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Optimization on forming quality for zirconium alloy support frame
based on MLP-PSO algorithm
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Abstract: In order to improve the stamping quality of zirconium alloy support frame, based on Dynaform software and orthogonal experi-
mental design method, taking the maximum thinning rate as the evaluation index, the influence laws of parameters such as bending radi-
us, sheet thickness, friction factor, clearance between punch and die, blank holder force and stamping speed on the forming quality of
support frame were investigated. Then, the sample data was obtained by numerical simulation, and the model for predicting the thinning
rate of support frame was trained by using the multi-layer perceptron neural network. Furthermore, the correlation of each factor was
analyzed, and the optimal parameter scheme was obtained by the particle swarm optimization algorithm. The results show that the
multi-layer perceptron neural network model can effectively predict the thinning rate of support frame. Among the parameters affect-
ing the stamping of support frame, the bending radius and friction factor have a greater influence, while the clearance between punch
and die and the stamping speed have less influence. Using the parameter scheme optimized by particle swarm algorithm for stam-
ping, the maximum thinning rate is reduced by 24. 2% , which can effectively reduce the fracture rate of support frame and improve
the stamping quality of support frame.
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Fig. 1 True stress- true strain curves collected in experiment
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Table 1 Mechanical properties of Zr-4 zirconium alloy material

N1 I 77155 ST A S L /N WEARE SR
Jefas(°) E/MPa v n REr

0 4.20

45 75285 0.34 0.13 5.52
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Fig. 2 Schematic diagram of processing process for support frame
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Fig. 3 3D model of support frame
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Fig. 4  Stamping model of support frame
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Fig. 5 Thickness thinning rate distribution cloud map for support frame
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Fig. 6 Stamping experiment result of support frame structure
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Table 2 Simulation results of orthogonal experiment

d/ v/

HE /mm t/mm p J/kN Y/ %
mm (mm - s7)

1 0.4 0.405 0.05 0.405 20 100 14. 128

2 0.4 0.415 0.15 0.435 60 150 18. 669

24 0.8 0.435 0.15 0.415 20 300 14. 205

25 0.8 0.445 0.20 0.445 60 100 14. 056
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Fig. 7 Typical MLP neural network
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Fig. 8 Flow chart of MLP algorithm
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Fig. 9 Comparison between predicted and experiment results
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Fig. 10 Comparison of correlation coefficients for various factor
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(a) Sheet thickness and friction coefficient

(c) Friction coefficient and blank holder force
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Table 3 Setting parameters of surface plot

MEE /mm /mm p d/mm f/kN  o/(mm -s™")
& 11a 0.7 — — 0.425 40 150
E 11b 0.7 — 0.15 0.425 — 150
B 1lc 0.7  0.425 — 0.425 — 150
E 11d 0.7 — — 0.425 — 150

TR/ %
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Influences of various factor on thinning rate

(d) BORHEEE |

JEE 8 R ORI 21

(b) Sheet thickness and blank holder force

(d) Sheet thickness, friction coefficient and blank holder force
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Fig. 12 Iterative optimization process of particle swarm
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Fig. 13 Strain path of hazardous location before optimization
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Fig. 14  Strain path of hazardous location after optimization

WIS RS BOT 5, o SR AT
gE, HAKE A0S B RIS, 1
RN 15 PR, SCERAIFR, Ui g
Ab T A RAS, Bk 1 b S R AR 2 A B B
P, HILATE I, T MLP #2 ™ 4 F1 PSO Hvk
X SRR i R S AT Ak, T LASR e SCHE R
R OE B

5 #ib

(1) ZJZBRHADLA 25 W 2% BE A% A7 50 0 T30 5



CERE pid

A FT MLP-PSO B p%s &4 ST B B8 e Ak 67

B 15 ARAE A Rt A

Fig. 15  Optimized stamping experiment results
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