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When 2007: A Space Odyssey first shocked, amazed, and delighted
millions in the late 1960s, the novel was quickly recognized as a classic.
Since then, its fame has grown steadily among the multitudes who
have read the novel or seen the film based on it.

In this stunning sequel, Clarke has written what will be truly one of the
great books of the 1980s. Cosmic in sweep, eloquent in its depiction of
Man’s place in the Universe, and filled with the romance of space, this
novel is a monumental achievement.
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The Acoustic Detection

Scientists have studied microstructural discontinuities in
high-carbon steel since the early 1920s.
By monitoring acoustic emissions, a materials research engineer at
the General Motors Research Laboratories
has arrived at a more detailed understanding of how one type

of discontinuity occurs.
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Figure 1: Cumulative acoustic emission counts
for Fe-1.3%C steel, and control specimens of SAE
4140 and 304 stainless steel.

Figure 2: Artist's rendering of two proposed
sources of microcracking: (A) impingement of
the plates during the formation of martensite
and (B) carbon atom rearrangement during the
aging of martensite.

ARTENSITE is a hard mi-
croconstituent of steel
which forms when austenite, iron
containing carbon in solid solu-
tion, is quenched from a high
temperature. The martensitic
transformation produces steel that
is hard and strong, but non-ductile.
Through heat treatment, the steel
can be tailored to applications re-
quiring different degrees of ductil-
ity. High-carbon martensite—a
highly stressed microstructure
with a plate-like morphology—con-
tains microscopic ruptures or sep-
arations 10 to 20 microns in
length. These structural discontin-
uities, termed “microcracks,”
influence the mechanical proper-
ties of steel.
Although aspects of the mi-
crocracking phenomenon have

been understood by metallurgists
for more than fifty years, there
is still no definitive explanation
for when or how it occurs. An
engineer at the General Motors
Research Laboratories has devised
an experiment that detects the mi-
crocracks as they occur.

The elastic energy released
when microcracks form should
produce a stress wave and asso-
ciated high-frequency acoustic
emission (AE). Using a piezoelec-
tric transducer as the monitoring
device, Dr. Michael Shea set out to
determine what could be learned
about the microcracking process
by measuring AE.

The more widely accepted of
two current hypotheses—the “im-
pingement model’—asserts that
microcracking is transformation-
induced, taking place due to the
collision of martensite plates dur-
ing the quench. The other model
maintains that microcracking
occurs during the aging of mar-
tensite after the plates have al-
ready formed. The “"aging model”
suggests that thermal activation
enables carbon atoms to rearrange
themselves, producing localized
stresses high enough to cause mi-
crocracking. Dr. Shea’s ongoing re-
search into high-carbon martensite
led him to believe that the aging
hypothesis was important. He pro-
ceeded to determine if AE is pro-
duced during aging.

For his study, Dr. Shea chose
Fe-1.3%C steel, which undergoes
martensitic transformation during
quenching and is known to form




microcracks. To provide baseline
data, control specimens of 304
stainless steel and SAE 4140 steel
were put through the same proce-
dures as the test composition.
When quenched, 304 stainless steel
produces no martensite, and SAE
4140 forms a low-carbon martensite
which has a lath-type morphology,
and generally does not microcrack.

SPECIMENS of the three com-

positions were quenched to
-196°C and then slowly heated to

room temperature. Acoustic mea-

surements were made beginning at
0°C, at which point carbon atom

mobility is sufficient to allow rear-

rangement processes to take place,
and continued for 45 minutes after
the specimens had reached room
temperature. No AE was recorded
for 304 stainless steel, and only a
slight amount for SAE 4140.
Significant emission, however, was
measured for the Fe-1.3%C steel
specimen during the entire testing

period (see Figure 1). Since mar-

tensite had already formed during
the quench, these results support
the hypothesis that microcracking
is produced during aging of the
freshly-formed plates. Dr. Shea
ruled out both slip and twinning as
sources of AE since the literature
indicates that neither factor is

significant during aging of mar-

tensite below 40°C. The possibility

that the AE resulted from isother-

mal transformation of austenite to
martensite could also be excluded

because this process does not take
place in the composition studied.

“These results demonstrate
conclusively,” says Dr. Shea, “that
microcracking occurs during the
aging of high-carbon martensite,
thereby providing support for the
less accepted of the two models.

“The next challenge,” he con-
tinues, “will be to quantify the rel-
ative contributions of both
models—impingement and aging—
in an effort to determine which, in
fact, is the more important mecha-
nism, thus furthering our under-
standing of microcrack formation.
Then, perhaps, we can more sys-
tematically explore ways to mini-
mize microcracking.”
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Dr. Michael Shea
is a Staff Re-
search Engineer
in the Metallur-
gy Department
at the General Motors Research
Laboratories.

Dr. Shea received his under-
graduate and graduate degrees in
metallurgical engineering from
Michigan Technological Universi-
ty, and his Ph.D. in materials
engineering from Rensselaer
Polytechnic Institute. His thesis
concerned deformation and frac-
ture of cesium chloride type super-
lattices. He joined General Motors
in 1971.

The areas of metallurgical
research pursued by Dr. Shea at
General Motors include the me-
chanical properties of high-carbon
steels, mechanically-induced trans-
formation of austenite, and struc-
ture/property relationships in
nodular cast iron. His exploration
of the microcracking phenomenon
in martensite was conducted with
the help of instrumentation devel-
oped by GM colleague Dr. Douglas
Harvey.




