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Fabrication of Radar Absorbing Shells Made of Hybrid Composites and Evaluation
of Radar Cross Section

Woo-Kyun Jung’, Sung-Hoon Ahn', Bierng-Chearl Ahn™, Seoung-Bae Park” and Myung-Shik Won

ABSTRACT

The avoidance of enemy's radar detection is very important issue in the modern electronic weapon system.
Researchers have studied to minimize reflected signals of radar. In this research, two types of radar absorbing
structure (RAS), “C”-type shell and “U”-type shell, were fabricated using fiber-reinforced composite materials
and their radar cross section (RCS) were evaluated. The absorption layer was composed of glass fiber
reinforced epoxy and nano size carbon-black, and the reflection layer was fabricated with carbon fiber
reinforced epoxy. During their manufacturing process, undesired thermal deformation (so called spring-back) was
observed. In order to reduce spring-back, the bending angle of mold was controlled by a series of experiments.
The spring-back of parts fabricated by using compensated mold was predicted by finite element analysis
(ANSYS). The RCS of RAS shells were measured by compact range and predicted by physical optics method.
The measured RCS data was well matched with the predicted data.
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Fig. 1 TEM picture of carborr-black particles used in this study.
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Fig. 2 Dimensions of RAS shells(mm).
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Fig. 3 Mold geometry and lay-up of RAS shells(mm).
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Fig. § Definition of spring-back angle of parts (& p).
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Fig. 6 Definition of bending angle of molds (& »).

Table 1 Mechanical and thermal properties used in ANSYS analysis

Material Elastic Modulus | Poisson's ratio | CTE of x dir. | CTE of y dir.
T (x direction) | (x direction) (ay) (o)
Glass'CB | 50 8 GPa 0.270 855e6 | 8396
fepoxy
Carbon | 55 7 Gpa 0.351 -1.54e-6 | -1.54c6
/epoxy
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Fig. 7 Test setup for measurement of RCS.

Table 2 Electromagnetic properties of RAS materials used in prediction

of RCS
Real Imaginary
R Frequency L . Loss tangent
Material permittivity | permittivity
(GHz) " 0]
Gyl ")
Glass/CB/epoxy 10 6.9 - 0
Carbon/epoxy 10 25 26.6 1.08
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Fig. 8 Spring-back compensated RAS shells.

(a) “C” shape (b) “U” shape
Fig. 9 Analysis result by ANSYS : bending angle of mold at zero spring-
back.
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Fig. 11 RCS of RAS shells on 10GHz frequency range.

54 8

geiel AET gHacdd % 244 AWNE Bt
carbon/epoxy®} Uic7]e] 7HEE o] H7lE glass/CB/epoxy
2 olgste] “C'y4 U “UgAHY slolel= RAS UE A
Aoz, A PSR AZ WE RHTH FAlo] RCS
9] A& B 2L F3t Hold FHEAS EEA.
A2 OB F Az €4, 7IAY B4R Yst= A
2 92 FYo LT AojE S5t AgHor RAE £
9.19.12111, ANSYSE ojg%t {3tas sjMzdae AdAdnet
Z dxske AL glstgcth ES, ARE RAS 49 glojh
FREAL AZs) 99 TAWAYS ol g3l RCSE o
3}1L compact rangeZ ol-83to] F4% AAe} wlawstglct.
duduet AN 2 AARE FAsIAOR, AAE RAS
o Holy §4 FEARZY $87H-4E st
Y/} SEW, Er AR SO BAAAE AP
B39 Alstetd Wakg AAlo] 2897 B LR} SEO
Mzt 9 olBe) §<lo] W otRAYU ATt Weh. waa,

B A78 Bl sAe BAW Hens 2y sluel
RASS A HEL AL 2Tt Bk Asteta 4o
e APy A7 W B4 B S kAT a7
k.

% 7

B aRe IYngaTse “Pud A FETEA

A/ Bﬂ* A(ADD-03-11-01)"2} BK21 @ AML2thstw &
WALAT TR TLLY NYer #H=EHoeq oo ZA=
Yyt E3, RCS A& 9541 Postech Electromagnetic
technology Lab. A2 2574 FA=HYth

)]

2)

3

~

4

5)

6

=

7

8)

g

Oh, J. H, Oh, K. S, Kim, C. G. and Hong, C. S,
“Design of radar absorbing structures using Glass/epoxy
composite containing carbon black in X-band ranges,”
Composites Part B, Vol. 35, 2004, pp. 49-56.

Pinho, M. S., Gregori, M. L., Nunes, R. C. R. and
Soares, B. G., “Performance of radar absorbing materials
by waveguide measurements for X and Ku-band
frequencies,” European Polymer Journal, Vol. 38, 2002,
pp. 2321-2327.

Chung, D. D. L., “Electromagnetic interference shiclding
effectiveness of materials,” Carbon, Vol. 39, 2001, pp.
279-285.

Li, G, Hu, G. G, Zhou, H. D, Fan, X. J. and Li, X. G,,
“Absorption of microwaves La;-Sr,MnO; manganese
powders over a wide bandwidth,” Journal of Physics, Vol.
90, 2001, pp. 5512-5514.

