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Abstract 
In this paper, the elastohydrodynamic lubrication (EHL) oil film thickness and shape 
between a roller and a flat rectangular glass in pure rolling oscillated working 
conditions had been measured based on the principle of optical interferometry. The 
EHL behavior affected by the applied load, oscillating frequency was investigated. 
The typical film shape varies of interference pictures on non-steady state motion, such 
as acceleration and deceleration, stop and start rapidly was obtained. When the 
velocities of roller decreased to zero and then start in opposite directions, it was found 
the oil film can remain in a certain thickness for a short time because of the lubricant 
transient inertia effects, which is weakly viscosity-dependent or load-dependent. 
These phenomena could reduce wear for oscillating roller contacts. And the side 
constrictions are always the most severe. They are strongly viscosity and load 
dependent. 
Keywords: EHL; Optical interferometry test; Oil film measurement; Oscillating roller 
contacts. 
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INTRODUCTION 
 
Line contacts are widely used in engineering components for heavy radial load and 
high rotational speed conditions, for example, as shown in Figure 1, in roller bearings, 
cam-followers, linear roller guidance systems, traction drives and gear teeth. But all of 
the elements mentioned above are of finite length, so most of them are normally 
profiled at their ends to overcome the problems of edge effects caused by their finite 
length and by misalignment. In this paper all above finite line contacts are called to 
roller contacts. 
 

                             
Cylindrical roller bearing          Taper roller bearing         Needle roller bearing 

                     
Lnear guidance systems        Cam and roller follower         Involute gears 

Figure 1. Application of roller contacts. 

 
There are many oscillatory applications for above roller contacts where determining 
the performance of a machine becomes an important engineering component, such 
as in the Hooke’s universal joints which widely used in automotive and mechanical 
transmissions, or in the linear guidance elements. The operational reliability of the 
machines depends on the functional dependability of these roller contacts incur- 
porated. So the roller contacts design that meet user demands, together with high 
quality manufacturing methods, are prerequisites for the satisfactory operation of 
many sophisticated machines. 
It is well known that the roller contacts are separated by a viscous oil film during 
rolling or sliding, which results in the EHL state. The load-bearing capacity, working 
velocity and service life of roller contacts is deeply influenced by the film thickness, 
film shape and pressure distribution of the film. Many researchers have studied the 
roller contacts EHL problems during the past five decades.  
After the first experimental investigation of EHL performance for both blended and 
unblended roller in sliding contact did by Gohar and Cameron,[1] which gave several 
important pictures of the effect of roller blending. A series of research on the roller 
contacts EHL have been done during the past years. Wymer and Cameron[2] 
developed a very flexible loading system which enabled the optical interferometry 
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usable to study roller contacts EHL under pure rolling and 0.72 GPa contact pressure 
conditions. They showed clearly that the oil film shapes and thicknesses of blended 
and unblended rollers were quite different, especially near the edge region of the 
roller. It was encouraging to the further research works. Several other optical 
interferometric testing methods was developed for measuring the oil film thickness 
and shape at different rolling working conditions and roller profiles.[3-8] Glovnea and 
Spikes,[9] Wang et al.[10] had measured the oil film in oscillation working conditions for 
point contacts.  
A numerical analysis of the roller contacts EHL problem of axially profiled cylindrical 
roller under flooded, moderate load and material parameter conditions was done by 
Mostofi and Gohar,[11] Park and Kim.[12] They showed that the minimum film thickness 
was affected by different radii of dub off and crown profiles, as well as pointed out that 
the maximum pressure and the minimum film thickness are highly dependent on the 
local geometry there. Subsequently, several numerical solutions were obtained, and 

some of complicate factors such as roller misalignment, thermal，transient and 

oscillating effects have been considered separately in them.[13-18] 
Figure 2 shows the behaviour of elliptical contacts of varying aspect ratio. Under 
increasing load the extent of the contact in the longitudinal direction may exceed the 
design value in which case the contact may also behave as a finite length contact, 
presenting the same problem as a finite line contact. But the sideways flow of different 
profile in finite line contacts is quite different, which can be found clearly in Figure 2 by 
comparing the interferograms. 
 

           
Elliptical contact [19]                   Blended roller[2]               Unblended roller[2] 

Figure 2.  Difference between interferograms of elliptical and finite line contacts. 

