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( Fastener Farlures Due to
/ /'L . Heat Treatment: A Case Study

C IR B T e

by Daniel H. Herring

When a component part fails, it is only natural to ask why and

then strive to determine the root cause. Gathering all possible
information about the circumstances surrounding the event and
performing a thorough failure analysis is a critical first step in the process.
For the Heat Treater this type of information helps us create a set of do’ s
and don’ ts, which are invaluable in avoiding a repetition of the problem.

Finding the root cause of a failure is an important part of corrective
actions required when a fastener system fails. There are many
contributory factors as to why a fastener may fail. Here is an example of
one instance where faulty heat treatment was responsible. It will serve
as a valuable addition of our knowledge base and falls in the category of
"lessons learned".

Failures can be traced to deficiencies in design, materials, processing,
product characteristics and quality, known and unknown application
factors and to human error. Examples include excessive distortion,
buckling, ductile or brittle fracture, creep, rupture, cracking, fatigue, shock,
wear, corrosion, misalignment, poor geometrical design and literally

Figure 1. Typical Mesh Belt Furnace System with Oil Quench Capability
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hundreds of other factors. Whatever the source, it is important to recognize
that it is impossible to separate the product from the process and as such
material — design — processing — applications are all interrelated.

When considering ways to prevent failures from occurring, one
determines the factors involved and whether they acted alone or in
combination with one another. We ask ourselves questions such as "Which
of the various failure classifications were the most important contributors?"
and "Was the design robust enough and the safety factors properly
chosen to meet the application rigors imposed in service?" Having a solid
engineering design coupled with understanding the application, loading and
design requirements is key to avoiding failures. If failures do happen, we
must know what contributed to the damage.

Case Study — Root Cause: Bad Heat Treatment

Ten out of sixty SAE 1045 fasteners were found to be cracked after heat
treating in a continuous mesh belt furnace line (Fig. 1). The heat treatment
called for austenitizing at 870°C (1600°F) for 30 minutes, oil quenching and
tempering at 370°C (700°F) for two (2) hours.
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Figure 2. Surface Microstructure
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Figure 3. Core Microstructure
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(a) Core microstructure of "good" sample
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(a) Surface microstructure of "good" sample
revealing thin oxide film at the surface.
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consisting of tempered martensite.
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(b) Core microstructure of "bad” sample
consisting of tempered martensite.

(b) Surface microstructure of "bad” sample
revealing thick oxide film at the surface.
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(c) SEM view of surface of “good” sample.
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(d) EDX results on the 0D surface of the
"bad” sample.
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(e) SEM view of surface of "bad" sample.
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During the investigation the commercial heat treater running the job
reported a power outage (due to a lightning strike during an electrical storm
on a local substation) that occurred while the parts in question were being
heat treated, resulting in a loss of furnace atmosphere and temperature.
Parts were subsequently unloaded, hardness tested and found to be low in
hardness and re-run in an attempt to salvage them. Subsequent hardness
testing indicated they were within specification.

Both a cracked fastener and a known good part from a previous
production lot were sent for metallurgical analysis. Visually, the difference
between the two parts was the presence of heavy scale on the "bad"
fasteners; especially in the thread areas while the "good" parts were clean.

The fracture surface of the "bad" fastener appeared uniformly black -
the same color as the exposed surfaces on the "bad" part. SEM / EDX
analysis was performed on both the fracture surface and the exposed
OD surface for comparison. Both of the analyzed "bad" fastener surfaces
revealed continuous coverage with the oxide film with identical elemental
composition.

Using a SEM/EDX, the outer diameter surface of the "good" fastener
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and the baseline material were analyzed for comparison with the "bad"
part. Less oxidation on the "good" fastener outer diameter surface was
determined in the analysis. The material was identified as SAE 1045 steel
based of analysis the sectioned insert wall.

In addition, an examination of the cross section of both the "good"
and "bad" fasteners was also performed. The result of the analysis
was a microstructure of tempered martensite. A continuous film that is
approximately 100 microns thick was observed on the exposed surfaces
and fracture cross sections of "bad" fastener. In contrast, the surface film
on the "good" fastener was approximately 2 microns thick.

Hardness was measured on the fastener cross sections using
microhardness methods (Vickers, 500 gf) and converted into Rockwell
"C". Enough microhardness indentations were placed in the middle of the
insert wall to be statistically meaningful.

/ After metallurgical and failure analysis, the following conclusions \
were reached:

The "good" fasteners exhibited a surface and core microstructure
of tempered martensite, the result of proper heat-treating. A thin oxide
layer was observed on the part surface indicative of tempering at
elevated temperature in air.

The "bad" fasteners were cracked during the heat treatment
process, either the result of thermal or quenching stresses.

The fracture surface and the outside diameter of the fastener both
yielded the same composition and oxide layer thickness.

Hardness values (converted from microhardness measurements)
on the "bad" fasteners found were out of specification (high) indicating
an inconsistency in response after the re-hardening operation.

These measurements are considered more accurate than
attempting to hardness test the surface using conventional Rockwell
"C" measurements with scale present.

Corrective action, in this instance, consisted of instructing the
commercial heat treater to not rework but quarantining any fasteners
that were subjected to an abnormal heat treatment cycle until a
thorough metallurgical analysis could be performed. Furthermore,
using a dye penetrant or similar method for determining the presence
of cracks after heat treatment was also suggested. Using an
independent source, routine (per batch) quality checks could be
performed by an independent third party. Finally, in-house heat-
treating is an alternative that might be considered if the problem is

(ound to persist despite the quality control measures suggested.
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