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Prediction on precise forming parameters for free bending of tube based on
PGWO-BP neural network

Xie Yuanyuan', Wang Hua', Xu Zhenhua', Wang Yong®, Zheng Sujuan’
(1. College of Mechanical and Power Engineering, Nanjing Tech University, Nanjing 211800, China;
2. Jiangsu Jicui Intelligent Technology Research Institute Co. , Ltd. , Nanjing 211800, China)

Abstract: In order to improve the processing accuracy of free bending forming technology for tubes, the precise prediction work was con-
ducted on the forming parameters for the processing accuracy of planar bending tubes, and the experimental values of bending radius and
bending angle were consistent with the designed values by establishing the prediction model of forming parameters. Firstly, the finite ele-
ment simulation model was established and modified by tube processing experiments, and the optimized simulation model was used to estab-
lish the predicted sample database. Then, taking the bending radius and bending angle obtained by finite element simulation as input, and
the designed values of bending radius and bending angle as output, combined with BP neural network and grey wolf optimizer algorithm, the
forming parameter prediction model was built. The results show that the improved PGWO-BP neural network predicts the bending radius and
bending angle with the maximum error of no more than 2%. At the same time, the prediction model is used to develop the process parameter
determination software of tube precision forming.
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Fig. 1  Schematic diagram of 3D free bending process for tube
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Fig. 2 Schematic diagrams of basic process analysis for single bending
section
(a) Movement curve of bending die  (b) Corresponding single
bending pipe fittings
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Fig. 3  Simulation model of free bending for tube
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Fig. 4 True stress-true strain curve of 20 carbon steel
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Table 1 Tube model parameters
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Fig. 5 Comparison between finite element simulation result (a) and

actual processing result (b)

FEBA 25 SR 9 T M b 8 Xl A, Bk B
AR F R AR OB U, X T [ E B
HAVEM HAR O U —E(E, T 55 etz
[ P () B Pl s B A AR SE B0 U L,
I, R 7 AR e 6 A [] B BT % i



CERE

WIRIESE . JET PCWO-BP #1222 (64 1 e 25 DR ity e 2 5 it 119

P U, dEmAMETS AR R 220 SO 2 il A X
HERIRBER I A, A fE ik B — g i, Al il ad ke
AR IR BE 3z 47 I )R 4l ST (B, PR, 25l £
A 5 X 0 AN S B i T A IR 1R 2 ML
TED FURE RS A R 9 BE Y I (R4 E, AT IE
D7 B IG BIER 22 BN 2 il A, SR IE S S 90t
TE3 ST FEAE A5 ) Bt 0 (5] 9B ) I ) ML, 85
AL TAR B BOE A . A ELRER Y 0. 35 mm
BF, 5 BLAS R SE RS N Ty & i B AR it 22 o, B
B B TR AMESAE R 02 S, as A7 mfal Ay 2/3 5%, Bl
PR (5) PrymbEfE, BiEaXnsl (9) Fr
N, b BRI

wRO 2

- -z 9
g0V, 3" (9)

!
tz

MBI G B 05 B85 B R AT SE e Xt ke, 3%
RSEM R —3, AR RIELRWE 6 FiR,
DB 25 2B 42 R 152,25 mm, 25 i £ 4 89. 95°,
5P TR R4 R, SRRzl
1.50%, 2SRz R 2. 11%, WFiREHA BT
3%, PFEMEFRM TERMVIAER S, Fit, »f
DA FHZ A IE 5 B A BT AL

(@ (b)

Ko MBIERRARIUITAEASR (a) MEPRMTER (b) X
Fig. 6 Comparison between modified finite element simulation result

(a) and actual processing result (b)
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Fig. 7 BP neural network structure ( Three layers)
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Fig. 9 Training results of BP neural network
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Fig. 10  Training results of PGWO-BP neural network
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Table 6 Comparison of prediction results by BP model and

PGWO-BP model with designed values

- Lk sy BP B PGWO-BP 7!
R,/mm 6/(°) /% 1/% 1/% 1/%
1 150 60 0.96 3.8 0.32  0.85
2 150 90 0.85 3.44 0.26 0.54
3 150 120 2,30 214 0.39  1.42
4 160 60 2,15 2,65  0.41  1.23
5 160 90 .56  3.26  0.61  0.87
6 160 120 .23 1.21  0.45 1.14
7 170 60 342 1.68  0.38  1.45
8 170 90 306  2.10  0.25 102
9 170 120 2,97 1.69  0.31  1.07
10 180 60 1.96 456 0.26  0.98
11 180 90 2,34 423 0.36 0.6l
12 180 120 2.66 3.8  0.29  1.53
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Fig. 12 Software of forming parameters prediction and process parameters rapid determination for tube free bending
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