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Effects of Microalloying on Stretch-flangeability of TRIP-aided Martensitic Sheet Steel

Duc VaN Puam, Junya Kosayastr and Koh-ichi SUGIMOTO

Synopsis : The effects of Cr, Mo and Ni additions on the microstructure and stretch-flangeability of 0.2%C-1.5%Si-1.5%Mn-0.05%Nb, in mass%, TRIP-
aided martensitic sheet steel produced by isothermal transformation process at a temperature below martensite-finish temperatures were in-

vestigated to develop the 3rd-generation sheet steel for automobile requiring high hardenability. When 0.5% or 1.0% Cr was added to the base

steel, the combination of tensile strength of 1.5 GPa and hole-expanding ratio of 40% was attained. On the other hand, the Cr-Mo or Cr-Mo-

Ni addition hardly influenced the stretch-flangeability and stretch-formability, although it increased the yield and tensile strengths, comparing

to the base steel. The good balance of Cr-bearing steel was mainly caused by suitable combination of (1) volume fraction and (2) interparticle

path of finely dispersed martensite-austenite complex phase (M-A phase), which suppressed a void initiation at the matrix/M-A phase inter-

face on hole-punching and void coalescence or crack extension on hole-expanding.
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Fig. 1. CCT diagrams of steels A through E, in which A, F, P, B
and M represent austenite, ferrite, pearlite, bainite and

martensite, respectively.

Table 1. Chemical composition (mass%), measured martensite-start and -finish temperatures (Mg, M}, °C) and hardenability factor (I1f))

of steels used.

Steel C Si Mn P S Al Nb Cr Mo Ni 0 N M, M, 11/,
A 020 150 150 0.0015 0002 0042 0.048 - - —~ 00010 00012 | 409 289 | 146
B 021 149 150 00019 0004 0040 0.050  0.50 - - 00012 00012 | 408 292 | 30.6
C 020 149 150 0.0019 0004 0040 0050  1.00 - —~ 00014 00012 | 406 261 | 47.0
D 018 148 149 00029 0004 0043 0050 102 020 ~ 00015 00010 | 368 250 | 7658
E 021 149 149 00019 0003 0034 0049 100 020 152 00009 00014 | 357 245 | 1358
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OMABELDFEL 2, £72, yrDREBEE (C,,
mass%) (& Cu-K a $12 & - THlE Xz (200) v, (220) v,
(311) v BT & — & fi 5 52 & 3K & 7248 7 Bl a, (X 107°m)
ERADISRALTRD 7,
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5%4% (Shimadzu Co., AG-10TD) Zffifl L, ZAMr DI iE
T ONHIlE %251 (Shimadzu Co., SG50-50) Z i L 72, [AlEFIZ,
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Fig. 2. Heat treatment diagram of IT process, in which “OQ”
represents quenching in oil.
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# (1) THMIEL 7=,
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ZZT, dy, 3T NZTNHIIIIE ($ 4.76mm), =ZHAE
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B SV FAHOTI 57219, iR i LR 2 R T 5
BRADIR D U & (e RER D MY LA &) Hye Tkl L 72,

Bk, BOERBRIC W\ CGREENTEUE 2 h 2 h o diil s ¢ 2
ml& U, FIATHEL KOCRKED LGS OFREX1~3%
B XU0.05~020mm TdH - 7=,

3. KRER

3-1 HEBEy 45

Fig. 3 (21T O A~E SO ARG L, Bt %A
$55 AT VI A4 bHERO LK SEMI% &R, Figd
ISR AR A 7R 9 & 5 1S lE U 72 EBSD MRS R oo X 2%
&R d, Figd X, WIFHhOHTE, bee MK IZIQIE A

steel E

Fig. 3. SEM images of steels A through E, in which a,, and 0 represent wide lath-martensite and carbide, respectively.
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Fig. 4. Phase maps, image quality (IQ) distribution maps of bcc and orientation maps of bee in steels A and D, in which o, vz, M-A
represent wide lath-martensite, retained austenite and M-A phase, respectively.
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Fig. 5.
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TEM images of bright field and replica of steels A and D, in which o, M-A and 0 represent wide lath-martensite, M-A phase
and carbide, respectively.
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Fig.5 (2 KA 8 (A§) & Cr-Mo % AWM L 72D
TEM B E % /89, Fig.3 & Fig4 TIXFE2HOMF L v DI



5 - 7 1.5
R 4'_(3) fro0 E ~
S 3Lm‘.1 p
EEN I ] £
g3 F Toa Jos =

1 - ""‘Cl.__.__(z‘m ] “

0-| L L L I 1 L L L l L ]_]rl-o

20 4

—-(b] _
9 15 fu-a -3 _
= L . =
BT ° -2 ¢
(I‘_ . - v
S stkY%oi o _fo--04) <

0—| PR T T [ TR TR TR T N N NN |-0

30

20 |- (c)
2 ]0__.‘_._.',__.'/“.

S:I 1 L L I L L L 1 I 1 1 | —

0 50 ) 100 150

[;

Fig. 6. Variations in (a) initial volume fraction (f,,) and carbon
concentration (C,,) of retained austenite, (b) volume
fractions of M-A phase (f;,.,) and carbide (f;) and (c)
strain-induced transformation factor (k) as a function of
hardenability factor (ITf)) in steels A through E.
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Fig. 10. Variations in ratio of shear section length to sheet thick-

ness (ss/f) and punching shear stress (,,,,) as a function
of hardenability factor (I1f)) in steels A through E.
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Fig. 12. Typical (a) dilatometer (Al) - temperature (7) curves
and (b) martensite transformation fraction (fo,,+fa,*) -
temperature (7) curves of steels A and D, in which fa,,
fo ¥ and fy, represent volume fractions of wide lath-
martensite, narrow lath-martensite and initial retained
austenite, respectively.
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Fig. 13. Illustration of (a) heat treatment diagram, (b) martensite-start temperature (M) dependences of initial volume fraction (fy,) and
carbon concentration (Cy,) of retained austenite and volume fractions of M-A phase (f,,.,) and narrow lath-martensite (fa,.*), (c)
variations in volume fractions of wide lath-martensite (fo,,), f0,*, fu.. and fy, with temperature and (d) microstructural change
at stages 1 through 6 during heat treatment in steel D, in which a,, o *, v, vz, 6, M-A and C represent wide lath-martensite,
narrow lath-martensite, austenite, retained austenite, carbide, M-A phase and solute carbon, respectively. Cy, Ca,, and Co,* are
carbon concentrations of austenite, wide lath-martensite and narrow lath-martensite, respectively.
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Fig. 15. Illustrations of variations in (a) volume fraction (fy, )
and interparticle path (d,,_,) of M-A phase, retained
austenite characteristics (fy,, Cy, (k)) and carbide frac-
tion (fy) and (b) stretch-flangeability (A) as a function
of hardenability factor (ITf,). In (b), line (i) decreases
stretch-flangeability due to increasing of f, ,. Line (ii)
increases stretch-flangeability due to decreasing of dy; .
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