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Abstract

Materials’ mechanical properties transform at various temperatures. Transformation-induced plasticity
(TRIP) makes the material’s properties change. The current study aims to investigate how the small
punch test (SPT) can reveal the TRIP in steel. To this end, first, two SPT specimens were prepared
and tested at ambient temperature and -196 degrees using liquid nitrogen. A considerable difference in
force-displacement curves was seen, revealing a great increase in ultimate stress at -196 degrees. This
change proves that the TRIP phenomenon is seen in the SPT.
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Introduction

The SPT is popular due to its small-scale specimen that can be removed from structures surface to determine
material properties. It was first introduced for material degradation in irradiated structures [1]. However, it has also
been used for other investigations. This test is employed for material characterization from various points of view,
namely determination of mechanical properties such as yield stress [2, 3], ultimate stress [4, 5], fracture toughness
[6, 7], fatigue [8, 9], and creep [10, 11].

TRIP is introduced as the transformation from austenite to martensite phase where the material experiences plastic
deformations. The process leads to a high rate of work-hardening and more strength. The process causes a delay in
necking, thereby achieving more resistance to failure. This procedure can be observed as an upshift in the stress-
strain curve[12]. There have been lots of studies in the field of material engineering to investigate TRIP
phenomenon, aiming to reach better mechanical properties[13].

The current study is to investigate the possibility of the SPT test in TRIP evaluation. For this purpose, some SPT
specimens are prepared from TRIP steel and are tested at room temperature and at -196 degrees. The low
temperature is achieved by putting the SPT setup in liquid nitrogen. If there is resistance to failure, it should be a
sign of TRIP in the SPT test.

Theory and Experiment

The main reason for TRIP is to obtain a required minimum amount of retained austenite in the microstructure. This
is possible only if austenite transforms into martensite. The initial temperature of martensite is somehow lowered to
a value below room temperature[14]. Hence, testing at low temperatures should be focused on TRIP investigations.

The SPT specimen is a 0.5 mm thickness and 1cm diameter disc that is punched by a rigid ball. Figure 1 shows a
schematic of the SPT setup. Figure 2 also shows a typical SPT force-displacement sample curve. Clearly. There are
four sections in the curve. Sections 1 and 2 refer to specimen bending during the test. The first relates to elastic
bending and the second relates to the plastic. In the third section, a membrane regime starts. The TRIP phenomenon
occurs in sections 2 and 3. Using Py and Pmax the yiels stress and ultimate stress are determinable [15]. Finally,
Figure 3 shows the test setup.
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Figure (1) Schematic of a SPT setup [16]
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Figure (2) Typical SPT force-displacement curve [17]
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Figure (3) Test Setup
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Results Discussion

After specimen preparation, various tests were done at room and -196 degrees. Figure 4 shows the curves resulting
from the tests at two temperatures. The red line demonstrating the ambient test result is more deflected.
Nevertheless, the maximum force in the purple curve representing the tests done at -196, is approximately 2.5 times
more than the red curve. This reveals a considerable strengthening due to low temperatures. Table 1 shows results.
Here, it can result that the SPT test is able to report TRIP, and could be employed for future studies. The final figure
shows the SEM images from specimen fracture surfaces. In the Figure, the left image with the red frame shows the
fracture surface of the specimen tested at room temperature, and the right one with the purple frame shows the

fracture surface of the specimen tested at -196 degrees.

Force-displacement Curves

600
500 -196
400
<
§ 300
o
L 25
200
100
0
0 0.5 1 1.5 2 2.5 3
Displacement (mm)
Figure (4) SPT Force-displacement curves at ambient and cold temperatures
Table 1-Test Results
Specimen Temperature Maximum Force  Fracture Energy  Ultimate stress
(C) (kg) ) (MPa)
1 25 214.4 1.57 ~500

2 -196 472.5 5.2 ~1250
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Figure (5) SEM images from the specimen surface of SPT specimens

Conclusions

The applicability of the SPT in the investigation of TRIP was studied. Two SPT specimens were tested and a
remarkable enhancement was observed in resulted curves, showing that the ultimate stress reaches to around 1250
Mpa at -196 degrees. This can show the effect of TRIP in the material. Hence, the SPT test is a useful technique to
study the TRIP phenomenon.
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