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The Development of Ti-bearing 70 and 80 kgf/mm?® Class
Hot Rolled Steel Sheets with Bainitic Structure

Synopsis:

Jiro J1ZAIMARU and Yasuo TAKAHASHI

The fundamental researches and the mill trials have been carried out in order to determine the
suitable manufacturing conditions for Ti-containing bainitic 70 and 80 kgf/mm? class steel sheets with

excellent bending and stretch-flanging formability.

The results obtained are as follows:

(1) Addition of Ti to low C-2.0Mn steel enhances acicularity, and the higher the acicularity,
the better is the tensile strength-notch elongation balance without decrease of tensile strength-elongation

balance.

(2) The tensile strength-notch elongation balance of 0.03C-Ti bearing steel is better than that of

0.08C-Ti bearing steel.

(3) The excellent stretch flanging formability of 70 kgf/mm? class hot rolled steel sheets is obtained
in 0.03C-0.58i-2.0Mn-0.3Cr-0.08Ti steel coiled at about 600°C.

(4) The excellent bending formability of 80 kgf/mm? class hot rolled steel sheets is obtained in
0.08C-0.5Si-2.0Mn-0.3Cr-0. 15Ti steel coiled at about 550°C.
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Table 1. Chemical compositions of the steels studied (wt%).
No C Si Mn )4 S Al Cr Ti N o)
Low C steel 1 0.04 0.54 2.10 0.007 0.005 0.019 0.33 tr 0.0067 0.0011
2 0.03 0.51 1.96 0.007 0.005 0.019 0.32 0.08 0.0043 0.0033
3 0.03 0.47 1.96 0.008 0.006 0.024 0.31 0.1 0.0049 0.0022
4 0.03 0.45 1.99 0.007 0.006 0.016 0.29 0.20 0.0042 0.0020
High C steel 5 0.08 0.53 2.08 0.009 0.005 0.035 0.30 0.06 0.0052 0.0020
6 0.07 0.52 2.05 0.009 0.005 0.031 0.34 0.10 0.0050 0.0027
7 0.06 0.52 2.06 0.009 0.004 0.038 0.29 0.15 0.0064 0.0017

1 0.039C-2.0%Mn-0.3%Cr-0%Ti,
Photo. 1.
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4 0.03%C-2.0%Mn-0.3%Cr-0.08%Ti,
Microstructures of C-0.5945i-2.02,Mn-0.39,Cr-Ti steels coiled at 550 and 650°C.

6 0.07%C-2.0%Mn-0.3%Cr-0.10%Ti
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Fig. 1. Effect of Ti content on ultimate tensile

strength (TS) and vyield ratio (YR) for C-0.5
%51-2.09,Mn-0.39,Cr-Ti steels. CT : coiling tem-
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Fig. 2. Effects of Ti content on elongation (EL)
C-0.59%,Si-

and notch elongation (ELn) for
2.09%Mn-0.39,Cr-Ti steels.

C-0.525,S5i-2.09%Mn-0.329Cr-Ti steels.
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Fig. 4. Relation between coiling temperature (CT)
and Acicularity of C-0.59,Si-2.09%Mn-0.39,Cr-Ti
steels. Acicularity : area fraction of acicular ferrite
structure and upper bainite structure
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Photo. 2. Plastic-carbon 2 stage replica image of
0.0724,C-0.5%,5i-2.09%Mn-0.39,Cr-0.109,Ti steel
coiled at 550°C.
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Fig. 5. CCT diagram of C-0.5%8i-2.0%Mn-
0.89,Cr-Ti stecls.
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Fig. 6. Relations between acicularity and TSXEL,
TS X Eln of C-0.5945i-2.09%Mn-0.39%Cr-Ti steels.
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(A) Coiled at 550°C

Table 2. Amounts of non-metallic inclusions* (%) .

No dA dB dC d
Low C steel 1 0.025 0 0.008 0.033
2 0 0.017 0.075 0.092
3 0 0.017 0.092 0.109
4 0 0.004 0.079 0.083
High C steel 5 0.008 0.012 0.104 0.124
6 0.008 0.012 0.117 0.137
7 0.004 0.017 0.129 0.150

*  JIS method(JIS G 0555)
d=dA+dB+dC

dA : amounts of inclusions formed by viscous deformation during
working.

dB : amounts of inclusions formed by granular inclusions discon-
tinuously and collectively in the working direction.

dC : amounts of inclusions formed by irregular dispersion without
viscous deformation.
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-

(B) Coiled at 650°C

Photo. 3. Electron microstructure of 0.039,C-0.59%,8i-2.09Mn-0.089Ti steel (thin foil method).
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Photo. 4. Example of truck crane booms.
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Table 3. Chemical compositions of mill trial steels (wt%).

C Si Mn P S Cr Al Ti Ca N o]
70 kgt/mm?2Class 0.041 0.57 1.86 0.005 0.003 0.30 0.040 0.076 0.0027 0.0079 0.0016
80 kgf/mm?Class 0.08 0.50 1.80 0.012 0.006

0.30 0.033 0.14 0.0030 0.0035 0.0041

Table 4. Hot rolling conditions and mechanical properties of mill products.

Hot rolling conditions Tensile Properties*3 Stretch
. Bending property*5S flanging
FT*1(°C) CT*2(°C) thickness Direction YS TS YR(95) EI(9%) Eln*! R=0.5t property
(mm) (kgf/mm?) (kgf/mm?) (%% A*6(556)
L 68.7 75.2 9i.4 21.5
70kgf/mm?Class 930 600 3.2 T 71.0 261 93.3 20.7 9.0 Good 86.2
L 73.4 83.8 87.6 22.0
80kgf/mm?2Class 910 550 3.2 T 74.0 85 1 87.0 21,9 5.7 Good 28.0

#1 FT : Finishing temperature
*#2  CT : Coiling temperature
*3 JIS Z 2201—No. 5 Specimen

*4 IS Z 2201—No. 5 Specimen with a 2 mmv—notch in the Midsection

*5 100 mm wide bend Specimen (180° bending)
d—dg
de
dg : initial hole diameter (punched hole, 10 mm &)
d : expanded hole diameter by conical punch (30°)

*6 Hole expanding limit, X 100
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