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Anh huéng ciia khe hé ban kinh téi phian 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 béo trinh bay mét mé phdng sé &nh hudng ctia khe hé ban kinh dén sw phén bé &p suét mang déu é
d4u to thanh truyén déng co 5S-FE. Cac phuong trinh cta bai toédn gébm gém phuong trinh Reynolds bién
déi, phuong trinh chiéu day mang déu va phuwong trinh can béng tai. Cac phuong trinh nay duoc gidi bang
phuong phép phan tr hitu han. Theo chu ky lam viéc hut-nén-né-xa, phan bé ap suét thay déi theo géc
quay cua truc khuyu, chd yéu tap trung xung quanh vj tri 0° ctia thanh truyén theo chiéu quay. Cang gén vaéi
ky n6 xung quanh vj tri 370° (ltic xay ra sw né) dinh phan bé dat gia tri I6n nhéat. Khi thay déi khe hé ban kinh
24um t6i 69um dinh ctua phan bé ap suét tang khodng 19%. Két qua tinh toén duoc so sénh véi két qué tinh
toan tir phédn mém ACCEL (phédn mém do nhém nghién ctru cta Bai hoc Poitiers, Céng hoa Phép viét cho
céc hang xe hoi dé giai quyét bai toén béi tron cho 6 thanh truyén). Gia tri cuc dai cta ap suét tai cac géc
quay khac nhau cua truc khuyu Ién hon gi tri thu duoc tir phdn mém ACCEL.

T khéa: Thanh truyén, béi tron thiy déng, phwong trinh Reynolds, phan bd ap suét, 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 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 can mdi cho viéc tinh todn ché dg boi tron thuy

Thanh truyén 1a mot trong cic bd phan quan
trong cua dong co, trong d6 & dau to thanh truyén
duogc tao boi than thanh truyén, ndp thanh truyén va
truc khuyu lam viéc trong diéu kién khic nghiét nhu
tai trong 16n va thay doi lién tuc, van toc 16n va nhiét
dd cao, ... Do vay viéc nghién ctru dic tinh boi tron o
dau to thanh truyén trong qua trinh lam viéc dang
duoc cac nha khoa hoc va cac nha san xuét hét strc
quan tam.
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dong dan hoi. Cac phuong phép tiép can dua trén
phuong phép phan tr hitu han va ap dung truc tiép
cho tit ca cac hinh dang mang diu véi béat ky tai
trong phtc tap nao tac dung 1én bé mat. Cing nim,
Goenka [2] trinh bay mot phuong phap phan tir hitu
han tinh toan ché d6 boi tron lam giam déng ké thoi
gian tinh toan. Nam 1985, Booker va Labouff [3]
cong b mot nghién ciru vé 6 ctng 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 hdi dong co xing va dong co diesel. Nam 1991,
Fantino va cong sy [5] da thuc hién cac tinh toan o
dau to thanh truyén véi cac gia thiét 6 ngén va truc
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khong bién dang, dau béi tron c6 dd nhét khong doi.
O hoat dong trong trang thai qua do va chiu tai trong
dong. Nam 1986, Goenka va Oh [6] ciing dé cap dén
van dé boi tron thily dong dan hoi. Phuong phép cua
cac tac gia dya 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) duoc sir
dung dé giai gan dang phuong trinh Reynolds. Nam
1990 Kumar va cong su [8] da nghién ciru so sanh,
phan tich cic phwong phap khac nhau giai quyét van
dé boi tron thiry dong dan hdi. Nam 1988, Mcivor va
Fenner [9] dd nghién ctru va cho thdy riang viéc sir
dung phan tir tir gidc 8 nut tiét kiém thoi gian dags ké
so v6i phan tir tam gidc 3 nat. Nam 1992 Fenner va
cong sy da s dung tir giac ludi 8 nit dé phan tich
mang dau [10] dé nghién ctru vé 6 chiu tai trong
ning. Sy bién dang dan hdi lam tang dang ké pham vi
va chiéu day clia mang dau va dan dén giam dang ké
ap luc 16n nhét trong tiép xac. Nam 2001, Bonneau
va Hajjam [11] da dua ra thudt toan dya trén mo hinh
cua JFO (Jakobson-Floberg va Olsson) va rdi rac cac
phuong trinh bang phuong phap phan tir hitu han.
Thuat toan nay cho phép xac dinh ving gian doan va
tai tao ciia mang dau. Cac tac gia dua ra mot phuong
trinh Reynolds sira d6i c6 thé ap dung cho ca ving
lién tuc va ving gian doan ciia mang dau.

