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Regimes of Traction in 
Concentrated Contact Lubrication 
I. Andersson2 and H. van Leeuwen2 

During the past decade the definition of lubrication regimes 
in concentrated contacts through its film thickness has 
received much attention, especially in the full film EHD 
regime. In this paper the authors attempt to determine 
lubrication regimes through some characteristic traction, 
which may open new views on the lubrication of this type of 
contact. 

The discussers think that there is a need for a discrimination 
in lubrication regimes by traction. It provides a basis for 
comparison, both experimentally and theoretically, and gives 
a check on assumptions and formulas when performing 
calculations. When these regimes become well defined, they 
will be useful for designers. 

By this paper the authors have invoked a very interesting 
subject. They should be commended for their effort to extend 
the scope of the work in nondimensional representations of 
frictional traction to the non-Newtonian EHD lubrication. 

What follows is a rather long commentary on the basic idea 
and a query on the authors' opinion about this. 

In their paper the authors make clear that some transitions 
in the lubrication regime arc quite closely bound with tran­
sitions in the so-called reduced traction coefficient (RTC) 
under isothermal conditions. This RTC is defined as the ratio 
of the measured traction coefficient T at 5 percent slip to the 
quotient of the limiting shear stress TL at the averaged Hcrt­
zianpressure p and the same temperature, and the mean 
Hcrtzian pressure. 

Going from the hydrodynamic (HD) to the "classical" 
elastohydrodynamic (EHD) range, the RTC increases con­
siderably from a value between 0.3 and 1.0, to 1.0. while the 
transition from EHD to mixed lubrication conditions is 
marked by a salient increase from 1.0 to over 6.0. This also 
supports the authors viewpoint that the traction is controlled 
by the limiting shear stress h. 

In order to have a clear discussion, first the lubrication 
regimes have to be defined. 

Lubrication regimes are boundary, mixed, and full film 
lubrication, as is defined more or less through the Stribeck 
curve (hence through the traction) or the A ratio (which are 
correlated, as can be concluded from this paper). 

Lubrication subregimes can be defined for the full film 
lubrication regime. Up till now, this has been obtained using 
the film thickness. E.g., see Johnson [AI]. Four regimes are 
generally accepted, viz. isoviscous-rigid (rR), viscous-rigid 
(VR), isoviscous-elastic (IE), and viscous-elastic (VE), which 
are distinguished by viscosity and elasticity effects. The 
classical EHD work is done in the viscous-elastic subregime. 

A transition from the mixed to the full film region is 
marked by a decrease in the traction coefficient and a much 
lower wear rate, while the film thickness increases. 

Transitions within the full region are characterized by 
changes in the viscous and elastic parameters, and in the film 
thickness. It seemsreasonable to assume that traction in these 
subregimes is controlled by different mechanisms. 

Transition Mixed-Full Film Lubrication Regime 
The discussers also believe that the A ratio is one of the 

parameters which can be used successfully when describing 
the transition from mixed to full film lubrication. Other 
variables, showing a considerable change when changing 
regimes, are the frictional traction and the specific wear rate 
(Begelinger and De Gee, [A2]. In reference also an attempt 
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is made to discriminate lubrication regimes by 
measured discontinuous changes in friction and wear as a 
function of normal load and sliding speed, resulting in a kind 
of transition diagram. 

In [A2] it is concluded that, under mixed lubrications 
conditions, as long as an adsorbed layer OIl the contact 
surface exists, the coefficient of friction T m for the part of the 
load supported by mechanic contact N m has about a constant 
value. If the hydrodynamically supported load is designated 
N h , and the corresponding coefficient of friction Th, then the 
averaged traction over the contact is 

or, if we call the ratio N m / (Nm + N h ) = m 

where Tm is a constant below the desorption temperature of 
the surface layer. This T m can be determined through Abbott's 
curve, the approach of the contacting bodies (A ratio), T 

measurements and Th calculations. For known 7 m values the 
traction in the mixed lubrication regime can now be predicted. 

Traction Transitions Within the lull Film Lubrication 
Regime 

The parameter M according to Moes and Bosma [2], or, 
which is almost the same, the parameter g; (also called gE) 
according to Johnson [All, is a correct choice for 
discriminating between elastic effects of the contact surfaces. 
It allows for a test whether the pressure distribution can be 
considered Hertzian or not. 

However, the discussors feel that when different traction 
regimes in full film lubricated concentrated contact have to be 
distinguished, more (dimensional) parameters are needed than 
merely Mand RTC. 

The authors conclude that experimental evidence supports 
the limiting shear stress model for traction under high slip and 
high loads. On the other hand, the classical EHD regime also 
contains low slip or pure rolling, and lower loads conditions. 
Hence, next to M, p, and TL, other variables like 'flo, CI!, G, and 
the slip ratio have to be used. 

One dimensional parameter which' shows a remarkable 
sensitivity to changes from viscous to elastic behavior in the 
linear part of the traction curve is the Barus viscosity 'I/o exp 
(ap), see Hirst and Moore [A3]. A dimensionless number 
which controls the behavior in the linear part is the Deborah 
number D (see Johnson and Tevaarwerk [A4J) , defined as 
('l/U/Ga) , where '1/, U, G and a represent the local viscosity, 
the rolling velocity, the elastic shear modulus of the fluid, and 
the Hertzian semi contact width, respectively. 

Under low slip conditions, the fluid behaves elastic when D 
is high, while it behaves viscous Newtonian under low D 
numbers. 

For Newtonian fluids representations have been determined 
by several authors. For example, see ten Napel, Moses, and 
Bosma [A5], which gives the nondimensional traction for low 
slip as a function of Land M (so gE and g,.). Archard and 
Baglin [A6] also provide nondimensional traction coefficients 
for the IR, IE and VE subregime, under low slip and low D 
conditions. 

A generalized approach for elliptical contacts in the VE 
sub regime (Assumed Hertzian pressure distribution) for 
Newtonian fluids can also be performed. In this case the 
number for the sliding friction, minimum film thickness, 
elasticity, and viscosity parameters can be corrected for 
ellipticity effects, resulting in only one expression for all 
ellipticity values. 

For the nonlinear part of the traction curve the shear stress 
distribution and hence the traction is described by using 
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