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Study of the Friction Force Measurements According to the
Rolling-Sliding Ratios under the Condition of
Elastohydrodynamic Lubrication

Siyoul Jang'

School of Mechanical and Automotive Engineering, Kookmin University

Abstraet — Most studies of elsatohydrodynamic lubrication are oriented only to the measurement of film thick-
ness itself with optical interferometer. In order to exactly investigate the tribological characteristics of a certain
lubricant, it is also important to get the information of traction behaviors as well. In this work, we developed a
device for measuring the friction force of ehl contact condition as well as the film thickness. To verify the validity
of the measuring system, the friction forces and film thicknesses under ehl condition are simultaneously mea-
sured with the variations of additive ratios of viscosity index improvers which cause non-linear tendencies of film

thickness to contact velocity.

Key words — elastohydrodynamic lubrication(ehl), friction force, film thickness, non-Newtonian fluid.
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Fig. 1. Apparatus of EHD film measurement and signal processing for digital image and friction force. (a) Fringe
pattern of Newton ring by the interferometer with non-conformal geometrical contact, (b) Film thicknesses by the
interferometric path differences of incident and reflected lights over the contact area, (c) Developed measurement
system for both elastohydrodynamic lubrication film thickness and friction forces with various rolling-sliding ratios
and (d) Schematic diagram of signal processing for measured inbterferometric image and frictional torque with the

developed apparatus.
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Fig.2.Lab values for the mapping of measured
interferometric image into film thickness for each pixel
over the contact area.
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Density @15°C ASTM D 1298  0.8897 0.8943

Color(ASTM) ASTM D 1500 L1.5 LO.5
Kin. Vis @

40°C(cSt) ASTM D 445 95.09 -
Kin. Vis@

100°C(cSY) ASTM D 445 10.85 534.0
VI ASTM D 2270 98

Pour Point °C ASTM D 97 -15.0 -
Flash Point °C~ ASTM D 92 242 -

TBN, mgKOH/g ASTM D 2896 - -
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Fig. 3. Image from optlcal interferometer with SR=1.0,
U,=0.048 m/s, U,=0.016 m/s, F=20 N,

L ) Tt
Fig. 4. Image from optlcal mterferometer with SR=0.5,
U,=0.027 m/s, U,=0.016 m/s, F=20 N.

Fig. 5. Image from optical interferometer with SR=0.0,
U,=0.016 mvs, U,=0.016 m/s, F=20 N.
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Fig. 6. Image from optical interferometer with SR=~40.5,
U=0.016 m/s, U,=0.027 m/s, F=20 N.
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Fig. 7. Image from optical interferometer with SR=-1.0,
U=0.016 m/s, U,=0.048 m/s, F=20 N.
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Fig. 8. Film thickness variation along the rolling
direction according to the sling-rolling ratio under the
condition of viscosity index improvers.
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Fig.9.Film thickness variation perpendicular to the
rolling direction according to the sling-rolling ratio
under the condition of viscosity index improvers.
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Fig. 10. Measured film thickness by image processing
under the condition of 15% VII and SR=—1.0.
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Fig. 11. Measured film thickness by image processing
under the condition of 15% VII and SR=1.0.
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Fig, 12. Friction forces according to sliding-rolling
variations with base oil.
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Fig. 13. Friction forces according to sliding-rolling
variations with 5% VII addition.
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Fig. 14. Friction forces according to sliding-rolling
variations with 15% VII addition.
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