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Table 1 Constants of creep constitutive equations at 800 ‘C

Parameter Value Parameter Value
A/MPa sy 2.63x107° |G/(MPa sy 1.57X1077
B/s! —2.47X107 Hs™! -3.14X107°
Crs™! 1.53x107" n 5.81
D/MPa™! 1.26X1072 Olow/MPa 120
E/(MPa's™)  6.08X107 Ohig/MPa 215
Frs™! -6.87X107
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Fig. 2 Variation of radial displacement of rotor can and die

during vacuum hot bulge forming process
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Fig. 3 Effect of bulging clearance on bulging dimension of

rotor can
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Fig. 4 Effect of bulging clearance on internal diameter of

rotor can after vacuum hot bulging forming
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Fig. 5 Photo of die and rotor can during vacuum hot bulge

forming

0.6 ”
A Experimental data

Simulated data

=
W
T

<
~
T

Bulging dimension/mm
o o
\S} w
T T

e
—_
T

0 1 1 1 1 1
0.4 0:5 0.6 0.7 0.8

Bulging clearance/mm

B 6 ey hrmcEME RIS R 5 S 4 0
Fig. 6 Comparison between simulated and experimental
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F 2 HAROBHTE T RlE I AR AR ) A2

243 T AR H S T B RCE IR N AR A
BERRAME T IR SR, N 2 iTRUE H, 17
WIRTEHT, T hEMER RIS B 2, Wb
W b5 AN R AR A 22O, e K %
9 0.33 mm, I T TEERMERAZ(*0.076
mm), KA ZEER] 0.82 mm. KK, —J7H,
ey DEMCEAGE B TR, 3 ANERE NI
85 K AW ZE A 0.06 mm, §ii /2 T 2 ERIEA A %
I, WATLLE S SRR H BRI AR 553.75
mm FHECAL, 3 NMETRERERIEE NS HARN
1211 i 22718 Bl i —0.04~0.06 mm, 3 A2 B K 1 B AR 8 2
T AR DR S R 7 PRl & A I N AR E
MZERR, HREZ A NAREA T B HIKTE T 211
IKIEREJIva Y, #RT DA I L S AU B B A K 213
WARFE RS, W B fir ) moks L 2ok, H 2 sk
BRI IIREEAR A B o Ae e .

5 %ig

1) BT HBRITHN MSCMare #E37 T # 1 b i
BB R 1 — gEAR LR IR RS & A TR
TORERY, VRO T IR RO R T e T bR R
AR 42 B AL RS AR AL, TN 7 D i 8 IR T A
SR EEE

2) BT 1] BSOS % 1 il 8 2 IR (1) 32
Wi, ZiRRWIHEMILRE BN, F 1o
SR BRI R LA, e 7 B dcE e 5 1
WARANBEIKIE (0] B AR T A Ak, B WIAEAK TR RE ) v
Flpy, BEAEMKE TERAR TS,

Table 2 Internal diameter of rotor can and external diameter of die before and after vacuum hot bulge forming

Rotor can 1 Rotor can 2 Rotor can 3 Die
Position

d;/mm dr/mm d;/mm dr/mm d;/mm dr/mm d;/mm dr/mm
D, 553.30 553.79 553.50 553.76 552.96 553.81 552.01  552.01
D, 553.11 553.76 553.45 553.74 552.98 553.76 552.01  552.01
D; 553.08 553.76 553.29 553.73 552.93 553.81 552.01  552.01
D, 553.15 553.73 553.25 553.71 553.00 553.81 552.01  552.01
Ds 553.31 553.75 553.20 553.74 553.26 553.77 552.01  552.01
Target value/mm 553.75 553.75 553.75 553.75 553.75 553.75 552.00  552.00

(dmax—dmin)/mm 0.23 0.06 0.30 0.05 0.33 0.05 0 0
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Effect of bulging clearance on vacuum hot bulge forming of
reactor coolant pump rotor can

ZHU Zhi, ZHANG Li-wen, NIE Long-fei, CUI Yan, ZHANG Chi, LI Rui-qin

(School of Materials Science and Engineering, Dalian University of Technology, Dalian 116023, China)

Abstract: A 2-D axis-symmetrical thermo-mechanical coupled finite element model of vacuum hot bulge forming
process of rotor can was established using non-linear finite element software MSC.Marc. The radius-direction
displacement variation of rotor can and die were calculated and analyzed. The bulging dimension and internal diameter of
rotor can after bulging forming were predicted. In addition, the effects of bulging clearance on the bulging dimension and
internal diameter of rotor can after bulging forming were discussed on the basis of developed finite element model. The
results indicate that, when the bulging clearance increases, the bulging dimension of rotor can decreases linearly and the
internal diameter of rotor can after bulging forming never changes. The corresponding vacuum hot bulge forming
experiments were conducted to verify the reliability of the finite element model.

Key words: Hastelloy C-276; rotor can; vacuum hot bulge forming; bulging clearance
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