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Abstract

Steam generator head is consisted of two small nozzles and one big
nozzle. Generally, the diameter of the head is 5000mm and height is
over than 4000mm.

The head in generally separately manufactured with two pieces and
fabricated by welding them together. These each products are
manufactured by hot forging process.

Nowadays, monolithic forging of steam generator head is required
consistently. Body—base monolithic forging of steam generator head is
advantageous as an economical manufacturing process and better
reliability for nuclear applications. Dome forging is the simplest method
to make a extrusion nozzle. But, because of large size of the steam
generator head, forging load is higher than capacity of press of 13,000
tons.

Thus, we suggest nozzle extrusion method and rotating forging method
are suggested with two different type of performs.

Through the finite element analysis and parametric study of design
variables, which are ingot thickness, die forming, the optimal dimensions
of preform and die sets are determined in order to develop a suitable
forging process for body-base monolithic forging.

To verify the result of finite element analysis, the physical model of
1/50 scale of actual product using lead was carried out.

The deformed shapes of experiment were a good agreement with those
of finite element analysis.

As results of this work, the manufacturing process of steam generator

head was developed by using rotating forging method.



Nomenclature

K H 2= (penalty constant)

S,.5, EWe 2 57 Qo

T, : ¥Wg W¥(surface traction vector)

k : 558 (flow stress)ol A-53h= d-8-2(shearing stress), MPa
m’ © RS (frictional coefficient)

t : et 58 AEHolA A4 B3 ¥ B (tangential direction vector)
g;j 5 Azt 22 ®lAM(deviatoric stress tensor), MPa

p & $9(effective stress), MPa

P fra W3 E(effective strain)

B & WEE & =(effective strain rate)

e WHHEE &% "Wl (strain rate tensor)

n; @9 HA M E (unit normal vector)

v, e} Fd o] AL E(relative velocity)

vp =32 &X(die velocity)

o
1%

&7 <= WM E (functional variation)
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Flow Stress Flow Stress

Flow Stress Flow Stress
136919 £7.4005
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Fig. 3 Flow stress of SA508 Grade3 Classl at 1000 and 1200TC
Table 2 Chemical compositions of SA508 Grade3 Class1[11]

Element Composition (wt. %)

C 0.19
Mn 1.35
0.006

S 0.002

Si 0.08

Ni 0.82
Cr 0.17
Mo 0.51

_10_



dl=cl= 3709 w=Fo] AR 274 TR =ER TA ] du. A
o|2FE HYS W & =FF A =2 FE AL F Jded £ s
M= FAZE ek =29 Fig 45 A9l Ao FA¢d e =&
A= dols dolry] 98] 100mm® FAE =7 400mm ~ 700mm7lA]
4case?] s|AS M AT} Fig.be == UES A3 Ao ALE
g AEto], stite], A2 =Fe Hix F4 AFEolil, Fig.62 3
Ao A ARgE ZF €] 400mm ~ 700mm 7 o] GAFo|t).

A&E == =S 98 300ime] ES A
glo]m shiriol= ZFye] e gbAl A FHol drt. ARriolet A

Z

= g Ee] ol gulelu HE @A Folel Bl 247 ghet shairh.

402

Fig. 4 Dimension of small nozzle

_11_



|- 401.0000

. 1350 ;
I
4 - Top die
&° R2283.0000
o R2283
e
m —
ig] x
-+
o 1053.7018
R2684.0000
1793.2492 | |zse0000
1 791.5532 tTarget product
[——1893.0000 ————

t Bottom die

Fig. 5 Top die, bottom die and target shape of small nozzle

/ Case_1

\

/Case,z

N

Th (Shell Thickness) Th
400mm 500mm
\ Th(400mm) / \ ThiE00mem)
Case_3 Case_4
Th Th
600mm 700mm
Th(600mm) Th(700mm)

s

9

Fig. 6 Initial shell thickness from 400mm to 700mm

_12_



)
S

S|
s
¥

L
=

El

9

w-O
15 1

T

9
pl

719mm= oA
F7EA] 2
400mmel] A

Qs
=

=

=

1

s

3} v

=

=

o] QFz: o]
t}. Fig.10 700mme] Z 3 & A&
o] A3y}

=~

7F4 Fig.82] 500mm ¥ E& A&
2

A (head thickness)

gl

f14174 2 2tk 100mme]d o
[¢}

1054mmel|

il 2. 2ko Lt

=
T
=

-

o
0

1o

3
:11:}.
9l
Ao
1=

PR

O
=

o]
AR
3

o

|

-

]_

S|

ukel ZFo] 400mmell Al 700mm7tA] @] 47 o] A<=
3l

& BO17} 517mm=E  1054mme]

