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Optimization of Microwave Absorbing Performance in Polymer Matrix Composite
Laminate

J. B. Kim", T. W. Kim"

ABSTRACT

In this study, An optimization code that can design microwave absorbing composite laminates is developed,
and 3-layered microwave absorbing composite laminates are developed by optimizing the thickness of each layer.
The layers are 3 different composite laminates. Many variables including lay-up angles of electromagnetically
orthotropic composite layer can be considered in this code. The developed laminate is composed of an impedance
matching layer of glass/epoxy fabric laminate, a glass/epoxy fabric laminate layer containing aluminum filler and
carbon/epoxy fabric laminate layer. Permittivities of the materials are obtained using a network analyzer and a
coaxial air line.
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Fig. 2.1 Geometry of the microwave absorbing composite
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Step 1.
Given x, compute gy=vA x,)7 and set
dy=— g
Step 2.
For £=0,1 ..., »—1;
a) Set x4,y = xp+a, dp, Where g, minimizes
R xptapdy) .
b) Compute g,y 1= VA Ilzﬂ)T
c) Unless k=n—1, set dp.,=— gpr1+8: dy
where g,= m (Fletcher-Reeves
& r &k
Method)
Step 3
Replace x, by =x, and go back to Step 1.

& Fel g el %
Al Zzgzgas ghagolutel X AMNEHE HAS 110 F
fr(E-glass plane weave, t=0.10, aerial weight=107

g’y ALE3 1104 EPC T2 = olth ¢FnFe (—r)
&g o)A AAEE non-leafing?] ¢F0)E #Ho)
E(Alpaste)ZA 40 ¢ EdlolA(flake)El Y Q) L FnE BT
o|folx AUtk RAAEFASE LFrF HOAEE
(FyFEANA AAEE A FA £R 4 P ZelZea &
do] =3t A st gAMER/AEA B B3R
() SK chemicalAl®] ®rAAf/ol ZA] T Tel g(jkai

i

= HZEAJALY] TR-30 12K)E AlS-3te] autoclaveE 4
&, A Z3FA T Table 3.12 Agol A1EE EFA S0}
FHAE FAHL EEXH(coaxial air line)@ FE4 7] (network
analyser)& ©| &3l 4 GHz ~ 12 GHz2| 3} 9o A
ZA4359}. Fig. 3.13} Fig 3.2, Fig. 3.3 Table 3.1 U&=

%

A8 A& gholth

Fig. 3.17} Fig. 32914 GE132 GE°l ®lsts A7)
oF 282 AXAA 49 Frke 32X g =3, F3
T & FAEE AY YA Fig 339014 FHE/ =
Al Az AFHe] Ae FEHRNEA Az AFHe
g Fakpo] wt FAEe] HEU vl E AL B &
Atk

Table 3.1 Composite materials for microwave absorbing

Material Name
GE glass/epoxy fabric laminate
GEI3 glass/epoxy fabric laminate containing 13
weight percent of Al flake
CF carbon/epoxy fabric laminate
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Fig. 3.1 Permittivity of the 110# EPC glass/epoxy fabric laminates.
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Fig. 3.2 Permittivity of the 110# EPC glass/epoxy fabric
laminates containing 13% wt. of aluminum flake.
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Fig. 3.3 Permittivity of the carbon/epoxy fabric laminates.
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Table 4.1 Permittivities at 9.0 GHz
Material Name Permittivity
GE . 4.54 - 0.067]
GE13 9.90 - 0.410j
CF 4239 - 1948
Incident
Wave GE GE13| CF )
c Transmitted
1 & € | Wave
) Ho 20 B [——
Reflected t t t
Wave ! 2 3

Fig. 4.1 The schematic of cross section of a microwave absorbing
composite laminate.

Table 4.2 The optimized dimension and absorbance, A of
composite laminatesjmm]

Total
GE GEL3 CF thickness A

inital 1.00 100 | 3.00 5.00 588
Ape=0900 | 468 | 425 | 599 1491 | 974
Apax=09901| 542 | 350 | 727 1619 | 991
Apax=0999 | 526 | 368 | 1120 | 2014 | 999
Amx=1000| 529 | 367 | 1858 | 2754 | 1.000
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Fig. 4.6 The absorbance, A by the initial dimension and the

optimized dimension of microwave absorbing composite
materials.
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