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Transformation-Induced Plasticity of Ultrahigh-Strength Steel Sheet
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Synopsis:

The effects of testing temperature and strain rate on the total elongation and transformation-induced plasticity (TRIP) behavior

of high-silicon, high-carbon ultrahigh-strength steel sheet having a mixed structure of retained austenite and bainite were

investigated. Tensile tests were carried out at various temperatures between —150C and 300°C with strain rates of 8.3%10 /s and

2.7%107%/s.

At test temperatures between 20°C and 150°C, the total elongation was almost constant at about 8%. At test temperatures near

—100°C and near 200°C, the peak total elongation of 15% appeared. It was deduced that the peak total elongation near —100°C

resulted from the TRIP phenomenon with strain-induced martensitic transformation, since the test temperature was between the

starting temperature for thermal martensitic transformation(Ms), below — 196 'C, and the upper limit temperature for

strain-induced martensitic transformation, (Md) between 20°C and 100°C.

The peak total elongation at 200°C appeared to be the TRIP phenomenon with strain-induced bainitic transformation, because

this temperature was higher than Md. The peak total elongation at —100°C did not show strain rate dependency, but the peak

total elongation at 200°C was significantly lowered by changing the strain rate from 2.7X107%/s to 8.3X10/s.
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Table 1 Chemical composition of the steel used. (mass %)
C Si Mn P S Cr | Mo | Cu Al
0.71 1.83 | 052 | 0.006 | 0.005 | 050 | 0.19 | 0.13 | 0.011
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Fig. 1 Specimen for tensile test.
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Fig.2 SEM micrographs of the steel after isothermally
transformed at 320°C for various periods.
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Fig.3 TEM micrograph of the steel after isothermally
transformed at 320°C for 60min.
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Fig.4 Variation of volume fraction of retained austenite
and C content in retained austenite.
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Fig.5 Volume fraction of retained austenite of the steel sub-
zero treated and tempered at various temperatures
for 60min after austemper treatment.
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Fig.6 [Effect of test temperature on tensile properties of
AT treated steel at test speed of 3mm, min.
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Fig.7 Comparison of temperature dependency on tensile
properties between AT treated steel and QT treated
steel at test speed of 3mm, min.
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Fig.8  Effect of test temperature on transformation rate of retained
austenite to martensite after tensile fracture.
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Fig.9 Effect of test speed and test temperature on the
tensile properties of AT treated steel.
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martensite after tensile fracture.
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