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Synopsis :

A manufacturing procedure to obtain improved toughness has been developed, in
producing high-strength, high-toughness steel forgings for offshore services. The points
are; (1)improved forging design adjusted to required directional preference of impact
toughness, (2)adoption of accelerated cooling just after forgings, and (3)applying a type
of multiple-quenching to achieve finer grain. Based on these results, excellent impact
properties and sufficient directional preference were obtained as expected in 200 mm
thick fullsize model forgings of 80 kgf/mm2 and 90 kgf/mm2 yield strength. The influence
of the above three points on toughness, and mechanical properties of model forgings are

described in this paper.
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A manufacturing procedure to obtain improved toughness ha.s
been developed, in producing high-strength, high-toughness steel
forgings for offshore services.

The points are:
directional preference of impact toughness,
erated cooling just after forgings, and () applying a type of multiple-
quenching to achieve finer grain, Based on these results, excellent
impact

@ improved forging design adjusted to required
@ adoption of accel-

properties and sufficient directional preference were
obtained as expected in 200 mm thick fullsize model forgings of
80 kgf/mm? and 90 kgf/mm? yield strength,

The influence of the above three points on toughness, and mecha-
nical properties of model forgings are described in this paper,
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Fig.1 Tramp element contents in pig iron at
Mizushima Works
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Fig.2 Phosphorus content in pressure vessel
materials
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Fig.3 Sulphur content in pressure vessel
materials
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Table 1 Forming ratio for testing direction
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Fig.4 Relation between forming ratio for testing
direction and impact properties {YS 90 steel)
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Table 3 Mechanical properties of full size models
: Tensile test [mpact test
Thickness . T
Material (mm] Position Direction Y5 TS El RoA. v Eo B b OFATT
mm thgl/mm?) | (kgf/mm?i | (% {1 {kgfem} | Ckgf-m) ol
- &7 92 224 7 T
L. 215 205 --121
87 92 22A 69
Oulter 87 g2 24A 69
T 215 20.2 —12q
surface a5 22 214 69
R 7 //' 176 179 —107
- K -
86 92 234 69
L 203 19.5 — 103
36 92 23A 87
a6 92 23A 57
YSs 80 150 Center T 19.2 186 - 102
86 92 22A 67
85 50 224 65
R 175 154 —94
36 g2 23A 67
84 93 22A 68
I 19.8 17.9 —121
i) 93 234 64
Inner 88 a3 214 71
T 20.5 2002 —122
surface b a3 23A 67
R 16.7 146 —96
100 104 214 67
L 18.1 16.2 —113
39 164 Z1A 45
Quter 94 103 194 58
T 1.0 8.4 — 495
surface 99 103 194 53
93 104 2LA 63
R 156 118 - 105
99 103 204 64
99 103 214 66
L 16.6 174 — 110
a8 102 214 5]
Quarter 499 103 1945 54 .
Y5 90** 170 T O {1 6.1 - 105
i 99 103 194 54 B
g9 103 204 63
R 14.0 131 - 102
99 103 204 62
i 103 214 fiid
1 16.7 134 - 109
U8 103 214 3%
99 103 197 54
Center T HE ¥ 7.0 0
48 103 192 54
9 103 2040 62 :
: K 1 127 10
i 9% 10 220 62 :
¥ Quter surface * %
= Center (éenter
arter
Inner surface : i
’ Quter surface
Table 4 Results of NRL drop weight test
Test temperature (°C)
Material Position | Direction NDT {C})
—105 —119 —115 — 120
. o ' @ @ o
Y3 90 Center T @ @ —120
Applied energy : ¥YS 80 85 kgf-m ([ No break @& Break
Y590 65kaf+m
- 13 — NEFBIEEFEFE Vol 16 No. | 1984
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