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Material Topology Optimization of FGMs using Homogenization
and Linear Interpolation Methods
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Abstract

In a functionally graded materials(FGM), two constituent material particles are mixed up according to a specific
volume fraction distribution so that its thermoelastic behavior is definitely characterized by such a material
composition distribution. Therefore, the designer should determine the most suitable volume fraction distribution in
order to design a FGM that optimally meets the desired performance against the given constraints. In this paper,
we address a numerical optimization procedure, with employing interior penalty function method(IPFM) and FDM,
for optimizing 2D volume fractions of heat-resisting FGMs composed of metal and ceramic. We discretize a FGM
domain into finite number of homogenized rectangular cells of single design variable in order for the optimization
efficiency. However, after the optimization process, we interpolate the discontinuous volume fraction with globally
continuous bilinear function in order to enforce the continuity of volume fraction distributions.

Keywords : 2D Volume Fraction, Reduction of Effective Stress, Homogenized Rectangular Ceil, Optimal Design,
Linear Interpolation
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Equivalent Stress ( N/m*x10%)

Fig. B Etfective stress for the initial volume fraction
distribution

& vk AHe R e BEduUR g Srlgde] 2
EFe ¥ 5 Aol ol %L Fig. 308 BE of AW
A MAE S0l FHE AE 7R W Bofr} $H
AHERE F ¥ 921 30N - mE o, A
o FrReEe 0.6250PaS 2 (0.09, 0.09) A«
A Al

HH LA B wE BN A 48 g
AR AEL Table 291 Felstdet, & 5we
RSl EXAert SRS 3w, &
FE8L ML 82439,

F4, 200 uls] a4 T dgeuAsl )
7] WA 2AR AE ¢ 4 et A9 §7)
29 A E 28758 (0.09m. 0.09m)$iA o)
A oAEg et o ol BEAAE (0.02m, Om)e
AR AA B}

HAMA F de o[35d AREE BEES Fig. §

Table 2 Numerical results slong the optimization

iteration
. A g ks i B}
e cwgo | s | s4 9a
{(N-m) (Pa} x{m} | »im)
270 | 9.2139E+2 | 6.2526E+8 | 0.00 | 0.09 |
i B.GG54E+2 | 6.0608E+8{ 0.09 | 0,09 |
2 7.2340B+2 | 534598481 0.08 | 0.00
3 2.0612E+2 | 5.1637E+8 | 0.02 ] O
4 1.0397E+2 | 37381E+8 | 002 0 |
1.03975+2 | 3.7381E+8 | 0.02] 0 |

500 HEMMPREINE =28 N14H M4S2001.12)

of Jelglch 2719 vlmsled FOMBWAe A
HEE FE0 948 AgE e 890 5 9o

Fig. 73 Fig. 82 o|a3tsl 33 L84 We
Ayl @ $rbey BYE BBy v} 2ol
vis) AN Byoh 4we] iaeeg 8 4 9l

A FOMEE A& J4882 7Hn gleng,
HALAE AP ojars FEAy AH2e A0
A48 Tt dosh) webd g4 YRR B
& Fl3f ol4tEly NHES ExE oxg Ad¥uw)

Fig. 3% 6& Ansld 2 EA% (vertex node)d)
et ThHebe AAEY ANEE BHEE g4Pe
2 ogdele g BAgdMY Axges Heg
T, 100% VAE% 100% SRrlelE2n Hele 2
Aol dsisie 100% WA 2 100% EF0de A
Hgom gl ol sl Ay 2 T 9H

5 o oo
F oy m -~
4 ¢

Volume Praction
f~3
i

[=1
¥

Fig. 8 Final optimized volume fraction distribution
of N .

Strain Energy Density ( N.m/m*x10%)

Fig. 7 Strain energy density distribution for the
optimum velume fraction



Equivalent Stress ( N/m?x10°)

01 01
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Fig. 12 Strain energy density contour for the inter-
polated optimum volume fraction
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