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Manufacture of Forged Shell Ring for PWR Nuclear Reactor Vessel
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Synopsis :

A 250 ton hollow ingot was made for an experimental purposes of which internal
properties can be simulated to those of large-sized hollow ingots. The investigation
results indicated that this ingot has less C segregation and good cleanliness. Forged shell
ring, a component of the 1300MWe PWR type nuclear reactor vessel, was manufactured
from large hollow ingot by using 6000 and 4400 t forging press, large heat treating
furnace and large turn miller. Mechanical properties obtained after heat treatment
showed good results. Forged shell ring turned out free of defects as the results of UT and
MT which were performed by automatic UT and MT equipments. Furthermore, by using
solidification simulation techniques, we are manufacturing large hollow ingots up to 320

t for forged shell rings.
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Synopsis:

A 250 ton hollow ingot was made for an experimental purposes of
whiclh internal properties can be simulated to those of large-sized
hollow ingots. The investigation results indicated that this ingot
had less C segregation and good cleanliness, Forged shell ring, a
compenent of the 1300 MWe PWR type nuclear reactor vessel, was
manufactured from large hollow ingot by using 6 000 and 4 400¢
forging press, large heat treating furnace and large turn miller. Me-
chanical properties obtained after heat treatment showed good re-
sults. Forged shel! ring turned out free of defects as the results of
UT and MT which were performed by automatic UT and MT equip-
ments. Furthermore, by using solidification simulation techniques,
we are manufacturing large hollow ingots up to 320t for forged shell

rings.
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Table 1 Chemical composition

(wt %)

‘ C Si Mn P s Ni G

Mo A% Co Nb B As Sn Sh Cu

Ladle analysis

Photo 1 Macro structure of 250t hollow ingot (longitudinal
section)
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Fig. 1 Carbon distribution of 250t hollow ingot { x 102 9,C)
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Fig. 2 Manufacturing process of forged shell ring
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Fig. 3 Steelmaking process of high quality forging ingots
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Table 2 Chemical analysis
{wt %)
- [ ¢ si Ma P 5 Ni  Cr Mo Cu Vv Al Co Nb B As Sn  Sh Hippm)
Specification l <o 0% LB <oos <oe2 U3 <o B <o <oml oo <o - - - - =  £15
Ladle analysis | 0.17 0.25 1.44  ©.004 0.002 0.75  0.20 0.5 0.00  0.004 0.016 0.004 0.001 0,0001 0.001 0.061 0.0004 0.9
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Photo 5 Appearance of large turn miller
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Table 3 Mechanical properties

TS Ys | Bl | RA| _ faifc N PR
(MPa) | (MPa) | (%) | (%) o P “ooe
Specification 550/670 1 =400 | 220 | — >11.0 9.0 =7.0 | <o
Top 627 | 489 | 22 | 67 |28.9 ©8.0 30.4|28.5 21.8 u26.8|21.8 17.2 21.4
After O-T If)?ftzl‘?;}}‘ 630 | 478 | 24 | 73 |27.1 26.3 26.3|23.4 28.4 27.4]20.8 21.0 203
tangential, . I
341 Piﬁ?%if&‘ 627 482 | 25 | 72 284 284 27.4(29.4 25.9 30.3 |22.4 283 217
Bottam 584 | 456 | 25 | 66 |32.7 315 82.6 |20.5 33.6 20.5|10.5 20.0 24.6
gf}tgeefnft’ig%ﬁ' ; lg‘fftzl‘?)g.‘l‘ 520 473 | 25 | 73 23.4 21.9 21.1‘ <12
, 3/4. \
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Photo § Forged shell ring produced by 220 t hollow ingot

Photo 7 Automatic ultrasonic equipment for large forged

shell ring
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Fig. 7 Carbon distribution of forged shell ring made from
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the ingot)
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[Actual Result] Final solidification point
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Fig. 12 Comparison of actual result and prediction concerning
final solidification point and A-segregation
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