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Manufacture of Steel Forgings for Reactor Pressure Vessel of Nuclear Power Plant
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Synopsis :

ASME SA 508 Class 2 steel forgings such as flange and nozzle of nuclear reactor
pressure vessel have been made for test purpose by means of combined process of LD
converter and ASEA-SKF ladle refining furnace at Mizushima Works, Kawasaki Steel
Corp. Researches are performed into internal soundness and anisotropy of the forgings
and into the influence of long time stress relief annealing on the forging quality. The
forgings are found to have satisfactory internal soundness and excellent mechanical
properties. Further, these steels are better than usual electric furnace steel in that they
contain less impurities such as Cu, Sb, As and Sn which are liable to cause temper

embrittlement and radiation damage.
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ASME SA 808 Class 2 steel forgings such as flange and mozzle of nucleir reactor pressure vessel

have been made for test purpose by means of combined process of LD canverter and ASEA.SKF ladle

relining furnace at Mizushima Works, Kawasaki Steel Corp..

Researches are performed into internal soundness and anisotropy of the forgings and into the influence

of long time stress relief annealing on the forging guality. The forgings are found to have satisfactory

internal soundness and excellent mechanical properties.

Further, these steels are better than usual eleciric furnace steel in that they contain less impurities

such as Cu, Sb, As and Sn which are liable to cause temper embrittlement and radiation damage.
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Table 1 Outline of ASME SAS508 Class 2 specification

{a) Chemical compesition (ladle analysis) (%)

C‘Si:ManMS Ni cc y Mo ¥

0.27max. 0.15~0.35 0.50~0.90 '0.025max. 0.025max. 0.50-1,00 . 0,25~0.45 ' .55--0,70 ©.05max.
| | . |

(b) Mechanical properties

Tensile test Charpy impact test
T.S. (0 Zyﬁ”g.?)i’f-set) EL R.A. g;eséimen Absorbed energy at 40°F . Test specimen
(56802?(%%?1“1) 50 000psi 18% 389 Mlmmum average value A370
: 3 @ e 30ft-1b
! (35. 1kg/mm®) A0 i . V-notch,
; ; : inimum value of one specimen
105 000 psi i min.  min. 25ft-1b type A

(73 skg/mmy) T
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Mbechanical testing

Fig. 5 Manufacturing process of ASME
SAS508 Class 2 trial forgings
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Table 2 Main facilities for production of large forgings at Mizushima Works

‘Number‘ Nominal capacity

‘ 250t

3 \ 180t

1 250t

1 | 1sot

1 100t

1 30t
‘ 12t

1| 6000t

1| 2000t

E )

1 Max. rolling chameter 3300mm

19

Max load 400t
400t (10mW x4.5mH x 12mL)

_ 180t (3.5mW x 3.3mH x 20mL), etc.
15006 »x 5 000mm, etc.

5 5006 X 4 OOOmm, 2 DOOgb x 15 OOOmm etc.

10 000¢ * 6 OOOmm 25009 % 8 UUOmm etc.

Dia. 13 000 » height 4 700 (max 150t),

Reheatmg furnace
N ._.|___ _ S .
I Bogle hearth furnace 20
| Vertical furnace 11
Heat treatment - . o
011 bath } 5
Water bath 6
Vertical lathe 11
Machining [ —_
Lathe 49

Swing over sadle 23004 x between centers
16000 {max. 70t), etc.
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Table 3 Chemical composition of trial forgings %)
T T Si Mn - i: s Cu !N G [ Me  s6 s s i v i A
—“m?fffﬁﬁsﬁi’ﬁi"" _=em 7(;6(.];5‘22%0 005 <005 — Igfooc; D~f)§545 23570-‘_ - - | - s —
T Ladie analysis 0.20 037 071 0.010 O b[ui‘ oo 0.8 097 0.60  — T o s
T e 0w |WE5] o 0.008 0.009 ”7WT B4 f o oo <o.02' 03 .02 - 0.020
“;;;'ge " Cheek ;mvc 019 0.3 073 0.007 0.009 — | 080 0.3 ”0.6711; _7_1___,,1 [
“mhml_io 0w 0.3 073 0.007 0,009 miiioissil o8 06z 000z 0.603 0002 — 0.0zl
f & oz om| o oo, oow - Do ae — = j__o_o;;
”I.Va:ile___a_riirxls:iﬁ‘A S 01s: o o om 70G3 7%‘? 038 058 - - — l— ‘71.-507; 0.022
; | A o Tom om ooz o.oogl woel cm o4c 0.0 0. 002 o—otor'@ 002 ‘ oz
Nowzle  Cheek | 1 :- 0.18] 03 072 0.011, 0.007 mofnz; u.-.-a\ o] o
i analysis * e T 5 Tem— o
- "DF-Z"ii"jD.IS ! E.?L a, 71 4. 010 0.007 : .02 | ¢ 1
o —D3 I 0.17 ‘ ¢.31 ‘ 0.71 0.010 ! 0.0(]77| .02 l’i 6.55 0.3

