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With the increased efficiency of the eAxle, the motor operates at higher rotational speeds, which in turn demands 
high-speed performance from the bearings used. Under these conditions, the bearing cage which determines the 
position of the rolling elements is subjected to significant centrifugal forces, as well as impact forces caused by ball 
skidding. To enhance the reliability of the cage against these phenomena, JTEKT has developed a high-precision 
fatigue strength analysis method for the cage.
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Fatigue Strength Analysis Method for Resin Cages 
in Deep Groove Ball Bearings

1.  Introduction
Countries around the world are moving forward with 

policies related to zero-emission vehicle regulations 
and new energy regulations, aiming to achieve carbon 
neutrality and a circular economy-based society. As 
part of this, the automobile industry is accelerating 
development of technologies for electric vehicles 
including battery electric vehicles (BEVs) and hybrid 
electric vehicles (HEVs). With advances in electronization 
in recent years, the rolling bearings used in the eAxle 
require better performance at high rotational speeds and 
durability than ever before. These bearings increasingly 
use resin cages for reasons of reducing weight in addition 
to reducing friction loss and improving quietness. 
However, a resin cage faces issues of material strength 
and thermal deformation characteristics compared to 
a steel cage, and predicting the fatigue life is difficult. 
Therefore, the feasibility evaluations at the initial design 
stage are extremely important.

This report introduces a fatigue strength analysis 
method for resin cages that utilizes a model-based 
development (MBD) technology1) that was developed by 
JTEKT in order to ensure design reliability.

2.  �Issues of Higher Speeds in Deep 
Groove Ball Bearings

2. 1 �Differences Between a Steel Wave-Shaped 
Cage and a Resin Crown-Shaped Cage

There are two types of cages used in ball bearings: a 
wave-shaped cage made of steel (hereinafter, “steel cage”) 
and a crown-shaped cage made of resin (hereinafter, “resin 
cage”). Each type has its own advantages and issues (Fig. 1).

A steel cage has high strength and rigidity, and 
provides superior durability even in high-temperature 
conditions. On the other hand, because the weight is 
high, the centrifugal force increases at high rotational 
speeds, increasing the contact force between the cage 
pocket and rolling element. This contact adversely affects 
the lubrication conditions, and eventually may result in 
seizure. In contrast, because a resin cage is lightweight 
and has a small centrifugal force, it is possible to reduce 
the occurrence of seizure at high rotational speeds. 
However, the strength and rigidity are lower than a steel 
cage, and there are concerns about loss of strength when 
exposed to high-temperature conditions or lubricant for a 
prolonged time.

2. 2 Issues with Resin Cages
As described above, because a resin cage is lighter 

than a steel cage, the centrifugal force generated at 
high rotational speeds is relatively smaller. However, 
because the material rigidity is lower than a steel cage, 
deformation of the cage claw section in the radial 

(a) Steel cage (b) Resin cage

Fig. 1  Steel cage and resin cage
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direction is likely to occur due to the effects of centrifugal 
force when rotating at high speeds as shown in Fig. 2. 
This deformation produces strong contact between the 
rolling element and the cage claw section, causing a 
localized temperature rise at the contact location. When 
this contact is repeated, localized heat accumulation 
progresses, leading to material thermal degradation and 
dimensional change. Furthermore, there is a complex 
interaction among the deformation caused by centrifugal 
force, the temperature rise at the contact locations, and 
the lead and lag caused by orbital motion of the rolling 
elements, and this interaction applies cyclic and irregular 
repeated loads to the cage. In this kind of complex load 
environment, the fatigue strength of the resin material can 
easily decline, producing progressing wear, premature 
fracture, and other significant decreases in reliability.

3.  �Development of a Fatigue Strength 
Analysis Method for Resin Cages

3. 1 �Process Flow for Developing a Fatigue 
Strength Analysis Method for Resin Cages

In order to resolve the issues with resin cages that 
were described in Section 2, it is important to predict the 
strength and rigidity of a resin cage at the initial design 
stage. This development visualized the deformation 
and load distribution occurring inside the bearing as it 
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Fig. 2  Deformation of resin cage due to centrifugal force2)

Acquiring the fatigue strength of a cage shape

Optimizing the fatigue strength of a cage shape

Developing an MBD method and
verifying its suitability

Fig. 3  Process flow for developing fatigue strength analysis 

method for resin cages

rotates, and constructed a technique for calculating the 
strength and rigidity based on the results. Figure 3 shows 
the calculation flow. Because no clear fatigue strength 
judgment criteria for resin materials have been defined, 
this report uses the criteria for metal materials instead.

