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Abstract

An optimal design of a multi-layered plate structure to endure high-velocity impact has been suggested by
using size optimization after numerical simulations. The NET2D, a Lagrangian explicit time-integration finite
element code for analyzing high-velocity impact, was used to find the parameters for the optimization. Three
different materials such as mild steel, aluminum for a multi-layered plate structure and die steel for the pellet,
were assumed. In order to consider the effects of strain rate hardening, strain hardening and thermal softening,
Johnson-Cook model and Phenomenological Material Mode! were used as constitutive models for the
simulation. It was carried out with several different gaps and thickness of layers to figure out the trend in
terms of those parameters’ changes under the constraint, which is against complete penetration. Also, the
measuring domain has been shrunk with several elements to reduce the analyzing time. The response surface
method based on the design of experiments was used as optimization algorithms. The optimized thickness of
each layer in which perforation does not occur has been obtained at a constant velocity and a designated total
thickness. The result is quite acceptable satisfying both the minimized deformation energy and the weight

criteria. Furthermore, a conceptual idea for topology optimization was suggested for the future work.

=2

[—

1. A

1% FEF oA HAY e AFR|

Aolth. 28y, 3 B Mo}, 224 )
59 A Ze Wz AYEoIAME FaE o
39, AQAER
AU et 7A T
T AN, 59, At AT

E-malil : yoojh@yonsei.ac.kr
TEL : 02)2123-2859 FAX : 02)362-2736

34, A371¢agYsta driezgrgen

* kK

= o4y BA9 42 Paz o g} = o
223 gelel 42 98 A7 e7Hm g
o #0924 e A uee =
Astel 497 H42 A2 ¢ D WA, oA
£ F o ¥8g nejd AR sl4vel Ba
2 37 9%, ot £ANNE = I
A o f7t BT B8 Hzd: A9
Aol A¥Hoz G At AFHY A
27t FEE2 BRG] @} Yoz £
A4 mZol Folw Yo},

HEH HUY AL 14 FES V= wa
TFEEY HASE Sz 244 ol2d uwy
g $E9 ojo] B2 £ 552 usoo}
gtk 1H2E 28 A% WAL HAsks] 9
ANE J1Ee A433Y, Aqux ey 2 ®
WY BEA ol9le] 1UYEH} nHYE Sxo



1794

A Uglls 7N vadste] AgS
oS AR So] YasiA =Hol #3343
Mol olgleL AAA Bt ¥4, F2EL AA
Hoz R AL FZ2E AAY FFEL IA
z7N9A HEz 8 859 S 25 T
229 u7} AFSL M9sln YHs WA
Z2EX9 A4S Foln FAE FolE, 7153HY
FzEL AA & 5 A& Hojoh

HAste wyoze A  AFH A S (size
optimization), %3 % 8H(shape optimization), 91833
A 8l (topology optimization)5 22 EFE T 9@
N4t AS W dde wAolY HAYY
A7} AA #5471 Hd, AF A5 3¢ EY
2 AR AU} T2EY F4 Fo| AARY =
A gx9 Wz TP, A A B¢ T
ol Iy =, F7F A 94X F& W2
2 sto] Aot FAY 5§ olgstd T3
2.2 2 AFdMEe AF Az S T vAHdY
EANL /1A 1£3E5L ¥ O38A Az o
2 A9 A AAWsE AAso HHIE
s9sl9m, 5% Age FARA dEHoAE
AAWSGE Ag Qo dAstd Ad HHJE
SHAND 4 HAE P AU

229 FHAAME dIFF =4 3

9 AANS € AF 29 I AT
zo AANFm, AZJEAE AT FnYFS
Agstes dd F4HE 5y

21 &=x| iAo T2

938 324 Y(finite element
method, FEM)& 27t g 3 2t1% 7 (Lagrangian)
229 #]4 =2l NET2D & AH4-33ith. NET2D
= Yoo Zoj o8 AdEo] oW 2 AW &
Wy A 2 ud S o In A F
< MEd AA Agd va, REH A8
24z gwe Az A=t 2FE vk o
st £4 M5t AHEE FIs7 AT d
A5 Zohf= dld £ojsith Fig. 1 o Yehd
AN NETD & £33 2 Ax(mesh) 82 A
g A 2]7)(pre-processor)?] Fastq, 22+ 4 %
Age BAHN o RAEzA FTE ARsE
Control File & o]&3ld X84 & Fdst= 8
Axo NET2D, 2FL EAFEF sy
Bear, 2437 Hlol&}E& A 3t7] A% Tplot 59 ¥
2} 2] 7] (post-processor) 2 T = ol .

22 &M gy

AH8e 96 BE A3 By, BB 99 4

A 9 AAEL Fohhrl Ak 400ms 2 AF
10mm o 777t @& e Zol 100mm Q| BAHAY

99 - 434 -

#3EF - A%9

Input modeling data Input properties
rpat he nitial Finite Prooerues of Manerials
Elernent Modeling ata Boundary Conditions  [e———y
Corret Cons S0 i
L Input Rle
|_Pre-processor; Fasta |
MESNING (rocess
Meshille  Control File
Saly Net2D
imization Algorithm 1 5 A
Optim igo Sonng Optimization Algorithm 2
molfmemadmws Camol praperties of Matertals
wsig Sensithity Ansiysis of T Output Fil h
Aasponse Surtace A X File
—

N

T o f'R\gL — ;
N

Ty
/Post processor: Bear
Piot e Opamal Modet

e

Fig. 1 Overall flow chart

i
i
{
Verze
of

REERLIEER
Piid i

(a) Deformation energy (b) Temperature

Fig. 2 Comparison between the deformation energy and
temperature

Table 1 Material characteristics
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Fig. 9 Final shape difference due to a gap
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Table 2 Simulation cases for the optimization
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Table 3 Design of experiments

Fig. 12 Axisymmetric model for the simulation
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Table 4 Optimization Result

amm) | blmm) | To(t) | W, (K@) F
Initial model 1 1 204.2906 0.1066 0.9903
Optimized model 1.2 0.8 198.6088 0.0964 0.6158
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Fig. 14 Conceptual idea for topology optimization
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