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MO PHONG AP SUAT VA CHIEU DAY MANG DAU BOI TRON O
TRUC CAM PONG CO XE MAY HONDA WINNER NHAM XAC DINH
NGUYEN NHAN HU HONG SOM CUA ©

NUMERICAL MODELIZATION PRESSURE AND OIL FILM THICKNESS IN
CAMSHAFT BEARING TO FINE THE PREMATURE FAILURE REASON OF THE
BEARING

Tran Thi Thanh Hai"", Pao Duy Trung?
'Truong Dai hoc Bach khoa Ha Noi
2Vién Nghién ctru Co khi

TOM TAT

Bai bdo trinh bay cdc tinh todn dp sudt va chiéu day mang dau béi tron 6 truc cam cia déng
co xe mdy Honda Winner nham xdc dinh nguyén nhan gdy hw hong sém cdc bé mdt ma sdt ciia o.
Tai tac dung lén 6 truc cam dwoc xac dinh tir cdc thong s6 lam viéce va cac thong s6 két cau cua
déng co. Ap sudt va chiéu day mang dau dwoc tinh todn trén co sé gidi cdc giai phirong trinh ddc
trung ciia boi tron thuy déng bang phirong phdp phan tir hitu han. Cdc két qua mé phong cho thay,
dp sudt va chiéu day mang ddu cé y nghia gép phan xdc dinh nguyén nhan gdy hw hong sém ciia bé
mat dwoc boi tron.

Tir khéa: O truc cam; Mdang dau; Béi tron thuy déng; Ap suat.
ABSTRACT

This paper presents the caculations of the film pressure and the oil film thickness in camshaft
bearing of the Honda Winner s engine to fine the premature failure reason of the bearing. The load
applied to the camshaft bearing is determined by the operating and structural parameters of the
engine. The pressure and the oil film thickness are caculated based on solving the characteristic
equations of hydrodynamic lubrication using the finite element method. The caculated results show
that the pressure and the oil film thickness significantly contribute to identification the premature
failures reason of the lubricated surfaces.

Keywords: Camshaft bearing; Oil film; Hydrodynamic lubrication, Pressure.
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1. GIOI THIEU

Xe may Honda Winner 1a mot trong cac
phuong tién giao thong phd bién ¢ nudc ta hién
nay. Tuy nhién, do dac diém khi hau, dia hinh
giao thong va cach thirc sir dung, thuc té xay
ra nhiéu hu hong trude thoi gian du kién. Viéc
giam thiéu cac hu hong dong co khi st dung
xe may noi chung va xe may Honda Winner tai
Viét Nam lién quan nhiéu dén ché do van hanh
xe, trong d6 viéc dam bao boi tron cho dong
co dong vai tro quan trong. O Viét Nam, dic
biét & mién nai, nhiéu hu hong xay ra sém hon
d6i voi mot sb chi tiét cua dong co xe Honda
Winner. Nghién ciru vé boi tron 6 dau to thanh
truyén dong co xe Honda Winner trong diéu
kién sur dung ¢ Viét Nam [1] va cac nghién ctru
bbi tron 6 d& va 6 dau to thanh truyén cho dong
co [2], [3] dd mot phan gidi quyét bai toan boi
tron cho dong co & cac ché d6 lam viéc nhat
dinh.

Nghién ctru ndy moé phong sd ap suit va
chiéu day mang dau boi tron 6 truc cam dong
co xe may Honda Winner nham xéc dinh cac
nguyén nhan gay hu hong sém bé mit 6 truc.

