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ABSTRACT – This contribution explains the fatigue 
mechanisms in the gear tooth contact related to pitting 
initiation and growth. A fatigue simulation for gears is 
introduced. The algorithm considers among others the 
exact geometry, load-distribution, speed-ratios and 
tribological conditions in every simulation step. These 
parameters are used to determine a local wear value, a 
crack-density - measure of micropitting - and a damage 
value according to fatigue, which leads to pittings. This 
calculation is based on the Lundberg/Palmgren approach 
for bearing rating life and has been transferred to the 
tooth contact. 
 

1. INTRODUCTION 

Under cyclic load material fatigue appears in form 
of fine surface cracks on gear tooth flanks. These cracks 
expand at the beginning only a few micrometres from the 
tooth surface into the subsurface material layer. If such 
cracks reach back to the surface or interlink with each 
other micro-pores will break out and such areas of the 
flank appear grey. This so-called micropitting is a 
macroscopic image of fatigue which is characterized by 
a high density of micro-cracks and -pores in the surface. 
Affected areas have a smaller wear resistance, so they 
might be removed more easily during further load cycles. 
Micropitting is predominantly initiated in the tooth root 
and increases in the direction to the pitch point. 

Under inappropriate conditions the gain of 
micropitting and corresponding profile form deviation 
result in a sharp-edged transition from the micropitting to 
the non-micropitting area (Figure 1). Such an edge leads 
to stress concentrations and subsequently to an 
intensified development of surface cracks and their 
propagation into the material. This effect is superimposed 
by the classical subsurface fatigue by cyclic shear 
stresses, increasing Hertzian stresses, and stresses 
induced by defects within the steel microstructure. 

Pittings are initiated by local stress intensities and 
start in most of cases at the edge of the micropitting area. 
Such kind of pittings are typically triangularly or shell-
formed shaped. They are an unequivocal indication that 
the service life of a gear is reached soon, because a 
suchlike damaged tooth flank continues to wear with a 
high gradient. The initiation of pittings can be divided 
into surface and sub-surface cases. The crack growth 
mechanisms are comparable to those of micropitting. In 
contrast to the micropitting mechanism, where the micro-
cracks usually are within the asperity height or propagate 
into the tooth surface for only about 10 µm, cracks which 
cause pittings are about 20 to 100 µm long and reach or 
are initiated further below the surface [1,2]. 

 
Figure 1 Growth of profile form deviation. 

 

2. METHODOLOGY 

Basis of the simulation of pitting initiation and 
growth in this contribution is a wear and fatigue 
algorithm developed in [3,4]. 

Walkowiak has derived in [3] a simulation based on 
a local wear model. This model calculates the wear on 
gear tooth flanks based on a local wear rate. The wear 
rate describes a local material removal from the flank 
surface in normal direction per load circle. The 
calculation considers the local load distribution, the local 
radii of curvature and thereby also the exact, possibly 
already worn, tooth flank profile in form of a local 
Hertzian pressure. The local speed conditions are 
represented by the sliding speed and the sum speed. With 
the arithmetical mean roughness and the hardness, the 
local surface and material properties are described. The 
additivation of the lubricant and its physical and chemical 
properties are also considered. 

Lohmann has supplemented this simulation in [4] 
for a detailed investigation of micropitting. He introduces 
a surface fatigue model which describes the surface crack 
initiation as well as the subsequent crack propagation into 
the material. For this purpose, a crack-safety and a 
crack-density are defined. The crack-safety is an 
instantaneous value which describes the risk which is 
currently present for the generation of micropitting at a 
discrete point. The crack-density is used as a quantitative 
measure which describes the fatigue state of the 
surface-near boundary layer in the form of a ratio to the 
crack-free surface. The calculation of these micropitting 
values depends on the variable operating conditions. The 
decisive influence of the local sliding conditions on the 
formation of micropitting – reason why micropitting can 
be observed mainly in areas of negative specific sliding 
in the mixed friction region – is considered in form of a 
ratio of sliding speed and sum speed, the specific sliding. 
According to the approaches of Ruiz and Chen [5] and 
Van and Grivea [6], other influencing factors are the glide 
path, the friction-shear-stress, the shear stress on the 
surface, the Hertzian stress and the residual stress. The 
dependency of the micropitting on the lubrication is 
implemented via the relative lubricating film height. 