PAXe)

LB
820mm=. A

A1 400mm<]

3o
3}

s

ulch
N &
o}
3

1

RS

XL
=

i

skar ok, 100mm7k

[¢)
A5

tfo] o}

14 5
629mm =

1

s

l?‘
A7E = ook
300mme} of-F-E F 700mm7}A]

s

}6]'

ey
-

Fo] Hokth B

[e)
1054mmel|

ol A

Zofel| m
3l

=9 =Fo 4o

|

=~
-

B

S

S|
| = =3UA

o). Fig.9 600mm?

o}
1=
l
o)
H

o

39

ARG o2 Fu7E AA F4go] Hojxu

Fig.7¢] 400mm 7+¥ & A}

Fig.7¢14 Fig.107}4]

402mm2]

length)

o]
o]

N
H

o)
B

el

B
—_
o

el

il

i

N

ot

_13_



Case_1{400mm)

Ln
{Nozze Length)
517mm

Fig. 7 Analysis result for shell thickness of 400mm
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Fig. 15 Initial and deformed shape(Ln = 650mm, down)

Case:Up Case:Up |
Ln 650mm "Ln 650mm |
Ingot : "Ingot ’
Tn: 640mm "L(in) : 819mm
Ln : 650mm L(out): 122mm

Th: 450mm |
Weight : 8.78ton j i
————

Fig. 16 Initial and deformed shape(Ln = 650mm, up)
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Table 3 Summary of results

Mared Down(mm) Weight Up(mm) Weight
M1 1Gn) | Llout) | (ton) | LGn) | Lloud) | (ton)
700mm 1086 448 11.5 882 182 9.5
750mm 1166 501 12.2 926 256 10.3
800mm 1221 559 13 966 288 11
850mm 1231 617 13.7 1015 315 11.7
900mm 1261 674 14.4 1050 360 12.5
950mm 1281 734 15.2 1085 374 13.2
1000mm 1322 791 15.9 1146 416 14
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Heat treatment

| Rough machining | | Finish Cutting

Fig. 17 Proposed process of rotating forging
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Fig. 18 Top die and upsetting die for rotating forging
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Case_1

\ Weight 184ton /

Fig. 19 Forged product and bottom die for case_1

\
-8
E |

o

Fig. 20 Forged product and divided bottom die for case_1
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Case_1 Bottom die

Fig. 21 Die modeling for case_1
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Fig. 23 Forged product and bottom die for case_2
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Fig. 24 Ingot and bottom die for case_2
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Fig. 25 Die modeling for case_2
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Fig. 26 Die position and dimension of preform



\ Weight 240ton /

Fig. 27 Forged product and bottom die for case_3

@lede bottom dlee

2300mm 700mm /

Fig. 28 Forged product and divided bottom die case_3
(2300mm, 700mm, 300mm)
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Fig. 29 Die modeling for case_3
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Fig. 30 Ingot and deformed shape for case_3
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Fig. 31 Deformed shape after the rotating forging of case_1

Fig. 32 Deformed shape after the rotating forging of case_2
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Fig. 33 Deformed shape after the rotating forging of case_3
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Table 4 Comparision of flow stress between hot steel and lead

Material Hot Steel Lead
n value 0.25 0.1 ~ 04
m value 0.05 ~ 0.15 -0.02 ~ -0.07
killed steel
Sb =0~ 3%
0.12% C ) )
Remark Varies with
Temp
. Sb.content
900 ~ 1250TC
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Fig. 34 Drawings of experimental die sets

Fig. 35 Picture of experimental die sets
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Fig. 36 Deformed shape after upsetting

Fig. 37 Deformed shape after rotating forging
(0°, 90°, 135°, 225°, 292.5°, 337.5°, 382.5°, 427.5°)
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Fig. 38 Picture of rotating forging experiment

Fig. 39 Result of deformed shape for case_3
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