2. 0 TRUC CAM PONG CO XE HONDA
WINNER

2.1. O truc cam

So d6 hé thdng boi tron cia dong co
Honda Winner nhu Hinh 1 [4]. Bom dau hut
dau tir cacte déy dau di qua ludi loc dau dé loc
can ban, mat st co kich thuéc nhét dinh sau
d6 ddy dau vao duong dng dan dau. Tai day,
dau duge chia lam ba duong, mot duong di vao
truc khuyu boi tron cho thanh truyén, piston, xy
lanh..., hai dudng con lai di t&i1 cac vi tri nhu hé
thong tryc cam, cd mo, xXupap, bd ly hop, truc
so cap va thir cAp caa hop sb.
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Hinh 1. So do hé thong béi tron xe Honde Winner [4]

Truc cam la chi tiét dugc sir dung trong
co cau phdi khi, trén truc cam ¢ cac vau cam
¢6 tac dung diéu khién sy dong mo cua cac van
nap va xa hay con goi la Xupap, thong qua doé
diéu khién qua trinh thay d6i moi chat cong tac
trong dong co, “Thai sach khi thai khéi xylanh
va nap day hdn hop hodc khong khi méi vao
xi lanh dong co”. Dong co Honda Winner la
loai dong co DOHC (Double Overhead Cam),
tue 1a st dung hai truc cam (Hinh 2a), mdi truc
dam nhiém mot nhiém vu diéu khién su dong
md& cua xupap xa va xupap hut riéng biét.

Hinh 2. Hinh anh thuc té truc cam (a) va truc cam
lip vao dau quy lat dong co Honde Winner (b)

Truc cam cua dong co Honda Winner
duogc gbi truc tiép 1én dau quy lat ma khong
thong qua bac 16t hay 6 bi d& (Hinh 2b). Pau
quy lat gdm ba phan, phan than va hai nap chup
cam (Hinh 3a). Nép chup cam duoc dinh vi véi

&
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dau quy 1t bang chét dinh vi va duoc kep chat
bang bu long O mit trong ctia nip chup cam va
tai vi tri tiép xtic cta truc cam véi dau quy lat
¢6 cac ranh dau dé boi tron cho tryc cam (Hinh
3b).

Hinh 3. Pdu quy lat déng co Honda Winner (a) va
ranh chiva dau béi tron cho truc cam (b)

Truc cam dugc bdi tron bang phuong
phép bai tron thuy dong va lam viéc trong moi
truong khéc nhiét khién bé mit tiép Xuc cua truc
cam v6i gbi d& trén dau quy lat rt d& hu hong
néu chat lugng boi tron khong duge dam bao.
Cac dang hu hong cua truc cam thuong bi mon,
bi xudc (Hinh 4a), mot s6 khac bé mat tiép xuc
bi bién dang (Hinh 4b), tryc cam bj dinh vé6i gbi
do (Hinh 4c). Cac dang hu hong thir hai va th
ba 1a nguy hiém nhat, nguyén nhan chinh dan
té1 hai dang hu hong nay la hién tuong thiéu
dau boi tron trong vung tiép xtc gdi dd va truc
cam. Nhu vay, viéc khao sat dac tinh boi tron,
nhat 1 chiéu day mang dau nho nhat theo ché
do tai lam viéc cua dong co la can thiét cho viéc
xéac dinh nguyén nhan gay hu hong sém cua bé
mat trong tiép xuc giita bac d& va truc cam.

Hinh 4. Cac dang hu hong cua truc cam

2.2. Tai tac dung 1én &

Céc luc tac dung 1én truc cam bao gom,
trong luc cia truc cam P, ti trong tac dung lén
truc cam F , lyc thuy dong cua mang dau F »
momen tr xich cam, lyc quén tinh cua co hé
va bo qua thanh phan tac dung cta luc quan
tinh, momen xoan tir xich cam. Tai trong tac
dung 1én tryc cam 1a lyc thay doi theo chu ky
hoat dong cuia dong co nhung trong nghién ctru
nay chi xét tai thoi diém truc cam chiu luc 16n
nhat chinh 13 thoi diém vAu cam quay xubng va
day co md mot khoang bang dung chiéu dai vau
cam, co md ddy cac xupap mo. Luc nay, luc
tac dung 1én truc cam chinh la lyc dan hdi cua
bbn 16 xo xupap. Hinh 5 biéu dién lyc tac dung
cua 10 xo xupap lén truc cam thong qua co mo.
Hinh 6 la mat cit ciia mot 6 truc cam, tai tac
dung 1én mot 6 F od dugc dat vao truc va co gia
tri bang mot nira cua tong hop luc tac dung Ién
vAu cam va khoi lugng cua tryuc cam.

