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Table 1 Material parameters of 7075 aluminum alloy
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Y oV E/GPa o5/MPa
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Table 2 Material parameters of 7075 aluminum alloy

Clamping Z coordinate before stretched

z coordinate after stretched

length,  Observation ~ Observation Observation ~ Observation St factor, Di.rection Direction Step, s
'4 sign, 4 change, 0
L/mm point 4 point B point 4 point B
200 100 200 89.2 189.2 0 0 - 30
170 100 170 93.8 159.2 1 1 1 -15
185 100 185 93.2 174.2 1 1 0 -15
200 100 200 89.2 189.2 0 0 -1 7.5
192.5 100 192.5 923 181.7 1 1 1 =3.75
196.25 100 196.25 89.2 185.45 0 0 -1 1.875
194.375 100 194.375 89.2 183.575 0 0 0 1.875
192.5 100 192.5 92.3 181.7 1 1 1 —0.9375
193.44 100 193.44 89.2 182.64 0 0 -1 0.46875
192.9 100 192.9 92.4 182.1 1 1 1 —0.234375
193.2 100 193.2 89.2 182.4 0 0 -1 0.1171875
(B 0.1171875<<0.15), THHATR, BERFF RN Input layer Hidden layer Output layer

Liin = 193.2 mm,
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Table 3 Pre-stretching schemes and experimental data

Group Input sample Minim.um
No. ' clamping
Thickness/mm  Stretch rate/%  Jength/mm
1 20 1.4 30
2 20 1.8 35
3 20 23 40
4 20 2.8 65
5 30 1.4 91.96875
6 30 1.8 93
7 30 23 93.5
8 30 2.8 94.5
9 40 1.4 110.3
10 40 1.8 133.8
11 40 23 153.125
12 40 2.8 154
13 50 1.4 131.8
14 50 1.8 193.2
15 50 23 212.17
16 50 2.8 213.59

MRKEFEHRFH LR, PREEHFLET, HHRE
FEROR, PR [FIFE, B R —, b
FHMAERPIER, SRR R, KRR
1T 3% 2.3%H01 2.8%), AHK AR JERFK B 15
RN, R 7 I R ok iz

h T ARG L A K PR N AT A A 328 bR BOBH B K
(M7, $EmAi M IR R, AR ZAT
H—AAL B, BIMEAS SAN AREAS SR VA 7 0 2 1
M o FAREA T IH— A R W R FR:

X — X
x( — 1z min (10)
Xmax ~ ¥min

T Xinin 1 X 2P AR T £ DMEAREA x; (R85 ME S
SCINIP

33 Mgill%

WL IR RERD R 2 2 i R, (5 AN 2 &k
LI ) A R AR, A A S AN A, UK
S S SR R 2515 S WA 1 I J 2k B, I
PAAE R 18 0085 J2 P 2 B RH BB A, EL 2 %
i R ZEIE B TSEBOE R2% S 22 ke T 2] i
POEHEPEFBERME IER, 2%, K2
NG R AR ARG B Y 2 SN, WSk 2

SAFEIRAE, (HUIZRIT A, WSO . Bk, %%
SRR 0 2 1 2 [, ASCEFIER# 2
Ny 1=0.01,

[FIRE, PIGGAUE R 0 2 1 X[ LR~
Ao, BEESPREME N 1.0X107 5, KR 3 16 4
FEAHIN M2, 3 AR SOE B 1) LM 5%
SIRUE RN BB T I SR, ZEAE 43258 SD ISR ik
KL, W 6 s, G MATLAB eR#06 Fid
WILE AT LS THE, S NN 2 ) R R e
s, R
y = sim(net, x) (11)
AP net HIIZRJG AL NS sim i) MATLAB ]
PFEEREG x=[x), x,]" WA y WA e, )
PR 1 5 /N JFFAE Lo

100 ¢
107
1072
1073 L

10—4 L

Mean squared error

1073

10—6 L

Epochs/10*

Bl6 Mzilgresiud i

Fig. 6 Convergence of network training

R4 FEASIIGCE o (B AT BT A R L

Table 4 Comparison of predicted results with simulated

values
Input sample Minimum clamping length
Group FE k
N Thickness/ Stretch . Netv.vor Relative
0. simulated predicted
mm rate/% error/%
value/mm value/mm
1 26 2.5 93.265 89.2732  4.28
2 35 1.6 113.75 111.1882 2.25
3 30 1.8 93 93.1067  0.11
4 45 2.7 180 186.6480  3.69
5 50 1.8 193.2 193.2031 0.002
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Holding area prediction of aluminum alloy thick plate for
pre-stretching processes based on diminishing step algorithm with
opposite direction

QIN Guo-hua, WANG Zhi-gang, LIN Feng, YE Hai-chao

(School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: Pre-stretching is the main method to eliminate the residual stress in aluminum alloy plate. But the holding of
stretching machine clampers on the two ends of the plate can affect the cutting volume and yield of prestretched plate, as
well as the elimination of residual stresses in end of plate. Therefore, by investigating the crucial technologies for the
pre-stretching of aluminum alloy plate, including the constitutive model, boundary condition, failure criterion, as so on,
the finite element analysis method is established for the limited pressure and slip factor. And then, while the function of
initial holding length is constructed properly, the sum of the current holding length with a certain step can be taken as the
next holding length. Thus, when the slip factors between the current holding length and the last one are calculated, the
difference of the two can be judged. If the two is the same, the next holding length increases with the same step along the
same direction. Otherwise, the next holding length decreases with the diminishing step along the opposite direction. The
difference of the slip factor of current holding length with last holding length is iteratively validated until the absolute
value of the step is not more than the given threshold value. Thus, the diminishing step algorithm with opposite direction
of the minimum holding length can be suggested to obtain the neural network training samples with the thickness of the
plate and the stretch rate as input. With the nonlinear mapping of neural network, a neural network prediction model of
the minimum holding length is established by the finite groups of training samples. By comparing the predicted value
with the corresponding finite element simulation, it shows that the prediction error is less than 5%. Obviously, the
proposed diminishing step algorithm with opposite direction is reasonable to holding area prediction of aluminum alloy
thick plate for pre-stretching processes.

Key words: pre-stretching of aluminum alloy thick plate; limited pressure; slip factor; minimum holding length;

diminishing step algorithm with opposite direction
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