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Cold spinning law on superalloy GH4169 conical casing
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Abstract: Aiming at the defects such as cracks and surface ripples during the spinning process due to serious work hardening phenomenon
at room temperature of superalloys, for the conical casing component, the law of cold spinning was studied. Then, based on the Simufact
platform, a finite element model was established, and the change laws of equivalent stress and equivalent plastic strain, the distribution
characteristics of wall thickness and the influences of process parameters ( pass spacing p, rotary wheel feeding ratio f, mandrel rotate
speed n) on the wall thickness of spinning parts for casting component during the multi-pass spinning process were simulated and analyzed
by combining simulation and experiment. Furthermore, the forming laws were revealed. The results show that the equivalent stress and e-
quivalent plastic strain in zone I of the top plate zone of workpiece suddenly change along the radial direction, and a certain stress concen-
tration and deformation appear in the middle and late stages of edge. The equivalent stress and equivalent plastic strain in the zone V of
inclined wall area are distributed in layers along the axial direction and evenly distributed along the circumferential direction, and gradual-
ly increase with the increasing of rotary wheel feeding and number of passes, and the maximum value is located in the zone IV at the end
of workpiece. The wall thickness in the zone V of inclined wall area generally shows a trend of decreasing first and then increasing, and
the middle part is excessively thinned, and the wall thickness in the zone IV at the end of workpiece reaches the maximum value. The uni-
formity of wall thickness shows an upward trend with the increasing of rotary wheel feeding ratio and pass spacing, and the mandrel rotate
speed has no significant effect on the wall thickness. The experimental results are consistent with the simulation analysis, which verifies
the reliability of the simulation research.
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Fig. 1 Part diagrams of superalloy GH4169 conical casing
(b) 3D model diagram

(a) Structural dimension diagram
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Fig. 2 Multi-pass spinning trajectory
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Fig. 3 Finite element model of conical casing spinning
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Fig. 4 Schematic diagram of workpiece partition
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Fig. 5 Selection diagrams of sampling points

(a) Radial direction

(b) Axial direction

A Xtk £

EY

vk 3 (D 1257 9 A 2 4 B A T



H L seLHL BT BT 47 B 7 (D) % s Fis

Z

AT

138 b2

kO OR

5 48 4

B, FRAAMEEIR, 78RR SMEE R 4350 35 5 1 L 8
AR, 2t 56 AREE, SRR SRR
1 8 AR IE T ARIE, A&l 5b R

MR RAE s R O 48, A6 3 v 2 G B
FEF BB ER SR RN T | SRR N AR E A
ST A IS AR R B (OB BY BE . AR
e B, BUEKSBERT B ) FAN[RITE YT 1Y 5544
W], SRR N AR A R
2.1 FEHMASH

Kl 6 M4 BT B Bt T A% 1 485800 1 4 A, ml LA
i, SRV 1 de/MESR 0, FE TARTRFEF- A X T
X, SR B R AE FE B TR TR T  fih IX 2
TEFCHEMLMEE X B, BE& st ik 5%, %
VAR NI E U RS Y (WS 25
X RO AILIRE 5 0 6 422 i DX 52 21 55 i 7 A 1) 3 ]
YEH .

Bl 7a FANFETE RN TR X T X7
PR 1 o Al AR TR S A X T DX ] iz
BEIRZ R0, T T AT X T IX i 27
T —E W R, X R A R T AR
AEEEN, PEWLGMEWRS 53T RUEH
M Lis

K 7h MARTRITE R T ARHEEX VX A2 55800
Wil oA, BT AR RN ) S S e 3 R
e, T ARGV DX - 800 I E R K, X
B DR S ARONE ) SR A AR T R 5 PR ik DX R
BT X I, R AR T AR IR DR, P 24 A AL
N AR /N 3 VAR X T IX R SF 349 45 55y g b
FRFKKF-, BEmNas, Hoh R m X
I X R THOT g i de, Bk, RBIHXT &M

semE BN, BEROE Wity SRR )
1000 | —=— F1HER <
—e— 2H K
K '/v
o 800 —v 4Kk
E —— SR
R 600 —— H6IE K
2
E 400 +
w
B~ 200 f f -
0 -

a . b I c d e I f . g
BFRH RS S
(@

RN J)/MPa
968.39
878.90
789.42
699.93
610.44
520.95
431.47
341.98
252.49
163.01
73.52

0.00

et Hefh X

(@)

RN J)/MPa

1132.66
1024.37
916.08
807.79
699.50
591.21

BeRe X

®

SN ) /MPa
1172.71
1062.38
952.05
841.71
731.38
621.05
510.72
400.39
290.05
179.72
69.39
0.00

e B fh X
©
K6 2 WUV BB T4 800 1434
(a) BUBAIHIBTBL  (b) BOETWINE (o) WUBKTHER B
Fig. 6 Equivalent stress distribution diagrams of workpiece at

each forming stage
(a) Initial stage of forming  (b) Middle stage of forming

(¢) Fine spinning stage of forming
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Fig. 7 Average equivalent stresses in radial direction (a) and axial direction (b) under different passes
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Fig. 8 Equivalent plastic strain distribution diagrams of
workpiece at each forming stage

(a) Initial stage of forming ~ (b) Middle stage of forming

(¢) Fine spinning stage of forming
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Fig. 9 Average equivalent plastic strains in radial direction (a) and axial direction (b) under different passes
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Fig. 10 Wall thickness distribution diagrams of spinning parts

(a) Radial direction
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