Hinh 5. So do cum truc cam (a) va mdt cdt 6 truc

cam (b)

Khi tai tic dung tir 10 xo xupap 1én vau
cam la 16n nhat, phuong trinh can bang tai co
dang:

F +F +P=0 (1)
Trong do: F_ la tai trong tic dung leén

vau cam va dugc tinh thong qua lyc dan hoi
cua 1o xo. Moi truc cam khi hoat dong s€ chiu
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tac dung lyc cua hé 10 xo gdm hai 10 xo 16n
co do ctmg k, = 16000 (N/m) va hai 16 xo nho
co do cung k = 8000 (N/m). Cum 10 xo duoc
ndi song song thanh hé 16 xo c6 d6 ctirng 48000
N/m. Bién dd nén 16n nhat cta hé 10 xo duge
tinh thong qua hiéu chiéu cao cia viu cam Al =
3 mm. Tai trong tac dung tir cam la:

F =k.Al=144 N

Tai tac dung lén b truc cam W b.':ing mot
nira tai tac dung tir cam F , tirc la bang 72 N.
Pla trong luc tac dung tryc cam P = 3,2373 N
v6i khéi luong truc cam m = 0,33 kg. F, 1a lyc
thiy dong cua mang dau hay chinh 1a tal trong
tac dung lén 6 b truc cam W. Vay, tai W nay tinh
duoc 1a 68,762 N. O truc cam c6 kich thudc,
chiéu dai 6 L = 24,6 mm, dudng kinh 6 D = 20
mm, khe hé ban kinh C = 0,02 mm.

3. CAC PHUONG TRINH

Tinh toan boi tron 6 truc cam dya trén
co s giai cac phuong trinh Reynolds, phuong
trinh chiéu day mang dau va phuong trinh cin
bang tai viét cho 6 d& [5].

- Phuong trinh Reynolds:
O3 2L 23R _gre (2
ox ox ) 0Oz 0z 00

Trong do, p 1a 4p suat mang dau, R la
ban kinh 6 truc cam, o 1a van toc goc.

- Phuong trinh chiéu day mang dau boi
tron:
h=C(1+&cosb) 3)

Trong do, C 1a khe ho ban kinh, € 1a do
1€ch tdm tuong doi.
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Céc phuong trinh dic trung nay dugc
giai bang phuong phap phan tir hiru han va lap
trinh trén phan mém Matlab. Bai bao nay chi
trinh bay két qua ap suét va chiéu day mang boi
tron cta 6 truc cam. Giai thuat giai cac phuong
trinh nhu cic nghién ciru trude da cong bd [2],

[6].
4. KET QUA VA BAN LUAN

Gidi phuong trinh Reynolds, phuong
trinh chiéu day mang dau bang phuong phap
phén ttr hitu han cho 6 truc cam dong co xe
may Honda Winner & ché do tai 16n nhat W =
68,762 N, toc do quay N = 183,33 vg/s, dau
boi CASTROL POWER I 10W40 c6 do nhot
dong luc hoc 6 100°C, p =10 01616 Pa.s. Hinh
61a tru’orng ap suat mang dau ctia 6 d& tryc cam
va ap suit mang dau tai tiét dién gitta 6 theo
phuong chiéu dai. Ta thdy, ving 4p suét 16n
nhat xung quanh goc 0 do ctia 6 dd, dicu nay 1a
hop 1y vi ving nay 1a ving chiéu day mang dau
nho nhét theo phuong tai. Ap suit dat gia tri 16n
nhat trong ving nay 13 0,2645 MPa.

