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Abstract: For equipment operated in extreme weather regions such as Eastern Europe, Northern Russia, and Canada, etc.
(with average temperature is colder than —20°C during winter), measures against freezing are necessary for the materials that
compose plant modules and metal materials for the components of automobiles. However, only a portion of research on the
effects at high temperatures have been performed in the cases of high-speed tension tests for cryogenic materials until now with
the effects at low temperature being confirmed only to the extent of the presence of differences at high and low speeds. In this
study, characteristics of two universal materials for stainless steel, namely TP304 and TP316, at low temperature were examined
by executing comparative tests on their mechanical characteristics at both ordinary temperature and low temperature. As a result,
TP304 displayed a secondary stiffening phenomenon in the low temperature range. Meanwhile, TP316 displayed a reduction in
the elongation ratio in the low temperature and it was confirmed that the maximum tensile strength increased more so than at
ordinary temperature. Regarding temperature dependency, the maximum tensile strength and elongation ratio were higher for

TP304, while the yield strength was higher for TP316.
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1. Introduction

It is required to use materials with excellent environmental
resistance at low temperature. [1] The adoption of materials
for machinery and parts requires the use of superior materials
with high strength and cold shock characteristics especially
in extreme regions, usually, the temperature reaches at -20°C
in wither, such as Eastern Europe, northern Russia, and
Canada. [2-3]

In the case of stainless steels used in low-pressure pressure
vessels with corrosion resistance, studies have been
conducted to evaluate the mechanical behavior in
high-temperature environments and the mechanical behavior
of some super-duplex steels in low-temperature regions.
However, austenitic stainless steel's mechanical behavior at
low temperatures has not been studied. [4-5]

Moreover, the material properties of the cryogenic LNG
storage vessel at a low-temperature environment have been

conducted [6]. However, the high-speed tensile test in terms
of strain rate with the respect of low temperature and
high-temperature region, have been conducted. Also, a few
studies had been carried at room temperature in the case of
high-speed tensile tests on cryogenic materials. However, the
effects at low temperatures have been confirmed only at high
and low strain rate speeds. [7]

Therefore, the mechanical properties of TP304 and TP316,
commonly used in austenitic stainless steels, at low
temperatures have been studied in this paper.

2. Tensile Experiment

2.1. Tensile Test Specimen

Tensile test specimens used in this study were manufactured
in accordance with the specifications of the No. 12B test
specimen under the KS B 0801 Standard. Configuration and
dimensions of the test specimens are illustrated in Figure 1
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Figure 1. Tensile test specimen shape and dimensions.

2.2 Test Setup

In this study, specially-manufactured tensile test devices at
low temperature illustrated in Figures 2 & 3 were used to
execute tensile tests on experimental materials at low
temperatures. A universal material test device (300 kN,
DTU-900 MHA, 380V 3ph 50/60Hz) was used, and a low
temperature chamber (-40 to 100°C, SP790) was
manufactured to create a low temperature environment. An
automatic temperature control system for the controlling of
the temperature at consistent levels through temperature
sensor and flow control installed inside the low temperature
chamber. Moreover, a cryogenic elongation measurement
device (3542-050M-100-ST, Epsilon Tech, -40to 100°C) was
used to measure the accurate quantity of changes.
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Figure 2. Tensile test under low temperature environment.

Controller

Figure 3. Low Temperature chamber and universal material testing.
2.3. Test Conditions

A longitudinal elongation ratio measurement device with
gauge mark distance of 50mm was used to measure the
elongation ratio of the test specimens in the lengthwise
direction as illustrated in Figure 2.

Two experimental temperatures including the ordinary
temperature were set to represent extreme weather condition
which the materials are used. Elongation speed in the
experiment was set based on the KS B 0802. The experiment
was conducted at two speeds at each temperature.

The experiment on the test specimen was conducted 10
minutes after the specimen arrived at the target temperature in
order to consider the thermal equilibrium in accordance with
the standards of ISO 6892-3.

