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1. Giéi thiéu

Anh hwéng ciia khe hé ban kinh téi quy dao tAm truc
0 dau to thanh truyén caa dong co 5S-FE
Influence of the Radial Clearance on the Center Orbit
of the 5S-Fe Engine’s Connecting-Rod Big End Bearing

Nguyén Dinh Tan ", Tran Thi Thanh Hii ?, Luu Trong Thuén ?
Truong Cao Dcfng bién T Dz_en Lanh Ha Noi - Ngo 86, Chua Ha, Cau Glay, Ha Noi
2 Truong Dai hoc Bdch khoa Ha Néi — S6 1, Pai Cé Viét, Hai B Trung, Ha Noi
Pén Toa soan: 31-01-2018; chdp nhin ding: 28-9-2018

Tom tat

O déu to thanh truyén Ia phén két ndi gitia thanh truyén va truc khuyu, chiu tai trong thay déi theo chu ky
lam viéc cta dong co. Do dé céc dac tinh béi tron 6 dau to thanh truyén thay déi theo chu ky lam viéc ctia
déng co. D6 léch tam gitka tam truc va tam thanh truyén (bac cta 6) la mét trong nhitng déc tinh béi tron
quan trong, anh hudng truc tiép toi chiéu day mang dau béi tron. Bai béo trinh bay mét mé phong sé quy
dao tam truc khuyu 6 déu to thanh truyen déng co 5S-FE khi thay déi khe hé ban kinh trén co s& giai
phuwong trinh Reyno/ds bién déi & ché do thuy déng va phwo'ng trinh can bang tai béng phuong phap phén
t hitu han. Két qué mé phdng duoc so sanh véi két qué tinh toén tir phdn mém ACCEL (phan mém do
nhém nghién ctru cta Pai hoc Poiters, Céng hoa Phap viét cho cac hdng xe hoi dé gidi quyét bai toan boi
tron cho é thanh truyén).

T khéa: O dau to thanh truyén, bdi tron thily dong, phwong trinh Reynolds, do léch tam, ACCEL
Abstract

The connecting-rod big end bearing is the connecting part between the connecting-rod and the crankshatft,
subject to varying loads according to the operation cycle of the engine. Therefore, the lubrication
characteristics of the connecting-rod big end bearing vary according to the operation cycle of the engine.
Eccentricity between the journal center and center of the connecting-rod (housing bearing) is one of the
important lubricating properties that directly affect the oil film thickness. The article presents a numerical
simulation the journal’s center orbit of 5S-FE engine’s connecting-rod big end bearing when changing the
radial clearance base on the solving of the modified Reynolds equation in the hydrodynamic regime and
equilibrium of the charge equation by the finite element method. Simulation results were compared with the
results from the ACCEL software (the software is developed by the University of Poitiers’ in France for car
manufacturing to solve the problem of connecting rod lubrication).

Keywords: Connecting-rod big end bearing, hydrodynamic lubrication, Reynolds equation, Eccentricity,
ACCEL

Nam 1971, J.F.Booker [1] tiép cén bai toan bdi tron 6

Tubi tho va do tin cdy ciia cum truc khuyu-thanh dau to thanh truyén dong co chiu tai trong thay doi

truyén trong dong co dét trong phu thudc rat nhidu
véao ché do boi tron. Thanh truyén la mot trong cac bd
phan quan trong cuia dong colam viéc trong diéu kién
khic nghiét (tai trong 16n va thay doi lién tyuc, van tdc
16n). Do véy, viéc nghién ctru dic tinh boi tron 6 dau
to thanh truyén trong qué trinh 1am viéc dang dugc
céc nha khoa hoc va cac nha san xuit hét sirc quan
tam. Mot trong cac dic tinh bdi tron quan trong ctia 6
dau to thanh truyén tac dong truc tiép toi chiéu day
mang dau d6 1a quy dao vi tri can bang cta tim truc
khi tai trong thay doi.

