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Development of hybrid composite radar wave absorbing structure
for stealth applications
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Abstract. The ideally invisible stealth radomes are usually sandwiched constructions composed of E-glass/epoxy
composite, polyvinyl chloride foam and frequency selective surfaces (FSS). Nylon 6/6 and balsa wood are well known
for their low dielectric properties. In this work the electromagnetic (EM) wave transmission characteristics of the
existing stealth radomes were improved by employing nylon 6/6 ﬁbre and balsa wood, along with E-glass/epoxy
composite without compromising the mechanical properties. The free space measurement technique was performed
to measure the EM wave transmission characteristics in the X-band frequency range (8.2–12.4 GHz) for a speciﬁc
FSS. The ﬂexural strength of the sandwiched constructions were investigated with three-point bending test.
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Introduction

The ability of microwave radars to detect distant airborne
vehicles led to the invention of stealth technology. Rao and
Mahulikar [1] argue that ‘Stealth technology is one of the
military tactics and passive electronic countermeasures’.
Mahulikar and Sonawane [2] argue that ‘Stealth techniques
applied to personnel, aircraft, ships, submarines, missiles
and satellites act as a camouﬂage and makes them less visible
(ideally invisible) to radar and other detection methods’.
Chin and Lee [3] argue that ‘the performance of stealth
technique can be improved by minimizing the radar cross
section (RCS) of a weapon system as the distance detected
by opposite radar is proportional to the fourth root of RCS’.
Kim and Lee [4] argue that ‘the RCS describes the extent to
which an object reﬂects an incident EM wave and it is a measure of the strength of the radar signal backscattered from a
target object for a given incident EM wave power’.
Kim and Chin [5] argue that ‘three techniques are broadly
suggested for RCS reduction namely shaping of the vehicle, radar wave absorbing materials (RAM) and radar wave
absorbing structure (RAS)’. Seo and Chin [6] argue that
‘Shaping of the vehicle conﬂicts with the aerodynamic design requirements while RAM applied as a thick layer to the
vehicle increases the weight and also needs to be periodically
repaired’. Chin and Lee [7] argue that the ‘RAS embedded
as a load bearing structure transmits the EM waves without
disturbing the external proﬁles set by the vehicle designers’.
Kim et al [8] argue that ‘Since the RCS of the weapon
systems is increased by radar antenna, the stealth technology
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must be applied for it, to prevent the radar detection’. Choi
et al [9] argue that ‘the RAS protecting the radar antenna is
also called as radome, as indicated in ﬁgure 1a and b’.
Kim et al [10] argue that ‘the functional requirements
(FRs) of a stealth radome are as follows’.
• F R1 : has resonance in the X band frequency range (8.2–
12.4 GHz).
• F R2 : has more than 80% of transmission rate.
• F R3 : has less than 1 GHz of the bandwidth for –1 dB.
• F R4 : has high ﬂexural strength.
Kim et al [10] argue that ‘the existing stealth radomes
are sandwiched constructions of E-glass/epoxy composite,
polyvinyl chloride (PVC) foam (as they have low dielectric values with greater ﬂexural strength) and a frequency
selective surface (FSS)’.
In this work nylon ﬁbre/epoxy composite is used as a substitute for E-glass/epoxy composite and balsa wood instead
of PVC foam as the two have low dielectric properties and
the latter has greater mechanical strength.
2.

Speciﬁcation of the materials used

The plain weave E-glass ﬁbre and epoxy resin is purchased
from Leo Enterprises—India. The properties of the E-glass
ﬁbre are listed in table 1.
The density of the epoxy resin is 1.36 × 103 kg m−3 . The
nylon 6/6 ﬁbres, balsa wood (ρ = 110 kg m−3 ), and PVC
foam (HT110, ρ = 110 kg m−3 ) are purchased from AGS
Marine Agency—India. The thickness of the nylon ﬁbres is
0.128 mm.
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Figure 1.

Table 1.

Schematic diagram of the stealth radomes: (a) aircraft and (b) warship.

Properties of the E-glass ﬁbre.

Properties
Thickness of the ply (mm)
Density the ply (kg m−3 )

Value
0.126
2.6 × 103

Choi et al [11] argue that ‘A thin polyimide ﬁlm of 4 µm
thickness coated over a 20 µm thick copper foil constitutes
the FSS’. The FSS with dipoles and its unit cell are shown in
ﬁgure 2.
Kim et al [10] argue that ‘the size (a, b) and array periodicity (δa , δb ) of dipoles are 1, 13, 4 and 17 mm, respectively’.
3.

Dielectric properties of the materials

The dielectric properties of the materials used are listed in
table 2.
Choi et al [11] argue that ‘Since the dielectric properties
of balsa wood and PVC foam is closer to air, they act as
a ﬁller material, and their impact on electromagnetic wave
transmission can be neglected’. The dielectric constant and
loss tangent has the tendency to reduce, as the frequency of
the EM waves are increased.
4.

Fabrication of the sandwich RAS

Choi et al [11] argue that ‘the existing stealth radome is a
sandwich construction of glass/epoxy, PVC foam and FSS

as shown in ﬁgure 3a’. The thickness of face material (tf ) is
1.008 mm and the core (tc ) is 10 mm.
Kim et al [16] argue that ‘the face materials of the radome
E-glass/epoxy prepreg and nylon/epoxy prepreg are cured as
stated in the cycle shown in ﬁgure 4a by using autoclave vacuum bag degassing method’. Kim et al [16] argue that ‘the
R
, India) is used to bond the FSS,
epoxy adhesive (Araldite
E-glass/epoxy composite, PVC foam, nylon/epoxy composite and balsa wood, the bonding cycle of the epoxy adhesive
is shown in ﬁgure 4b’.

5.

