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Measurements of film thickness and temperature distribution
in EHL point contact at high roll/slip ratios
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Abstract

In this paper, film thickness and temperature distribution are measured in EHL point contact at high
roli/slip ratios. Infrared temperature mapping with two band pass filters, proposed by Ausherman (1976}, is
used to measure temperature distribution. And the optical interferometric method with two filters (red and
green filters) is used to measure film thickness. Result of experiment showed that temperature rising at film
and ball surface occurred very dramatically in Dimple zone. As slip velocity, roll/slip ratio and load increased,
size of Dimple and temperature rising became more large. In addition, position and shape of Dimple were
changed by roll/slip ratios, and increasing of Dimple size decreased traction coefficient. In short, it is
appointed that the Dimple phenomenon be developed by the effect of viscosity wedge.
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Fig. 1 Pressure distribution and fluid film at Dimple
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Fig. 4 Relationship of
rotation  directions

Heat generation range by
shear deformation (H)

 girection between ball and
of Ball disk.
Heated range Distribution Table 1 Properties of ball and disk
by H of fluid velocity
Disk(Al,04) Ball(SUJ2)
Young’s modulus(Gpa) 365 210
Poisson’s ratio 0.2 0.3
Fig. 2 Effect of contact surface temperature with The';“al ?t‘f"dhmt‘(‘}‘/"{(\gm}() 52777 44118
~ : pecific heat(J/Kg|
zero-entralntment Ra(um) 0002 0.08
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Table 2 Properties of lubricant

Molecular
weight

Density
(kg/m")

Viscosity
(Pa-s)

Coefficient of P-yt
(GPa')

P100
(298K)

522

875

0.213

25.77
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Fig. 5 Radiation of infrared rays and distribution
of fluid film height.

(a) Distribution of fluid film height  (b) Radiation of
infrared rays

Fig. 6 Case of no Dimple (S=0.8, AU=2.0 m/s
W=100N)
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Temperature rise (K)
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Fig. 7 Effect of slip velocity (center line of sliding direction, 8=2.0, W=100N)
250 2 250 2 250 2
. 4 a2l R i Film thigkness ™ . Qil temperature gise L ez
» [ T ¥ ERY) B
5200—- Film thicknsss | ¢ g "g’zoot o Fis ; ;200“‘ Fis ?:F
= Oil temperagure rise 1:7_ = il lemperature fise L ; ‘= Ball temperature ris | ;
£ 15071} Bal emperature nise 3 E R L QT ——— 5 9—; 1507 3
g & M2 8 F1 %
2100 T 2100 L£ 2100 L g
5 25 25 2
= 50 & 50 03 & 504 03
0 0 LIS SRR St I e e o O s e e e T 0
300 <150 0 150 300 300 <150 0 150 300 300 -1S0 0 150 300
X (Hm} X {um) X (pm)
S=0.8 S=1.4 S=2.0
Fig. 8 Effect of roll/slip ratio (center line of sliding direction, AU=2.0m/s, W=100N)
250 2 250 2 250 2
4 ! | Oit iemperaturc i - Oil lemperalure gise el
Fitm thickness " g Q Film thickness = Q =
2007 o emoeraureyie s 5 §2OOjB e s F1s ; gzoof LS ;
el S [EA jd
150 - Ball temperatarg rise r 5 © 150 3 T o 150-{Ball emperpure rs F 3
2 = I3 5 @
1 re 2 g 1 Fl 2 g B F1&
100 -1 L £ 200 Ll £ 800 L €
ﬁ N N s
- L7 - o [ el
s0- 0.5 & o 0.5 & o 0.5
i ; _ 3 | |
O P T T 1 0 O T T T 190 o™ 710
2300 -150 0 150 300 =300 -150 0 150 300 2300 <150 0 150 300
X {um) X (pUm) X (um)
W=40N W=60N W=100N

Fig. 9 Effect of weight (center line of sliding direction, AU=2.0m/s, $=2.0)

-296-



2R PEE o7 A B4 STANE S
aRgolne g8 2EE Faol vt Eal
Haze B aun 4249 422 chebl
spipol Adstel Aol ARe Pmal Hob @
Aoly

012

AU =0.5m/s 4

=1 AU =1.0ny/s

k=

(3

=

1)

S

Q

=

2

§ AU =20m/s

=

0 T
08 12 1.6 2
Slip ratio S

o oX o

Fig. 10

0.08

=3 =3
g &

Traction coefficient
f=1
(=1
o

04—

Fig. 11

5e 7
Bgo
2 9
& %

Traction coefficient according to roll/slip
ratio (W=100)

T T T T T
30 40 50 60 70 80 90 100

Load W(N)

