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Anh huéng ciia khe hé ban kinh téi phan bo ap suit 6 dau to thanh truyén

cua dong co 5S-FE

Influence of the Radial Clearence on the Pressure Distribution of the 5S-FE Engine’s Connecting-Rod
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Tom tat

Bai bao trinh bay mét mé phdng sé anh hudng ctia khe hé ban kinh dén suw phan bd 4p suat mang dau 6
dAu to thanh truyén dong co 5S-FE. Céc phuwong trinh cda bai todn gbm gdém phuwong trinh Reynolds bién
dbi, phuong trinh chiéu day mang déu va phuong trinh cén bang tai. Cac phuwong trinh nay duoc gidi bang
phwo’ng phép phén t& hitu han. Theo chu ky lam viéc hit-nén-né-xa, phén bd &p suét thay déi theo goc
quay ctia truc khuyu, cha yéu tap trung xung quanh vj tri 0° ctia thanh truyén theo chiéu quay. Cang gan véi
ky n6 xung quanh vj tri 3700 (lic xay ra s né) dinh phan bé dat gia tri I6n nhéat. Khi thay déi khe hé ban kinh
24um t6i 69um dinh cta phén bd ap suét tang khodng 19%. Két qua tinh toan duoc so sénh véi két qué tinh
toan tir phdn mém ACCEL (phédn mém do nhém nghién ctru ctia Pai hoc Poiters, Cong hoa Phap viét cho
céc hang xe hoi dé giai quyét bai toan béi tron cho 6 thanh truyén). Gia tri cuc dai cta &p suét tai cac goéc
quay khéc nhau cua truc khuyu I6m hon gia tri thu dwoc ttr phdan mém ACCEL.

T khéa: Thanh truyén, bdi tron thay dong, phwong trinh Reynolds, phan bd ap suat, ACCEL
Abstract

This paper present a numerical simulation 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 equilibrium of the charge
equation. These equations are solved by the finite element method. According to the aspiration-
compression-burst-exhaust process of the engine’s operation cycle, the pressure distribution varies versus
crank angle, is mainly concentrated around the position 0° 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 the radial clerance increase from value 24um to 69um, 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.

Keywords: Connecting-rod, hydrodynamic lubrication, Reynolds equation, pressure distribution, ACCEL

Nam 1984, Booker va Shu [1] da dua ra cach
tiép cdn mdi cho viéc tinh toan ché do boi tron thuy

Thanh truyén 1a mot trong cic bd phan quan
trong cua dong co, trong d6 6 dau to thanh truyén
duoc tao boi than thanh truyén nédp thanh truyén va
truc khuyu lam viéc trong diéu kién khac nghiét nhu
tai trong 16n va thay dbi lién tuc, van téc 16n va nhiét
d6 cao, ... Do vay viéc nghién cuu déc tinh boi tron b
dau to thanh truyén trong qué trinh lam viéc dang
duoc cac nha khoa hoc va cac nha san xuit hét sirc
quan tam.
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dong dan hdi. Cac phuong phap tiép can dwa trén
phuong phap phan tir hiru han va ap dung tryc tiép
cho tit ca cac hinh dang mang dau voi bét ky tai
trong phuc tap nao tac dung lén bé mit. Cung ndm,
Goenka [2] trinh bay mot phuong phap phan tir hitu
han tinh toan ché d6 boi tron lam giam dang ké thoi
gian tinh toan. Nam 1985, Booker va Labouff [3]
cong bd mot nghién ciru vé 6 clng va 6 dan hdi chiu
tai trong dong. Nam 1985, Fantino va Ash [4] da thuc
hién so sanh hoat dong cta hai 6 dau to thanh truyén
dan hoi dong co xang va dong co diesel. Nam 1991,
Fantino va cong sy [5] da thuc hién cac tinh toan &
déu to thanh truyén véi cac gia thiét 6 ngén va truc
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khong bién dang, dau bdi tron c6 d6 nhot khong ddi.
O hoat dong trong trang thai qua d va chiu tai trong
dong. Nam 1986, Goenka va Oh [6] ciing dé cap dén
van dé boi tron thity dong dan hdi. Phuong phap cia
cac tac gia dua trén md hinh cia Rohde va Li [7].
Phuong phap Newton-Raphson va hai phuong phap
sO (phan tir hitu han va sai phan hitu han) dugc su
dung dé giai gan ding phuong trinh Reynolds. Nam
1990 Kumar va cong su [8] da nghién ctru so sanh,
phén tich cac phuong phap khac nhau giai quyét van
d8 boi tron thity dong dan hdi. Nam 1988, Mcivor va
Fenner [9] da nghién ctu va cho thiy réng vi€c su
dung phan tir tir giac 8 nut tiét kiém thoi gian dags ké
so voi phan tir tam giac 3 nat. Nam 1992 Fenner va
cong sy da s dung tr gidc ludi 8 nit dé phan tich
mang dau [10] dé nghién ciru vé & chiu tai trong
nang. Su bién dang dan hoi lam ting ddng ké pham vi
va chiéu day cia mang dau va din dén giam dang ké
ap luyc 16n nhét trong tiép xac. Nam 2001, Bonneau
va Hajjam [11] da dua ra thuat todn dya trén mo hinh
cua JFO (Jakobson-Floberg va Olsson) va roi rac cac
phwong trinh bing phuong phap phin tir hitu han.
Thuat todn nay cho phép xac dinh viung gian doan va
tai tao ciia mang dau. Céc tac gia dwa ra mot phuong
trinh Reynolds sira ddi c6 thé ap dung cho ca ving
lién tyc va ving gian doan ciia mang dau.