3. 2 �Acquiring the Fatigue Strength of an 
Individual Resin Cage

In order to identify the fatigue strength characteristics 
of a resin cage, we performed a standalone fatigue test 
of the bearing cage (hereinafter, “fatigue test”) and 
Computer Aided Engineering (CAE) analysis. At the 
fatigue test, the method shown in Fig. 4 (a) was used to 
simulate the load conditions of the cage, and repeated 
loads were applied. The number of repetitions until 
fracture was measured to acquire the F-N curve (Fig. 5). 
This F-N curve shows the relationship between the load 
applied to the cage and the fatigue life, and is basic data 
for identifying the material fatigue characteristics.
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Fig. 4  Cage fatigue test2), 3)
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CAE analysis was used to calculate the stress 
distribution occurring in the cage based on the load 
acquired from the fatigue test. This converted the F-N 
curve into an S-N curve, and the general solution was 
derived from the general solution for each shape. The 
position of stress concentration in the CAE analysis 
shown in Fig. 6 matches the position of fatigue failure at 
the fatigue test in Fig. 4 (b), confirming the suitability of 
the analysis results.

For the stress amplitude acquired at the fatigue test, the 
test conditions were fully pulsating stress, the mean stress 
rm was equal to the stress amplitude ra, and |rm| = ra ≠ 0.

However, under the operating conditions when installed 
in an actual vehicle, the stress acting on the resin cage is 
highly likely to be partial pulsating stress. This is because 
tensile and compressive stress are randomly generated as 
a result of the rotational motion, and the mean stress rm 
varies over time. Under these conditions, it is difficult to 
equally evaluate the stress amplitude in the fatigue test 
results and under operating conditions. Therefore, mean 
stress correction was performed, and rm was made zero 
to enable the two to be evaluated equally. In this way, 
optimization of fatigue strength was performed. Figure 7 
shows the S-N curve after mean stress correction.
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Fig. 6  Maximum principal stress contour plot
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Fig. 7  S-N curve with mean stress correction applied

3. 3 �Development of a Study Method for Resin 
Cages Using CAE, and Accuracy Verification

Using the acquired S-N curve, we studied an analysis 
method that can predict the cage fatigue life at the initial 
design stage.

For the parameters used in the analysis, a sensitivity 
analysis using statistical methods was performed in 
advance to improve the reliability of the analysis results. 
This allowed us to identify in quantitative terms the 
degree of effects for each bearing parameter, and made 
it possible to set the optimal analysis conditions in a 
minimal model of the bearing only. Figure 8 shows the 
dynamic analysis model, and Fig. 9 shows the CAE 
analysis results.

The CAE analysis results identified in detail the load 
distribution acting on the cage while the bearing is 
rotating, and the time-dependent changes in this load 
distribution. In particular, there was significant stress 
concentration at the bottom of the pocket section, and 
it was identified as a location that could easily become 
a starting point for fatigue failure. As shown in Fig. 10, 
these results matched the fatigue failure position in the 
bearing durability test (hereinafter, “durability test”), 
providing support for the suitability of the CAE analysis 
model.
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Fig. 8  Dynamic analysis model
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Fig. 9  CAE analysis results
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Fig. 10  Tested cages
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Fig. 11  Rainflow counting result
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Fig. 12  Cage fatigue failure time

Furthermore, in order to quantitatively compare the 
CAE analysis results with the durability test results, 
the rainflow counting method was applied to the stress 
history obtained from CAE analysis, and the stress 
repetition history was organized (Fig. 11). Then, based on 
the modifi ed Miner’s rule, the cumulative fatigue damage 
was calculated, and the fatigue life until fracture was 
predicted. As shown in Fig. 12, the results showed that the 
prediction of cage fatigue failure time by CAE analysis 
matched the fracture time obtained from the durability 
test to within a diff erence of 5% or less, not only for the 
trend but for the absolute value as well, confi rming high 
accuracy. This verified that it is possible to predict the 
cage fatigue life with high accuracy using the constructed 
dynamic analysis model and analysis method.

4.  Conclusion
It showed that this analysis method can predict the 

cage fatigue life with high accuracy at the initial design 
stage under the conditions of use required by customers. 
The use of this method can reduce the prototyping 
count and evaluation count compared to a conventional 
development process that depends on prototyping and 
testing, and can shorten the development period for 
cages with new shapes. This can contribute to improving 
product reliability and reducing failures after market 
introduction. In the future, we are planning to develop a 
design support tool that enables independent studies by 
the designers themselves using this method.