Trong bai bao nay nhom tac gia nghién ctru anh
hudng ciia khe hé ban kinh dén 4p suat mang dau 6
déu to thanh truyén cia dong co xing 5S-FE.

2. Phuong trinh Reynolds bién ddi

Phuong trinh Reynolds cho mét 6 d& chiu tai
trong dong duoc viet nhu sau [12]:
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Hinh 1. Mién khai trién &

Phuong trinh (1) dugc giai cung voi diéu kién
bién Reynolds ¢6 tinh t6i hién tuong gian doan mang
dau (Hinh 1). Trong mién khai trién mang dau Q bao
goém vung lam viée (ving mang dau lién tuc) va ving
mang dau bi gian doan
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- Vﬁng lién tuc Qcod p > Pcav (pcav la héng Sé) 1a
ving ma bé mit tryc va bac dugc phan cach hoan
toan boi mang dau boi tron.

- Vung gian doan Q, c6 p= p.. la ving c6 xen
lan cac 10 khi. Tai ving nay b&é mat truc va bac dugc
phéan cach bai hon hgp dau boi tron — khi.

Tai ving gian doan phuong trinh (1) dugc viét
lai du¢i dang:

dph dph

u ox at

=0 )

Trong d6 p 1a khdi luong riéng cta hdn hop dau
boi tron - khi
1224
Po

dau boi tron - khi, v6i py la khdi lwong riéng ciia hdn
hop dau boi tron - khi, phuwong trinh (2) tro thanh:

Dit , = la chidu day ciia mang hdn hop

or or

Gitra cac vung Q va Q, la cac duong bién Q* va
Q tai day bat dau xay ra hién tugng gian doan va
phuc hdi mang boi tron. Nhu vay, dé xac dinh duoc
phan bd ap suat va tim ra ving gian doan cia mang
dau phai giai h¢ hai phuong trinh (1) va (3) v6i hai an
s6 1a p va r. Bonneau va Hajjam [8] d4 dua ra ans6 D
dai dién cho ca hai bién trén trong hai mién lién tuc
va gian doan:

- Boi voi ving mang dau lién tuc

D=p,D=0
i @
- i v6i ving gian doan
D=r—hD<0(p<pgy)
{ o ®)

Nhu véy hai phuong trinh (1) va (3) dugc viét
duéi dang:
8 (h3 4D d (h3 oD oh
F o) + P (s) = Ua+ c+
U aD

A-FG5+ —) Q)

2 ox

Chiéu day mang dau:

Diu bdi tron

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 duoc xac dinh nhu sau:

h = C — ey.cos8 — ey,sind

(N

Trong phuong trinh nay C= R.-R, (khe ho
hudéng kinh), ex, va e, la toa d§ cua tam truc O..
O=x/R 1a vi tri gbc ciia mot diém M. Bién d6i phuong
trinh (7) vé dang:

h= C(l — €,¢C0S0 — syesine)

®)

Trong do &x. = ew/C, & = €,/C 1a d 1éch tdm
tuong doi theo céc truc toa 6 cua tam truc.