Trong bai bao nay nhom tac gia nghién ciru anh
huong cua khe ho ban kinh dén ap sudt mang dau 6
dau to thanh truyén ctia dong co xing 5S-FE.

2. Phuong trinh Reynolds bién déi

Phuong trinh ,Reynolds cho mot 6 do chiu tai
trong dong dugc viet nhu sau [12]:

dh  Oh

d (h®a a (h3 0
_(__p) +_(__p) =yl on (1)
Ox \12u d0x 0y \12u dy ox at
Y
4 | Vimg gian doan .
I . 1
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Hinh 1. Mién khai trién 6

Phuong trinh (1) dugc giai cung véi diéu kién
bién Reynolds c6 tinh toi hién tugng gian doan mang
dau (Hinh 1). Trong mién khai trién mang dau Q bao
g0m ving lam viéc (ving mang dau lién tuc) va ving
mang dau bi gian doan
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- Ving lién tuc Q ¢6 p > Peav (Peay 12 hiing s6) 1a
vung ma bé mat truc va bac dugc phin cach hoan
toan boi mang dau boi tron.

- Vung gian doan Q, cd p= pecav 12 ving cé xen
lan cac 10 khi. Tai ving nay bé mat truc va bac dugc
phén cach bai hon hop dau boi tron — khi.

Tai ving gian doan phuong trinh (1) dugc viét
lai duéi dang:

dph dph

U
ox at

)
Trong d6 p 14 khi lugng riéng cta hdn hop dau
bdi tron - khi

Jph
Po
dau boi tron - khi, voi po 1a khoi lugng riéng cia hon

hop dau béi tron - khi, phuong trinh (2) tré thanh:

bat , = la chiéu day ciia mang hon hop

ar ar

Gitra cac vung Q va Q 1a cac duong bién Q" va
Q tai day bt dau xay ra hién tuong gian doan va
phuc hoi mang bbdi tron. Nhu vay, dé xac dinh dugc
phan b 4p sudt va tim ra ving gian doan ciia mang
dau phai giai hé hai phwong trinh (1) va (3) v&i hai 4n
s6 1a p va r. Bonneau va Hajjam [8] da dua ra dns6D
dai dién cho ca hai bién trén trong hai mién lién tuc
va gian doan:

- Boi véi ving mang dau lién tuc

D=p,D=0
= )
- Pbi v6i ving gian doan
D=r ,D<0(p<py)
{ o 5)

Nhu vay hai phuong trinh (1) va (3) dugc viét
dudi dang:

3 3
ALY, p 8 (H0D)_ o o,
ox at
U oD

G35,
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Hinh 2. Mit cit 6 dau to thanh truyén
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Chiéu day mang dau h trong 6 bac tron va cimg
nhu hinh 2 dugc xac dinh nhu sau:

=C ex.cos0 eysind

(N

Trong phuong trinh nay C= Rc-R. (khe ho
hudng kinh), ey, va ey la toa do cﬁa,térr} truc O,.
6=x/R 1a vi tri géc ctia mot diém M. Bién doi phuong

trinh (7) vé dang:
= C(l ExeCOSO syesine)

®)

Trong do &xc = ex/C, &ye = €yc/C la d0 léch tdm
twong doi theo cac tryc toa d6 cua tam truc.

