
ABSTRACT
Vehicle NVH (Noise Vibration & Harshness) is of continued
concern to customers in this increasingly competitive market
and driveline NVH performance is a key factor in overall
vehicle quality. A typical way to increase this quality is the
use of axle end of line test stands that utilize NVH signal
analysis methods to offer pass/fail criteria. In the
manufacturing environment there are high costs associated
with axle assemblies that are rejected due to the amount of
time for NVH analysis to determine root cause for the failure.
Of more interest to both product development and
manufacturing activities is the ability to understand the root
cause of the failures from the axle end of line test stand. This
information can improve the manufacturing process by
eliminating errors, streamlining re-build activities, aiding in
product design improvements, and in turn reducing cost.

This paper describes the activities used to identify specific
bearing defects for rear axle application through signal
analysis of end of line test stand data. Measurements of both
nominal and intentionally mis-built (head, tail, & differential)
bearings, with known defect characteristics, were used to
develop the analysis techniques. Various bearing fault
frequencies and their harmonics of the NVH signatures were
used to identify the specific failure mode for each of the mis-
built (head, tail, & differential) bearings, which included
rolling element pass defects, and cage spin defects.

 

INTRODUCTION
Noise and vibration measurements conducted on final
assemblies at manufacturing facilities can be used in great
detail to extract information regarding the product, including
the quality of the components and the quality of the assembly
process. The retrieval of this information is often times
difficult due to improper measurements or more often due to
incomplete data analysis. The noise and vibration signature
generated by a product contains countless pieces of
information that can be used to characterize the assembly.
This is of great importance, particularly in manufacturing
environments to further understand the effectiveness of the
processes used to develop and assemble the final products.
This holds particularly true for axle development. End of line
testing is often used to characterize the noise and vibration
performance of axle assemblies prior to shipment to the end
user. The data is typically analyzed to understand the quality
of the final assembly, but can also be used to further
understand the manufacturing processes. If an assembly does
not pass the end of line test stand it is extremely useful to
understand the reason for the failure and to have the
knowledge of which portion of the assembly process was
responsible for the failure.
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IDENTIFICATION OF APPLICATION
A manufacturer of automotive axles set out to determine if it
was possible to identify specific bearing defects from existing
vibration data from an end of line vibration test stand. At the
time, the vibration signatures being collected were not
analyzed specifically to identify bearing defects. The purpose
of this investigation was to identify the proper analysis
techniques to identify and separate assemblies with bearing
defects from the rest of the assembly population. To begin the
investigation, several axles were assembled with intentional
bearing defects. These axles, along with axles that
incorporated nominally built bearings were run on the end of
line test stand and the standard vibration measurements were
conducted. The specific mis-built bearings included a flat on
one of the rolling elements and bending of the bearing cage to
induce rubbing. In total ten assemblies were utilized for this
study, including six assemblies that had a combination of two
out of three (pinion head, pinion tail, and differential)
bearings with defects, and four assemblies with nominally
built bearings. Of the mis-built assemblies each had a
combination of one rolling element flat and one cage rubbing.

ANALYSIS TECHNIQUES - FOURIER
(FFT)
The test events of the end of line test stand used for this
investigation included a steady state condition of 1500rpm
(input speed) at a constant drive torque, followed by a
constant coast torque. Vibrations were measured using a
linear accelerometer located at the rear of the axle carrier and
a telemetry system measuring torsional acceleration at the
axle pinion nose. Initial data analysis used Fourier (FFT)
analysis of the bearing fault frequencies to determine if the
assemblies of mis-built bearings could be identified from the
assemblies of nominal bearings. The bearing fault frequencies
can easily be calculated from the bearing geometry using the
following formulas (see Figure 1).1 Note that the
relationships assume pure rolling motion while in reality
there exist some sliding. Therefore, the equations should be
regarded as approximate.1

Figure 1. Formulas for calculating bearing fault
frequencies

Data was analyzed for both the drive torque and coast torque.
It was determined that a pass/fail criteria could not be set
solely on picking associated bearing fault frequencies (as
those calculated from the formulas given in Figure 1) from
the FFT data because not all of the fault frequencies
calculated were distinguishable within the defective parts
compared to the nominal parts. Because the vibration signals
of a faulted bearing are small compared to shaft order and
gear mesh excitations, detection of bearing fault frequencies
using Fourier analysis can sometimes be difficult. The
conclusion was reached that additional analysis techniques
were necessary to identify the mis-built bearing conditions.

ANALYSIS TECHNIQUES -
ENVELOPE
The next analysis technique investigated concentrated on
envelope analysis. This is a technique of extracting an
amplitude-modulated signal typically found in roller bearing
defects. Most often the bearing fault frequencies are of low
energy compared to the overall energy in the vibration signal.
To extract the bearing fault frequencies from the rest of the
vibration spectrum, a band-pass filter is applied where
structural resonances of the system exist. If a rolling element
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