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Simulation Techniques for Large Forging Manufacturing Process Design

Yasunori Kagawald Michio Kiguchill Kazuhito Tani Eiichi Oku
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Recently, simulation techniques have been applied to large forging manufacturing process design. In this
paper, as an illustration of this kind of simulation, a simulation for an nuclear-powered vessel integral type
closure head is outlined. Numerical analysis was carried out to simulate carbon segregation in a large ingot,
deformation during the forging process, and the forging temperature during heat treatment. Estimated
values corresponded well with experimental values obtained from actual production, and the resulting

mechanical properties met customer specifications.
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Fig. 1 Sectional view of pressurized water reactor vessel
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Fig. 2 Sectional welded and integral type closure head
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Fig. 3 Manufacturing process of the

. Second machining
integral type closure head
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Table 1 Comparison with shapes of first forgings

Shapes of first forgings Results of semi-die forging simulation
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Shape A
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(1 350)

0 0 Measurement
00 value
0 O Estimated value

¢ 173.6(¢ 5 207)
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Shape B
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(780)
I

¢ 123(¢ 3 690)

00 O Estimated value

O Values in parentheses show actual part dimensions.
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Fig. 4 Estimated and actual shape of 1/4 scale prototype after semi-

die forging
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Fig. 5 Cross section before semi-die forging
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Fig. 6 Estimated and actual shape after semi-die forging

’ Experiment of mechanical properties ‘
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’ Estimation of carbon distribution ‘
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’ Estimation of cooling rate during the water quenching ‘
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’ Estimation of temper parameter ‘
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’ Estimation of mechanical properties ‘
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Fig. 7 Sequence to estimate mechanical properties
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Fig. 8 Variation in mechanical properties as a function of C wt%,
cooling rate and temper parameter
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Fig. 9 Estimated carbon distribution

[ 3) Before semi-die forging ]

4) After dome forming
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Fig.10 Estimated cooling curves of quenching and heating curves of
tempering

R:D 000000 /Vol 51 No. 30 Dec. 200100 17



a2 goooooooooo Dome T/4
ooooooooooo
Table 2 Comparison with estimated Test specimen
gnd actual value on the Flange T/4
integral type closure head
Dome T/2
Cooling p Mechanical properties
C rate_ 1/1000 0.20 PS TS El RA VEo T-NDT
(wtd) | (O /min) (MPa) (MPa) @) | @ @) @)
Specification 0 00 0 03450 55000 730 | 0160 0380 Ave.[] 40] Joi12
Position of Estimated value 0.19 127.2 19.3 492 635 27 75 226 0J
test specimen Actuald | No.1 0.19 oo 0 497 639 26 72 | 227,239, 225 032
t0 2t(t:25mm) |0 0 00 No.2 0.19 472 620 25 72 | 222,241,229 032
Flange T/4 Estimated value 0.19 7.8 19.1 474 620 28 73 157 0
Actuald|No.1 0.19 7.4 19.2 445 602 23 72 119 0
000 0No.2 0.19 00 0 458 607 25 71 112 0
Dome T/4 Estimated value 0.19 28.8 19.4 469 614 28 75 179 0
Actual value 0.19 33.0 19.1 0 0 0 0 0 0
Dome T/2 Estimated value 0.18 26.6 19.4 461 604 29 75 197 0
Actual value 0.18 27.0 19.1 O 0 0 0 0 0
[J O O Remarks 0 o [J [N ] 0 o o gog N/A

Legend : Evaluation of correspondence between expection and actual.

a Good correspondence Note)

o Almost same

0 Little difference

- leferent. C : Carbon wtO
N/A Not applicable
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0 : Lower position of the furnace is lower temperature than
O the temperature of our expectation.
0 O : Charpy impact test would vary widely.

P : Temper Parameter
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Photo 1 Integral type closure head after final machining
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