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Analysis and optimization on power spinning parameters based on
Taguchi method and PSO algorithm

Wang Quanjing, Tang Aijun, Zhao Wenbo
(School of Mechanical and Electrical Engineering, Shandong Jianzhu University, Ji'nan 250101, China)

Abstract ; For the cylinder formed by power spinning process, firstly, the influences of forming angle of spin wheel, thinning rate, feeding
rate, fillet radius of spin wheel and spindle speed on three-axis spinning forces were analyzed by Taguchi method. The obtained results
show that the order of the influence degree on the axial spinning force is spindle speed>forming angle of spin wheel>feeding rate>fillet ra-
dius of spin wheel>thinning rate, the order of the influence degree on the radial spinning force is spindle speed>feeding rate>forming angle
of spin wheel>thinning rate>fillet radius of spin wheel, and the order of the influence degree on the tangential spinning force is spindle
speed>forming angle of spin wheel>feeding rate>thinning rate>fillet radius of spin wheel. Then, taking wall thickness difference as the
optimization target, the parameter values of spindle speed, forming angle of spin wheel and feeding rate were optimized by PSO algorithm
to obtain the better combination of parameter values. Compared with the spinning test results, it shows that the proposed method can effec-
tively improve the accuracy of cylinder formed by the power spinning process.
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Table 1 Setting of factors and levels influencing power

spinning forming
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a/(°) p/mm /% F/(mm-1") $/(r+min™")
1 20 6 25 0.10 350
2 25 9 30 0.25 450
330 12 35 0. 40 550
4 35 15 40 0.55 650
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Table 2 Orthogonal test schemes

i e p ] F S
1 1 1 1 1 1
2 1 2 2 2 2
3 1 3 3 3 3
4 1 4 4 4 4
5 2 1 2 3 4
6 2 2 1 4 3
7 2 3 4 1 2
8 2 4 3 2 1
9 3 1 3 4 2
10 3 2 1 3 1
11 3 3 4 2 4
12 3 4 2 1 3
13 4 1 4 2 3
14 4 2 3 1 4
15 4 3 2 4 1

4 4 1 3 2
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Table 3 Range calculation results of the maximum axial

spinning force (N)

SR a p @ F S

R, 447.00 708. 25 608. 50 501.25 368. 25
R, 569. 50 586. 50 575.25 558.25 532.75
R, 628.25 666. 50 516. 00 616. 50 748.75
R, 706. 50 732.75 568. 00 668. 50 986. 00
R 259.50 146. 25 92.50 167.25 617.75
K 2 4 5 3 1
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Table 4 Range calculation results of the maximum radial

spinning force (N)

28 e p @ F S

R, 1801. 25 1808. 50 1837. 00 1608. 25 1159. 00
R, 1758. 25 1725.25 1769.50  1801.50  1532.75
Ry 1616. 50 1656. 00 1678. 25 1866.50  2348.75
R, 1788.50  1768.00  1736.25  1983.00  3086.25
R 184.75 152. 50 158.75 374.50 1927.25
KF 3 4 5 2 1
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Table 5 Range calculation results of the maximum

tangential spinning force (N)

BH a p @ F S
R, 17.50 19.50 18.75 19.25 18. 00
R, 22.25 20. 25 32.25 26. 50 20. 50
R, 29.50 25.50 27.00 34.50 31.75
R, 36. 50 32.50 20. 25 23.00 44,25
R 19. 00 13.00 13.50 15.25 26.25
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Fig. 1 ~ Changing conditions for S/N of the maximum axial
spinning force
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Table 6 Partial optimized parameter set

o HELRH kY e M B BEJRE 2%/
(mm -s™!) a/(°) S/(r-min”') mm

1 0.792 22.39 362. 57 0.072

2 0. 808 21. 47 367.25 0. 064

3 0.795 22.12 375. 14 0. 061

4 0. 781 21.31 364. 36 0. 052

5 0. 763 20. 62 353. 86 0.043
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Table 7 Comparison between proposed algorithm and

spinning test results

Jrik BEJFEL2Z/mm

AR 0.072 0. 064 0. 061 0. 052 0. 043
BRI 0.078 0.070 0. 067 0. 058 0. 049




FEARE . FET Taguchi J7E:H1 PSO B¥:HISR 11 iE RS540 M 514k 155

3 %4iE

A SCLASR T3 T Fe i T TR A A BT 42, F)
H Taguchi FEEX AR R T 22580 (a5
TRhEEH | PR AR WO e RS MU AR R e fE (R
fREAR 5 ANSED #- AT TR T, L= e
YERPENFERR, SPHr 83 T Bik 5 DT 2S8R
(BN =) i T Sy A2 R/ INR S . (1) R de Rl )
Ji@ s s e R 2 B9 R/ NVHERE O e 2 il e il > e 58
T fa >4 S TR IR A AR SO (2) XFRR
AR 1) i s 3 5 Wi R B 1) R /N AR DAy e o e i >
RS Tk MUY M > TR RS e e |/ /2425 (3) X
T KA 18] JiE e g 52 e B B A R /NHE R O T Al
S RS UL A > 7 245 58> B> e e [0 1 22,
AT b . HEER AR R UE MR 3 R
JEIE RN FEE T ZS8, IR RE R 22 X —
TN Fabn5 i, S AIH PSO Bkt - 4h i e | it
R TREEUE X 3 A FE LS8 T 1Tk,
KRB/ T REIEE 22 5 P AR SCR A5 B A 45 2R 5 ek
IKIREERAEAT T L, SR RIA ] PSO B3 %)
B T 2 S8 A= AT AT Y

