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Effects of Structure and Stability of Retained Austenite on Deep Drawability
of TRIP-aided Dual-phase Sheet Steels

Akihiko NAGASAKA, Koh-ichi SUGIMOTO, Mitsuyuki KOBAYASHI, Yoshikazu KOBAYASHI and Shun-ichi HASHIMOTO

Synopsis

Key words :

: Effects of retained austenite parameters (volume fraction and stability) and second phase morphology (“a network structure” and “an isolated

fine and acicular one”) on the deep drawability in high-strength TRIP-aided dual-phase (TDP) sheet steels with different silicon and man-
ganese contents were investigated. The deep drawability was evaluated with a limiting drawing ratio (LDR=D,/d,), where the D, and the d,
are a maximum blank diameter drawn out and a punch diameter, respectively. The deep drawability was affected by the volume fraction of the
retained austenite rather than by its stability (carbon concentration) and morphology. Namely, the higher the volume fraction of the retained
austenite, the larger the strength—deep drawability balance, i.e., the product of tensile strength and LDR. Such excellent deep drawability was
caused by large local necking resistance at the cup wall just above the punch bottom due to “the transformation hardening” and “the stress re-
laxation” resulting from the strain-induced martensite transformation, as well as a low drawing resistance of the shrinking flange. Further-
more, the earing behavior of drawn cup was preferably decreased by an acicular type of retained austenite that was mainly isolated in the fer-
rite matrix, away from bainite phase.

deep drawability; retained austenite; second phase morphology; transformation-induced plasticity; strain-induced transformation; dual-phase

steel; high-strength steel.
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Table 1. Chemical composition of steels used (mass%o).

Steel| C Si Mn P S Al
A 0.21 1.51 1.00  0.015 0.0013 0.041
B | 020 150 150 0.015 0.0012 0.041
C 0.20 1.49 1.99 0.015 0.0015 0.039
E 0.20 1.00 1.50 0.014 0.0013 0.038
F 0.18 2.00 1.50 0.015 0.0013 0.037
G 0.19 248 1.49 0.014 0.0013 0.036
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Fig. 1. Heat treatment diagram of TDP steels with network
second phase (TYPE I) or isolated fine and acicular
one (TYPE II), in which “O.Q.” represents quench-
ing in oil and 7, and T, , are austenitizing and in-
tercritical annea}l'ing temperatures, respectively.
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Fig. 2. Optical and scanning electron micrographs of steel B with (a and b) TYPE I or (¢ and d) TYPE II morphology, in which

white phases in (a) and (c) represent retained austenite and

austenite, respectively.
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Table 2. Retained austenite characteristics and tensile properties.

Steel {Morph. | f,0 | Cyo YS TS UHI TEl YR £ n T HVq
(mass%)| (MPa) | (MPa) | (%) (%)

A 0.058 | 1.51 470 742 272 | 323 | 063 | 084 | 025 | 094 | 222
B 0.079 138 527 831 314 358 0.63 0.67 0.26 0.89 240
C ITYPEI| 0.137 126 516 984 204 22.9 0.52 0.56 023 0.84 295
E 0.076 141 494 767 24.6 29.0 0.64 0.74 0.23 0.92 248
F 0.085 | 131 517 911 278 | 319 | 057 | 059 | 030 | 087 | 273
G 0.103 1.29 468 966 24.5 28.8 0.48 0.43 0.28 0.89 282
A 0.053 1.50 490 761 18.9 234 0.64 0385 0.20 0.78 247
B 0.105 1.46 629 890 279 324 0.71 081 0.19 0.87 265
C ([TYPEI| 0.113 1.36 623 912 262 318 0.68 0.74 0.21 0.84 293
E 0.083 1.43 571 772 172 221 0.74 0.74 0.17 0.82 261
F 0.124 1.34 565 824 32.1 36.7 0.60 0.65 0.18 0.87 273
G 0.112 1.33 610 855 21.5 256 0.71 0.60 0.25 0.86 292

fyo3 initial volume fraction of retained austenite, C701 initial carbon concentration in re-
tained austenite, ¥S: 0.2% offset proof stress or yield stress, 7S: tensile strength, UEL
uniform elongation, TE!: total elongation, YR: yield ratio (=YS/TS), ¢, fracture ductili-
ty, n: work hardening exponent, »: mean r-value and HVj: initial Vickers hardness

(load=9.81 N).
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Fig. 3. Appearance of some deep drawn cups.
(a) TYPE I, DR=2.08, (b) TYPE II, DR=2.08
(steel F).
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Fig. 4. Comparison of limiting drawing ratio (LDR) of
TDP, o +a, dual-phase (BDP) and o+«, dual-
phase (1</IDP) steels as a function of tensile strength

(75).
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Fig. 5. Variations in (a) thickness ratio (#/t,) and (b) Vickers
hardness ratio (HV/HV,) at the cross section of
drawn cups of steel G (DR=1.89).
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Fig. 6. Variations in (a) maximun punch force (P, ) and
(b) volume fraction of martensite (f,,) in flat-bot-
tom of drawn cups with initial volume fraction of
retained austenite (f,,) of TDP steels (DR=1.89).
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Fig. 7. Variation in strength—deep drawability balance
(ISXLDR) as a function of f, and C,, in TDP
steels.
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Fig. 8. Relation between strength—deep drawability bal-
ance (TSXLDR) and equivalent critical fracture
force (P, /P.)-
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Fig. 9. Variations in strength—ductility balance (TSXTEI),
strength—stretch-formability balance (TSXH, )
and strength—stretch-flangeability balance (7§ X%)
as a function of f,; and C,, in TDP steels.
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