Sandwich RAS conﬁguration

Six types of sandwich construction conﬁgurations are developed. The sandwich type, conﬁguration, and its identiﬁcation
code are shown in table 3. The front face consists of E-glass/
epoxy composite, and the modiﬁcations are made in the
core and back face without changing the dimensions. The
specimens are machined to 250 mm (width) × 250 mm
(length).

6.

Electromagnetic wave transmission measurement

The electromagnetic wave transmission characteristics are
measured by the free space measurement system as shown in
ﬁgure 5.
The test is conducted in the X-band frequency range
(8.2–12.4 GHz). The antennas are separated by twice the
focal distance 105 mm and the specimen is kept at the
middle.
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Figure 2. Frequency selective surface: (a) photograph and (b) the unit cell.

Table 2.

Dielectric constant and loss tangent of the materials.

Material
Glass ﬁbre/epoxy composite [12]
Nylon 6/6 [13]
PVC foam [10]
Balsa wood [14,15]
Epoxy resin [18]

Dielectric
constant

Loss
tangent

4.975
3.4
1.702
1.22
3.8

0.031
0.04
0.014
0.047
0.03

The frequency at which maximum transmission occurs is
the resonance frequency.
Choi et al [17] argue that ‘the transmission loss Ltr is calculated using the logarithmic scale ratio of Et (transmissted
EM wave electric ﬁeld intensity) to Ei (incident EM wave
electric ﬁeld intensity) expressed by as follows’:
 2
 Et 
Ltr = 10 log   (dB) .
Ei

(1)

Choi et al [17] argue that ‘the transmission rate is calculated
by as shown below’

Figure 3. Schematic diagram of sandwich constructions: (a) reference sandwich and (b) modiﬁed sandwich.

 2
 Et 
  = 10Ltr × 100 (%) .
E 
10
i

Figure 4. Bonding and curve cycles for the sandwich RAS: (a) fabricating the E-glass/epoxy and
nylon/epoxy composites and (b) bonding of the composites faces, core and FSS.

(2)
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Table 3.

Sandwich type, conﬁguration and identiﬁcation code.

Sandwich type
Type 1

Type 2

Figure 5.

Conﬁguration

Identiﬁcation code

8 Layers of E-glass/epoxy prepreg + PVC + 2
layers of nylon/epoxy prepreg + 6 layers of
E-glass/epoxy prepreg
8 Layers of E-glass/epoxy prepreg + PVC + 4
layers of nylon/epoxy prepreg + 4 layers of
E-glass/epoxy prepreg
8 Layers of E-glass/epoxy prepreg + PVC + 6
layers of nylon/epoxy prepreg + 2 layers of
E-glass/epoxy prepreg

1.a

8 Layers of E-glass/epoxy prepreg + balsa wood
+ 2 layers of nylon/epoxy prepreg + 6 layers of
E-glass/epoxy prepreg
8 Layers of E-glass/epoxy prepreg + balsa wood
+ 4 layers of nylon/epoxy prepreg + 4 layers of
E-glass/epoxy prepreg
8 Layers of E-glass/epoxy prepreg + balsa wood
+ 6 layers of nylon/epoxy prepreg + 2 layers of
E-glass/epoxy prepreg

1.c

2.a
2.b
2.c

Free space measurement system: (a) block diagram and (b) photograph.

The frequency range over which 80% transmission rate
observed is in the bandwidth for −1 dB.
7.

1.b

Choi et al [18] argue that ‘the ﬂexural strength of the
sandwich construction is calculated by’.
σcr =

Flexural strength investigation

Choi et al [11] argue that ‘three point bending test is performed to measure the ﬂexural strength of the sandwich RAS
construction according to ASTM D790-03 with ﬁve specimens for each type of sandwich conﬁguration shown in
ﬁgure 6’. The width (W ), span (L) and diameter (d) of the
supporting ﬁxtures are 30, 176 and 8.5 mm, respectively.

8.

3P L
.
2W t 2

(3)

Experimental work and discussion

The EM wave transmission characteristics are shown in
table 4.
There is a positive shift in resonance frequency as the
number of nylon/epoxy prepreg is increased. The maximum
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Figure 6. Loading conﬁguration and cross-section.
Table 4.

EM wave transmission characteristics.

Specimen
identiﬁcation
code
1.a
1.b
1.c
2.a
2.b
2.c

Resonance
frequency
(GHz)

Maximum
transmission
rate (%)

Bandwidth
for −1 dB
(GHz)

8.61
9.11
9.63
8.73
9.22
9.84

83
86
89
84
88
92

0.59
0.63
0.69
0.61
0.69
0.74

transmission rate and bandwidth of −1 dB is also increased.
This is due to the fact the dielectric constant of nylon/epoxy
composite are lesser than the glass/epoxy composite. Further
improvement in EM wave transmission characteristics are
observed in type 2, sandwich conﬁguration as balsa wood is
low dielectric than PVC foam.
The EM wave transmission characteristics is shown in
ﬁgure 7.
The load–displacement curve for the sandwich conﬁguration is shown in ﬁgure 8.
There is a drop in the failure load from type 1.a to 1.c
and 2.a to 2.c. This was due to the reason that the glass
ﬁbre was stronger than nylon 6/6 ﬁbres. The type 2 sandwich conﬁgurations is stronger than type 1. The presence of
balsa wood as the core increased the load bearing capability
of the specimens. Further increase in nylon 6/6 layers would
decrease the ﬂexural strength considerably, which could not
be compensated by the balsa wood. The ﬂexural strength
for each type of the sandwich conﬁguration is shown in
ﬁgure 9.

Figure 7. EM wave transmission characteristics.

Figure 8. Load–displacement curves.
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bending test is performed in Omega Inspection & Analytical
Laboratory—Chennai, India.
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