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_ Effects of Blank Holding Force on Deep Drawability of TRIP-aided Dual-phase Sheet Steels

Akihiko NAGASAKA and Kazuhide WADA

Effects of retained austenite on the deep drawing in high-strength TRIP-aided dual-phase (TDP) sheet steels
with different carbon content were investigated. The deep drawability based on the limiting drawing ratio (LDR)
was affected by volume fraction of the retained austenite and its stability. Namely, the higher the volume
fraction of the retained austenite and its stability, the larger the strength —deep drawability balance, i.e., the
product of tensile strength and LDR. Furthermore, the higher the blank holding force (BHF), the larger the
strength — deepdrawability balance of high carbon TDP steel. The 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 relaxation” resulting from the strain-induced martensite transformation, as well as a low punch force

of the shrinking flange.
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Steel C Si Mn P _ S Al .
TDP1| 0.10 1.49 1.50 0.015 0.0012 0.038
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(a) TDP1, (b) TDP2, (c)TDP3, (d)TDP4
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Steel [ M0 Cro YS TS UEI TEl |TSXTEl | RA HV n r
_ ~ |(mass%) | (MPa) |(MPa) | (%) (%) (GPa%) (%)

TDPI [0.199 [0.049 | 1.25 429 651 27.8 | 37.2 24.2 49.2 | 208 | 0.25 | 0.89
TDP2 [0.353 [0.090 | 1.38 526 825 | 31.7 | 36.0 29:7 440 | 252 | 0.22 | 0.72
TDP3 |0.441 [0.132 | 1.38 562 895 | 286 | 32.2 288 418 | 275 | 0.22 | 0.97
TDP4 |0.551 [0.170 | 1.44 | 728 | 1103 | 29.2 [ 328 | 362 |41.8 | 299 | 021 | 0.90
MDP |0.271 - - 593 783 83 13.1 10.3 44.5 | 270 0.08 | 0.80
BDP |0.285 - 550 693 109 | 17.7 123 59.0 | 222 | 0.11 | 091

Jf: volume fraction of second phase, f, o: volume fraction of retained austenite, C, o: carbon concentration in

retained austenite, Y'S: 0.2% proof stress or yield stress, 7 tensile strength, UEL: uniform elongation, TE:
total elongation, 7'S X TEl: strength — ductility balance, RA: reduction of area, HVy: initial Vickers hardness,

n: work hardening exponent (£ =5 15%) and r: r-value (& = 10%).
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