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Short fiber reinforcements strengthen the material properties of technical polymers while maintaining injection-
molding manufacturability. The orientation and distribution of the short fibers affect the tribological 
characteristics of thermo-elastohydrodynamically lubricated (TEHL) contacts, although the reinforced material 
is isotropic at the macroscale. Within a numerical study the effect of short glass fiber reinforcements in polymers 
on film thickness, subsurface stress, and temperature distribution were investigated. For the TEHL contact 
calculations an efficient mesh resolution based on the fiber orientation tensor is used. Results give new insights 
into the effective contact stiffness and heat conduction of orthotropic materials and link the manufacturing 
process to the tribological system. 
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1. Introduction 

Technical polymers are becoming increasingly important 
in machine elements due to their low density, low noise 
emission, and cost-efficient mass production potential by 
injection molding. For increased power density, oil 
lubrication and short fiber reinforcements are used to 
compensate the low specific strength, high thermal 
expansion, and damping. The thermomechanical material 
properties of short fiber reinforced polymers are isotropic 
at the macroscale, but fiber content, distribution, and 
orientation which are determined by the injection 
molding process can lead to anisotropic stiffness and heat 
conduction tensors at micro scales of tribological 
contacts. Anisotropic properties can strongly affect the 
characteristics of lubricated polymer contacts and are 
usually not considered in the part design today.  
In a numerical study, the effect of short-fiber reinforce-

ments in technical polymers on the film thickness, 
subsurface stress, and temperature distribution of 
lubricated contacts is investigated by an efficient finite 
element (FE) approach. 

2. Methods 

In this study calculations of TEHL contacts, based on a 
fully coupled 3D FE formulation of the Reynolds 
approach, are performed to analyze the contact behavior. 
For lubrication both, non-Newtonian lubricant rheology, 
and mixed lubrication are considered. Each FE is 
assigned with characteristic homogenized constitutive 
tensors, whose orientation is based on the principal fiber 
orientation to allow for efficient calculations with locally 
refined mesh. 
First unidirectional configurations are used for general 
remarks on the modeling and the film thickness, 
subsurface stress, and temperature distribution in 
orthotropic TEHL contacts. In a second step, a parametric 
study on the short fiber content and orientation shows the 
tribological behavior, Figure 1. Finally, analyses of cross-
sections and the mold flow of injection-molded polymer 
samples give the local fiber orientation tensor and 
distribution that is linked to the solid mechanics in TEHL 
calculations, Figure 2. The impact of the amorphous 
surface layer is analyzed and linked to experimental 

results [1]. 

 
Figure 1: Minimum film thickness and maximum 

subsurface stress in the unidirectional configuration. 

 

Figure 2: Subsurface stress in a lubricated contact of 

polyamide 46 with 30 wt.-% short glass fibers. 

3. Discussion 

This study gives new insights into the tribological 
characteristics of lubricated contacts with short fiber 
reinforced polymers relevant in machine design. Results 
show that hydrodynamic pressure and film thickness are 
driven by the effective contact stiffness, while subsurface 
stress and temperature distribution can be altered by short 
fiber orientation and distribution in the boundaries of part 
design and injection molding process.  
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