* DPia chi lién hé: Tel.: (+84) 978263926
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21

bing phuong phap Mobility, két qua dua ra quy dao
vi tri can bang cua tam truc khi tai trong thay doi.
Nam 1983, Fantino va cdng su [2] dd tinh toan quy
dao tdm truc trong 6' thanh truyén trong truong hop
chiu tai trong dong. O dau to thanh truyén duogc xem
1a 6 ngan dan hoi. Tac gia da so sanh chidu day mang
dau va momen ma sat giita thanh truyén tuyét dbi
cng va thanh truyén dan hoi. Nam 1985, K.P.Oh va
P.K.Goenka [3] mg dung phuong phap phan tir hiru
han, phuong phap lap Newton-Raphson két hop véi
thuat toan Murty mé phong boi tron cia 6 dau to
thanh truyén chiu tai trong dong, Kkét qua da dua ra
phan bd ap suat va chidu day mang dau thay doi theo
thoi gian. Nam 1988, Mcivor va Fenner [4] dd nghién
ctru 4p dung phuong phap phan tir hitu han cho 6 chiu
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tai trong dong, két qua chi ra viéc sir dung loai phan
tr khdc nhau dan t6i thoi gian tinh todn khac nhau.
Céc tac gia dd so sanh hai loai phan tir: phan tir tir
gidc voi 8 niit va phan tir tam gidc voi 3 nit. Két qua
tinh toan cho thay, voi phan tr 8 nat nhanh hon. Nam
1992 Fenner va cong sy [5] da su dung da gide ludi 8
nat khi phan tich mang dau dé nghién ctru ve 6 chiu
tai trong nang. Su bién dang dan hoi lam tang dang ké
pham vi va chidu day ciia mang dau va din dén giam
dang ké ap luc 16n nhét trong tiép xuc.Trong mot
nghién ctru khac Wang va cdng su [6], da xac dinh
hiéu suit ciia 6 dau to thanh truyén véi hinh dang
khong tron. Ho str dung phuong phap sai phan hitu
han dé giai phuong trinh Reynolds. Quy dao tam
thanh truyén, chiéu day mang dau va ap lyc mang diu
trong chu ky dugc tinh toan va két qua dugc so sanh
v6i mo hinh 6 dau to thanh truyén dan hoi nguyén
khdi. Nam 2001, Bonneau va Hajjam [7] di dua ra
thuat toan dya trén md hinh cta JFO (Jakobson-
Floberg va Olsson) va roi rac cic phuong trinh bing
phuong phap phan tir hitu han. Thuat toan nay cho
phép xac dinh vung gidn doan va tdi tao cuia mang
du. Céc tic gia dua ra mot phuong trinh Reynolds
sira d6i co thé ap dung cho ca vung lién tuc va ving
gian doan cua mang dau. Céac két qua tinh toan 6 dau
to thanh truyén cta dong co F1 bao gdm phéan b ap
suét, chiéu ddy mang dau, quy dao tim truc khuyu,
van hanh trong diéu kién khéc nghiét dwoc dua ra.

Trong bai bdo nay cac tac gia trinh bay mot mo
phong sdquy dao tm truc ciia 6 dau to thanh truyén
dong co 5S-FE chiu tai trong dong voi diéu kién bién
Reynolds, c6 tinh dén hién tuong gian doan mang
dau.

2. Phwong trinh Reynolds bién dbi

Phuong trinh Reynolds cho mdt o 5 d& chiu tai
trong dong duoc viét nhu sau [8]:

2 (K5 0p) @ (S op) _ on o

dx (12/.L c’)x) + ady (12u ay) - ox at (1)

Trong d6 h 14 chiéu day mang dau, p 1a ap sut
thuy dong, p 1a d6 nhét dong lyc hoc cia dau boi
tron.