Phucong trinh can bang tdi:
Bo6 qua luc quan tinh, phuong trinh can bang luc

tac dung lén thanh truyén nhu sau:

Fextt By = Fope + [, piidS =0 )

Trong d6 Fe,, la ngoai luc, F, 1a luc thiy dong
sinh ra, 71 1 vector phap tuyén véi bé mit bac.
Chiéu phuong trinh (9) Ién hai tryc X,, Y. ta
duoc hé phuong trinh can bang tai:
pcosfdS — E,, =0
fs xe (10)
J; psin@dS —F,, =0
3. M6 hinh héa

Ap dung phuong phap phép tor htu han cho
phuong trinh (6) trén mién khai trién (Hinh 1) ta c6:

h3 8D 8 (hd 8D
£0) =, Wi (LG5 + 253+
U aD
U£+E+ 1- F)(——+—))dﬂ =0
an
Trong d6 W 14 ham trong sd.

St dung coéng thic tich phan timg phan cho

phuong trinh (11):
_ aw ( h® aD ow [ h® aD
ED) =], F(a(aa)+z(aa)>+
=l a-

vow
(12)

W(U +—) +(1- F)(——D) +—
—F )WDdQ =0 )

Phuong trinh (12) dwoc viét dudi dang hé

phuong trinh:

R=/M]D+B=0 (13)
Trong d6:
ONmj ONmi . ONmj Ny,
Mjk=ZZi1 npg (_ ""1261( ax] I:?ka 621 5 k)Fk

+ 3 RN, (L - F)
_Fk(t)))AQm

2 Znne Nm1Nmk(1
(14)
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Va:

Ohm

B () —=hp (E=AE
ne Y9, (N (U S22 + o hm (O =l (E-AD)y

)
~2 B No N (1 = Fie(t — AE)Dye(t
—AD))AQ,, (15)

Trong do ne la 56 phan tr, nne 13 s6 nit cia mot
phan tir, npg 1a s6 diém 14y tich phan Gauss.

Trong mién lién tuc F, = 1, khi d6 ta cé:

0Ny j ONp,
My = St Tt (o S (S T
aNm, Nk
0z 0z )Fk (16)
doh hn (£)—hp (E=AL)
ne1 Ty (N (U2 + 22— —=)  (17)

4. Két qua
Théng s6 6 dau to thanh truyén

O dAu to thanh truyén cé cac thong s6 hinh hoc
cho trong bang 1.

Bang 1. Thong sé 6 dau to thanh truyén

Puong kinh | Puong kinh truc | Khe ho 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 cua dong co
5S-FE 1én 6 dau to thanh truyén (Hinh 3) dugc do ¢
toc d6 n = 3000 vg/ph va ché do 30% tai. Tai bao
gdm hai thanh phan: Thanh phan kéo, nén F,, va
thanh phéan udn F,.
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Luc tac dung (N)

0 200 400 600

Goc quay truc khuyu

Hinh 3. Tai tac dung 1én 6 dau to thanh truyén

Ddu béi tron

Dau boi tron cho dong co 5S-FE 1a dau Shell
Rimula R2 Extra. Day 1a dau da cap co chira cac phu
gia tang chi s6 do nhét, phu gia chong mai mon, phu
gia chong tao can, phy gia phan tan loai bo bui ban va
lam sach dong co. Céc thong so ky thuat cua dau boi
tron RIMULA R2 EXTRA trinh bay trong bang 2.
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Bang 2. Dic tinh dau Shell Rimula R2 Extra

Cép d0 nhot 20W-50 | Pon vi
D6 nhét dong hoc tai: 40°C | 162 CSt
100°C | 18,9
Chi s6 do nhét 134
Ti trong & 15°C 0,893 Kg/l
Két qud mé phong