Cheng, K. B., Ramakrishna, S. and Lee, K. C., “Electro
magnetic shielding of copper/glass fiber knitted fabric
reinforced poly-propylene composites,” Composites Part A,
Vol. 31, 2000, pp. 1039-1045.

Tretyakov, S. A. and Maslovski, S. I, “Thin Absorbing
Structure for all incidence angles based on the use of a
high-impedance surface,” Microwave and Optical Technology
Letters, Vol. 38, 2003, pp. 175-178.

Matous, K. and Dvorak, G. J, “Optimization of
Electromagnetic Absorption in Laminated Composite Plate,”
Transactions on Magnetics, Vol. 39, 2003, pp. 1827-1835.
Kajima, A., Nakayama, R., Fujii, T. and Inoue, M,
“Variation of dielectric permeability by applying magnetic
field in Bi;O;- Fe;O; - PbTiO; sputtered films,” Journal



B19% & 1 8 2006. 2 stolnElc BIRYE o] L4t gojn T4 4o A 2 oo wHA Hrt 35

of magnetism and magnetic materials, Vol. 258, 2003, pp.
597-599.

9) Trakhtenberg, L. I, Axelrod, E., Gerasimov, G. N,
Nikolaeva, E. V. and Smirnova, E. I. “New nano-composite
metal-polymer materials : dielectric behavior,” Non-Crystalline
Solids, Vol. 305, 2002, pp. 190-196.

10) Talbot, P., Konn, A. M. and Brosseau, C., “Electromagnetic
characterization of fine scale particulate composite
materials,” Jowrnal of magnetism and magnetic materials,
Vol. 249, 2002, pp. 481-485.

11) Sarrazin, H., Kim, B. K., Ahn, S. H. and Springer, G.
S., “Effect of Processing Temperature and Layup on
Springback,” Journal of Composite Materials, Vol. 29,
No. 10, 1995, pp. 1278-1293.

12) Fernlund, G., Rahman, N., Courdji, R., Bresslauer, M.,
Poursartip, A.,Willden, K. and Melson, K., “Experimental
and numerical study of the effect of cure cycle, tool
surface, geometry, and lay-up on the dimensional fidelity
of autoclave-processed composite parts,” Composites: Part
A4, Vol. 33, No. 2, 2002, pp. 341-351..

13) Giliotti, M., Wisnom, M. R. and Potter, K. D,
“Development of curvature during the cure of AS4/8552
[0/90] unsymmetric composite plates,” Composites Science
and Technology, Vol. 63, No. 2, 2003, pp. 187-197.

14) Giliotti, M., Jacquemin, F. and Vautrin, A., “On the
maximum curvatures of 0/90 plates under thermal stress,”
Composite Structures, 2004, Article in press.

15) Barucci, M., Bianchini, G., Rosso, T. D., Gottardi, E.,
Peroni, 1. and Ventura, G., “Thermal expansion and
thermal conductivity of glass fibre reinforced nylon at
low temperature,” Cryogenics, Vol. 40, 2000, pp. 465-467.

16) Korab, J., Stefanik, P., Kavecky, S., Sebo, P. and Korb,
G., “Thermal expansion of cross-ply and woven carbon
fibre copper matrix composites,” Composites : Part A,
Vol. 33, No. 1, 2002, pp. 133-136.

17) Kanagaraj, S. and Pattanayak, S., “Simultaneous measurements
of thermal expansion and thermal conductivity of FRPs by
employing a hybrid measuring head on a GM refrigerator,”
Cryogenics, Vol. 43, No. 8 2003, pp. 451-458.

18) Knott, E. F., Shaeffer, J. F. and Tuley, M. T., “Radar
Cross Section,” 2nd Edition., Artech House, 1993.

19) Jung, W. K., Kim, B, Won, M. S. and Ahn, S. H,
“Fabrication of Radar Absorbing Structure (RAS) Using
GFR-nano Composite and Spring-back Compensation of
Hybrid-Composite RAS  Shells,” Proceeding of 13th
International Conference on Composite Structures, Monash
Univ.. Melbourne. Australia. November 14-16. 200S.

20)

21)

22)

23)

Bowman, J. C., “Methods for rapid computation of RCS
in aircraft design,” Dig. IEEE National Aerospace and
Electronics Conf., 10-12 Oct. 2000, pp. 118-125.

Rius, J. M., Ferrando, M. and Jofre, L., “High-frequency
RCS of complex radar targets in real-time,” /EEE Trans.
Antennas Propagat., Vol. 41, No. 9, 1993, pp. 1308-1319.
Knott, E. F., “The relationship between Mitzner's ILDC
and Michaeli's equivalent currents,” IEEE Trans. Antennas
Propagat., Vol. 33, No.1, 1985, pp. 112-114.

Knott, E. F., “A progression of high-frequency RCS
prediction techniques,” Proc. IEEE, Vol. 73, No. 2,
1985, pp. 252-264.



