=

%4

$% & $8 Tetsuto-Hagané Vol. 91 (2005) No. 2

BERERESETRIPENAMZF v Y
7 51 FMEROEBRTE

AR f—* K

2R* - kO

EAL - RIR

HHZ* - R

A3

Warm Formability of Ultra High-Strength Low Alloy TRIP-aided Sheet Steels with Bainitic Ferrite Matrix

Koh-ichi SUGIMOTO, Sung-Moo SONG, Jyunya SAKAGUCHI, Akihiko NAGASAKA and Takahiro KASHIMA

Synopsis : Forming temperature dependence of formability in 0.20C-1.51Si-1.51Mn ultra high-strength TRIP-aided sheet steels with bainitic ferrite

matrix (TBF steel) which were austempered at 375 or 450°C was investigated for automotive applications. Warm formings at 20-50°C and

100°C respectively enhanced the stretch-formability and the deep drawability of the TBF steel through the TRIP effect due to the strain-in-

duced martensite transformation of retained austenite. The stretch-flangeability became maximum by warm forming at 20-50°C and

100-200°C in the TBF steels austempered at 375°C and 450°C, respectively. Further good stretch-flangeability was completed by warm

punching at 100-200°C and subsequent cold expanding at 20°C in the TBF steel austempered at 450°C. The mechanisms improving these

formabilities by warm forming were proposed in terms of retained austenite characteristics and microstructural properties.

Key words: ultra high-strength steel; TRIP-aided steel; bainitic ferrite; retained austenite; formability; stretch-formability; deep drawability; stretch-

flangeability; warm forming.
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Table 1. Chemical composition of steels used (mass%).
steel C Si Mn P S Al N
1.5Si [ TBF, TDP [ 0.20 1.51 1.51 0.015 0.0011 0.040 0.0021
0.2Si | B 0.14 0.21 1.74 0.013 0.0030 0.037 0.0028
1200°C
3600s 30mm

100°C/s

T,=375°C or 450°C
t ,=200s

in salt
bath 00

3. 2mm —»1. 2mm

FC or AC

Fig. 1. Schematic diagram of hot and cold rolling process
of TBF steel, in which “FC”, “AC” and “OQ” rep-
resent furnace cooling, air cooling and quenching

in oil, respectively.
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2440mm (WG HEEFE4mm)-FEHL 2, B
FD7 7Y 71%339~45mm & L, BEE 0.5mmBEIRIZ
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v FHE 200mm/min T, RBEIT -7, ABIRE T
20~200°C & L 7=,

WO 7 7 v DHFRER I IXERE 50 mm O FARRERF %
Wy, iﬂ'lﬁ&4.76mm@/\%ﬂﬂth§f 20~250°C, 7 V7
7V Z10%, HE 10mm/min TIT B8, 0T, H
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Table 2. Retained austenite characteristics and tensile properties of steels used.

steel T, | f  fa, fa, fr, Cr, | VS 15 UEl TEIl _RA_
S 0 8.9 1.16 | 971 1154 4.4 7.8 40.3

1.58i 450 [19.3 8.1 0 11.2 0.96 | 617 018 142 18.2 44.5
TOP | 400 |26.1 0 18.2 7.9 1.00 | 523 831 31.4 358 47.0

0.251] B | 450 [ 100 0 100 0 - [505 601 58 9.2 60.7

T, (°C): austempering temperature, f, fa, fa, fry (vol%) : initial volume fraction of second phase,
martensite, bainite and retained austenite, respectively, Cr, (mass%): initial carbon concentration

of retained austenite, YS (MPa): yield stress or 0. 2% of fset proof stress, TS (MPa) :

tensile strength,

UEl (%) : uniform elongation, TEl (%): total elongation, RA (%): reduction of area.
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Fig. 2. Micrographs of TBF steel austempered at (a)-(c) 375°C or (d)—(f) 450°C, in which “yg”, “o4”, “a,,” and “o,” denote re-
tained austenite film, bainitic ferrite matrix, martensite and quasi-ferrite, respectively. In (b) and (e), white and gray re-
gions represent retained austenite and/or martensite and bainitic ferrite matrix, respectively. (a) and (d): nital etching, (b)

and (e): RePera etching.
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Fig. 3. Forming temperature (7) dependence of (a) tensile
strength (TS) and (b) total elongation (TE/) of TBF,
TDP and B steels.
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Fig. 4. Changes in (a) nominal stress—strain (0—¢) curve
and (b) normalized strain-hardening rate—true plas-
tic strain ((do;/de;)/ o~€&;) curves with forming
temperature in TBF steel austempered at 450°C.
O iS true stress.
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Fig. 5. Forming temperature (7)) dependence of (a) maxi-

mum stretch load (Ps,,,,) and (b) maximum stretch
height (H,,,,.) ofTBF and TDP steels.
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Fig. 6. Forming temperature (7) dependence of (a) maxi-
mum deep drawing load (P ) and (b) limiting
draw ratio (LDR) of TBF and TDp steels, in which
numerals in parenthesis represent drawing ratio.
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Fig. 7. Forming temperature (7') dependence of (a) maxi-

mum shear stress (7,,,), (b) hole expanding load
(Pg a0 and (c) hole-expanding ratio (1) of TBF
and TDP steels.
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Fig. 8. Scanning electron micrographs showing voids at matrix/second phase interface in (a) TBF(375°C), (b) TBF (450°C) and

(¢c) TDP steels fractured in equi-biaxial tension at 20°C.
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Fig. 9. Variations in (a) volume fraction of retained

austenite (f,,) with reheating temperature after
heat treatment (heating time: 3600s) and (b) £
value with forming temperature in TBF and TDP
steels.
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Fig. 10. Illustration of forming temperature (7)) depen-

dence of total elongation (TE!l) and k value of
TBEF, TDP and B steels, in which “SIMT” and
“SIBT” mean strain-induced martensite transfor-
mation and strain-induced bainite transformation,
respectively. Mg and Bg are martensite-start and
bainite-start temperatures of retained austenite, re-
spectively. M, and B}, represent upper tempera-
tures at which martensite and bainite grow under
influence of stress, respectively.
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Fig. 11. Effects of warm punching and warm expanding
temperatures (7) on (a) punching shear stress
(Tya)> (b) hole expanding load (Pg,,) and (c)
hole expanding ratio (1) in TBF steel austem-
pered at 450°C.
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