Phuong trinh (1) dugc giai cung voi diéu kién
bién Reynolds ¢4 tinh ti hién twong gian doan mang
dau (Hinh 1).Trong mién khai trién mang dau Q bao
gbm vung lam viée (vung mang dau lién tuc) va ving
mang dau bi gian doan

- Viing lién tuc Q ¢6 p> peav (Peav 12 hing s6) 1a
ving ma bé mat truc va bac duoc phan cach hoan
toan boi mang dau bbi tron.

- Ving gian doan Q, ¢6 p= peav l& vUNg €6 Xxen
13n cac 15 khi. Tai ving nay bé mit truc va bac duoc
phan cach boi hdn hop dau béi tron — khi.
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Vung gian doan

P > Paav

Hinh 1. Mién khai trién &

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

U—+2——

ax -0 @

Trong d6 p 1a khéi luong riéng ctia hdn hop dau
boi tron - khi

bat r = @ la chiéu day cua mang hdn hop
Po
dau boi tron — khi, v6i po 1a khdi lwong riéng cta hon
hop dau bdi tron — khi, phwong trinh (2) trd thanh:
or or

Gitra cac vung Qva Q, 1a cac duong bién Q* va
Q' tai day bit diu xay ra hién tuong gian doan va
phuc hoi mang bdi tron. Nhu vay, dé xac dinh dugc
phan bd 4p sudt va tim ra vang gian doan cia mang
déu phai giai h¢ hai phu(mg trinh (1) va (3) v6i hai an
s6 1a p va r. Bonneau va Hajjam [8] da dua ra ans6 D
dai dién cho ca hai bién trén trong hai mién lién tuc
va gian doan:

- D61 voi ving mang dau lién tuc

D=p,D=0

i @
- D6i v6i viing gian doan

D=r—hD<0(p<ppy)

(=S, ®

Nhu véy hai phuong trinh (1) va (3) duoc viét
dudi dang:

8 (n® ap d (n® oD\ _ , 0h , dh
Fa(Gase) + P (Gan) = Uge+ S+ 4=
U oD oD
PG +50) 6)
Chiéu day mang dau:

Chiéu day mang dau h trong 6 bac tron va cimg
nhu hinh 2 duwoc xac dinh nhu sau:

()

Trong phuong trinh nay C= R¢-Ra (khe hé
hudng kinh), ey, va ey 1a toa do cua tdm truc Oa.

h = C — ey.cos6 — e,,sinf
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0=x/R 14 vi tri goc ciia mot diém M. Bién d6i phuong
trinh (7) vé dang:
h = C(1 — &xoc050 — &esind)

®)

Trong do exe=€xe/C, €ye=0ye/C la d0 léch tim
twong doi theo céc truc toa d§ cua tam truc.

[Diu bdi tron

Hinh 2. Mit cit 6 dau to thanh truyén
Phirong trinh cdn bang tdi:

B0 qua lyc quan tinh, phuong trinh can béng luc
tac dung 1én thanh truyén nhu sau:

P

Foxe+ By = Foxe + J, pidS =0

©)

Trong d6 Fey; la ngoai lyc, F, 1a lyc thuy dong
sinh ra, 7 1a vec-to phap tuyén cua bé mit bac.
Chiéu phuong trinh (9) 1én hai truc Xe, Ye ta
duoc h¢ phuong trinh can bang tai:
cos0dS — F,, =0
fs p xe (10)
J; psin8dS —F,, =0
3. M0 hinh héa
Phuong trinh Reynolds:

Ap dung phuong phap phén tu hiru hanGalerkin
cho phuong trinh (6) trén mién khai trién (Hinh 1) ta
co:

