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Abstract

Under the technical breakthroughs of researchers, China has developed the capability to domesti-
cally manufacture a certain zirconium alloy grid, including the production of strips as well as the
assembly and welding capabilities of the grid. To further optimize the formability of key features of
domestically produced zirconium alloy strips, the dimple characteristics on the zirconium alloy
strips were simulated based on Dynaform software, and orthogonal simulation experiment were
designed, and the maximum thinning rate, maximum principal strain and forming height were used
as evaluation indexes, and the influence of process parameters such as punching speed, edge press-
ing force, friction coefficient and punching clearance on the forming quality of dimple was studied.
Within a certain range of stamping process parameters, among the process factors affecting the
dimple stamping of the grid, the maximum thinning rate and the forming height deviation are
greatly affected by the stamping speed and the edge pressing force, and the friction coefficient and
stamping clearance are less affected, while the maximum principal strain is the opposite. Based on
the verification of the stamping experiment, the optimized process parameter scheme was adopted,
resulting in a maximum thinning rate reduction of 8.3%, a reduction of 40% in the deviation be-
tween the forming height and the nominal value, and a qualified dimple feature size with reduced
thinning rate and forming height deviation, which is consistent with the simulation results. In order
to solve the problem that the nonlinear features on the dimple are difficult to detect, the envelope
diagram method is used to test the qualification of the dimple, and the test results show that the
dimple of the grid is better enveloped in the envelope curve, and it can be considered that the pro-
cess parameters meet the requirements of the dimple stamping process. The actual production and
processing guidance of the stamping process parameters provides a basis.

Keywords

Zirconium Alloy, Stamping Process, Domestic Strips, Dimple, Orthogonal Experiment

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 5]

1% B A% SN HE MR RHEL A () B LA B, R A S I S (R I K 7k RE AR LA E LA
REA HEW . RKHERZIRBHA R R E E B8 S MBS L s, 43, RS —-RITZ
Al T Ao B A S N HE R N e R AR, BB AR DU IR . (2
BT HAN T N HE P S mp ke, RS, WE e rRtEE . WPEBr, (F
e A IS E B2 BEALAT ONUMRAE B8 (ELEEAT 5617 10 s RO I 28 5 2B DB T 2R BB RS AN I A 1 1 8
IHEAER, MR S H TR T8 & e SOBTEREAR R FL[1]-[3], PR RA T RIERERI R B & &
WA 7T FUR R [4]-[8]. Horb, #R3E L I B0 R 1) it < 2R 2%l BT RE T 7 11 2R )
L BE SN ORI R T SN A By I BLRGE . JT R I L SRR NI RO e R AR
VUJFE R I 2 S A AR PR SR T, T v BEAS R M Ty B R R R R OV s = 9. WL A7 AE B
PURRAE, FOTR AT & DU BORME AR R R MoK 2 RO HEE . W 5 0 2 18 ) ik sl I
Bk

VWA R, RSO RET, AR s T Z 28T SGs T B ERE9], Bl n i

il

DOI: 10.12677/nst.2025.132011 100 R 5HA


https://doi.org/10.12677/nst.2025.132011
http://creativecommons.org/licenses/by/4.0/

RS 4%

FE[10]-[12]« JEIA[13]s MIRIAIBR[14] BEHE 2055 . R BR G ARTF e i AUl I F 456 b e il 3 56
F & P R AT 58 B0 RO 0 BRIBAE1518) ) Autoform B X6 1R 28 A A 030 2 s AR P v s o TR et A
Al T AU T, AU LS RN SR AR 7= 2 SR IEAAH ST, I B IR e 4 O ot 2 A0 Bl S B A B R
LK. ARG 16]FH Dynaform B0 3R R HUER & 4 & 1F T e Fv e i A BR T ALt 7, DA
R BE JE AT PP TR RN IR E AR T I B R PR RO R A, AR IRAZE R, XHERA &b T #ad
JE AR, PR R R SR 45 B AW & . 5K B[ 1718 Dynaform #C1F DA AR ERIET 25 5] 45 265 Y AR
NS G e R . R g U ] PR B R S T2 S EUR T T, R tH A Ak
TEH EATRIGIE, WEW TS RS T8 S ST A R BN A% B B, R A
P E 7T s A ok v R L2 AL B A BRI BRI . XRMESE(18]1 1 1 IEAZ 5,
H Dynaform X5 & & HBM BT R 1A RoB b A, SRR L2800 K s
BAHIITHUER, SUGRS A0S RAE — 8. ZREEJFRES SNSRI, 4RK
BRASLAUL 5 i R R0 45 R B — 8k, VAT A BOREAG BE RN & ) AT R AT G M R R RE . BN —
[201F 78 1 Pp TR EE . PR IR R 050k I T2 S E0 8 A SRS 1 52mT, I8 1 RENS i Tl
DB A e Rk v 2 1) SRR ) B L TSR

