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Punching process on zirconium alloy grid tube based on NSGA- II

Xu Qingshang' , Mao Jianzhong', Zhang Xiaomin', Yuan Jiajian®
(1. College of Mechanical and Vehicle Engineering, Hunan University, Changsha 410082, China;
2. College of Mechanical and Electrical Engineering, Hunan Communication Engineering Polytechnic, Changsha 410132, China)

Abstract: In order to explore the influence of different punching process schemes on the forming quality of grid tube, taking the thinning
rate and springback amount as the evaluation indexes, two finite element punching models of “expanding before pressing” and “pressing
before expanding” were established, and 128 sets of data samples of thinning rate and springback amount under different process parame-
ters were obtained by Latin hypercube sampling. Then, the forming quality was predicted by BOA-MLP algorithm, and the prediction
model was introduced into the multi-objective optimization algorithm ( NSGA-1II ) to obtain the Pareto optimal frontier solution under the
two punching schemes. Furthermore, the gay correlation degree of different process parameters on the forming quality were calculated by
using the grey correlation analysis method. The results show that the two kinds of punching model can predict the forming quality of the
grid tube accurately. Comprehensive consideration of springback amount and thinning rate, the forming performance of grid tube by

scheme is better, which is helpful to guide the punching process of the grid tube.
NSGA-1I'; BOA-MLP;

“pressing before expanding”
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Table 1 Chemical compositions of Zr-4 alloy

( %, mass fraction)

Zr Sn Fe Cr N C

98. 150 1. 500 0. 200 0. 100 0. 008 0. 027
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Fig. 1 3D model of grid tube for annular fuel assembly
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Fig. 2 Schematic diagrams of punching sequence for grid tube

(a) Punching scheme A
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Table2 Results of Latin hypercube sampling

JEIBJI/N o HEEE/ (mm - 57 MR /mm BERINEL
19557. 4 197.945 0.307 0. 069
44462.9 293.382 0.332 0.159
14511.8 143.456 0.316 0. 067
20886. 1 153.719 0.343 0.125
28029. 3 127.089 0.311 0. 101
45579.3 394. 863 0.317 0. 066
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Fig. 3 Finite element model of punching for grid tube
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Fig. 4 Distribution nephogram of thinning rate for grid tube
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Fig. 5 Distribution nephogram of springback amount for grid tube
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Table 3 Results of maximum thinning rate and maximum

springback amount for different punching schemes

B EMAIE, j=1, 2, -
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IR % R R/ %
mm mm

9.034 0. 067 9.723 0. 042

12. 195 0.028 11.208 0.031

8. 498 0. 064 9.136 0. 045

10. 309 0. 042 11. 429 0.038

9. 608 0. 046 11. 036 0.042

10. 404 0.045 10. 179 0.038
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Fig. 6 Structure diagram of MLP neural network

B, WEMCREZZHEMEEEME T, W
AR TTEIE, DLE TR I R AR S

PR 2, RBEERRITE, R ALE X,
B2 SMARIE o, MRS EBRE o, WA
BEREEEE H, X (3) IR,

H, =f(2;a)ini - ) (3)

Kby N AN RAMEZIT, i=1, -, D; jRE
, Ly D RHEAREME
TERAEG LONBRE EMA T RN RS R
T PRE o, A5 A AR Z TS j B S
JCZ M RRUE ; X' N5 i DM AMZ I T 2350
Bl o HE A B S MATTEIE; H W5 AR
T ITR

A3 Eil 2R, RIS R AR 1
Bt B R 2 M RUE o, R 2 BIE o), T8
Al R Y, st (4) PR

Y, = i‘”ijj - (4)

b kO kAT k=1, 2, . My M
Tt TN 0, W ) A TR
55 kAN A TE 2 AL, Y, W b
TR o, W kRS TR

it B 015 A S S R, R
5 S 5 SR e e T

S 4, BONRAETIEE . (A kA 2
SERBIERT L 0, 12 H &, WA
= (5) P

M

= 1Y, -0, (5)

FRE 0 1% 22 KN, B — )2 Z B I AUE o
A o, B2 P22 K/INH R, R4S
LTS O
2.2 i BOA-MLP #&%8!

B RS HT AT Y, MLP A [a] )= $5000 %) 7 5



92 Bk

J S5 ARl AR 22 o0 N SO eR R, A Y
EHEEAMBESEA G, ARESE TEE R Z
PRRE ST FIRG BERZ MR, RSO 1 45 31 SE 4 (4
gEEL . R Nt ( Bayesian Optimization
Algorithm, BOA) 4TSk, Wb
e — MR A R 2RI AT, i R R A
PRAL, AR MR ORI . AR PPAR A
SRR, R R H bR R EGTE Al T L
ARAFHARAR S ASC R T IR - 2 R
FIFL (BOA-MLP) PR, HpAERAnE 7 fox.

ﬁﬁn

RS UEES

BARMLPEAY | (G i 7 feMLP
T L]
A L 5 SR

7 BOA-MLP TR i 72
Fig. 7 Flow chart of BOA-MLP prediction model
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Table 4 Setting for MLP neural network parameters
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Fig. 8 Prediction results of test set data for punching scheme A
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Fig. 9  Prediction results of test set data for punching scheme B
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Fig. 10 Influence of process parameters on forming quality
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Fig. 11 NSGA-II multi-objective optimization model
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