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Fig. 1 Springback diagram
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Fig.2 Springback angle point diagram
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Tab.1 Spinning parameter settings
SEUOULS WERC B G/% WEREHEAE B (mmer ") B4 Fa/(0)

1 10 0.4 35
2 15 0.5 40
3 20 0.6 45
4 25 0.7 50
5 30 0.8 55
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Fig. 7 Relationship between springback angle and spin-
ning parameters
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Fig. 8 Relationship between spinning pressure and spin-
ning parameters

gEEF VAT 8 M A N 4518

1) @ %e MBI B 3 A 10%385 K E30%0, T4 4[] i
52 IS/ IN 5 BE T RRRIN R B A E R ] B R
K 10%F, SRR AR H /N, S A 0 B8P R AR A X
B/, 1] AR A K o (B B 38 PR 15% 22 25% B B, i
A 5 ] PR AR SN, [R5 A S A X
Tt 2 () B R 4k S 1 0, SRS R AR S I, &R
SRPE R SR, 4 T BRI AR B, A X R 4 e 5 A
o AE AN, (E R T B 0 A8 X [ 3% 40 A R
T N AR (R 3G, SR 5 1 55 o X e R i
T, TN BIRIBR AR, BT AR R,
AHRE A, T He g bl 22 34

2% TR O, EERR UES e 0.4 mm/rd
KF]0.8 mm/rfy L FE T, (155 A B Bl R 45 HL AR
SIS RS W/ 345 T 0.4 mm/rit,
M2 T AR/, TR 0 4 I A R IX g K,
52N X8k b 4 JE AL AR TE 72 43, IS A /N s B
WS HE R — 2380, B X 38§ T R T 4
BTN, TR A Y X I 42 R AR T A R 4h
Fo & /NI 38y, (B AN 8T 7R, e TR T B R4 T

HE KRB HE K, T B 2 [l S5 6 250N, B LAtk
25 tE 0.6 mm/rd S 2 0.8 mm/rif, [B] 55 Bt 3 o 25
LU 3 RN

3) SRR B A 3500 m = 550, [l L S SEREOR
PRI/ 5 38 R B 3 A HE A B E RE R
N RS AIUE e BN i S5 iy N2 g L2 25 4 A
LU HE FA AL T 35° 4501, [H] LA 2R ik R 2
EAHE AR S 4SO Y TS0 AR A K, DA ZE 454 M
B4 SR IR sh B 34 5), S AR BB R e i
IR FN 5000, 4@ BRI BN, A el 5k /)N
JFIR 3 fe/IME ;YO HE A dr 223G K B 550/, [a]
SR A T HG I, 32 DN R B O AR R,
e R T bl TR, BE R JJWBEE R B T — A/
HYFREE, DRI IRl A o bl

4 TZ8HmMmK

4.1 ERXLWHEMAE

T &S HONA 4 LI 38 77 e Fe A4 114 ] 3 2L A
R, B R AT RBEE AT I TS
O T8 AH 56 S TE 38 b (R 52 0, AR SORE X 4 T 4 4
ML B S8 3 R AT A 5% o #E — 2 T. 2 S 5
B N, 19 20 BEFE A] B3 | SE 45 b DL RO HE A
Bt TZ2HE .
4.1.1 JERFEH7ERGT

MR 3 ZE 3K -0 TS5, mEHERTLI(34)
(0 1E e e KU, st T S, IEAS R T —
G255, AR SORTLEIR o 5 RIS B F R ILIE S
W RA 3N IKEAGNOR T, GAEZK 1,23 F 4351
F510% . 20% . 30%; fAEKFE1.2.3 R4 51°80.4 mm/r,
0.6 mm/r. 0.8 mm/r; afE/KF1.2.3 F4391k35°.45°,
55°, MR 45 S 06 4 T2 S 54 & #E SIMU-
FACTH 4 474 BR TG40 Hr, LA IB1 35 B R PR 4R
b, # B C) L (2) 95 1645 21 10055 A Y HL A%k

{H o IE SR TT RS AT R W2,
*2 EXERAHREER
Tab.2 Orthogonal experiment schemes and results

ggpn  TERIIE RS SHCEME  HeREi
£G/%  Wimmr) el IEE)

1 10 0.4 35 3.5826
2 10 0.6 45 33914
3 10 0.8 55 2.776 8
4 20 0.4 45 2.8732
5 20 0.6 55 3.303 8
6 20 0.8 35 3.104 7
7 30 0.4 55 2.466 2
8 30 0.6 35 2.7317
9 30 0.8 45 2.3472
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Tab.3 Springback angle range analysis
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Tab. 4 Optimization scheme of process parameters
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Tab.S5 Experiment schemes and results for BBD

