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P 3 Btz N AAT075-T6 AR [ 437 AR 17 11
WIS HIE 3 AT LR, SRR X TG B R 30
RN, SRR M EIUKRRIRE S, HA D E
e, W R, HIRER&, Wl AAT7075-T6
WRETBIEAR TR 1 22, BA VI WRARRE, (A
B2,

SR ELEI T A R 000 45°F 9001 T.FER J7—
VAR {2 4(a) o, & 77 1A B AR S - R AR i
LILTH R Z R o B SO ELH 7 10 5 0°f) TAE M.
J1—TRE AR M 3 4o N - ARl 28, ]



H31BH 2 W

TR, . TR 2R A SRk AR ) 1 B R U S B A B 1O B BR 5 421

4 mm/min

30 mm/min 4 mm/min

4 mm/min 6 mm/min 7 mm/min 9 mm/min 5 mm/min 6 mm/min 6 mm/min

20
|

717

. 90
'122(Clamping length)

190

!
130(Clamping length)
180

36
[~ y
D-BS SNS1 SNS2 SNS3 ANS1 ANS2 ANS3 TNSI TNS2 TNS3
Target stress state of fracture initiation region: ||l €[0~1/3) I #=1/3 Ly E(1/3~1/ V31 =1/\3
1 AA7075-T6 BUM R TRR S R
Fig.1 Shapes and sizes of tensile specimens for AA7075-T6 sheet (Unit: mm)
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Fig. 2 Tensile force—stroke curves of tensile specimens for AA7075-T6 sheet: (a) Dog-bone specimen; (b) Shear notch

specimens; (c¢) Arc notch specimens; (d) Triangle notch specimens
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Fig. 3 Fracture morphologies of uniaxial tensile specimen of AA7075-T6 sheet: (a) Specimen for tensile test; (b) Fracture

morphology; (c) Magnifying fracture morphology
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Fig. 4 Stress—strain of AA7075-T6 sheet: (a) Engineering stress—strain curves along different direction; (b) True

stress—strain curve and fitting curve
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Table 4 Relative errors of test output samples corresponding to different training sample sets

Training Relative error of different sample/% Average
”ﬁfb D-BS SNS1 SNS2 SNS3 ANSI ANS2 ANS2 TNSI  TNS2  TNS3  error/%
1 1590 2.6X10"™ 3.2x10" 1.3X10% 4649 2845 72.60 13X10* 55X10° 6329.15 2.6X10'""
2 1.6X10'" 2.1x10° 35X10” 160.01 2247 3233 3.6X10° 1.1X10* 72X10° 1872 1.6X10'"
3 20.95 3.14 3.50 219 349 102 079 29.12 2375 3726 12.52

4 22.49 3.36 4.84 3.18 3.91

1.12 1.40 32.37 28.84 4431 14.58
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Table 5 Number of hidden nodes of BP neural network model and relative errors of corresponding test output samples

Node number

Relative error of different sample/%

S Average

in hidden layer 0
D-BS SNSI SNS2 SNS3 ANSI ANS2 ANS2 TNSI TNS2 TNS3 error/%
8.46 10.95 13.01 19.47  46.11 2.26 6291 138.02 2479 4942 37.54
15.45 4.06 443 27.66  49.76 5.38 6439 14480 1756 4297 37.65

20.95 3.14 3.50 2.19 3.49

5
6
7 22.20 5.27 6.09 3.51 3.02
8
9 13.40 430 2.86 2.36 1.85

10 21.57 11.84 3.20 32.15  46.78
11 13.48 9.74 6.27 33.12 49.86
12 15.79 3.95 3.12 4.22 9.49
13 9.40 10.81 4.88 3370 48.23
14 6.93 6.54 2.67 431 5.24

1.03 0.87 1349 2199 31.72 10.92
1.02 0.79 2912 23.75 37.26 12.52
1.23 0.79 33.69 22.64  37.17 12.03
3.36 63.18 136.73 2535 52.21 39.64
4.92 64.03 150.76  24.25 55.99 41.24
3.53 1.65 74.51 25.56 4491 18.67
341 63.34 132.89 2498  50.28 38.19
1.78 2.01 4725 2654  41.69 14.50
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Parameter optimization of ductile fracture criteria based on
neural network and genetic algorithm and
forming limit prediction for sheet metal

DONG Guo-jiang"*, CHEN Zhi-wei', ZHAO Chang-cai', LI Xiao-yi', YANG Zhuo-yun'

(1. Key Laboratory of Advanced Forging and Stamping Technology and Science, Ministry of Education,
Yanshan University, Qinhuangdao 066004, China;
2. Hebei Key Laboratory of Special Delivery Equipment, Yanshan University, Qinhuangdao 066004, China)

Abstract: In order to effectively predict AA7075-T6 sheet deformation problem, the 10 sheet tensile specimens for
different stress states were designed, according to the equations method to obtain sample data of BP neural network.
A fracture parameter prediction model of ductile fracture criterion based on neural network and genetic algorithm
(BP+GA) was established. The forming limit curves of AA7075-T6 sheet were drawn based on the optimal
specimen option by the equations method and the fracture parameters optimized by the BP+GA method. The
fracture prediction accuracies of equations method and BP+GA method were compared by evaluating the fracture
prediction error of notched specimen, and the forming limit curves drawn by the equations method and the BP+GA
method were verified by punch-stretch test. The results show that the optimal specimen option selected by the
equations method is close to the global optimal solution obtained by the BP+GA method. The theoretical forming
limit curve (FLC) of AA7075-T6 sheet drawn by BP+GA method is the lower profile of the experimental data
point set, and the predicted result is safe. However, the lack of tensile specimens from plane strain to biaxial-equal
tension stress regions results in a large gap between the theoretical FLC and test data, which reflects that the
parameter calculation for Lou-Huh criterion has a high sensitivity to the stress state of the test specimen. The
research result provides reference and data basis for fracture parameters analysis and forming limit prediction of
high strength aluminum sheet.

Key words: ductile fracture criterion, BP neural network; genetic algorithm; high strength aluminum sheet;

forming limit prediction
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