Traction coefficient according to weight
(AU=2.0m/s)

A =
Frng v d 3% S8 949
5 2ewy SANG fo FARE 5
e 2L 2ES 4y &E &
o] M2~ HE|(Band pass filter)S ©

&% Hold AL HAWE o gHR, f F

e FAs FACKEE ol §F AR 53

& B Qolugich

L gEol wasts QoA W ¥e 2R}
YRt

2 9Eo] WAsE gAdA fol u¥H ®

4. B@EL2 vy &£xot FE/ME B 281
sl30] Z7)ate] uwel Foteich ol HAF
Wizl 9E9 Fad ¢de] Ao FHo
=3

s FEmnE o) me 9ol @4 9 AA)
gepaiet

6. 9Ze) F7kl ela) EAMAST sojich,

% 7|

B AT ARS WolFA WEmTHE AL &
RO R s, Ten g et
9" AR TAF =guch

mt
rar

i

(1) A. Cameron, 1951, “Hydrodynamic Lubrication of
Rotating Disks in Pure Sliding. A New Type of Oil
Film Formation”, J. Inst. Petrol., pp. 37~471

(2) A. Cameron, 1966, “Principle of Lubrication”,
LONGMANS, pp. 147~150

(3) A. Dyson, A. R. Wilson, 1968~69, “Film
Thicknesses in Elastohydrodynamic Lubrication at
High Slide/Roll Ratio”, Proc. Insn. Mech. Engrs., Vol.
183, Pt 3p, pp. 81~97

(4) F. Sadeghi, T. A. Dow, R.R. Johnson, 1987,
“Thermal Effects in Rolling/sliding Contacts: Part3 —
Approximate Method for Prediction of Mid-Film

Temperature and Sliding Traction”, Journal of
Tribology, Vol.109, pp. 519~524
(5) F. Sadeghi, P C. Sui, 1990, “Thermal

Elastohydrodynamic Lubrication of Rolling/Sliding
Contacts”, , Journal of Tribology, Vol.112, pp.
189~195

(6) R. K. Pandey, M. K. Ghosh, 1998, “Temperature
riset. due to sliding in  rolling/sliding
elastohydrodynamic lubrication line contacts: an
efficient numerical analysis for contact zone
temperatures”, Tribology International, Vol.31, pp.
745~752



(7) Ming-Tang Ma, 1998, “Effects of the Non-
Newtonian Behavior of Lubrication on the
Temperature, Traction, and Film Thickness in an
Elliptical EHD Contact Under Heavy Loads”, Journal
of Tribology, Vol.120, pp. 685~694

(8) V. K. Auserman, H. S. Nagaraj, 1976, “Infrared
Temperature  Mapping in  Elastohydrodynamic
lubrication”, Trans. Of the ASME, APRIL, pp.
236~243

(9) L.D. Wedeven, 1970, “Optical Measurements in
Elastohydrodynamic  Rolling-Contact ~ Bearing”,
University of London

(10)G. J. Johnston, R. Wayte, H. A. Spikes, 1991, “The
Measurement and Study of Very Thin Lubrication
Films in Concentrated Contacts”, Tribology
Transactions, Vol. 34, pp. 187~194

(11)Kaneda M, Nishikawa H. Kameishi K, Matuda K,
1996, “Abnormal phenomena appearing in EHL
contacts.”, ASME J. Tribol., Vol.118, pp. 886~892

(12)Shiyue Qu, Peiran Yang, Feng Guo, 2000,
“Theoretical investigation on the dimple occurrence
in the thermal EHL of simple sliding steel-glass

circular contacts.”, Tribology International, Vol.33, pp.

59~65

(13)P. Ehret, D. Dowson, C. M. Taylor, 1999,
“Transient EHL Solutions With Interfacial Slip”,
Transactions of the ASME, Journal of Tribology, 121,
pp.886~892

(141, 1. Kudish, 1999, “Analysis of Abnormal
Phenomena in EHL Contacts”, The Advancing
Frontier of Engineering Tribology, Proceedings of the
1999 STLE/ASME H.S.Cheng Tribology
Surveillance, pp.188~196

(15)K. Yagi, Y. Ito, S. Momozono, K. Kyogoku, T.
Nakahara, 1999, “Temperature Mesurements of Oil
Film and Surface in Point Contact EHL under High
Slip Ratio Condition”, Proc. JAST Trib. Conf., Tokyo
pp. 165~166

(16)H. S. Hsiao, B. J. Hamrock, 1994, “Temperature
Distribution and Thermal Degradation of the
Lubrication in EHL Line Contact Conjunctions”,
Transactions of the ASME, Vol. 116, pp. 794~803

>

-298-



