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Study on the Transient EHL Fluid Film for the Dynamic
Contact Behaviors between Cam and Follower
with Multigrid Multilevel Method

Siyoul Jang'

School of Mechanical and Automotive Engineering, Kookmin University

Abstract — Many researches about the contacts between cam and follower have investigated EHL film thickness
either without dynamic loading effect or only with curve fitting formula such as Dowson-Hamrock’s, because
including squeeze film effect makes it hard to obtain convergence and stability of computation. Therefore, inac-
curate information about minimum film thickness without dynamic loading condition causes inappropriate design
of cam profiles and wrong selection of cam and follower materials. In this work, computation tools both for kine-
matics and dynamics of valve train system of push-rod type and for fluid film thickness with elastic deformation
on the basis of dynamic loading condition with multigrid multi-level method is developed. The computational
results of minimum film thickness with the respects of both static and dynamic loading conditions are compared
for the contact of flat follower over the entire cycle.

Key words — multigrid multilevel method, elastohydrodynamic lubrication (EHL), valve train dynamics, tran-
sient state, non-linear spring stiffness, cam and follower.
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Fig. 1. Schematic diagram of pushrod type valve train
with flat follower.

——e-— valve lift
T T

—-o-—- Op€n area
T T

45
8.0 oo emebeef e foeeit e N e de e

4 &
T r £
= 6.0 b A A
= r 3]
£ 1° 5
4 c
T O . Y S >
[ o
> 42 ©

2.0 feeeeefee i .

0.0 { 1 ! i 0

0 30 60 90 120 150 180
cam angle

Fig. 2. Valve lift and valve opening area according to
camshaft rotation.

PR A2 f2 7 sk vlasr,

2.8 M

FAZE ERle] W E EgiQl
Brt siEehe St A FH3

AR <] A}% = =
o] Ao weh WS AAFoEN I3 A5
7] EPIAIY A {5 215 8] WH FF
o] (valve lift) 4 Fh(Fig. 2)[10].

olgdt s EFEL 93l AgdE Ur =9l A
s L St I e O A b o e - = e D g e
HH(Fig. 3), ol 7|75 A 2t A
=3 FFEe] HE(Fig. 4900 AT 2835l A
AFETH].

V\‘%!Ml*i(Flg R
FEEY FEY
EEEE Tssmu}. 4 A%

)

Vol. 20, No. 3, 2004



134
90
20,0 120 60
25.0 ™
£ 20.0
E % 30
@ 15.0
2
g 0.0
5.0
0 0

o.
|
210 330
240

270
Fig. 3. Designed cam profile for the desired valve lift in
a given pushrod type valve frain system with flat
follower.

Fig. 4. Contact geometry between cam and flat follower.
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Fig. 5. Valve spring of distributed viscous damping and
stiffness.

—F)._ =_KI%
(F,=F)=-KI5) @

Py _dy,
oY -
X of

7149

a=d /—-—G-— @)
P87 +d")

327 4uF,(x)
= , &= 5
P rd’ p(8r'+d*) @Y, ®

o]c}
E __g.]]o]oﬂ}\-] uuu_,] _l_ﬂ_(_e:]o EH]:)]:! %H A
B} wgARe F7)e] wet 24E R, ojeig Y

+B5 y 3)

p=X XiEL4 H]Aﬁﬁkﬂ E?ﬁé% iﬁﬁsPﬂ ZE ;yaz+5%
B3Il YA YA ) £5 w0
3 srz A,

qE "H’fﬂ‘ﬂ«] 715k Bt HEEe A v
2 mel FuE 23 o WEY Apole] FUE
A E fERE #E M dolez W
o3t Agshe AFTH BF Sxo me f
&g 2 fEeAAE AE 5 ok A JEY ZF
3 22 FERY &8 IS HE A 7158
123 ¥4 A (non-conformal contact)>Z &
oA AF 4ol 7RIA] mE FE F9fe



Wy wdse weEsel 9u wAE ANE Wast
ek, Web fo 4, fu T 9o BT A
7 2R SO WEAA} ke, oln) A Ze]

3ol wet AE $919) J1sks Fehs WA ©
o web ZgaEs g Png e 2700
= Asp S, PPgels] S8R Ao e
£ 49+ g

A% F5E %3&01] e @Y i 8 dye

& el F2l Bo}'bz_:}:—-i-’] xok—'zr-‘% f :w_-ﬁ’
Y dEgoRe] dEe w7k & el 34 wiEe A
AZ(line contac)2 2 &3P w11y WEko 2ol &
ot e Full(fluid film pressure gradient) TH
U=

2o 2 g ©

Ix\12nodx dx ot

o] of JE He| HPE @A HIHS v /i
e

xZ

h(x) = h"‘;"‘ZDn‘Pi )]

o2 Muldr)

o] 714

D, = [x,—x,+%x}[ln x,—xﬁ%x‘—

Ax Ax
_[x,_xf—7}[1n x,-—xj—zy— 1} ®)

o]},
2 (64 $ule) FHR) go] JolH AAF A<
YAAALE) Holsz WAL BABT B4 4

Level 4

Level 3

Ee] fors A 135

1.0 10° A T T T

8.0 10°

6.0 10°

spring force [N}

4.0 10°

2.0 10° TN IR T L

cam angle

Fig. 6. Spring forces between cam profile and flat
follower in a given pushrod type.
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Table 1. Physical dimensions and materials properties of the modeld valve train system components

Cam base circle 18 mm " 145° Spring diameter  5.166 mm
A 27.39 mm a 75° Spring roll R. 15.56 mm
A 120.0 mm B 95° Spring G 8.2939 x 10" N/m’
R, 45 mm Y 15° Valve lift 8.47 mm
o 0.0411 Pas Pressure viscosity coeff. @  2.42x 107 Lubricant G 5300.9
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b = half Hertzian length (RJ8W/m), m
d = diameter spring wire
Dy = influence matrix for solid deformation
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E = Young's modulus of surface, Pa D 28
E =equivalent Young's modulus, Pa
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