn hen tue F i - 1, khi 40 ta c6. 

It - i . „ . l i „ . , ( , ^ 2 , J . l I, j ^ SJ 

= xr.,i:r.(N,n,(«^+2^^='̂ ^^:— 

(16) 

(17) 

4. Ket qua 

Thdng sd 6 ddu to thanh tmyen 

6 diu to thanh tmydn cd cdc thdng sd hinh hgc 

cho ttong bang 1. 

Bang 1. Thdng sd d ddu to thanh truyen 

Duong kinh 
bac (D.) 

26,029 

26,043 

26,060 

Duong kinh true 
(D.) 

26,005 

26,005 

26,005 

Khe ho ban 
kmh(C) 

0,024 

0,038 

0,055 

Tdi tdc dung 

Tdi tac dung frong chu ky lara viec eiia ddng co 
5S-FE len 6 ddu to thanh truyen (Hinh 3) dugc do d 
tdc do n - 3000 vg/ph va chd dd 30% tai. Tdi bao 
gdra hai thanh phdn: Thanh phin keo, nen F^, va 
thanh phan udn Fy. 

Hinh 3. Tai tdc dung len d L .LI to thanh truyan 

Ddu boi tran 

Dau bdi frcm cho dgng ci.. 5S-FE la ddu Shell 
Rmiula R2 Exfra. Day la ddu da •: 
gia tang chi sd do nhdt, phu gia 
gia chdng tao can, phu gia phan 
lara sach ddng ca. Cac thdng S( 
fron RIMULA R2 EXTRA frin'-

'"' CO chiia cac phu 
'' "" mai mdn, phu 

ai IJl.) bui bdn va 
"*uai .'i.ia (jgu bSi 

.ng 2. 
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BSng 2. Dac tinh dau Shell Riraula R2 Exfra 

ch do nhctt 
Do nhot dong hoc tai; 40''C 

100°C 
Chi so do nhcrt 
Ti trong 0l5»C 

20W-50 
162 
18,9 
134 
0,893 

Don vi 

est 

Ks/1 

Ket qud mo phong 

Hinh 4 bieu dien phan bd dp sudt cua d dau to 
thanh tniyen theo phuong chu vi tai ba tidt dien L/2, 
L/5. L/IO cua chieu dai d khi khe hd bdn kinh C = 24 
^m tai gdc 370° cua true khuyu (thudc ki nd). Phdn 
bd ap sudt bdt dau d vi fri 108° va ket thiic d 297° cua 
thanh tmyen, Ta thdy, phan chan cua phan bd dp sudt 
bien thien nhd, tuy nhien dinh cua phan bd rat cao, tai 
tiet dien L/2 vd tai gdc 234° ciia thanh truyen dp sudt 
la 7472.6618 KPa,^ d6n gdc 279° dp sudt la 
57735.3352 KPa. Phdn chiu luc chinh theo phuong 
chu vi cua 6 tap trung tii 243° den 297°. Tai cac tidt 
dien L/5 vd L/10 cua chieu dai d dinh cua phan bd ap 
suat ha xuong, tai tiet dien L/2 dp suat ldn nhdt la 
57735.3352 KPa, ddn bgt dien L/5 dp sudt ldn nhdt la 
40431,0155 KPa, ddn tidt dien Z,/10 ap suit ldn nhdt 
la 24473.6756 KPa. 

h^-

Hinh 4. Phan bd dp suat theo phuang chu v 
ciia friic khuyu khi C = 24 pm 

Hinh 5. bieu dien phan bd dp sudt ciia d ddu to 
thanh truyen vdi C = 24 pra d vi fri 370° cua true 
khuyu. Ta thdy, phan chiu luc chinh tap trung tai 
vung dien tich xung quanh gdc 0" ciia thanh truydn 
(bac thanh truyen). Day chinh Id viing chiu tai khi xay 
ra sir nd, khi luc tac dung len thanh truydn Id ldn nhdt. 

Hinh 6. bieu dien phan bd dp sudt tai tidt dien 
giira d theo phuong chu vi tai cdc gdc 20°, 170°, 320°, 
350°, 470° ciia true khuyu vdi khe hd bdn kinh C = 
24pm. Theo bieu dd, phdn bd dp suat dich chuyen 
theo gdc quay cua true khuyu cung vdi cac chu k^ 
iam viec hiit-nen-nd-xa. Cdng gdn vdi ky nd dinh 
phan bo ap sudt cang nhgn, cao hon so vdi cdc viing 
khac. Phdn bo dat cue dai giam ve hai phia kd tir vi tri 
xdy ra su nd (khoang 370°) vdi ap sudt ldn nhdt ldn 
luat la pma.,370%0) = 57735,3352 KPa, pnt^jso^ma) = 
26639.3584 KPa, pma.,2oV)7 11469.5292 KPa Hinh 
7 bieu dien phdn bd dp sudt tai gdc 320° ciia true 
khuyu la diem thdp nhdt thugc ky nen vdi C = 24 pm. 
Tai didm nay li^c tac dung F x " 0 (N), F Y = 1934 (N), 
Phan bd ap sudt trdi ra hai phan xung quanh gdc 0" 
ciia thanh truyen tuy nhien dinh cua phdn bd thdp 
nhdt pmnx - 7389,7368 KPa. 