G a o — RGO IR R, W — 2 R A — Mo ol . R ). BEE R, AR
s DRTARHETENS L R AF, TETFR MR TR AAG — AR, S0 S A — ki
S [H) . SRTE CMERIRFTE R, EE LIRS A &40 10 15 RES R L R v ph e /e, /b 25 16 )
HOCHERFAE QNS . NI B SO R . TERMIE AN IR BT, A O & K &R A8 &
SRIME AL RIERE ), B A IOEE . AV LSRR . SRR ). B
FEEE O S AR O R R, AWFACE A Dynaform B500E X6 A% SR LA A% S I 11 R R AR T
JE TR R, HAAH IEZBARR M AR RGN L 28, REFRE T &ammERE, RRg
RRR A Z M E TS H0M R IR RE SOE S 5], P EHRFARER, [N T R 0 sk v
FREARS o 1% T 2SO SEBRAE = N T 4a St 11K H

2. FHEMERRIRRE
2.1, HAERKRKREEYT

PR T 2WIE, TWENZ TS5 E%E. NE AW EFA bR, BHFA R If G 7
—BEMEEE, KT —EL T ZEENEZREAEE &% E T2 E, HMAEMERE LT
B 1 FR. SEMELZHREEAUTIA: BIMEEES. hiaei. sttt 5 TiREmgE
. B A E . R AT RER I R T R UE . A, TS e A UGS, AR R T
Z T LIM BB A . 2 RT RAEN, SHEAEEF T2, B ihrh i T 205 A RF
BN T4 30%. T ZERE R, EFZEMEMICHIERHER, AL R kT, w]
SEMAEE SRR, BTSSR RHIER 2, SRR, IO B A, 4ia i iR, A
PZAEEL AT (R  HEAT 14 FhOAS [FA&% S22 1 B o CERH Z0 i) [BD 06T O BT 12k R PRI s e R, R 5 B 46 50f 7
FEAERIMT AR

BT ORI E BT %, R Solidworks F2FH A% BRI ™ = GEAR R cp P T A7 A . 7
Dynaform ¥ HiR#E L bRt 77 W€ LESH, b R BER B AL . AR A BT Hog, M
PR I R e P AL D WA o SR B [ 21 %) B < A o TR 2 AR DR SR B, S HL T RS 0.1
mm I, ARSI TS K [F] IS SR B B AURE B2, DI K 0.1 mm () R A& B 0 RO, B
wikE 2 fros.

DOI: 10.12677/nst.2025.132011 101 R 5HA


https://doi.org/10.12677/nst.2025.132011

TREG S

A EEEEE

E A I 1 i i ]
\ & 4

; O

i e
R‘\ ,d

Figure 1. Stamping die of mixing grid
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Figure 2. Stamping simulation model of dimple
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Table 1. Domestic zirconium alloy material model parameters
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89330.978 0.377 673.177 0.353 398.898 6.34
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Figure 3. Measurement of dimple thickness reduction
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Table 2. Comparison between experimental and numerical results
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Table 3. Orthogonal experiment schemes and simulation results
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1 60 10 0.075 09t 9.843 0.280 0.018
2 60 20 0.125 1.0t 9.68 0.314 0.011
3 60 30 0.175 11t 10.229 0.287 0.030
4 60 40 0.225 12t 10.611 0.215 0.047
5 80 10 0.125 1.1t 9.360 0.275 0.032
6 80 20 0.075 12t 9.322 0.217 0.022
7 80 30 0.225 09t 10.819 0.239 0.071
8 80 40 0.175 1.0t 10.152 0.329 0.051
9 100 10 0.175 12t 9.172 0.241 0.005
10 100 20 0.225 11t 9.652 0.298 0.007
11 100 30 0.075 1.0t 9.568 0.311 0.027
12 100 40 0.125 09t 9.188 0.198 0.011
13 120 10 0.225 1.0t 9.995 0.301 0.007
14 120 20 0.175 09t 10.572 0.314 0.025
15 120 30 0.125 1.2t 14.613 0.179 0.075
16 120 40 0.075 1.1t 9.527 0.272 0.017
Table 4. Calculation results of range analysis
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Figure 5. Comparison of nephogram before and after optimization
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Table 5. Comparison of optimization results
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Figure 6. Measurement results of forming height
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Table 6. Comparison of punching experiment results
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Figure 7. Envelope diagram measurement results
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