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Effect of Microstructure on Mechanical Property of Ferrite-
Bainite-Martensite Tri-phase Steel

Shunichi HASHIMOTO, Kazuhiro MIMURA, Takuo HOSODA and Masatoshi SUDO

Synopsis:

A study has been made of the effects of chemical composition and coiling temperature on the mechanical
properties of as-hot-rolled Tri-phase steel which possesses combined advantageous properties of both

dual-phase steel and ferrite-bainite steel.

At least 2% of martensite in volume fraction is necessary to obtain low yield ratio of less than 0.7, and
low yield point elongation of less than 1%. On the other hand, the volume fraction of martensite has to be
controlled less than 10% in order to get high stretch flangeability.

Tri-phase steel sheets composed of ferrite, bainite and 2-10% of martensite exhibit low yield ratio, low
yield point elongation and good stretch flangeability, and are able to be produced by lowering the coiling
temperature under than 250°C using C-Si-Mn steels. The steels used in this experiment are mainly Cr free
steels, because the addition of Cr results in the deterioration of paintability and increases the production

cost.
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Table 1. Chemical compositions of steels (wt%).

Steel C Si Mn P S’ Cr Al
A 0. 08 1.3 1.4 0.013 0. 005 —_ 0. 050
B 0,08 0.5 1.4 0.011 0. 003 — 0.058
C 0.07 — 1.3 0.012 0. 003 — 0.049
D, 0.07 L1 0.9 0,012 0. 005 — 0.033
E 0.05 1.3 1.4 0.014 0. 006 — 0. 044
F 0.15 1.3 0.8 0.011 0. 004 — 0.061
G 0.08 1.0 1.2 0.011 0. 002 0.69 0.033
H 0.09 1.0 1.2 0.013 0. 005 0.34 0.042
1 0.08 1.1 1.2 0.013 0. 005 — 0. 042
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1200°C X 1h  Hot rolling

450°C x 1h F.C.
350°C X 1h F.
250°C X1h F

Hot rolling pass schedule (mm) 30—20—13—8—4
Fig. 1. Schematic representation of hot rolling
and controlled cooling process.
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Table 2. Mechanical properties of Tri-phase
steel (Steel G) produced in hot tandem mill.

YsS TS El YPE! YR
(kgf/mm?) (kgf/mm?) (%) (%) YS/TS
39.0 64,9 32.5 0 0. 60

Photo. 1. Microstructure of Tri-phase steel (Steel
G) produced in hot tandem mill.
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% 0.6, Rt (YPEL) X 0% & DP g &0
ERBORT WA, ZOEED I 7 eifih% Photo. 1
CaRLizh, #7254 (F) &, <454
F®B), =aAFvHAr (M) o 3IHEZLE o
5. CDXH5MGIE\TIL, 450°C D&ERE R T
Evy YR 5B h 58, 7Tk, Cr B% 0.34, 0%
LR &0, YR, YPEL ¥ X I3 T5IEE
DB O\THE L. Fig. 2 xR 2R T,
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Fig. 2. Effects of Cr content and coiling tem-
perature (CT) on yield ratio (YR) and yield
point elongation (YPEI).
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Fig. 3. Effect of Si content on relationship be-
tween tensile properties, hole expanding limit, 2,
volume fraction of martensite ¥y and coiling
temperature. Total volume fraction of bainite
and martensite is about 15%,.
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Fig. 4. Effects of Si content and microstructure
on relationship between tensile strength (7'S) and
elongation (EI).
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A(1.3% Si)

C(0°%Si)

Photo. 2. Microstructures of steel A and C observed by SEM.
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Photo. 3. Microstructure of steel A coiled at
250°C  observed by transmission electron micro-
scopy.
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Fig. 5. Effect of Mn content on relationship
between tensile properties, hole expanding limit,
2, volume fraction of martensite Vs and coiling
temperature. Total volume fraction of bainite
and martensite is about 159;.
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Fig. 6. Effect of

C content on relationship be-

tween tensile properties, hole expanding limit, 2,

volume fraction

of martensite ¥V and coiling

temperature. Total volume fration of bainite and
martensite is about 15%;.
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Fig. 8. Effect of volume fraction of martensite
on hole expanding limit, 2.
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Fig. 9. Dependence of hole expanding limit, 1,
and vyield ratio on chemical composition and
coiling temperature. Optimum ranges are shqwn
by hatching. Yield ratios are indicated by nu-
merals in the figure.
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Fig. 10. Effects of Si content and volume frac-
tion of martensite on yield ratio and yield point
elongation.
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Fig. 11. Relationship between yield ratio and
yield point elongation.
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Fig. 12. Relationship between volume fraction of
martensite and yield ratio.
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Fig. 13. Relationship between experimental ten-
sile strength and calculated tensile strength.
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