Hinh 4 biéu dién phan b ap suét cia 6 dau to
thanh truyén theo phwong chu vi tai ba tiét dién L/2,
L/5, L/10 ctia chidu dai 6 khi khe hé ban kinh C =24
pm tai goc 370° cua truc khuyu (thude ki nd). Phan
b 4p suét bit ddu ¢ vi tri 108° va két thiic & 297° cua
thanh truyén. Ta thiy, phan chan ctia phan bd 4p suat
bién thién nho, tuy nhién dinh ciia phan b rét cao, tai
tiét dién L/2 va tai goc 234° cua thanh truyén ap suat
la 7472.6618 KPa, dén goc 279° &p suit la
57735.3352 KPa. Phan chiu lyc chinh theo phuong
chu vi ctia 6 tap trung tir 243° dén 297°. Tai cac tiét
dién L/5 va L/10 cua chiéu dai 6 dinh ciia phan bd 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 nhat 1a
40431.0155 KPa, dén tiét dién L/10 ap suét 16n nhat
1a 24473.6756 KPa.
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Phuong chu vi

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

Ap suat (KPa)

Hinh 5. Phan bd ap suat tai goc 370° cua truc khuyu
khi C=24 pm
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Hinh 5. biéu din phan b ap suét cua 6 dau to
thanh truyén véi C = 24 ym & vi tri 370° cta truc
khuyu. Ta thdy, phan chiu lyc chinh tip trung tai
ving dién tich xung quanh goc 0° ctia thanh truyén
(bac thanh truyén). Py chinh 1a ving chiu tai khi xay
ra su né, khi lyc tac dung Ién thanh truyén 1a 16n nhét.

Hinh 6. biéu dién phan bd 4p sut tai tiét dién
giita 6 theo phuwong chu vi tai cac goc 20°, 170°, 320°,
350°, 470° cta truc khuyu véi khe hé ban kinh C =
24um. Theo biéu dd, phan bd 4p suat dich chuyén
theo goc quay cua truc khuyu cung véi cac chu ky
lam viéc hut-nen-no -xa. Cang gan voi ky nd dinh
phan bd ap suat cang nhon, cao hon so véi cac ving
khac. Phan bd dat cuc dai giam vé hai phia ké tir vi tri
xay ra sy nd (khoang 370°) v&i ap suét 16n nhat lan
lu'O't la Pmax,370 (né) = 57735 3352 KPa Pmax, 350° (nén) —
26639.3584 KPa, Pmax20°hany = 11469.5292 KPa. Hinh
7 biéu dién phan bd ap sudt tai goc 320° cua truc
khuyu 12 diém thap nhét thudc ky nén véi C = 24 pm.
Tai diém nay lyc tac dung Fx= 0 (N), Fy = 1934 (N).
Phan bd 4p suét trai ra hai phan xung quanh goc 0°
ctia thanh truyén tuy nhién dinh cia phan bd thap
nhit pmax = 7389.7368 KPa.
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50000 —y— 320"
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30000 | Pru=26639 KFfa
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10000 - Prg;=7389 KP2

of

........

Phuong chu vi
Hinh 6. Phan bd 4ap suét tai tiét dién giita 6 theo

phuong chu vi tai cac goe 20°, 170° 320°, 350°, 370°,
470° cua tryc khuyu khi C =24 pm

Ap suat (KPa)

Hinh 7. Phan bd 4p sut tai goc 320° caa truc khuyu
voi C =24 um
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Hinh 8 biéu dién sy thay d6i phan bd ap suit
theo khe hd ban kinh tai tiét dién gitra 6 theo phuong
chu vi tai goc 370° cua truc khuyu. Khe ho ban kinh
lan luot 1a C =24 um, C =38 um, C =55 um, C =69
um. Ta thay, khi ting khe ho hudng kinh, dinh ciia
phan bd ap suat ting, ap suét 16n nhat theo khe ho
huong kinh 1an wot 13 pay, C=24um = 57735,3352 KPa,
pmaxC =38um 60581.6246 KPa Pmax,c=55um
63673.1515 KPa, Pmaxc-eoum = 68747.6125 KPa.
Chiéu rong cua phan b 4p suit c6 xu huéng thu nho
lai. Hinh 9 biéu dién thay ddi cia 4p sudt mang dau
16n nhit pmax theo cac gbc quay cua truc khuyu tai
bbn do léch tam C = 24 um, C = 38 um, C = 55 pm,
C =69 pm. Theo db thi, khi d6 l1éch tim ting, ap suit
16n nhét pmax ting, gia tri ting 16n nhét tai goc 370°
cua tryc khuyu.
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L 4 C=38 ym