Phirong trinh cdn bang tdi:

B6 qua luc quan tinh, phuong trinh can béng luc
tac dung lén thanh truyén nhu sau:

7:'—;c—t'i-Fp=Fext+f5 pflds:b (9)

Trong d0 Fey; 1a ngoai luc, F, 1a lyc thuy dong
sinh ra, 71 1a vector phap tuyén véi bé mit bac.

Chiéu phuong trinh (9) 1én hai truc X, Y. ta
dugc hé phuong trinh can bang tai:

J; pcos8dS  F, =0 a0)
J; psinbdS  F, =0

3. Mo hinh héa

Ap dung phuong phap phﬁp to hitu han cho
phuong trinh (6) trén mién khai trién (Hinh 1) ta co:

_ d (h® oD d (hd ap
ED) =], W( F(a(aa)Jfa(aa))Jf
dh | dh Uap , aD
(an
Trong d6 W 14 ham trong sd.

St dung cong thirc tich phan timg phan cho

phuong trinh (11):
ow ( h3 aD ow ( h3 ap
ED) =, F (a_ (o) + E(EE)) *
dh  dh Uaw a
FYWDdQ =0 ) (12)
Phuong trinh (12) duoc viét dudi dang hé
phuong trinh:

R=[M]D+B=0 (13)
Trong do:

_ npg h®
My, = 29:121,1:1(5

nne (aij ONpk

ONmj aNmk)
n — | F
k=1\"8x ox k +

0z 0z

+IPE TN (L F) 2 B NygNi (1

k=1"3x
Fe(0)) Qm (14)
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Va:

Ohm

hin(O)—hm(t— )
Bj = B0y T2y (N (U 52 + 22—y

t
1

2= 22 NinjNinie (1 Fe(t
) O

Trong d6 ne 1a sé phan tir, nne 1a s nut ciia mot
phan t, npg 1a s6 diém lay tich phan Gauss.

Dk (t
(15)

Trong mién lién tuc Fi= 1, khi d6 ta co:

_ npg h® ONmj ONmy
Mk = Xn21 Emaa (G e (St 2
ONmj ONmk
+ 0z 0z )Fk (16)
g ah hn(O)=hm (= )
= S, TP (N (U L g B Ot 0y ()

4. Két qua
Théng s6 6 dau to thanh truyén

O du to thanh truyén c6 cac théng sé hinh hoc
cho trong bang 1.

Béang 1: Thong s6 6 dau to thanh truyén

Puong kinh | Puong kinh truc | Khe hé ban

bac (D.) (Da) kinh (C)
26,029 26,005 0,024
26,043 26,005 0,038
26,060 26,005 0,055

Tai tac dung

Téi tac dung trong chu ky lam viéc cta dong co
5S-FE 1én 6 dau to thanh truyén (Hinh 3) duoc do &
tbc do n = 3000 vg/ph va ché do 30% tai. Tai bao
gdm hai thanh phan: Thanh phin kéo, nén Fx, va
thanh phan udn F,.
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Goc quay truc khuyu
Hinh 3. Tai tdc dung 1én 6 dau to thanh truyén
Dau boi tron

Dau bdi tron cho dong co 5S-FE l1a dau Shell
Rimula R2 Extra. Day 1a dau da cip c6 chita cac phu
gia ting chi s6 6 nhét, phu gia chdng mai mon, phuy
gia chdng tao can, phu gia phan tan loai bo bui ban va
lam sach dong co. Cac thong sé k¥ thuat cia dau boi
tron RIMULA R2 EXTRA trinh bay trong bang 2.
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Bang 2. Dic tinh dau Shell Rimula R2 Extra

Cip do nhot 20W-50 | Pon vi
Do nhét dong hoc tai: 40°C | 162 CSt
100°C | 18,9
Chi sb d6 nhot 134
Ti trong & 15°C 0,893 Kg/l
Két qud mé phong

