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Table 1. Chemical composition of the steels refered to in this report and laboratories where the researches
were conducted. Ordered as they appear in this report.

Chemical composition (wt%)
No. Laboratories Ref.
C Si  Mn P S Cu Ni Cr Mo Al Ti \Y% Nb B N
o 0 0
1 0.10 0.25 1.50 0.002 0.003 0.03 § § § 0.002 Sumitomo Metal Ind. 7)
0.08 0.08 0.04
0.02 0.8 0.002 0 0.20 0.03 0.0002 0.0027
2 § 0.26 § § 0.001 0.25 § 0.50 § § 0.04 § § Kawasaki Steel 8)
0.12 1.45 0.005 1.0 0.41 0.06 0.001 0.0037
0.08 0.14 1.0 0.004 0.001 0.17 0.40 0 0 0.02 0 0 0 0.0033
3 § § § § § § § § § § § § § § Nippon Steel 9)
0.12 0.26 1.35 0.014 0.004 0.46 0.91 0.51 0.41 0.07 0.009 0.01 0.001 0.0056
0.26 0.17 0.71 0.015 0.013 0.05 0.028 0
4 § § f § { f f § Kobe Steel 10)
0.48 0.26 1.58 0.022 0.021 0.15 0.032 0.031
1.3 0.003 0.003 . 0 0.0021
5 ]0.10 0.25 § § § 0.025 § § Sumitomo Metal Ind. 11)
1.4 0.008 0.006 0.036 0.0084
0.05 0 0 0 0 0.0028
6 § 0.25 1.5 0.005 0.003 0.02 § § § § § NKK 12)
0.15 0.013 0.05 0.014 0.0011 0.0040
0.29 0.23 0.72 0.001 0 0 0 0
7 § § ! § <0.001 § f § § Daido Steel 13)
0.59 1.46 2.00 0.05 0.99 0.50 0.51 0.0015
0.23 0.04 0.01 0.41 0.08
8 § § § 0.002 0.001 3.4 1.7 § § Japan Steel Work 14)
0.32 0.25 0.25 0.60 0.13
0.50 0.25 0.67 0.13 0.07 0.67 0.02 0.017 0 0
9 § § § 0.02 0.01 f § § § § § § Mitsubishi Steel Work 15)
0.58 1.45 0.92 0.25 0.19 1.00 0.05 0.038 0.21 0.0014
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0.10C-0.25Si-1.5Mn steels

Fig. 3. Effects of addition of Nb, V
and Ti on tensile strength and Charpy
) 50% FATT of (1) air cooled, (2)

Alloy content (wt %)
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Fig. 4. Relationship between Vickers hardness
and cooling time from 800°C to 400°C of specimens
after hot deformation.
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Fig. 5. Critical cooling rate of ferrite trans-
formation on CCT diagram after hot deformation.
‘Chemical compositions of steels are as same as
those in Fig. 4.
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Fig. 6. Relationship between Vickers hardness
and cooling time from 800°C to 400°C of specimens
with and without hot deformation. Chemical com-
positions of steel are shown in Fig. 4.
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Fig. 7. Change in D,, S, and &, during finish roll-
ing due to decrease in rolling temperature.
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Fig. 8. Effect of finish temperature of water cooling,
T.., on microstructure in the case of start temperature
of finish rolling, T}, 800°C.
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0.45C-0.28i-0.7Mn-0.12Cr-0.03Al steels
Fig. 10. Effect of cooling rate on volume fraction
of ferrite conventionally and controlled rolled
specimens.
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Fig. 11. Relationship between degree of sphe-
roidization and volume fraction of ferrite in

0.48C-0.24Si-0.75Mn-0.15Cr-0.03A1-0.031Nb
steel.
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Steel E : 0.47C-0.17Si-0.73Mn-0.11Cr-0.032A1
Steel F : 0.47C-0.19Si-0.71Mn-0.13Cr-0.029Al

Fig. 12. Effect of controlled rolling and cooling
on upsetting limit.
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Fig. 14. Effect of rolling start temperature (T,)
on mechanical properties of 0.11C-0.25Sj-

1.35Mn-0.029Nb steel in hot charge rolling
process.
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Fig. 15. Effect of intercritically reheating on
hardness of coarse bainitic structure.
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Fig. 16. Effect of cooling rate after intercritically
reheating ( T,... : 760°C) on toughness of bainitic
structure.
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Fig. 17. Micro hardness test results of upper
bainite structure by Lepera etchant. Steel used
are as same as those in Fig. 15.
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Fig. 18. Effect of pre-microstructure on induc-
tion hardenability.
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Fig. 19. Effect of alloy elements on induction
hardenability.
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Fig. 20. Effect of cooling rate on FATT of 0.3C-
3.4Ni-1.7Cr-0.4Mo-0.08V steels.
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Fig. 21. Relationship between bainite transforma-

tion start temperature, B,, and FATT of 0.3C-
3.4Ni-1.7Cr-0.4Mo-0.08V steels.
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Fig. 22. Relationship between tensile strength and
estimated FATT at B, =400°C of 0.3C-3.4Ni-
1.7Cr-0.04Mo-0.08V steels.
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Fig. 23. Schematic illustration of experimental
conditions.
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Fig. 24. Relation between primary quenched
temperature and volume fraction of martensite

transformed (SUP 9 steel).
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