Table 1. Condition of the tensile test.

Materials Temperature (°C) Strain rate (mm/min)
20 ;0
TP304
40 10
2
20 =
TP316 10
-40 2

3. Experimental Results

3.1. Results of Tensile Test at Ordinary and Low
Temperatures

In this study, a material elongation experiment was
executed for the TP304 and TP316 at both ordinary
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temperature and low temperature. Results of the experiment
measured for each temperature are illustrated in Table 2.
From the results of the material elongation experiment
executed, it can be seen that the elongation ratio of TP304 at
ordinary temperature is a maximum of more than 64% greater
than that at low temperature. It can also be confirmed that
TP316 has higher elongation ratio at ordinary temperature.

Table 2. Tensile test result of TP304 and TP316.

. Speed or or €

Material Temperature i) (MPa) (MPa) %)
o 10 787.14 343.19 56.07
TP304 AVC RS 2 780.14 303.60 80.19
40°C (233K) 10 988.17 338.17 49.22
) 2 1077.14 331.62 48.88
5 10 587.66 27491 75.13
TP316 20°C (293K) 608.81 276.55 76.24
40°C (233K) 10 730.47 341.65 69.67
) 2 779.96 340.88 69.68

3.2. Results of Elongation Speed Comparison Experiment

In this study, an experiment on alteration of the elongation
speed between high speed (10 mm/min) and low speed (2
mm/min) at the time of the elongation experiment on TP304
and TP316 at low temperature was executed. The results of the
experiment are illustrated in Table 2 and Figures 4 ~ 8.

Base on the results of the elongation experiment executed,
there was tendency of increased yield strength and decreased
maximum tensile strength with faster elongation speed. When
the characteristics according to the material are examined,
TP304 displayed almost no difference in elongation ratio with
higher yield strength by about 2% and lower maximum tensile
strength by about 8% at high elongation speed.

In the case of TP316, there is almost no difference in the
elongation ratio and yield strength, and the maximum tensile
strength was found to be about 7% lower at high speed
elongation. It was possible to confirm that elongation speed
imparts greater influence on the maximum tensile strength in
comparison to that on elongation ratio and yield strength on
the basis of the aforementioned experimental results.
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Figure 4. Comparison of TP 304 and TP 316 in Temp. —40°C.
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Figure 5. Comparison of TP 304 and TP 316 in Temp. 20°C.
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Figure 6. Comparison of -40°C and 20°C in TP 304.
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Figure 7. Comparison of -40°C and 20°C in TP 316.
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Figure 8. Comparison of Tension Speed in —40°C, TP 304.
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4. Conclusion

In this study, a material elongation experiment for TP304
and TP316, which is used widely as plant and automobile
materials at ordinary temperature and low temperature, and in
accordance with different elongation speeds, was executed.

1) As the results of an elongation experiment on these 2
materials at ordinary and low temperatures, a secondary
stiffening phenomenon in the low temperature domain
occurred for TP304. It can be seen that although the
elongation ratio decreases in comparison to that at ordinary
temperature, the maximum tensile strength increases.
Although the secondary stiffening phenomenon at low
temperature domain does not occur for TP316, it was
confirmed that the elongation ratio is lower and the maximum
tensile strength increases at the low temperature in
comparison to those at ordinary temperature.

2) It was confirmed that TP304 has greater tendency for
temperature dependency than TP316.

3) As comparing the tensile speed of TP 316 and TB 304,
the different tensile speed was observed. TP316 shows the
increase of tensile strength and yield strength at room
temperatures when tensile speed was fast. However,
maximum tensile strength decreased and yield stress and
elongation increased at low temperatures.

In this study, the behavior characteristics of the austenitic
stainless steels owing to the temperature change in the
low-temperature environment were analyzed and compared.
The result of this study will be helpful to select materials for
plant fabrication.
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