= wer (S8 +258)

oh  0h U oD aD

2 0x
O day W la cic ham trong so.
Str dung cong thirc tich phan ting phan cho
phuong trinh (11):
aw ( h® aD aw ( h® aD
ED)=fy F <a () + E(EE)) ¥
on | oh uaw a
WU+ D+A-FG-D)+5 [, -
—F)WDdQ =0 (12)
O day W=N (N li cac ham ni suy)
Phuong trinh (12) duogc viét dudi dang hé
phuong trinh:
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R=[M]D+B=0 (13)
Trong d6 va:
ne npg nne
M = Z Z (h_3 0Ny ; ONpy, N 0Ny ; ONpy, Py
Ik 6u ax  ox 9z a9z )k
n=1m=1 k=1
nne
ONp
) ST (1= Fy)
k=1
1 nne
=25 N1 = ~Fi(£))A00
k=1
(14)
Va:
ne npg
Ohy  _ hp(t) — hy, (t — AY)
=0, D, (iU G+ 22— -
n=1m=1
1 nne
=277 ) NnjNie (1 = Fie(t = AD)Dye (¢ = —A0))) ALy,
k=1
(15)
Trong mién lién tuc Fi=1, khi d6 ta co:
npg
v i Z(h:f ONpn; N, Ny Mo
k= 6u ax oOx 9z 0z )k
n=1m=1 k=1
(16)
ne npg
oh hp(t) — hyy, (t — AY)
=), D, (UG + 22—
n=1m=1
17
Phirong trinh cdn bang tdi:
< p; > N;cosfdS — F,, =0
fs pi i xe (18)
Jo <pi > N;sinodS — Fe =0

4. Két qua
Théng s6 6 dau to thanh truyén

O diu to thanh truyén c6 cac thong s6 hinh hoc
cho trong bang 1.

Bang 1. Thong s 6 dau to thanh truyén

Puong kinh bac |[Puong kinh truc|Khe hd ban
(Do) (Da) kinh (C)

26,029 26,005 0,024

26,043 26,005 0,038

26,060 26,005 0,055

Tai tac dung

Tai tac dung trong chu ky lam viéc cua dong co
5S-FE lén 6 dau to thanh truyén (Hinh 3) dwoc do
trén may MEGAPASCALE (thiét bi thuc nghiém boi
tron 6 dau to thanh truyén Pai hoc Poitiers, Cong hoa
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Phép) & tdc do n=3000 vg/ph va ché do 30% tai. Tai
bao gom hai thanh phan: Thanh phén kéo, nén Fx, va
thanh phan uon Fy,.

12000
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6000

4000

2000

Luc tac dung (N)

-2000

-4000

400 600

Goc quay truc khuyu
Hinh 3. Tai tac dung 1én 6 d4u to thanh truyén
Daéu béi tron

Trong nghién ciru ndy, cac tac gia st dung dau
Shell Rimula R2 Extracho dong co 5S-FE, 1a dau da
cép c6 chtra cac phu gia tang chi s6 d6 nhot, phy gia
chdng mai mon, phu gia chéng tao cin, phu gia phan
tan loai b bui ban va lam sach dong co. Céc thong sb
k¥ thuat cta dau boi tron RIMULA R2 EXTRA trinh
bay trong bang 2.

Bing 2. Pac tinh dau Shell Rimula R2 Extra

Cép do nhét 20W-50 | Pon vi
D6 nhét dong hoc tai: 40°C | 162 CSt
100°C | 18,9
Chi s6 d6 nhot 134
Ti trong & 15°C 0,893 Kg/l
Két qud mé phong

Hinh 4 biéu dién quy dao cia tim truc quanh
tam thanh truyén thong qua d6 léch tim tuong ddi
theo mot chu ky tai khi khe hé ban kinh C=24pm. Tai
dau ky hut, twong tmg véi goc 0° cua truc khuyu do
léch tAm tuong ddi exo®= - 0.6656, gy0°= - 0.3895.
Nira dau ky hit, luc Fx< 0 c6 gia tri tuyét dbi giam,
luc Fy< 0 ¢ gid tri tuyét dbi tang do do tam truc
chuyén dong vé phia goc phan tu th II: exgo®
=0.5842,

