CASE S5TU

INVESTIGATION OF A FAILED
RAILCAR WHEEL: CORROSION
PITTING FATIGUE

ESi investigated the root cause of a failed railroad
wheel and determined that the reason for the failure
was environmental rather than a result of human error.

SITUATION

When a warning signal alerted the train operator that the train was dragging
equipment, the operator stopped the train to investigate. During the stop, it
was observed that a wheelset had failed, but did not derail as one would
expect. While the hub was still riding on the rail, portions of the wheel plate
had been damaged due to impact with the track structure. The client asked
ESito determine the root cause of the failed wheelset.

The wheelset, rim, and plate sections were sent to a laboratory for analysis.
The failed wheel was manufactured in September of 1992, and had been
forged from Grade C steel. The service life for railroad wheels is defined by
the wear on the rim running surfaces, and the failed wheel was still within
specifications when the failure occurred in late 2019.

When a failure occurs within the plate of the wheel, the rim is often missing,
but the hub remains on the wheelset. A plate strike is often implicated in
these types of failures, but this time, that was not the case.
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SOLUTION

During the inspection of the wheelset, ESi determined that the fracture
surfaces on the hub side were consistent with mechanical damage incurred
when striking the track structure while rolling on the rail. As a result, the
fracture surfaces did not reveal any new information.

The rim portions were sectioned and cleaned using an ultrasonic cleaner
with a mild detergent. The visual inspection showed:

» Fatigue fracture, characterized by small smooth half circles or dimples
at the initiation location; these microvoids occur prior to crack formation
and rapidly transition to ductile failure

» Ratchet marks, indicating multiple initiation sites
* No indentations or signs of a plate strike on the front plate face

» Corrosion induced pitting on the plate surface at the fracture initiation
location

A section of the plate surface was removed and inspected using a digital
microscope. The fracture surface had been rubbing for some time, causing
loss of definition in the finer features. ESi prepared metallographic mounts
to inspect the fracture initiation area, and observed that the cracks had
started at the pits. Secondary cracking was also present near the fracture
initiation location. The microstructure was consistent with pearlite, and the
amount of decarburization on the fracture initiation side was less than on
the opposite side of the wheel.

Results of the chemical composition analysis and hardness testing showed
that the wheel was within AAR specifications for each.

RESULTS

The curved plate wheel design utilized by AAR allows the wheel plate to
flex. The flexing causes tension on one surface of the wheel plate when
the opposite side is subjected to compression. While this tension is within
expected performance parameters, wheel plates with pronounced corrosion
pitting may experience plate-initiated fatigue cracking. In this situation, the
wheel failed due to corrosion pitting, which initiated a fatigue crack on the
back-plate face of the wheel. Secondary cracks from the corrosion pits
were also noted in the area and on the opposite side of the wheel.

While any wheel failure is a cause for concern, the client was relieved to
know the cause of failure was environmental and not a result of human error.

Hub and partial plate section of failed wheel;
arrow shows the wear from riding on the rail.

Secondary cracking
present within pits;

fracture surface is to
the top of the image.

WHY ESi. Rail Team has been a leading provider of failure analysis
and technical guidance in the rail industry for many years, led by
consultants who have decades of direct experience working in both the
engineering and management areas of the industry. Our consultants
possess strong backgrounds in:

* Derailment Cause Analysis » Hazardous Materials Safety,

» Component Evaluations Release & Dispersion

+ Locomotive & Vehicle Data * FELA Investigations
Analysis * Root Cause Analysis
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