 
This paper presents some of our recent measured results for EHL oil film thickness 
and shape between a roller and a rectangular glass in pure rolling oscillated working 
conditions based on the principle of optical interferometry. The influences of applied 
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load and lubricant on the oil film thickness had been investigated. 
 
TESTING APPARATUS 
 
Figure 3 gives the photograph of an overall view of the apparatus and the sectional 
view of it is shown in Figure 4. In this test rig, the cylinder specimen, with a 10.0 mm 
diameter and 10.5 mm length, rolls against two cylinders with 15 mm diameter and 20 
mm length. The steel specimen is held by a fixed cage for remain the position in axis 
direction and saving a little lubricant oil. The tested roller runs between an upper flat 
rectangular glass, which is mounted on linear double rail guidance systems with high 
rigidity and load carrying capacity. 
 

  
Figure 3.  Overall view of the apparatus. 

 

 
Figure 4.  Sectional view of the apparatus. 

 

A standard microscope MZDH1065TC with a 82 mm working distance with a 1X～

6.5X objective and 25eyepiece is mounted above the rectangular glass. A xenon 
lamp source is used as side illuminator. The wavelength of it is 600 nm. And a 
Hopkins collimator[20] of below-the-lens system is used. The oscillating frequency of 
the rectangular glass is measured by a digital tachometer. And the temperature is 
obtained through a thermometer. 
 
PRINCIPLE OF OPTICAL INTERFEROMETRY AND CALIBRATION 
 
The optical interferometry test about EHL properties of roller contacts is based on the 
wave optics theory, that is, interferometric phenomenon will occur when two coherent 
lights meet at one position. When parallel light pencil emit contact area of the 
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rectangular glass and the roller along the direction of the oil film thickness, the 
reflected rays coming from two interfaces form coherent light. By the microscope and 
the CCD camera, the interference fringe picture is observed and recorded. Then, oil 
film thickness values at every point can be calculated according to shape, position 
and order of the interference fringe.  
Figure 5 shows the principle of optical interferometry EHL oil film measurement. The 
space between the roller and the rectangular glass is brimming with lubricating oil. If a 
beam of collimated monochromatic incident light falls onto upper surface of the glass, 
it splits so that partial reflections occur at the top and bottom surfaces of the oil film. 
Between the reflected ray 1 which occurs when a beam of incident light goes through 
the glass to the bottom surface of the glass and the reflected ray 2 that occurs when 
the beam of incident light continually goes through the film to the roller’s surface, the 
interferometry light is formed.  

        

Figure 5.  Two-beam interference. 

 
The path difference between the two reflected rays is 2h2 /cos  , where h is the 
oil film thickness,  is the reflected angle, ' is the wavelength of light in the oil film. 
When the reflected ray 1 and 2 form the interference phenomenon, if 0 , the two 
emergent rays reinforce so that the eye will see a light area or a bright interference 
fringe. The general condition for a bright fringe is '/cos  0k2h2 , where 0k  is 
fringe order, ,,21k0  , etc. If the two emergent rays cancel, there is destructive pro- 
ducing a dark interference fringe. This condition is 21k22h2 1 /)(/cos  , where 

,,, 210k1  , etc. Usually, a beam of incident light falls vertically onto upper surface of 
the glass, so 1cos . 
Clearly, as to whether the fringe is light or dark can depend on the oil film thickness. 
When the roller contacts directly with the glass, that is k1=0 and h=0, there is a dark 
area. The oil film thickness is ’/4 at first light fringe around the dark area, and the oil 
film thickness is ’/2 at first dark fringe which is on the periphery of first light fringe, 
and so forth. That means the oil film thickness difference between adjacent dark and 
light regions equals ’/4. At last, the oil film thickness of every point can be calculated 
according to fringe number. The wavelength of light in the oil film (’) is related to the 
wavelength in air (0) by n0 /'  , where n is the refractive index of the oil film. And it 

varies with the density () of oil film. At high pressure, there is Lorenz formula, 
C1n1n 22  /)]/()[( , where C can be obtained by measuring n and  at normal 

pressure. 
Inference of film thickness information from fringe patterns required careful calibration 
of the interference fringes. This was completed in a similar manner to that was 
described by Wymer and Cameron.[2] Calibritions established the separation of two 
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surfaces corresponding to each fringes. Figure 6 gives the interferogram of static 
contact at end of a roller, and Figure 7 shown the measured profiles of tested rollers 
end, which compared with the ideal Lundberg’s profile. 
 

