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A SELF-TRAINING CLASSIFICATION JUDGEMENT OPTIMIZATION METHOD FOR
THE IMPACT-RESISTANT STRUCTURAL SIZE OPTIMIZATION?Y

Wang Chunpeng ~ Gao Ruxin Lian Yanping® Cheng Zhanshan Li Mingjian
(Institute of Advanced Structure Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract Impact-resistant structures have a broad application and play a crucial role in military and civilian safety.
However, such structure optimization suffers from the time-consuming issue of the structure dynamic response analysis
and finds sensitivity analysis difficult due to the strong non-linearity associated with the extreme loading. In this study, a
self-training classification judgment optimization method is proposed. This method utilizes a self-training classification
judgment surrogate model based on support vector machines and a genetic algorithm to solve the size optimization
problem of impact-resistant structures. Different from the regression-based conventional surrogate models, the self-
training classification judgment surrogate model reduces the computational cost of the sample dataset. Moreover, a
constraint-handling strategy and a fitness calculation method are introduced to integrate the classification judgment
surrogate model into the genetic algorithm. Two examples, including the optimization of the blast-resistant corrugated
sandwich structures and the penetration-resistant polyurea/ceramic composite plate, are presented to showcase the
effectiveness and efficiency of the proposed method. It is expected that the proposed novel method with high efficiency
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for impact-resistant structures optimization is capable of ensuring the service performance of equipment structures and

personnel safety under extreme impact loadings.
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Fig. 1 Schematic diagram of classification judgement optimization method
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Fig. 2 Flow-chart of the proposed method
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experimental data ! and numerical results
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Fig. 6 Comparison of deformation patterns of the corrugated sandwich

structure between the experimental data %! and numerical results
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Table 1 Reference and optimized designs
Reference value Optimized value

T/ (mm) 138 1.00

T, (mm) 1.38 1.00

T, (mm) 0.7 0.5
H, (mm) 14.00 19.69
¢ (s) 45.00 69.62
EA ) 564.54 722.65
MaxD (mm) 16.25 15.19
M(g) 62275 505.34

displacement/cm

I— —0.327

- —0.654

- —0.982

(a) ZHE 45 - ~1.309

(a) the reference structure I_ ~1.636
- ~1.963

- —2.290

_ 2618

Y I_ ~2.945

(b) fR ALt e

(b) the optimized structure
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Fig. 7 Comparison of the displacement field between
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Table 2 Optimized results and the computational costs with

different dynamic surrogate models

Mass (g) EA()) MaxD (mm) Cost (h)
SVM 505.34 722.65 15.19 93.75
KG (MSP) 499.83 726.14 15.43 175.23
KG (ED) 503.59 724.09 15.88 135.97
RSM 513.89 663.82 15.76 148.39
RBFNN 500.96 733.43 15.30 164.20
®
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Fig. 8 PCA visualization of the initial and newly added samples
distribution
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Table 3 Comparison between two different training strategies for the surrogate model

The number of samples Mass (g)

EA(J) MaxD (mm)

FEA  Classification accuracy =~ FEA  Classification accuracy

30
Optimized design from 60
static surrogate model 90
120
Optimized design from sequential surrogate model 30+ 10

488.25  797.23 True 21.02 False
495.16  750.48 True 16.33 False
500.44° 710.66 True 18.16 False
511.32° 709.43 True 14.87 True
50534  722.65 True 15.19 True
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Fig. 9 Illustration of the penetration problem of polyurea/ceramic
composite plate by the tungsten alloy projectile
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Fig. 10 Numerical model for polyurea/ceramic composite plate under

the tungsten alloy projectile penetration
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Fig. 11 Comparison of the four snapshots of the deformed ceramic
target at increasing times
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Table 4 Comparison between the reference configuration and optimized configuration of the polyurea/ceramic composite plates

under the projectile penetration

Vies(m/s)
The number of samples Mass (g) f. (mm) tp (mm) Sord
SPH-FEM Classification accuracy
Reference design — 514.68 10.00 10.00 1 188 —
Optimized design from
5+7 491.00 8.88 11.98 0 0 True

sequential surrogate model
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Fig. 12 Comparison of the numerical results of the projectile-target

interaction with the target
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Table Bl Mesh size convergence analysis based on the

deflection of backplane
Structure mesh size Air mesh size Displacement of rear plate
(mm) (mm) (mm)
2 4 12.6
1 2 15.2
0.5 1 15.8