Hinh 6. Phan bd dp sudt tai tiet dien giiia d theo 
phuang chu vi tai cdc gdc 20°, 170° 320°, 350°, 370°, 
470° cua true khuyu khi C ^ 24 pra 

V 

Hinh 5. Phdn bd dp suit tai gdc 370° cua tmc khuyu Hinh 7. Phan bd dp sudt tai gdc 320° ciia fruc khuyu 
khi C= 24 pra vdi C - 24 pra 



Hinh 8 bieu dien su thay ddi phdn bd dp sudt 
theo khe hd bdn kmh tai tik dien giiia d dieo phucmg 
chu vi tai goc 370° ciia true khuyu. Khe hd bdn kinh 
ldn lugt la C = 24 pm, C - 38 pm, C = 55 fim. C - 69 
pra. Ta thdy, khi tang khe hd hudng kinh, dinh cua 
phdn bd dp suat tang, ap sudt Idn nhdt theo khe hd 
huong kinh ldn lugt \kp^,C=2^^„ = 57735,3352 KPa, 
P™at.C=i«^„ = 6 0 5 8 1 . 6 2 4 6 K P a , Pma.,C=55am = 

63673.1515 KPa, pmax.c=69̂ m = 68747.6125 KPa, 
Chieu rgng cua phan bd dp sudt cd xu hudng thu nhd 
lai, Hirdi 9 bidu di6n thay ddi ciia dp suat raang ddu 
ldn nhat pmax theo cac gdc quay ciia true khuyu tai 
bdn dd lech tdm C = 24 pm, C = 38 pra, C = 55 pm, 
C = 69 pm. Theo dd thi, khi do lech tam tang, ap sudt 
ldn nhdt pn,a» tang, gid tri tang ldn nhdt tai goc 370° 
cua tnic khuyu. 

Hinh 10 bidu diln mdi frroiiL . 'u "'^^f?,!!!,5 
* ' '' ~ci va ket qua 

Idn nhdt Pmax khi dung phdn mem - ^ t ^ ' • " j , 
md phdng. ACCEL la phan m^ .̂: ••Lrang m?' ^.^^ 
todn bdi fron d ddu to thanh truyen cLia o^^'''"'^^, ; 
cuu diudc Dai hgc Poiters, Cgng lida Phap- ^^ ^^^^' 
khi khe hd hudng kinh tang dang duong cong_ prmx 
Cila hai ket qua tuong ddng nhau, Gid tn pma-̂  ^ 
qua tmh, tai cac gdc quay khac nliau cua true ™fryu 
Idn hon gia tri thu dugc tir phdn meffi ACCEL. Oia 
sai lech nay ldn nlidt tai didm xdy ra su no (Bang 3), 
Su sai lech nay Id do ap sudt thdy ddng gdy bien d^ng 
dan hdi fad mat ma sat, diay ddi hinh dang cua tiep 
xtic, Ngoai ra, phdn ra6m ACCEL cdn dnh den hi?u 
img nhiet va cac hieu iing thuc td khde lam thay ddi 
chieu day mang dau gdp phan lara thay ddi ap suat. 

Phuoogchuvi Goc quay Iruc kduyu 

Hinh 8. Phdn bd dp sudt tai tiet dien giiia d theo Hinh 9. Ap suat ldn nhdt vdi C ^ 24 pm, C = 38iim, 
phuong chu vi tai gdc 370° cua true khuyu vdi C ^ 55 pm, C= 69 pm 
C ^ 24 Mm, C = 38 /im, C ^ 55 pm, C ^ 69 pm 

m n h 10. Ap suat ldn nhat theo gdc quay cda true khuyu 
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Bang 3. Sai lech dp suat ldn nhdt p„,av tir ket qua r 
phdng va tu phdn mem ACCEL 

Apoio. 
(MPa) 

C = 24um 

15,18 
C = 38 Jim 

18,69 
C = 55um 

14,76 
C = 69 nm 

17,92 

5. K t̂ ludn 

Bai bdo md phdng sd dnh hudng cua khe hd ban 
Idnh den phdn bd dp suat d dau to thanh truyen dgng 
CO 5S-FE. Theo chu ky lam viec hiit-nen-nd-xa phan 
bd dp sudt dich chuyen theo gdc quay cua true khuyu, 
chii yeu tap frung xung quanh gdc 0° ciia thanh truyen 
khi true khuyu d xung quanh 370° (liic xay ra sir nd). 
Cang gan vdi ky nd dinh phan bd cang nhgn, cao hem 
so vdi cac vimg khac. Khi tang khe hd hudng kinh 
dinh ciia phan bo ap sudt tang, phia chdn cua phan bo 
CO xu hudng thu hep lai. Khi khe hd hudng kinh tang, 
dang dudng cong p^a, tir ket rad phdng va tii phdn 
mem ACCEL tuong ddng nhau. ACCEL la phan 
mem thuong mai tinh toan bdi trmi d dau to thanh 
truyen cua nhdm nghien ciiti thudc Dai hgc Poitiers, 
Cdng hoa Phap. Gia tri pmax tir ket qua tinh, tai cdc 
gdc quay khae nhau cua true khuyu ldn hon gid tri thu 
dugc tir phan raem ACCEL. Gid tri sai lech nay ldn 
nhdt tai diem xay ra su no. Su sai lech nay la do ap 
suat thiiy ddng gdy bien dang dan hdi be mat ma sdt, 
thay ddi hinh dang cua tiep xiic Ngoai ra, phan raem 
ACCEL cdn tinh den hieu iing nhiet vd cac hieu ung 
thyc te khac lam thay ddi chieu ddy mang ddu gdp 
phdn lam thay ddi dp sudt. 
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