Hinh 4 biéu dién phan b ap suit ciia 6 dau to
thanh truyén theo phuwong chu vi tai ba tiét dién L/2,
L/5, L/10 cua chidu dai 6 khi khe ho ban kinh C = 24
um tai goc 370° cua truc khuyu (thudc ki nd). Phan
b 4p sudt bat ddu & vi tri 108° va két thuc ¢ 297° cua
thanh truyén. Ta théy, phén chén cia phan bd ap sut
bién thién nho, tuy nhién dinh cua phan bd rét cao, tai
tiét dién L/2 va tai goc 234° ctia thanh truyén 4p suat
la 7472.6618 KPa, dén goc 279° 4p suit la
57735.3352 KPa. Phin chiu luc chinh theo phuong
chu vi ciia 6 tap trung tir 243° dén 297°. Tai cac tiét
dién L/5 va L/10 ciia chiéu dai 6 dinh ctia phan b6 ap
suit ha xuéng, tai tiét dién L/2 ap suit 16n nhét 1a
57735.3352 KPa, dén tiét dién L/5 ap suat 1on nhét 1a
40431.0155 KPa, dén tiét dién L/10 ap suat 1on nhat
12 24473.6756 KPa.
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Phuong chu vi

Hinh 4. Phan b 4ap suét theo phuong chu vi tai 370°
cua truc khuyu khi C =24 um

:

Ap suat (KPa)
g 3

Hinh 5. Phéan bd ap suat tai goc 370° cua truc khuyu
khi C=24 pm
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Hinh 5. biéu dién phan bd ap suit cua 6 dau to
thanh truyén v6i C = 24 pm & vi tri 370° cua truc
khuyu. Ta théy, ph'?m chiu lyc chinh tap trung tai
ving dién tich xung quanh goc 0° ctia thanh truyén
(bac thanh truyén). Pay chinh 1a ving chiu tai khi xay
ra su né, khi lyc tac dung Ién thanh tmyén 14 16m nhét.

Hinh 6. biéu dién phan bd 4p suit tai tiét dién
gitra b theo phuong chu vi tai cac goc 20°, 170°, 320°,
350°, 470° cua truc khuyu voi khe hd ban kinh C =
24pum. Theo biéu dd, phan bd 4p suit dich chuyén
theo goc quay cua tryc khuyu cung véi cac chu ky
lam viéc hat-nen- nb-xa. Cang gan voi ky nd dinh
phan bd 4p suit cang nhon, cao hon so véi cac ving
khac. Phan b dat cuc dai giam vé hai phia Kké tir vi tri
xay ra sy nd (khoang 370°) v6i 4p sudt 1on nhét lan
hl’(ﬁ 13‘1 pmax,3700(n6) = 57735,3352 KPa, pmax,3500(nén) =
26639.3584 KPa, pmax,20°hayy = 11469.5292 KPa. Hinh
7 biéu dién phan bd ap suit tai goc 320° cua truc
khuyu 1a diém thap nhét thudc ky nén véi C = 24 pm.
Tai diém nay luc tac dung Fx=0 (N), Fy= 1934 (N).
Phéan bd 4p suit trai ra hai phin xung quanh goc 0°
ctia thanh truyén tuy nhién dinh ciia phin bd thap
nhat pmax = 7389.7368 KPa.
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60000 - Pra=57735 KPa

50000 —y— 320°
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Ap suat (KPa)

Prar=26639 KFa

20000
Pra=11469 KPa

10000 { Pner=7389 KP2

Phuong chu vi

Hinh 6. Phin bd 4p suét tai tiét dién giita & theo
phuong chu vi tai cac goc 20°, 170° 320°, 350°, 370°,
470° cua tryc khuyu khi C =24 pm

Ap suat (KPa)

