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Deformation Behavior and Mechanical Properties of Ferrite Plus
Bainite Plus Martensite (Triphase) Steel

Synopsis:

Masatoshi SUDO and Takafusa Iwal

The effect of microstructure on the mechanical properties of multi-phase steels has been studied.
The amount and nature of low temperature transformation products of the steels are changed through
heat treatment and controlled cooling after hot rolling. Ferrite plus bainite steel has a superior
stretch-flangeability and fatigue strength, and has an inferior strength-uniform elongation relationship
when compared to ferrite plus martensite (“dual phase”) steel.

Introducing a small amount of martensite to ferrite plus bainite steel gives rise to a decrease in yield
ratio and increase in work hardening rate. The microscopic examination shows that pearlite and
marteﬁ‘é"ite particles nucleate cracks easily and that the replacement of pearlite and martensite particles
by more ductile bainite particles results in improved ductility and fatigue strength. The stretch-
flangeability of the triphase steel is also improved by decreasing martensite particle size. It is concluded
that ferrite-bainite-martensite (triphase) steel may be preferred to ferrite-martensite steel in automobile

applications.
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Table 1. Chemical composition of steels (wt%).

No. o} Si Mn P S Cr Al

2 0.04 0.48 1.54 0.003 0.005 0.51 0.035
3 0.05 0.52 1.51 0.003 0.008 0.96 0.020
4 0.06 0.50 1.55 0.012 0.007 1.43 0.029
7 0.06 0.98 1.52 0.003 0.008 1.03 0.015
8 0.06 0.96 1.54 0.005 0.007 1.44 0.026

N 56 £ 4 BALSHBHEALICTRE B 56 £ 10 B 23 B2 (Received Oct. 23, 1981)
* (M) M EREFR P RfZEFT (Central Research Laboratory, Kobe Steel, Ltd., 1-3-18 Wakinohama~-cho

Chuo-ku Kobe 651)
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Fig. 1. Laboratory simulation of heot rolling and
controlled cooling process.
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Fig. 2. Fatigue specimen used in this study (di-
mension in mm).
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a) shows a bright-field micrograpb of bainite containing carbide and twinned martensite. (cooling rate : about 30°C/s),
b) shows a bright-field micrograph of martensites dispersed in bainite.. (cooling rate : about 45°C/s), c) isa dark-ficld
micrograph of carbides in bainite and of tranformed twins in martensite in Photo. 2 a) using precipitates and twins
spots. d) is a dark-field micrograph of martensite in Photo. 2 b).

Photo. 2. Transmission micrographs of steel No. 2 which were hot rolled and cooled at various cooling rate.
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PF : Polygonal Ferrite, BF : Bainitic Ferrite, B : Bainite,
M : Martensite

Fig. 3. Schematic illustration of typical micro-
structures of F+M and F+B+M steels.
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Fig. 4. Effects of mirrostructures on the mechanical
properties of steel No. 2, 3, 4, 7 and 8 as hot-rolled
and controlled cooled state.
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Table 2. Hot rolling conditions and microstructural analysis of steel No. 3.

Volume fraction (95) Vickers hardness (2g)

No. Hot rolling condition
F B M F B M
3A T2 : 850 60°G/ s —T4:250°CX1h F.C 16 83 1 - — -
3°C/s 60°G/ s
3B T2 : 850—— ——T3 : 820°C ——— p 34 63 3 219 366 -
1o
3G T2 : 840 30°C/ s o ” 59 38 3 184 339 470
(238)*
PG/ 30°C/ s
3D T2 :850———T3 : 820°C —— ” 78 18 4 — — —
3E T2 : 860 10°C/ s - w 83 14 3 — — -
-]
3F T2 : 850 3°C/s - ” 85 1 5 161 358 470
(225)*
3°C/s 60°C7/s
3G T2 : 850 —T3:700°C —_— ” 85 6 9 —_ — —_
3°C/s 60°C/s
3H T :850 —— T : 600°C ——— w 88 1 1 150 — 490

* Hardness of bainitic ferrite
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Fig. 5. Effect of volume fraction of bainite on
the mechanical properties of steel No. 3.
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Fig. 9. Work hardening rate (do/de) and n value
as a function of true strain for steel No, 3.

FRDI, KWL o=K-e® O nk LU Kp e 0T
b5HELTrERFE L.

Fig. 8 K &RBH OGII-EARMiR % RT. HEPE
HCHHEEYERCUGRL.. MERRL—KLTW3
e, BmhiEA 3o CERE S
fehéd bt F+M©®No. 3 H) ¢ F+B+M M & 4
(No. 3F) 3@ U IH-BH Mg ¥ &5 X510k
5. Fig. 9 WHBELR L ITHELERS X0 2 8 & 0 PR
Zad. MIEEREELRBRCCAML, oEE
BX wrericics. B &0 @ onT mTE bR
BEL Y, TOBEAREERICTLY EEE &
. L L7edis FH1UI%B+M 13 F+M Eig8 sz

— 64 —



T 254 -4 F4 b-=AF ¥4 gk (Triphase) MOLETHH 5 X OCBRAOEY 1191

Table 3. Heat treatment and microstructural analysis of steel No. 3.

Ferrite Bainite Martensite FGS* MP S**
No. Heat treatment (%) (%) (%) () )
A.C
31 900°C % 10min————400°C10min A.C 79 14 7 12.4 2.8
3] 900°C X 10min————700°CX10min A.C 87 e 13 15.6 5.8

* Territe grain size *#*  Martensite particle size

Table 4. Mechanical properties of steel 31 and
3J (Specimen JIS 14A).

. YS TS El YPE TS RA
No-  (ygf/mm?) (kgffmm?) (%) (%) YR XEL * (%)
31 24.3 54.7 34.1 0 0.445 1864 0.222 68.9
3] 24.4 55.2 33.1 0 0.442 1826 0.239 61.0
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Fig. 10. True strain, g¢x, as a function of the
distance from fracture surface for steel No. 3.
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Photo. 3. Scanning electron micrographs of steel No. 3 showing the void formation.
of voids is much higher in ferrite-martensite steel than ferrite-bainite-martensite steel.

The density
Voids are

formed mainly due to the splitting of the ferrite-martensite (and bainite) boundaries and partially

due to the cracking of martensite particles.
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a) ferriie-martensite steel shows a mixed type of surface which
is composed of dimpled and of cleavage fractured surface. b)
ferrite-bainite-martensite steel shows a heavily dimpled surface.

Photo. 4. Scanning electron microgrphs of steel
No. 3.
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