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Prediction of cold heading punching force and optimization of punch structure
parameters for superalloy A286 thin-walled pipe fittings

Mo Ningning', Feng Zhiguo'*, Tao Liang', Jiang Yulian', Wang Chengmin'
(1. College of Mechanical Engineering, Guizhou University, Guiyang 550025, China;
2. Guizhou Key Laboratory of Special Equipment and Manufacturing Technology, Guizhou University, Guiyang 550025, China)

Abstract: The prediction of punching force and optimization of punch parameters of thin-walled pipe fittings are important issues to be
considered in the punching process. Therefore, the punching process of thin-walled pipe fittings was numerical simulated by software DE-
FORM, and the influence degrees of front angle A of punch, fillet radius r and punching clearance C on the maximum punching force F
were analyzed by using the range analysis. Then, the BP neural network model was established to predict the maximum punching force in
the punching process of thin-walled pipe fittings, and the correlation coefficient R reached 0. 97608. Furthermore, minimizing the maxi-
mum punching force in the punching process as the optimization objective, the genetic algorithm was used to optimize the punching struc-
tural parameters, such as front angle A of punch, fillet radius r and punching clearance C, and the optimum punching structural parame-
ters were obtained that the front angle A of punch was 12. 8°, the fillet radius r was 0. 2 mm and the punching clearance C was 0. 12 mm.
Finally, based on the simulation experiments, the optimized punch structural parameters were verified to be accurate, which provides a
basis for the optimization on the punching process of thin-walled pipe fittings and the selection of punch structural parameters.
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Fig. 1  Flow chart of forming process for thin-walled pipe fittings
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Fig. 2 Punching part drawings of thin-walled pipe fittings

(a) Before punching  (b) After punching
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Table 1 Factors and levels of orthogonal experiment
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7J(S'Z‘ N Yy 4 . S
WELHTA A/ (o) BAER /mm WE R E B C/mm

1 6 0.2 0.08

2 8 0.3 0. 09

3 10 0.4 0.10

4 12 0.5 0.11

5 14 0.6 0.12
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Table 2 Schemes and results of orthogonal experiment

S 4R
R
e mkHif B gL RORIER )
A/(°) r/mm C/mm F. /N
1 6 0.2 0. 08 1757
2 6 0.3 0.09 1781
3 6 0.4 0.10 1782
4 6 0.5 0.11 1764
5 6 0.6 0.12 1739
6 8 0.2 0.09 1757
7 8 0.3 0.10 1762
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