Hinh 7. Phin bd ap suét tai goc 320° cia truc khuyu
voi C =24 um
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Hinh 8 biéu dién sy thay d6i phan b ap suét
theo khe hd ban kinh tai tiét dién giira 6 theo phuong
chu vi tai goc 370° cua tryuc khuyu. Khe hd ban kinh
lan luot 1a C =24 um, C =38 um, C = 55 um, C = 69
um. Ta thay, khi ting khe ho huéng kinh, dinh cia
phan bd ap suat ting, ap suat 16n nhat theo khe ho
huong kinh 1an 1ot 13 pmax.c-2aum = 57735,3352 KPa,
Pmax,C=38um 60581.6246 KPa, Pmax,C=55um
63673.1515 KPa, pmaxc-eoum = 68747.6125 KPa.
Chiéu rong cua phan bd ap suat c6 xu hudng thu nho
lai. Hinh 9 biéu dién thay dbi cua 4p sudt mang dau
16n nhat pmax theo cac goc quay cua truc khuyu tai
bbn d6 léch tim C = 24 ym, C = 38 um, C = 55 pm,
C =69 um. Theo do thi, khi d¢ léch tam tang, ap suat
16n nhét pmax ting, gid tri ting 16n nhat tai goc 370°
cua tryc khuyu.

Hinh 10 biéu dién mdi twong quan giita 4p suét
16n nhit P,y khi ding phan mém ACCEL va két qua
md phong. ACCEL la phin mém thuong mai tinh
toan boi tron 6 dau to thanh truyén ciia nhém nghién
ctru thugc Pai hoc Poiters, Cong hoa Phap. Ta thdy,
khi khe hé hudéng kinh tdng dang duong cong pmax
ctia hai két qua twong dong nhau. Gia tri pmax tir két
qua tinh, tai cac goc quay khac nhau cua truc khuyu
16n hon gia tri thu dugc tir phan mém ACCEL. Gia tri
sai 1éch nay 16n nhit tai diém Xy ra su nd (Bang 3).
Su sai 1éch nay 1a do ap suét thuy dong gay bién dang
dan hoi bé mat ma sat, thay d6i hinh dang cua tiép
xuc. Ngoai ra, phan mém ACCEL con tinh dén hiéu
g nhiét va cic higu tng thyc té khac lam thay doi
chiéu diy mang dau gop phan lam thay ddi ap suat.
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Hinh 8. Phan bd 4p sut tai tiét dién giita 6 theo
phuong chu vi tai goc 370° cua truc khuyu véi C = 24
pm, C =38 um, C=55 pm, C =69 um

Hinh 9. Ap suat 16n nhat v6i C = 24 pm, C = 38um, C
=55 um, C=69 um
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Hinh 10. Ap suit 16n nhat

theo géc quay cua truc khuyu
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Bang 3. Sai léch ap suét 16n nhit puay tir két qua mo
phéng va tir phan mém ACCEL

C=24pum
15,18

C=38 um
18,69

C=55um
14,76

C=69 um
17,92

Pmax

(MPa)
5. Két luan

Bai bao md phong s6 anh huong ciia khe ho ban
kinh dén phan bd ap sudt 6 dau to thanh truyén dong
co 5S-FE. Theo chu ky lam viéc hat-nén-nd-xa phan
b 4p suat dich chuyén theo goc quay cua truc khuyu,
chu yéu tap trung xung quanh goc 0° cia thanh truyén
khi truc khuyu & xung quanh 370° (Itic xay ra su nd).
Cang gan v6i ky nd dinh phan bd cang nhon, cao hon
so véi cac vung khac. Khi ting khe hé hudng kinh
dinh ctia phan bd ap suét tang, phia chan cua phan bd
¢6 xu huong thu hep lai. Khi khe ho huéng kinh tang,
dang dudng cong pmax tir két mo phong va tir phan
mém ACCEL tuong dong nhau. ACCEL la phan
mém thuong mai tinh toan boi tron 6 dau to thanh
truyén cua nhom nghién ctru thudc Pai hoc Poiters,
Cong hoa Phap. Gia tri pmax tir két qua tinh, tai cac
gbc quay khac nhau cia truc khuyu 1é6n hon gié tri thu
duogc tir phan mém ACCEL. Gia trj sai 1éch nay 16n
nhét tai diém xay ra sy nd. Su sai léch nay la do ap
suat thuy dong gay bién dang dan héi bé mat ma sat,
thay ddi hinh dang cua tiép xtic. Ngoai ra, phan mém
ACCEL con tinh dén hi€u rng nhiét va céac hi¢u ung
thuc t& khéc lam thay d6i chiéu day mang dau goép
phan lam thay dbi ap suat.
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