Note : Sampling positions of check analysis are shown in Fig. 8

Table 4 Cleanliness of trial forgings

ZOREEEOEE S Table 5 R+, #BET
vk ADELME, BHHORSNE & BROTEE
OFFER LA ER L CRE L,

Fig. 6 i1 100t A8 6 137 7 v o ##EL
FEEOFEETEYAL, Photo. 1, 23 Fh¥Eh

“Samplng _ dABD 1dB60  1dCB0 ;d60
sition | w400 400 %400 %400
. G710033 0029| 0\0052
A | o0z . 0.025 ‘ 0.004 ‘ 0. 050
—
Head ¢ [oom| o] o o3| 0.0
b ‘ 0017‘ 0. 042‘ ol 0.059
E '0033'0004\ 0| 0.087
F | 0.029 | ooost 0.004  0.041
A | 0.038] 0.004 . 0.004 ‘ 0046
Nozzle | C2 1 0.054. 0] 0.004 0.058
‘___,,,]52, E 0.054  0.008 @TTJ.BGE

Note : Sampling positions are shown in Fig. 8
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Table 5 Outline of forging conditions

Head flange

6 000t free forging press
100t

1260~1 250°C

Nozzle
6000t free forging press
25t
1200~1 250°C

12006

_ i
E - “Fare A
! E @
- ‘_l 4150 - 180 Tart B
R ERNA !
T TR
! 1.58 - 1 U-1.68 - ! 8] ‘ 1 :
15 . 1.6 . 1.4 iPartA 19U 2.6S « U'ZM
1 |
"LIE- , ,U-1.2E g U-L.IE . par B; 19U 265+ , U 1.4M
1.__2'U IE)F B
57t 1it

Photo. 1 Upsetting forging of head flange
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Photo. 2 Enlarging forging of head flange
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Table 6 Mechanical test results on test coupon

! "1 High Charoy | o

Py lmpact test Nil
1 Tensile test ! :em[_)erature - - - N ' ductility
| . tensile test | . ) . . test
: ' (at 371°C) vE pe0c +E_pe¢  Lateral expansion {mm)
TS 'YS. EL RAJ|TS ys. (kg.m) | (kg-m) = -—26°C —12°C Txor(°C)
(kg/ (kg/ (kg/ (keg/ : 8 - - - G =

mmY) mm?) (%) (% mmHmmy LT | L T L |T L T L T

. P . ‘ . = -
20.5'15.4@21.8' 1.3 20 L7 2.1 —23'-29

o | I N
‘ . : |
Heaq | 68.8]50.7] 27' 73 ‘ 60.4" 46.4! 85

flange 606 s6.0| 26| 71 | 5 |
66.6:53.6| 26 70 57.0 42.5 ‘ 19.1 ‘ 11.9,19.6,16.9. 2.0] 1.8 20 17 — |-34
Nozzle : ! | | '
65.6 52.6 26 69 ; | | ! ! | | |
T : Tangential
L. : Longitudinal
Ly, L#EZ75 v 650°C, » AAiL665°C C Tahoto,
Bed & LTc, BEARRRCHENE L& Sio srad i B, A7 A b2 -2 v (Fig. 785D
D55, HWEPGENZ TS 800°C A 400°C W CHIMEBR &1 - 7o, Z 5%, Table 6 10w
DRSS EERL BT ¥ v P (JHE350mm) T +ekh, GHE, EESE, Twer (oil ductility

11.1°C/min, # % (FE263mm) T 19. 5°C/min transition temperature) * LT FGREETE S

HNead flange Nozzle i
i

. =
AL
2} 1 B

Al-20

Fig. 8 Sampling position of trial forgings for material tests

Table 7 Heat treatment conditions of trial forgings

| Markr Quenwcihing I 'i‘rersrmpering . .SR N g:g%fg:f; x 10%)
- ‘ !—‘:éQT : I I - 7 193 o
Head flange . Q'E;5é];_ . 870°C « 8h 650°C = 8h i 625°C x 45h . 19.7 -
QTISR | e2scCxloon 199
| asar | = w0
Nozzle 77(5)’1'455}1 - . 910°Cx18h | 665°Cx20h 76725“(‘,- X_;S-;l_ - éb 1
- QTI&)OS;%WW . 625;0 *100h _ 20.2
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Fig. 9 Relation between tempering parameter and tensile properties of SAS08 Class 2 steel forgings
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Fig. 11 Results of high temperature tensile test for head flange and nozzle
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