EHL Analyses of Cam-Roller Pairs of Internal Combustion Engines
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1. #F 2 H & (Background)
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1. #F 5 A & (Background)

> BRI B0 S B - PR
Heart of equipment -- ICE

> PURAUAZ S SR 46 &) 4R )

Wear of the cams of ICE

v B, BE. HRFAAT;
Changes of loads, speeds and radii

vV BBRARRE
Unstable oil supply

vV RABIERAE, SR @K
Tendency of heavy loads and high speeds
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l. #F5RA = (Background) I

> ThE-M AR AR & EF 9 (Numerical lubricaiton analyses of cam-follower)

O 19784, HollandE k70 #fr 1 % - a4 1n) L
The first lubrication analyses of cam-followers by Holland in 1978;

O 25, *ihEe- s HmEE AN A 28, an#iai v (Wang et al. 2003). B}
AZ RGN (Jang 2008). W R Al (Zhang et al. 2015) 4,
Work on lubrication of cam-followers: thermal effect (Wang et al. 2003). transient
effect ( Jang 2008). entrainment vibration (Zhang et al. 2015);

O i, W5C 7 hEe- A sh e gl s 2] LA H (Raisin et al. 2016) 8555 28 4
PR 457 171 {5 (Torabi 2018);

Recent Numerical analyses under sever conditions (Raisin et al. 2016, race car) , elasto-
plastic wear (Torabi 2018)
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1. #F 5 A & (Background) I

> ThE-M AR AR & EF 9 (Numerical lubricaiton analyses of cam-follower)

i KAk . D R-#AF](cam-tappet/Flat)
Cam-follower wh$-%& % & (cam-roller)
LR S £t E L B

PN moe > EREATRRRE, BH#
iy Contact zone > (low friction):

FLAT CENIRE OF Follower ]

FOLLOWER ROTATION > %84 A /) X (large force),

Wedge
shape cam

> AR O 39 3% 5T (more

Higher Pair flexible profile).
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1. #F 5 A & (Background)

> W3- & 0E%F 2 (Lubrication of cam-roller contact )
O B MwEHA S (roller convexity modification/tilting): 2 HIILTFAEE 40, FEfl X K Tl
v ZNTE TS, Wang et al. 2010, Liu et al. 2013, Zhang et al. 2016;

v e -R BRI A &4 HT,  Korte 2000, Koo 2002, Shirzadegan 2016; ! %m
- 2
o (HIHFEER. LiFsh& M T El. e

O 473 A& (roller sliding): Hit LJE T-4iR, (HSLPREFENE Bl

v OSRIGINE, ESEIRS TR S S HAEAE, Duffy 1993, Khurram et al. 2015;
v R AT, PRI AR X B A AR R RE I o B FLS AR, Chiu 1992, Ji et al. 1998, Alakkllnramsing et al. 2018;
® (HIF IR M B/ DB, AR RS, BRAE TG IRK A gk AT, S EihR LR R
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1. #F 5 A & (Background)

> GR-RREIRF A

42 ERTR, RARAAT R-RENIET A — & n -
T RAIT, 1BV PR E Rk — VKT, Lidd
A KE R IF TR T RAEEF SOT P B
, ALREZI ARSI LRR ., MBL 6 HR-R
Ho@| R AR, R E AR IR TIUF A
FAE A B RD, A A AU I R AR A AR
B B LA
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Reynolds 7% 4% :
= mﬁj hs@}+£[[£j h36_p}=6um o(onh) 6 é(pjh)ﬂza(peh) / */L

ox||\n ), 7 ).

Roller

JRB 75 A2 n
h(x,y,t)=h, (t)+%+% f,+hy [1—[%] }(1— f.)

2 p(x',y',t)
+
nE’ IQI Jx=x)2+(y—y')?

CAY <0, MOy F5y >0, WION<)
FEFTAL:  n=mewd{(A)<[-1+@+AP)" (A/A)™ ]|

dx'dy’+ ytan ¢
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BAFAL: [ poxay—w
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Input parameter (exhaust cam-roller)
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3. 4 X 51y (Results & Discussion))

)
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3. 5851314t (Results & discussion)
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3. 5851314t (Results & discussion)
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influence of convexity
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3. 5851314t (Results & discussion)

O RN ERW

Influence of convexity
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3. 5851314t (Results & discussion)
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3. 5851314t (Results & discussion)
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3. 5851314t (Results & discussion)
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3. 585131t (Results & discussion)
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3. 5851314t (Results & discussion) MIAE I
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3. 5851314t (Results & discussion)
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3. 5851314t (Results & discussion)
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4. &+ (Conclusion)
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4. #&5+ (concluions)

1
Bt H AT EARET RIREA T HER DR 3] T 5B 2N g
RE, PN TEBLE. B RITHFEA, F3 T84

(1) ZNieae s BN E RS T o A - a8 Ak sh B0, HSHEA T
WA T AT R ;

(2) BREGEA—ZTTLERNTUREEFRS, SEGRE D ET L
FATEARR IR TT R, RS R 5 A 693 &

(3) "h#b L5 A 8] 69 1R AL F A 4 Ak K E B4, 3 A iE g R ARG
A, mARGE LT TUE—AEE LA RERETRA 20,

(4) T8 B R #4778 9L B B 60 B o B Ak K SR A SRS B K
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4. #5+ (concluions)

The lubrication of a cam-roller pair under realistic exhaust load spectrum is
simulated by numerical calculation. The influence of the roller convexity, the roller
tilting and sliding on the lubrication performance is studied.

(1) The lubrication of a cam-roller pair in a complete cam cycle can be divided
into pseudo-steady period and non-steady period, corresponding to the change of
exhaust working conditions.

(2) The lubrication of the cam-roller contact can be improved by the roller
convexity. The proper choice of roller convexity can effectively reduce the oil film
rupture, and also improve the uniformity of pressure distribution in the contact zone.

(3) The roller tilting can deteriorate the lubrication of the cam-roller contact. And
the roller convexity can effectively help to alleviate its adverse effects to a certain
extent.

(4) The sliding between cam and roller can induce marked temperature rise and
friction, and its effect will be further enhanced by the increased load.
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Thanks for your attention!
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