SE 3k

(1] BRI BRI e SR 5% 82 MO0 MU o 2 5% W o3 A 2
Fflfe [D]. B . #HTRE, 2015.

Chen S. The Analysis and Optimization of Key Parameters in Tube

Spinning  Process [ D ]. Hangzhou: Zhejiang University,
2015.

[2] Mz, . BREHRSHT [M]. db5T: HU Tl
Mitt, 2008.

Zhao Y H, Li Y L. Spinning Technology and Application [ M].
Beijing; China Machine Press, 2008.

[3] SBWHA, #RfEfk, B2, . 2A12 BG4 W EST IR 7 e
JERIETZ (1], BJEHAR, 2021, 46 (5): 143-150.
Guo Y M, Xu H Q, Xue X Q, et al. Power spinning process of
thin-walled shell parts for 2A12 aluminum alloy [J].
Stamping Technology, 2021, 46 (5). 143-150.

Forging &

[4] ZhaoJS, GuY T, FengZ G. Optimization of processing parame-
ters of power spinning for bushing based on neural network and ge-
netic algorithms [J]. Journal of Beijing Institute of Technology,
2019, 28 (3): 606-616.

[5]  Kuss M, Buchmayr B. Analytical, numerical and experimental in-

vestigations of a ball spinning expansion process [ J]. Journal of

Materials Processing Technology, 2015, 224 (5). 213-221.
G, BEOR, A, . TR EOCHR BN REIE A —iE
WE IR LS8 A [1]. BIRER, 2020, 45 (4).
108-113.

Guo P J, Fan W X, LiZ W, et al. Optimization on two-pass pow-
er spinning process parameters for cylindrical parts based on grey
correlation degree [ J]. Forging & Stamping Technology, 2020,
45 (4): 108-113.

M, skofpide, M. 48w J0 i IR MUY #9 BUE AL 43 #r
[J]. #hrEdeA, 2015, 36 (1): 191-194.

Tian Y, Zhang H F', Tian W X. Numerical simulation analysis of
power spinning for metallic [ J]. Foundry Technology, 2015, 36
(1): 191-194.

INFTAR, XIBE, B, AR T O R AR AR5 O e e
SRR [J]. #EFER, 2017, 38 (11) . 2701-2703.

Sun X D, Liu G P, Mao J, et al. Parametric optimization in tube
power spinning based on taguchi method [J]. Foundry Technolo-
gy, 2017, 38 (11): 2701-2703.

ZEAx, BESCRR, B, Taguchi 75 ¥ 7E 38 71 S 50t 4k
MR (7], #EHoRk, 2017, 38 (10): 2476-2479.

Li Z, Fan W X, Yan Z Y. Application of Taguchi method in opti-
mization of power spinning parameters [ J]. Foundry Technology,
2017, 38 (10) . 2476-2479.

BESCRR, 24k, TREHT, 4%, TR Sk i e e 1
MU (1], BiEHER, 2017, 38 (11): 2709-2712.
Fan W X, Li Z, Feng Z X, et al. Optimization of process parame-
ters of power spinning based on genetic algorithms [ J].
Technology, 2017, 38 (11). 2709-2712.

R i Y RS B A R N AR NN S A R T
[D]. At MATET R, 2011,

Tang K Z. Modifications and Application Research on Genetic Al-

Foundry

gorithm and Particle Swarm Optimization Algorithm [ D]. Nan-
jing: Nanjing University of Science & Technology, 2011.

HO7. R REREI R R AR R (D], BUM
WK%, 2014.

Dong F. Researches on Particle Swarm Optimizer and Its Applica-
tions in Dynamic Optimization [ D].
sity, 2014,

AR, T S AT AR TR ORY [D]. BRI, derh
BHERAE, 2010.

Hu C Y. On Particle Swarm Optimization in Dynamic Environ-

Hangzhou: Zhejiang Univer-

ments [ D]. Wuhan: Huazhong University of Science and Tech-
nology, 2010.

AR, A, e, S R Z H AR BE TR
[J]. B#F34R, 2009, 20 (2): 271-289.

Gong M G, Jiao L C, Yang D D, et al. Research on evolutionary
multi-objective optimization algorithm [ J]. Journal of Software.

2009, 20 (2): 271-289.

YA A £

7%

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





