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Effects of Second Phase Morphology on Warm Stretch-flangeability of
TRIP-aided Dual-phase Sheet Steels

Akihiko Nacasaka, Koh-ichi Sucivoro, Mitsuyuki Kosavyasur and Hidenori Smirasawa

Synopsis

: To improve the stretch-flangeability of high-strength TRIP-aided dual-phase (TDP) sheet steels, the effects of second

phase morphology (“a network structure : TYPE I” and “an isolated fine and acicular one : TYPE II”) on the warm
stretch-flangeability were investigated. Excellent stretch-flangeability was achieved in the TDP steels with TYPE II
morphology, in which an acicular type of retained austenite was mainly isolated in the ferrite matrix, away from bainite
phase. In this steel, void formation in a punched surface layer was considerably suppressed, with relatively large work-
hardening. Further, the transformation-induced plasticity (TRIP) due to untransformed retained austenite enhanced
the localized ductility on hole-expanding. Significant stretch-flangeability improvement of the TDP steel with TYPE II
morphology was obtained by warm punching at 150-200°C and the successive warm expanding at 50-200°C. The latter
temperatures increased linearly with increasing M, of the retained austenite.

Key words : stretch-flangeability ; 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 TDP steels used

(mass%).

Steel C Si Mn P S Al
A 021 1.51 1.00 0.015 0.0013 0.041
B 020 150 1.50 0.015 0.0012 0.041
C 020 149 199 0.015 0.0015 0.039
E 020 1.00 150 0.014 0.0013 0.038
F 0.18 200 1.50 0.015 0.0013 0.037
G 0.19 248 149 0.014 0.0013 0.036

FIK9FIH 4R TR9HFI1H18H ZH (Received on Sep. 4, 1997 ; Accepted on Nov. 18, 1997)
* RETESTFEMFM (Nagano National College of Technology, 716 Tokuma Nagano 381)

* 2 f5INKFLFEE (Faculty of Engineering, Shinshu University)

* 3 (W) M P BURPT et N BRER T (R () G 8 v ¥ — 0 3% ) (Kakogawa Works, Kobe Steel, Ltd.
Processing Institute Kinki Japan)

, now The Advanced Materials




BRI A — AT F A MERE (T5) 2 6 L T am HAH
BELIOBLTYPEI LRICE 2L ICTYPEIL # A%
L, 2 ES L CRBEBORL o +NAFA4 () +
ve®D SHEMEME L Lo, 22T, 24HEE L & LIRE Tua
B, pEPIRERKELAEERPRAL 9% LTFTR, Fig.
1OBE P LI2#Y 2L FNTYPEL, TYPEII E/f
Fo 270, B @ b (O TAFBREEL Zanfi b &
PE2MEPPRT LT 5,

SRABB LI M7 7 o URERIZIE, 20 FN]JISI3B
S5 IRRER T, EAARS0Mm D AR R RER T 2 F v, B
WiE R L CRERF I CHR12CHEC 72, 22070, Ik sinT
D2 )T 5 AREDI09%3 & 4T 5 #% V, =10mm/min
EL, NIBUMIO S F FREFEE V= lmm/mint L
A8

N7 5 U PHERIETEL = (d —dy) / dy X 1009 T 7T
L12e 22T, dy diid 2 WENWIHARLE, S REELER[FOR

o |- TYPEI -
g T, 12008 — TYPE I -
E Taurp [ (D) 1200s
:
— 400
(in SALT BATH)
0.Q 0.Q

“Time (s)

Fig. 1. Heat treatment diagram of TDP steels with
network second phase (TYPEI) or isolated
fine and acicular one (TYPEII), in which
“0.Q.” represents quenching in oil and 75
and Tu+, are austenitizing and intercritical
annealing temperatures, respectively.

Fig. 2. Microstructure of B steel with (a and ¢) TYP

o
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and “y:” represent ferrite matrix, bainite and retained austenite, respectively.
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Fig. 3. Variations in initial volume fraction f» and T(C)

initial carbon concentration Cy of retained
austenite with silicon or manganese content

Fig. 4. Forming temperature dependence of tensile
for several steels with (@) TYPEI or (b)

properties of B steel with TYPE I or TYPEII

TYPE II morphology. morphology.
. . o 5
Table 2. Mechanical properties at 20°C for A-G ! ! ! ! ! '
steels with TYPEI or TYPE II morphol-
ogy.
Steel [Morphology |YS (MPa) | TS (MPa) UEl (%) |TEl (%) | HV
A 470 742 272 | 323 (222
B 527 831 31.4 | 35.8 |240
C | TYPEI 516 984 | 204 | 22.9 |295
E 494 767 24.6 | 29.0 (248
F 517 911 278 | 31.9 |273
G 468 966 24.5 | 28.8 {282
A 490 761 18.9 | 23.4 (247
B 629 890 279 | 32.4 |265 T (°C)
C TYPE I 623 912 26.2 | 31.8 |293 .
E 571 772 172 | 22.1 {261 Fig. 5. Variation in logarithmic k—(%g)lu? in I%ensmr{
with testing temperature or stee
F 565 | 824 | 32.1 | 367 1273 with TYPE I or TYPE II morphology.
G 610 855 21.5 | 25.6 |292

¥Y5:0.29% proof stress or yield stress, 7S :
tensile strength, UE! : uniform elongation,
TE! : total elongation, HV : initial Vickers
hardness.
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Fig. 11. Microstructure in punched hole-surface layer of B steel with (a) TYPEI or (b) TYPE Il morphology
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