 

Figure 6.  Interferogram of static contact. 

 

 
Figure 7.  Measured profiles of rollers end. 

 
TESTING CONDITIONS 
 
The upper flat rectangular glass is made of crown glass and optically polished to 
1.210-2 m integral mean deviation of profile (Ra). Its surfaces are parallel to within 
2.0 m. And a 200 A semi-reflecting layer of chromium is vacuum deposited onto the 
lower surface, to allow the formation of interference fringes. This is in accordance with 
the usual practice when employing optical interference techniques to measure the oil 
film of EHL. The tested rollers used are made of chromium steel 15 from bearing 
roller manufacturers’ factory which are made with refined lapping manu- facturing 
method, and the surface roughness are about 1.3210-2 m Ra. It is not easy to 
obtain a roller of a higher surface finish because of the difficulty in forming the 
required profile.  
The load on the roller needed to produce 0.92 GPa contact pressure is about 2452 N. 
Figure 8 gives the variation of tested roller entrainment speed, 0.51 rpm for 
crankshaft. Lubricating oil is supplied to the gap between the tested roller and upper 
glass race and is retained by the fixed cage. The oil used is PB1300 or PB2400 
whose properties are listed in Table 1. The temperature is accurate to 1�. As the 
contact is in pure rolling, the test conditions are considered isothermal. 
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Figure 8.  Entrainment speed of cylinder specimen. 

 
Table 1.  Properties of PB oil 

oil Viscosity (Pa·s) Density(20ºC) 
kg·m-3 

Refractive 
index 20� 100� 

PB1300 117.0 0.577 896.0 1.497 
PB2400 1050.0 4.70 905.0 1.504 

 
TESTING RESULTS 
 
Figure 9 gives out the comparison of film shape varies of interference pictures of 495 
N, 1668 N and 2452 N applied loads Which can make the maximum Hertz contact 
pressure reached to 0.42 GPa, 0.76 GPa and 0.92 GPa respectively. The variation 
law of oscillating velocity is shown in Fig. 8. The oil used was PB1300 for the former 
one, and the oil PB2400 was used in the both experiments of latter. The horizontal 
direction of the pictures is the axial direction of roller contacts and the vertical direction 
is the roller oscillatory motion direction. 
The film profiles across absolute minimum film thickness of above interference 
pictures are compared in Figure 10. It is obviously that the applied load and lubricant 
effects upon the oil film shape and film thickness. 
 

   
t =T/12 

     
t =2T/12 
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t =3T/12 

  

 

t =4T/12 

   
t=5T/12 

(a) 0.42 Gpa, PB 1300         (b) 0.76 GPa, PB 2400          (c) 0.92 GPa, PB 2400 

Figure 9.  Comparison of film shape varies of interference pictures at different applied loads 
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Figure 10.  Film profiles across side closure along axial direction and in the direction of motion 

with different applied loads. 

 
From Figure 9 and Figure 10, it could be seen that at T=3/12, where the cylinder 
specimen surface velocities decreased to zero and then start in opposite directions, 
this stopping suddenly under load can often form larger lubricant entrapments in the 
contact area, which is weakly viscosity-dependent or load-dependent. These pheno- 
mena could be important in reducing wear during the oscillating direction changes for 
roller contacts. The side constrictions are always the most severe, representing, with 
a heavy loaded profiled roller, a thinning of up to 95%. They are strongly viscosity and 
load dependent. 
 

CONCLUSIONS 
 
For studying the EHL properties of oscillating roller contacts with modified profile, the 
interferometric technique has enabled accurate film thickness to be measured within 
a dynamic roller contacts. The principle and structure analysis of an optical interfero- 
metry test rig is introduced, which could be used to measure the oil film shape and 
thickness between a profiled roller and a glass plate under pure oscillating rolling. The 
apparatus allows the pure rolling roller contacts, both dry and lubricated, to be 
mapped. And a number of EHL features for different viscosity or load have been 
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enabled to be found by the device.  
Measurement of the film profile has given details of the constrictions occurring in the 
film. The side constrictions are always the most severe. They are strongly viscosity 
and load dependent. 
At the instant of motion direction change, where the cylinder specimen surface 
velocities are zero, the stopping suddenly under load can often form large lubricant 
entrapments, which is weakly viscosity-dependent or load-dependent. These could 
reduce wear for oscillating roller contacts. 
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