Ap s = p (MPa
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Hinh 6. So do cum truc cam va mat cat o truc cam
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Hinh 7 14 chiéu day mang dau cua 6 d&
tryc cam. Ta thdy, chiéu diy mang dau dat gia
trj nho nhat 13 1,97x102 mm tai 90°. Piéu nay
1a phu hop véi tai tac dung va ap sudt ciia mang
dau.
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Hinh 7. Ap sudt mang dau theo phirong chu vi 6

Chiéu day mang dau phai 16n hon tong
nhap nhd cic bé mat dé dam bao ché do boi
tron thuy dong. Martin [7] di thiét lap gia
tri chiéu day mang dau nho nhat co thé chap
nhén dugc theo duong kinh truc bf?mg viéc sur
dung céc gia tri thd va hé s an toan bang 3
trén téng do nhép nhd ctia bé mit truc va bac.
Theo cach nay, chiéu day mang dau nho nhat
6 thé chép nhén dugc véi b truc cam cua dong
co xe Honda Winner 1a 0,015 mm. Gia tri nay
nho hon chiéu day mang dau nho nhat tinh toan
(1,97x102 mm), c6 nghia 1a két qua mo phong
hop ly.

Chiéu day mang diu mé phong nho
nhit cua xe Honda Winner rat mong 1a nguyén
nhan din dén sy tiép xuc gilta truc va bac
néu qua tai hodc bé mit ma sat bi bién dang.
Cung v6i két qua tinh toan ap sudt mang dau
6 dau to thanh truyén dong co xe may Honda
Winner [1], ta thay, néu sir dung dau béi tron

CASTROL POWER I 10W40 hogc dau béi
tron tuong dwong hoan toan dam bao ché do
boi tron cho 6 truc cam va dong co. Nhung
néu st dung dau béi tron cé tinh ning bdi tron
thép hon ddu CASTROL POWER I 10W40 s&
dan dén hu hong bé mat truc cam. Dac biét véi
nhitng xe may Honda Winner dugc st dung
¢ cac vung nui hodc dia hinh nhiéu ddc khién
xe phai chiu tai 16n lién tuc trong thoi gian xe
hoat dong, 1am cho dau boi tron va cac bé mit
ma sat bi nong hon & ché @6 hoat dong thong
thuong. Diéu nay dan dén cic bé mit ma sat
dugc bdi tron bi bién dang do hiéu tng dan hoi,
hi€u ung nhiét cua bodi tron va do qua tadi. Do
d6, bé mat 6 truc cam bj bién dang va cao xudc
nhu cac dang hu hong da dua ra trong phan
trude. Ngoai ra, vong trong ctia vong bi dila 6
dau to thanh truyén ciing bj mon.

5. KET LUAN

Bai bao tinh toan 4p suét va chiéu day
mang dau boi tron 6 truc cam dong co xe may
Honda Winner nham xac dinh nguyén nhan gay
hu hong sém bé mat 6. Tai tac dung 1én 6 truc
cam dugc xéac dinh theo két cAu va ché do van
hanh ciia dong co xe Honda Winner. Két qua
tinh todn nhan dugc trén co sé giai cac phuong
trinh Reynolds, phuong trinh chiéu day mang
dau.

Ap suit va chidu day mang dau phu hop
Vi tai tac dung 1én 6. Két qua mo phong cho
thdy, ¢ tbc do quay N = 183,33 vg/s, ap suét
mang dau dat gia tri 16n nhat 0,246 MPa tai
ving chiu tai va chiéu day mang dau nho nhét
14 1,97x102 mm. Chiéu day mang dau nho nhét
6 thé chép nhéan dugc véi b truc cam cua dong
co xe Honda Winner 1a 0,015 mm. Tu do cho
thiy, néu sir dung dau boi tron khong dam bao
s& dan dén hu hong bé mit tryc cam. Dac biét
vo1 nhitng xe may Honda Winner dugc stir dung
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& cac vung nuai hodc dia hinh nhiéu déc khién
xe phai chiu tai lon lién tuc trong thoi gian xe
hoat dong, lam cho dau bdi tron va cac bé mit
ma sat bi nong hon & ché do hoat dong thong
thuong. Piéu nay dan dén cic bé mit ma sat
dugc boi tron bi bién dang do hiéu ing dan hoi,
hi€u g nhiét cta boi tron va do qua tai. Do
d6, bé mat 6 truc cam bj bién dang, mon va cao
XUGC. %
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