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Table 1. Chemical composition of steels used (mass%).

Steel " C Si Mn P S Al
TDP-L 0.10 1.49 1.50 0.015 0.0012 0.038
TDP-A 0.21 151 1.00 0.015 0.0013 0.041
TDP-B 0.20 151 151 0.015 0.0011 0.040
TDP-C 0.20 1.49 1.99 0.015 0.0015 0.039
TDP-E 0.20 1.00 1.50 0.014 0.0013 0.038
TDP-F 0.18 2.00 1.50 0.015 0.0013 0.037
TDP-N 0.29 1.46 1.50 0.014 0.0012 0.043
TDP-P 0.40 1.49 1.50 0.015 0.0012 0.045
MDPO 0.15 0.25 1.70 0.010 0.0030 0.030
MDP4 0.15 0.25 1.70 0.010 0.0030 0.030
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Fig. 1. Heat treatment diagram of TDP steel, in which Fig. 2. Experimental apparatus for V-bending.

“0.Q.” and “Ry” represent quenching in oil and

room temperature, respectively.
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Fig. 3. Scanning electron m
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icrograph of TDP-B steel, in which “as”, “o” and “pg
represent ferrite matrix, bainite island and retained austenite particle, respectively.
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Table 2. Retained austenite characteristics and mechanical properties.

Steel fo Cyo fo XCypo YS TS UEI TEI YR TSXTEI n
(mass%) | (mass%) (MPa) (MPa) (%) (%) (GPa%)
TDP-L | 0.049 131 0.06 429 651 27.8 37.2 0.66 24.2 0.25
TDP-A | 0.058 151 0.09 470 742 27.2 32.3 0.63 24.0 0.25
TDP-B | 0.079 1.38 0.11 527 831 314 35.8 0.63 29.7 0.22
TDP-C | 0.137 1.26 0.17 516 984 20.4 22.9 0.52 22.5 0.23
TDP-E | 0.076 141 0.11 494 767 24.6 29.0 0.64 22.2 0.23
TDP-F | 0.085 131 0.11 517 911 27.8 31.9 0.57 29.1 0.30
TDP-N | 0.132 141 0.19 562 895 28.6 32.2 0.63 28.8 0.22
TDP-P | 0.170 1.45 0.25 728 1103 29.2 32.8 0.66 36.2 0.21
MDPO - - - 434 923 9.3 11.3 0.47 104 0.14
MDP4 - - - 528 735 10.3 13.1 0.72 9.6 0.11

f,0: volume fraction of retained austenite, C,o: carbon concentration in retained austenite, f,o X C,o: total
carbon concentration of retained austenite, YS: yield stress or 0.2% offset proof stress, TS: tensile strength,
UEI: uniform elongation, TEI: total elongation, YR: yield ratio (=YS/TS), TS X TEI: strength-ductility balance
and n: work-hardening exponent.
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Fig. 4. Bending load (P) — punch stroke (S) curve (TDP-B
steel, Smax=11.0 mm, ,=90° ).
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Fig. 6. Bending load (P) — punch stroke (S) curve (TDP-P
steel, Smax=11.5 mm, 6,=90°).
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Fig. 8. Relation between carbon content (C) and bending
load (P) (TDP-L, TDP-B, TDP-N and TDP-P steels,
Smax=11.0 mm).
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Fig. 5. Bending load (P) — punch stroke (S) curves
(TDP-P, MDPO and MDP4 steels, Smax=11.0 mm).
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Fig. 7. Relation between carbon content (C) and bending
angle after unloading (;) (TDP-L, TDP-B, TDP-N and

TDP-P steels, Spax=11.0 mm).
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Fig. 9. Relation between volume fraction of
retained austenite (/o) and bending load (P)
(TDP-L, TDP-B, TDP-N, TDP-P and MDP4

steels, Smax=11.0 mm).
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Fig. 11. Variation in Vickers hardness (HV) at cross-section

Fig. 10. Specimen of cross-section after bending after bending (TDP-B, TDP-P and MDP4 steels, Smax=11.0
(TDP-B steel, Smax=11.0 mm). mm).
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