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Effect of High Permeability Rolling Process on Deformation
Permeability of SA738 Gr.B Thick Plate
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Abstract; The main material of AP1000 steel containment is SA738 Gr.B ultra-heavy plates.
With the traditional rolling method, the deformation depth is limited and the core toughness is
insufficient, which is mainly due to the blank size and the rolling mill capacity limitation. The
high-permeability rolling process integrated by rolling-cooling is expected to improve the
performance of the thick plates. The influence of high-permeability rolling process on the rolling
deformation of a thick steel SA738 Gr.B was analyzed by numerical modeling and experiments.
The results show that in order to obtain the same thick-direction rolling penetration effect, the
single-pass reduction rate required for the high-permeability rolling process with a thickness-to-
temperature difference of 300 C can be reduced by 3% ~4% compared with conventional rolling.
Comparing with the experimental results, it can be seen that the high-permeability rolling process
can improve the degree of metal deformation of the core and make the metal flow of each layer
more uniform simultaneously.

Key words: ultra-heavy plate; SA738 Gr.B; high penetration rolling; low compression ratio;
deformation permeability
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Table 1 Chemical compositions of SA738 Gr.B
( mass fraction) %
C Si Mn S P Ni Cr Mo
0.13 0.25 1.35 0.001 0.008 I
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Fig. 1 Stress-strain curves of the SA738 Gr.B steel
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Table 2 Process parameters adopted in the simulation

ID t/C H/mm h/mm /% At/C
1# 1 080 160. 0 135 14 —
2# 1 080 155.2 135 13 —
3# 1 080 153.4 135 12 —
4# 1 080 151.7 135 11 —
S# 1 080 150.0 135 10 300

oo RITELIREE s H WA ERIREE s b Ryl J5 B
r IR TR Ar O FEIR 2.
SEI BRI K | FE | & 40 100 mm x
90 mm x 130 mm A% HLH9 SA 738 Gr.B A%, H
FeF R A DL 1. TR BRI SRR Jr 1) 1/8,1/4,1/2
Ab 435 = A 68 mm , TR 29 v B — 2 A AL,
TERFLP I A SA738 Gr.B [81#: , [v] Bk e 8 AR 0] T
R 1R L 18] S5 B A 220 i ) 4 2% DO A 48 R 2
23k 1 ~2 mm. B FL B WIS 7 i ELR S A LI 2
HE 3.

100
B2 #AlRREZREREE
Fig. 2 Schematic diagram of drilling and surface scoring
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Table 3 Rolling schedule and temperature measured
before rolling

LA/ C
=R/ — 4%/ mm
W HLEL e 15 7 L
0 1170 1170 130
(VA (%) (HBPLHEAHD)
1 1170 780 115
2 1090 740 100
3 1020 705 90
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Fig. 4 Temperature distribution along the thickness
direction of the rolled plate
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Internal round bar deformation effect of conventional
rolling and high permeability rolling

(a) —HHELH; (o) —m5 B &AL

Fig. 7

i 12 Image Pro Plus R {F I & = IR [FI#E22 JE
Je B JRE ) ROS) (B g B ) i B 24, THROF
P E AR R 22, an1El 8 B, WS4 A Y
(Bl o 22 ) P AN [ L 22 5Ll IS AR T 30 T AL TBRl A

SN T A Ry D7 7N VT S e
JEJRETT IR 1/8 A& @A iR K, DA T /)N,
FErp R AL R FLV AR BB (EIE 61.7% 03K
i R N R R T A 3 = R R V& £
16. 1% T L5 5 125 L i) A0 R R L )00 32 00 A2
ZEMEANMNZES, 7T LUR 8 E 5L O R SR
TN ST, w55 L O <5 A L AR
0. 19, H FLAL il - 390 2 J A2 TE W AR {ER 0. 21,
e L O 7 5 T A R AR T G ML AL o R
8% X UEH] T B AL T 20T S O AR < Jm AL
2

—— E UL
0.48| —— B EELH
£ 0.40 |
E
ok
o032t
};1_
0.24}
0.16 . . .
1/8% 1/4h 124
BEinprE

B8 EMIFKRSEENFENENESS
Fig. 8 True strain distribution through the thickness for
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