The previously described simulation algorithms are 

p
a
th

 o
f 

c
o

n
ta

c
t 
[m

m
]

evaluation range profile average linemeasuring distance

increasing scour at the tooth root

increasing load cycle numberaxial view front view



Weibring et al., 2018 

223 

 

a valuable tool for the design and analysis of tooth flank 
geometries. They can be utilized to calculate tooth flank 
geometries which are optimized with regard to wear and 
micropitting and therefore achieve a higher load capacity 
and a longer service life [4]. However, wear and 
micropitting initially represent only a fatigue state or 
appearance of the gear flank. Conclusions for a service 
life value or a remaining operating time are not possible 
by this information. Under steady operation, wear and 
micropitting often lead to pittings, by which the lifetime 
and, thus, the operability of a transmission are usually 
limited. The aim is therefore also to model the 
mechanisms for pitting initiation on tooth flanks. 

As a first approach for the implementation of a 
pitting initiation and growth within the previously 
described simulation the model of Lundberg and 
Palmgren for calculation of the fatigue life of roller 
bearings has been used [7]. Due to the fact that this model 
was published first in 1947 it is the basis for the design 
of also todays roller bearings. In the bearing technology 
break-outs on the race ways – pittings – are the dominant 
reason for failure, so that this phenomenon has been 
investigated for decades. The Lundberg and Palmgren 
formula – optimized by different scientists over the 
decades [8] – allows the determination the fatigue life of 
in consideration of the load, represented by the maximal 
shear stress, other values of the Hertzian theory and the 
number of load cycles. It takes into account macroscopic 
pittings, which are caused by cracks located and initiated 
below the stressed material surface. 

To make use of this approach in the context of the 
previously described simulation, it was first necessary to 
express the fatigue life in the form of a damage and a 
damage rate. The damage is the reciprocal value of the 
fatigue life. Depending on a certain load and a certain 
number of loads cycles this equation calculates a 
corresponding damage. The deviation of the damage is 
the damage rate which can be used to integrate 
incrementally a damage (see Equation 1). 

 

  (1) 

This equation considers the current fatigue state of 
a point on a tooth flank by a variable fatigue limit value 
τu which depends on the crank density. In a first step, this 
pitting simulation model has been validated for rolling 
bearings and verified by a comparison with the static load 
capacity [9]. In a second step, this approach was 
transferred to the gear tooth contact and has been 
validated and adjusted by bench tests [10]. 
 

3. RESULTS AND DISCUSSION 

The described and extended simulation tool allows 
to calculate the profile form deviation, the crack-density 
and the damage according to sub-surface initiated 
pittings. From Figure 2, the results show the gain of the 
profile form deviation and the typical scouring on the 
tooth flank near to the tooth root by an increasing number 
of load cycles and under continuing load. The crack-
density has its maximum at the point of maximum 
pressure and at the transition from micropitting to 
non-micropitting. Here cracks are continuously initiated, 

and wear is enforced, while continuing and removing 
cracks it leads into further growth of the micropitting area 
in direction to the pitch point. In addition, at such 
transition the damage caused by sub-surface initiated 
pittings has its maximum and moves in the direction of 
the pitch point. In the beginning this damage has very 
small values and increases slowly, after a certain number 
of load cycles and load this damage rises exponentially 
up to the critical value of 1 representing the probability 
of pitting failure. 

 

 
Figure 2 Simulation of wear, micropitting and pitting. 
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