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Forging Technology for Large Nuclear Pressure Vessel Parts
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The increasing output of nuclear power generation calls for larger vessels for next-generation nuclear
power plants. A vessel with an increased diameter requires increased load for its forging, which
can make it difficult to use a conventional solid die. In order to reduce the forging load, a rotary
incremental forging method has been applied to hot forging. This method includes pressing and
rotating a material in an incremental manner such that a target shape is obtained. This study aimed at
improving the accuracy of numerical simulation for the rotary incremental forging to reduce the load
when forging large vessels. This has enabled the temperature of the material and flow stress to be
precisely predicted; an example of this is reported in the paper. Specifically, the heat transfer coefficient
to be used for the numerical simulation had been determined experimentally from a small-scale hot-
forging. The reduction of the flow stress associated with incremental forging, had been deduced from
a compression test, and the value was applied to the numerical simulation. A preform was designed on
the basis of the above simulation to perform a 1/1 size scale experiment. A precision of better than 5%

has been confirmed for the shape prediction.
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Table 1 Chemical composition of standard hot compression test
(wt%)
C | Ma| P S | Si |Ni|C|Mo| V]Cu|lcCa| B | T | Al
Min - 1.20 - - - 0.40 - 0.45
Max | 0.25 | 1.50 | 0.025 | 0.025 | 0.40 | 1.00 | 0.25 | 0.60 | 0.05 | 0.20 | 0.015 | 0.003 | 0.015 | 0.025
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Table 2 Conditions of compression test
Temperature (‘C) | 700, 800, 900, 1,000, 1,100, 1,200
0.0002, 0.002, 0.02, 0.05, 0.2, 2.0

Strain rate (/s)

I —— Strain rate=0.0002/s

80 -~ Strain rate=0.002/s
70 | —Strain rate=0.02/s
- - Strain rate=0.2/s
;_6 80 ‘ ——Strain rate=2/s
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Fig. 1 Example of relationship between flow stress and strain
(in case of 1,200T)
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Fig.2 Analysis model
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Fig. 3 Forging load-stroke curves

X4 [nlizsias 7 3 o s
Fig. 4 Schematic drawing of rotated forging method

TAARIC T B & THEM & SR OB OAKIR D R
EEZBND, ZOXD) BEETEZBIIC D RN
LBl shTsn ¥ Y, ARCiRmEgsE ke
530 B4 (2 g0 /i ORISR 2 53 [WRNSRS
I, 1HETFT2IECeME By - miEsE, F
TYAMEE2ZEE L CHEEFT 4, Sho0RERH
BEE A E TR R LT s ETH b

2. M ERVWA/NBIETIVEERRIC & B OERiE
D5

B E FEE T, RELO X9 ICHIRERI O R E)iC
EIARET L MERZLHIZHY R EI2L Dy, HIFEET
il T E CTHRET 5 Z AR TH S, —HT,
BIRER O 1 MOETREZKE S L2E, RETEE
HETHTRE 2EBEPEL, DEDETYA 7V TIEL
DEERTZIET T 5720, fittdhdgie (23) 2354E
TRURMESEL %b, TD72D, HWIREHD 1 b7
D OETRZLEBNNE ST LLENRD LD, TD—Ji

R=D #7844l 5/ Vol. 64 No. 1 (Apr. 2014) 67



TIETREZ/NS L L72Y6, FMOERHEBII RN & &
RORMEEOEMBEROAE D, LizdoT, =7
o bR RIS LA AL & A IRETI K
EL RS,

ZZT, WM EAWINEIETVERICID, e
SEHLIZIR > & [l 7 i & WA LT & 5 s IR
BLOBEEMEIZOWTHE L7z, B 5 ICEBROIRN %
AT FHEMO RICEMEZEE, BIREMO L TFHEIC
XBETENEEZ L HIHY B L CTREEIT->72, B6
WCEBRERO—BIZ RS, FRIIRT X HIS, blixRgE
Tl IR G T 2 S L ATRETH B 2 LS
bhoize FREKREC, SEMED TV ARKINE] %
BREWZ EBRERL 72

i 43
it

=

0

SRR

o JUl

5 /INUETFIVEEBRDIRN
Fig. 5 Appearance of experiment using lead material
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Fig. 6 Experimental result
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Fig. 7 Appearance of workpieces for small scale actual press
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Fig. 8 Temperature distribution of material
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Table 3 Heat transfer coefficient (center part of side surface)

Temperature | Heat transfer coefficient
(C) (W/m? - K)
600 153
700 180
800 180
1,000 180
1,250 180
1,300 ;
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Fig. 9 Comparison of temperature change between actual
measurement and numerical simulation result
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Table 4 Experimental conditions

Deformation Temperature (°C) | 700, 800, 900, 1,000, 1,100
Strain rate (/s) 0.002, 0.02, 0.2

Reduction (%) 5, 10

10, 100, 1,000

Interval of press (s)

4 1,200°C  Reduction:70%
+ 5% X 14times
- 10% X Ttimes

Press temperature

Heatmg
5Cls

Temperature

Time
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Fig.10 Experimental procedure for compression press

200 T ;
—Multi press
< 150 |-==Single press_ .. /F
a I
= { L 1
2 100 A
2 i
3
: 50
L
[
0

00 0.2 0.4 0.6 038 1.0
Strain
E11 1 [\ET & SN T OISR
(800C, JETHIFEI00Fs, O3 AHE0.002)
Fig.11 Comparison of flow stress between single press and multiple
press (deformation temperature : 800C, interval of press : 100s.,
strain rate : 0.002)
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Fig.12 Schematic diagram of inter-press microstructure change
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Fig.13 Influence of press interval time on flow stress
(Press temperature : 800C, Strain rate : 0.002)
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Fig.15 Flow stress comparison between prediction and actual
measurement
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