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Superplasticity of Low Carbon HSLA Steel during Bainite Transformation
Hirooki Naxayma, Shigeo Yamamoro, Hirofumi Mivan and Ei-ichi FuruBayaski

Synopsis : Transformation plasticity related to the bainitic transformation during continuous cooling with applied stress up to
190MPa in a low carbon HSLA steel was studied. The effect of superplastic deformation on microstructure and tensile
properties was also examined. The obtained results are as follows :

(1) Bs and bainite trasformation range were shifted to a higher temperature with increasing of applied stress above

about 60MPa.

(2) Bainitic structure consisted of lath-like bainitic ferrite and granular bainitic ferrite. An increase of applied stress
decreased the former and the structure at 190MPa of applied stress was almost granular.

(3) For stresses above about 50MPa superplastic strain was greater than linear function of applied stress.

(4) Superplastic deforming in the bainite transformation did not change the tensile properties in tests at room

temperature and —196C.

Key words : high strength low alloy steel ; thermo-mechanical treatment ; bainite transformation ; superplasticity ; microstructure ;

tensile properties.
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Table 1. Chemical compositions of steel (mass%).

C Si Mn Cr Mo Nb Ti B N
0.11 0.20 2.05 1.02 0.31 0.0027 0.020 0.0017 0.0019
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Fig. 1. Typical elongation-temperature curves in
air cooling from 900°C. Applied stresses are

shown on the curves.
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Fig. 2. Effect of applied stress on the plastic strain

in austenite phase at about 570°C.
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Fig. 3. Effect of applied stress on Bs temperature.
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Fig. 4. Effect of applied stress on the bainite trans-
formation.
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Fig. 6. Effect of applied stress on the strain with
superplasticity during bainitic trasforma-
tion.
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Fig. 5. Optical and SEM micrographs of bainitic
structure. Applied stresses are zero (a, b)
and 190MPal(c, d).
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Fig. 7. Creep rate of bainite during continuous heat-
ing and cooling at the applied stress of

190MPa.
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Fig. 8. Relation between applied stress and strain
rate in bainitic transformation.
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Table 2. Superplastic strain during continuous cool-
ing transformation under tensile stress.

transformation* steel transformation max.of reference
strain applied
(107%/MPa)  stress (MPa)
A—-F+P SCM 415 5.8 20 8
A—F-+P AN 1018 12 17 4
A—F-+P ASI 1045 13 17 4
A—P AIST 1095 8.7 17 4
A—P AIST 52100 8.7 17 4
A—-P 0.9%C steel 4.6 54 12
A—B 0.1%C low 6.2 50 present
alloy steel work
A—-M 0.9%C steel 7.3 140 12
A-M 15%Ni-Fe alloy 6.6 150 15
A—-M 33%Ni-Fe alloy 10 150 15
A—-M 20%Ni-Fe alloy 21 80 16

* A: austenite F: ferrite P: pearlite B: bainite M: martensite

H
Fig. 9. Tensile properties of steel tested after super-
plastic deforming during bainitic transfor-
mation. Temperature cycle was repeated 3
times. 0.2%PS: 0.2% proof stress, TS : tensile strength,

El: elongation, RA : reduction of area.
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