— & —  C=55um

60000 - —@— C=69um
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Ap suat lon nhat (KPa)

20000 A

0 100 200 300

Phuong chu vi
Hinh 8. Phan bd 4p suit tai tiét dién giita 6 theo
phuong chu vi tai géc 370° cua truc khuyu voi
C=24um, C=38 um, C=55um, C =69 um
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Goc quay cua truc khuyu

C=55 pm

Ap suat lon nhat (MPa)

400

goc quay truc khuyu

Hinh 10 biéu dién mdi twong quan giita ap sut
16n nhat Py, khi ding phan mém ACCEL va két qua
mé phong. ACCEL 13 phian mém thuong mai tinh
toan boi tron 6 dau to thanh truyén ctia nhém nghién
ctru thude Pai hoc Poiters, Cong hoa Phap. Ta thiy,
khi khe h¢ hudng kinh tang dang dudng cong pmax
ctia hai két qua twong ddng nhau. Gi tri pmax tir két
qua tinh, tai cac goc quay khac nhau cua truc khuyu
16n hon gia tri thu duoc tir phan mém ACCEL. Gi4 tri
sai 1éch nay 16n nhit tai diém Xy ra su nd (Bang 3).
Su sai 1éch nay 1a do 4p sudt thuy dong gay bién dang
dan hdi bé mat ma sat, thay d6i hinh dang cua tiép
xuc. Ngoai ra, phan mém ACCEL con tinh dén hiéu
tng nhiét va cac hi€u tng thyuc té khac 1am thay ddi
chiéu ddy mang dau gép phan lam thay ddi ap suat.

80

—v— C=24um
—%— C=38 um
—m— C=55.m
—¥— C=60um

Ap suat lon nhat p,,..(MPa)

Goc quay truc khuyu
Hinh 9. Ap suit 16n nhat voi C = 24 um, C = 38um,
C=55um, C=069um
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Hinh 10. Ap sut 16n nhat theo goc quay cia truc khuyu
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Bang 3. Sai léch ap sudt 16n nht p.. tir két qua mod
phong va tir phan mém ACCEL

C=24pm
15,18

C=38 um
18,69

C=55pum
14,76

C=69 pm
17,92

Apmax
(MPa)

5. Két luan

Bai bao mo phong sé anh hudng cua khe ho ban
kinh dén phan bd ap sudt 6 dau to thanh truyen dong
co 5S-FE. Theo chu ky lam viéc hat-nén-nd-xa phan
bd ap 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° (lac xay ra sy nd).
Cang gan vé6i ky nd dinh phan bd cang nhon, cao hon
so voi cac vung khac. Khi tang khe ho hudng kinh
dinh cuia phan bd 4p suét tang, phia chan cta phan bd
¢6 xu hudng thu hep lai. Khi khe ho huéng kinh tang,
dang duong cong pmax tir két mo phong va tir phan
mém ACCEL tuong dong nhau. ACCEL 1a phan
mém thuong mai tinh toan bdi tron 6 dau to thanh
truyén cua nhom nghién ctru thudc Pai hoc Poitiers,
Cong hoa Phap. Gia tri pmax tir két qua tinh, tai cac
goc quay khéc nhau cua truc khuyu l6n hon gia tri thu
dugc tir phan mém ACCEL. Gia tri sai 1éch nay 16n
nhét tai diém xay ra sy nd. Su sai léch nay la do ap
suét thuy dong gdy bién dang dan héi bé mat ma sat,
thay d6i hinh dang cua tiép xtic. Ngoai ra, phan mém
ACCEL con tinh dén hiéu ung nhiét va cac hiéu ung
thuc té khac 1am thay ddi chidu diy mang dau gop
phan lam thay dbi 4p suét.
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