S0 G/%  fmmr) /(%) Ry/kN
1 10 04 45 10.229 7
2 20 0.6 45 16.346 8
3 30 0.6 55 25.263 1
4 10 0.6 55 8.007 6
5 20 04 35 16.081 3
6 20 0.6 45 16.346 8
7 20 04 55 12.349 7
8 20 0.6 45 16.346 8
9 20 0.8 55 14.667 1
10 20 0.6 45 16.346 8
11 30 0.8 45 23.8570
12 30 0.6 35 20.881'1
13 20 0.6 45 16.346 8
14 30 0.4 45 18.342 4
15 10 0.8 45 11.167 0
16 10 0.6 35 13.695 8
17 20 0.8 35 20.009 1
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Comparison of optimization effect
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Tab. 6 Variance analysis of regression equation for R;
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Tab.7 Statistical analysis of regression equation error for
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Fig. 10 Normal probability distribution of residuals
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Tab.8 Comparison between experimental data and the
predicted values of the model

AT i S

FB G fmms) ) Vo g REY%
1 20 0.5 40 16.007 16.069 0.39
2 20 0.7 40 17.795 17.784 0.07
3 20 0.5 50 14.911 13.603 9.61
4 20 0.7 50 16.297 14.991 8.71
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Tab.9 Spinning experiment scheme

S E W IRIBEE Y% WEREHELE L (mm r ) A /(%)

1 10 0.4 45
2 10 0.6 45
3 10 0.8 45
4 15 0.4 45
5 15 0.6 45
6 15 0.8 45
7 20 0.4 45
8 20 0.6 45
9 20 0.8 45
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Fig. 14 Thin wall conical spinning parts of GH3030 super-
alloy
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Tab. 10 Springback angle of single roller single factor spinn-
ing experiment

BsE R SR A5 A0 TIREER(°) R/ %
1 2.718 3.064 11.3
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Fig. 15 Comparison of simulation and experimental res-
ults
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Study on Influence of Process Parameters on Mechanical Behavior of Casing Cold Power Spinning
SHU Xuedao"*, ZHENG Jiabin'?, LIU Yanli'*, XU Haijie'*, XIE Chao'*

(1.Faculty of Mechanical Eng. & Mechanics, Ningbo Univ., Ningbo 315211, China;
2.Zhejiang Provincial Key Lab. of Part Rolling Technol., Ningbo Univ., Ningbo 315211, China)

Abstract: It is difficult to form aviation sheet-metal casing materials, and the precision of the formed products is also difficult to control; consid-
ering these problems, in this work, the superalloy GH3030 was considered as a material. On the basis of clarifying the springback theory and the
load mechanism of cold strong spinning forming of sheet-metal casings, the Simufact Forming finite-element software package was used to im-
port the constitutive equation of GH3030 obtained prior to the laboratory experiments, and a simulation model of cold strong spinning of aviation-
casing conical parts was established. The influences of spinning parameters such as the roller gap, roller feed ratio, and mandrel half-cone angle
on the springback and load were analyzed. The primary and secondary rules of the influence of each process parameter on the springback angle
were obtained by orthogonal testing, and an optimal combination of process parameters was obtained on this basis. The Box—Behnken design re-
sponse surface test method was used to obtain a quantitative regression model for the maximum forming force and spinning parameters, and vari-
ance analysis of the regression equation was carried out to calculate its multivariate correlation coefficient, reliability, and accuracy. The final res-
ults show that the reliability and accuracy of the obtained model are high, and the error is less than 10% when the final experimental and simula-
tion results are compared. Therefore, the regression model is very accurate. Finally, spinning experiments were carried out, and the springback
angles of the simulation results and the measured results from these experiments were compared and analyzed. The average error was within
6.2%, and this verifies the reliability of the simulation results and the regression model. This work shows that the trend in the springback angle ob-
tained from the simulation analysis is almost the same as that measured in experiments, and the error is controlled within 12%, indicating that the
results of the simulation analysis can accurately represent the springback law of the spinning parts. As such, this paper provides theoretical guid-
ance and technical support for the accurate forming of conical parts from cold strong rotation of high-temperature alloy sheet-metal casings.

Key words: sheet metal casing; high temperature alloy GH3030; cold strong spin; springback; forming force
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