€y,80°= - 0.4075. Nira sau cta ky hat, lyc Fx> 0 c6 gid
tri tang, luc Fy< 0 c6 gia tri tuyét doi glam tdm truc
dich chuyen lén goc phan tu thur I1: ey 180° = 0.5842,
€y,180°= - 0.4075. Nura dau ky nén, luc Fx> 0 ¢ gid tri
giam, luc Fy> 0 c6 gia tri tdng, tam truc dich chuyén
sang goc phan tu thir IV: ¢310°= - 0.5024,

gy310° = 0.5920. Nura cudi ky nén, lyc Fx> 0 ¢6 gid tr
tang, luc Fy> O‘C(') gia tri giam, tdm truc dich chuyén
quay lai goc phan tu thi I11: & 370° = 0.8200,

gya70° = 0.3304. Nira dau ky nd, luc F,> 0 c6 gia tri
giam, luc Fy< 0 c6 gia tri tuyét doi tang, tdm truc
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chuyén dong sang goc phan tu thi 1Tt exa20° = 0.8036,
&y420°= - 4.0750e-3. Nra sau ky no, luc Fx> 0 c0 gia
tri giam, luc Fy< 0 co gia tri tuyét doi giam, tdm truc
chuyén dong quay lai géc phan tu thur I11:

exso” = 0.6796, eysu0° = 0.4200. Nura dau ky xa, luc

Fx> 0 co gia tri giam, lyc Fy> 0 c6 gia tri tang, tam
truc chuyén dong sang goc phan tu thir IV:

ex.6a0° = -0.3334, £,640° = 0.7578. Nira cubi ky xa, luc
Fx< 0 c6 gia tri tuyét d6i tang, luc Fy> 0 c6 gia tri
glam tam truc chuyen dong sang goc phan tu thir I:
Sx,720 -0. 6656 Sy,720 =-0.3895.

Hinh 5. Su thay ddi cua quy dao tim truc khi thay doi
khe ho ban kinh

Hinh 5 biéu dién quy dao cua tdm truc quanh
tam thanh truyén tai cac khe ho bén kinh khac nhau.
Khi ting khe hé ban kinh thi quy dao tdm truc co
dang tuong dong nhau tuy nhién né ¢6 xu huéng dich
chuyén vé phia c6 &=1: exsn® =0.8200,
£y,370°=0.3304.
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Hinh 6 so sanh do 1éch tim cua & dau to thanh
truyén tinh toan s6 va két qua tinh tir phdn mém
ACELL. Theo d6, dang dudng cong biéu dién d6 léch
tam cua hai két qua co sy twong dong. Tuy nhién
duong cong d9 1éch tdm trong ACCEL c¢6 xu hudng
chuyén dich sang bén trai va bi elip hoa. B¢ 1éch tam
trong trudng hop nay cd gia tri 1on hon 1 do bién
dang dan hoi, bién dang nhiét tao ra nhiing vi tri cé
khe hé 16n hon khe hd ban kinh.

—e— C=24pm
—— C=24 ym ACCEL

0

Hinh 6. So sanh quy dao tam truc khi tinh toan md
phong va khi dung phan mém ACCEL véi C=24um

5. Két luan

Bai bdo mo6 phong quy dao cua tdm truc quanh
tam thanh truyén theo mot chu ky tai cua dong co 5S-
FE.Quy dao 1a mot duong cong khép kin bt dau tir 0°
cua truc khuyu, d6 léch tim tuong ddi € xo° = -0.6656,
gy,0°= - 0.3895 thugc g6c phan tu thir I. Sau do tim
truc dich chuyén theo thtr tw cac géc phan tu I-11-111-
[1-111-1V khi tai tAc dung thay ddi.Khi ting khe ho
huong kinh thi quy dao tdm truc c¢6 dang twong dong
nhau tuy nhién n6 c6 xu huéng dich chuyén vé phia
€6 &x=1. Quy dao cua tam truc ciing c¢6 dang tuong
dong véi két qua tinh bang phan mém ACCEL, do
léch tam tai mot s vi tri ¢ gia tri 16n hon 1 do bién
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dang dan hdi, bién dang nhiét tao ra nhitng vi tri co
khe hé 16n hon khe hé ban kinh.
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