I 2 5 B 807

:nu

Eﬁ J. of The Korean Society for Aeronautical and Space Sciences 45(9), 807-815(2017)
DOLhttps:/ /doi.org/10.5139/JKSAS.2017.45.9.807
ISSN 1225-1348(print), 2287-6871(online)

EDISON Z21#8& 43 3219 343 u%ﬁ‘rﬂlt Tz A3 o
1<

AR, AeEr, 2719, 2E

r:lo

A study on the optimization of three-dimensional auxetic pyramid

structure by using EDISON program
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ABSTRACT

Auxetic structures with negative Poisson’s ratio can be used to achieve high mechanical
properties in energy absorption and destruction toughness. In this paper, we aim to design
an auxetic structure which has a high negative Poisson’s ratio and a stiffness over
50N/mm by using an optimization method. Length(L), thickness(t) and angle(f,, 6,) of an
auxetic pyramid are the design parameters, and also stress, Poisson’s ratio and stiffness are
thr reaction factors. We used Box-Behnken method and conducted 4 factors - 3 levels
experiment design. Finite element models are analyzed by using Edison program
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Fig. 1. Shrink mechanism of loaded auxetic
structure

Fig. 2. Behavior of center loaded auxetic
structure
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Table 1, 2| YEFSTH

Table 1. Material properties of AIS| 6145

AlSI6145
Density 7850 kg/m?®
Elastic modulus 201 GPa
Poisson’s ratio 0.3
Yield stress 1165 Mpa

Table 2. Chemical composition of AISI 6145(wt%)

C Mn P S Si Cr \%
0.43 | 0.70 | 0.04 | 0.04 | 0.20 | 0.80 | 0.15
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Table 3. Optimization objectives and
constraints

Objectives and
) Target values
constraints
Negative maximize
Poisson’s Ratio
von-Mises stress minimize
(< 1165 MPa)
Stiffness (K) 50 < K ( N/mm )

Fig. 3. 3D Auxetic pyramid structure
(patent US 7910193 B2)

Fig. 4. Unit model of 3D auxetic pyramid
structure and design parameters
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Table 4. Design parameters and levels

Symbol | Specification Min Mid Max
L length(mm) 30 45 60
t width(mm) 0.8 1.0 1.2
0, degree 30 60 90
0, degree 105 135 165

ﬂ Displacement
dof12=0

Constraint
deofl123456=0

Fig. 5. Boundary conditions of finite
element analysis model
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Fig. 7. Distribution of von—Mises stress

Table 5. Experimental design by using
Box-Behnken method

No | Limm) | timm) | 6,(Deg) | 6,(Deg)
1 60 1 30 135
2 60 1 60 165
3 45 1 90 165
4 45 0.8 60 105
5 45 0.8 60 165
6 45 1 60 135
7 30 1 90 135
8 45 0.8 90 135
9 60 1 90 135
10 30 1.2 60 135
11 45 1 60 135
12 45 1.2 60 105
13 45 1 90 105
14 30 1 60 165
15 30 1 30 135
16 30 0.8 60 135
17 30 1 60 105
18 45 1.2 90 135
19 45 1.2 30 135

20 60 1.2 60 135

21 45 1.2 60 160

22 45 1 30 105

23 60 1 60 105

24 45 1 30 165

25 45 1 60 135

26 60 0.8 60 135

27 45 0.8 30 135
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Table 6. Results of reaction parameters

Negative von—-Mises Stiffness
No Poisson’s stress (K)
Ratio (MPa) (N/mm)
1 0.884 183.246 119.258
2 0.157 50.736 18.867
3 0.076 52.430 20.642
4 0.733 125.080 39.269
5 0.487 113.154 61.225
6 0.401 113.135 61.237
7 0.243 198.990 165.847
8 0.227 60.984 14.966
9 0.225 42.369 16.453
10 0.430 331.956 536.593
11 0.401 112.869 61.202
12 0.764 207.043 239.024
13 0.469 272.439 401.818
14 0.164 218.291 176.146
15 0.945 761.708 1137.877
16 0.409 206.649 89.763
17 0.784 416.916 449501
18 -0.236 99.271 89.361
19 -0.926 402.515 653.458
20 -0.397 75.633 52.008
21 -0.161 112.229 101.793
22 -1.631 388.037 335.871
23 -0.729 86.851 39.473
24 -1.007 290.769 274.336
25 -0.401 113.042 61.204
26 -0.384 48.335 9.455
27 -0.889 252.705 117.740
Section  Coefficient SE Coefficient T-Value P-Value VIF
Constant -(,09392 0.00132 -71.16 0.000
block
1 -0.000281 0.0006822 -0.45 0.653 1.33
2 -0.000265 0.000622 -0.43 0.672 1.33
L -0.031908 0.000660 -48.35 0.000 1.00
t 0.010537 0.000660 15.97 0.000 1.00
T -0.026397 0.000660 -40.00 0.000 1.00
T2 -0.015775 0.000660 -23.90 0.000 1.00
LxL -0.000525 0.0003930 -0.53 0.598 1.25
trt -0.002213 0.000930 -2.24 0.029 1.25
T1=T1  0.011693 0.000930 11.81 0.000 1.25
T2xT2  0.004250 0.000980 4,29 0.000 1.25
Lxt 0.00348 0.00114 3.04 0.003 1.00
LxT1 -0.01106 0.00114 -9.668 0.000 1.00
LxT2 -0.00366 0.00114 -3.21 0.002 1.00
=11 0.00370 0.00114 3.24 0.002 1.00
t*T12 0.00070  0.00114 0.61 0.542 1.00

Fig. 8. Session window of second order
regression model analysis result
(von—-Mises stress)
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Table 7. Results of optimized design factors

Design factor Optimized values
L(mm) 60
t(mm) 0.8875

6, (degree) 30
0, (degree) 105
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Table 8. Results of optimized parameters

and errors
Predicted | Optimized Error(%)
values values
von-Mises
stress 169.865 175.615 3.39
(MPa)
NPR -1.501 -1.574 4.88
Fig. 16. Shape of the optimized model
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