Fize B2 LT iE) SR Rl IR A 200
Table B2  Effect of particle spacing on the residual velocity of

the projectile
Particle spacing(mm) Viee (M/8)
1.0 -
0.8 675
0.6 691

Bk C RIS %

MiZz C1 304 TEEWRESHPY

Table C1 304 stainless steel material parameters

Parameters Value
p(kg-m™3) 7900
A (Mpa) 310
B (Mpa) 1000
n 0.65

c 0.07

& 1.00

m 1.00

T, (K) 1673
7, (K) 293
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Mz C2 EREZFMARSHRESHS Mizk C5 S(LIBIAEM RIS H
Table C2 Parameters of the polynomial equation of state for Table C5 Alumina ceramics material parameters
the air
Parameters Value
Parameters Value
A 0.93
Co 0
B 0.31
C 0
C 0 c’ 0
C3 0 m 0.6
Cy 0.4 " 0.6
G 0.4 H(GPa) 2.79
Ce 0
F(GPa) 0.2
Eo (kJ/m?) 2.53%10%
pr(GPa) 1.46
MiZ C3 TNT tEZ5S B4 o, 0.005
Table C3 TNT material parameters o 1
2
Parameters Value
ki (GPa) 130.95
Pcy (GPa) 21
k» (GPa) 0
A (GPa) 373.8
B(GPa) 3.75 piera 0
R 4.15 p(kglm?) 3921
Ry 0.9 G(GPa) 90.16
w 0.35
Eo(kJ/m?) 6x10°

Mizz C6 ESU630 D BRARH) TF2R /I1-F 2 (RIZEZR 400/5)7
Table C6 Engineering stress-strain of ESU630 D polyurea

Mizk C4 SRKEIM RIS HP6

Table C4 Projectile material parameters

Parameters Value (strain rate 400/s)
G (GPa) 124 Engineering stain Engineering stress (Mpa)
A (Mpa) 1200 0 0
B (Mpa) 141 0.047 11.41
¢ 07 0.101 21.12
m 1.0
0.163 28.11
n 0.12
0.221 27.98
o (kg-m=) 17162
Co (m/s) 4029 0.283 28.50
N 1.23 0.351 29.41
52 0 0417 29.93
5 0 0.569 29.28
%0 1.54
0.649 29.28
D,y 0
0.734 30.32
D 0.33
D 15 0.819 31.22
Dy 0 0.92 30.96

Ds 0 1.01 30.83
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PR EE J. FHoh, KG SR & % R 4G RSM R = 2 30
3\; RBFNN [&j )2 K4 0N 0 23.

Mizk D1 ETEIERIERBMMUER

Table D1  Optimized results with regression-based surrogate
models
KG (MSP) KG (EI) RSM RBFNN

7, (mm) 1.02 1.00 1.18 1.00
T, (mm) 1.00 1.00 1.00 1.00
7, (mm) 0.5 0.5 0.5 0.5
H,(mm) 19.98 19.27 19.83 19.98

¢ (s) 66.59 69.23 61.24 67.50

FisR E A% iR B XHREE B RIR 0

SRR B AV TR 2 R R O ik B, A&
(Linear). ZUix (Poly). mi# (Gaussian). X 1EY]
(Sigmoid) #Z s %% . For, H F 1A% s A B 1 A% iR B8R 1
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Mk E1 ETFREIZEBRE 73245 XL
Table E1 Comparison of the classification accuracy of the

model with different kernel functions

Mg F RIEBRBEEKEHAERNRINRER

Mz F1 sh7SRIBRERRM S R E 5 ER
Table F1 The iteratively added points and their classification

results from the dynamic surrogate model

Iterations Mass(g) EA(J) MaxD (mm)  Correct classification
1 481.57 702.53 22.05 False
2 508.70 645.38 16.33 False
3 544.87 702.53 18.41 False
4 571.07 777.24 18.12 False
5 571.68 584.88 12.09 True
6 535.80 628.47 13.82 True
7 519.37 696.53 15.33 True
8 505.74 722.65 15.19 True
9 492.66 679.85 17.42 False
10 506.34 722.66 15.14 True

MR G #aThEE R W S BB L G5 RV 2T

R G X LT WIaABR SO /i Ja A S R th R T A,
a6 R AR 1 i 0P IS ST 75 BN s B i O 4 A
10. JEEE 73t D, 38A% SEE AR MR R 4n Pl P o 48 11 R 2
[E 7T a0 300, W AR R AR 2 2 o) B B i 0 RS
I HLT R H B SRR & 24 5%, R AR AR AN 2 8 A5 )
Wi, P T A RS S HORATERIFE 5.7% < A, HAR
EE R R B RTIRTE T 0.16%. 1245 Xt LR A, i i i 547
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Table G1 Comparison of optimized results before and after the

modification of the initial population

Before modification After modification

The number of correct classification

EA MaxD
Linear 15 14
Poly 15 13
Gaussian 13 14
Sigmoid 5 15

T, (mm) 1.06 1.00
T, (mm) 1.00 1.00

T, (mm) 0.5 0.5
H, (mm) 19.99 19.69
¢ (s) 66.14 69.62
M(g) 506.16 505.34
EA()) 726.16 722.65
MaxD (mm) 15.84 15.19

Number of Iterations 4 10
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