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Abstract. A conformal wing-shaped patch (WSP) antenna is designed and investigated in this
paper. Coplanar waveguide (CPW) feed is used to get high impedance matching and better
radiation pattern. The WSP antenna is designed on Kapton polyimide substrate material
measuring 20 x 30 x 0.1 mm”. It offers the impedance bandwidth of 630 MHz (6.55 GHz -7.18
GHz), 560 MHz (9.80 GHz -10.36 GHz), 560 MHz (9.80 GHz -10.36 GHz) at resonant
frequencies 6.97 GHz, 10.12GHz, 15.78GHz respectively. The reflection coefficients are
obtained at -17.42 dB, -16.39dB, -18.23dB for the resonant frequencies. To analyze the
conformability of the WSP antenna, the model is tested by mounting on the guided missile.
The performance of the antenna is good and small deviations are observed with a shift of 30
MHz, 120MHz, 380MHz in the reflection coefficient. The compactness and conformal design
with multi-band support proves the antenna suitable for future military applications.

Keywords: Coplanar waveguide (CPW), Conformal antenna, kapton polyimide, Multi-band
antenna.

1. Introduction
New technological advances in antenna design have been developed in aircraft and navigation
communications. Traditional antennas are not suitable for aircraft fuselages. Earlier, the aircraft were
used the conventional antenna systems. These antenna systems might occupy more space for limited
services. In spite of occupying more space, these antenna systems might get damaged easily. This
results in communication loss and misses functioning. As the antennas vary in size, the placement of
the antenna on the curved surfaces like aircraft and missiles is a challenge. Placing at wrong areas may
result in communication loss or unbalance in aircraft/missile. Thus, to overcome these problems,
conformal antennas are preferred to place on reentry vehicles like aircraft and missiles [1], [2].
Conformal antennas are more attracted and easily adapts to the object's surface. Optimized antenna
characteristics improve overall performance with proper aerodynamics and size reduction. In recent
years, research has grown in the field of flexible antennas. Integrating a conformal antenna into the
outer surface of the object has several advantages over traditional antennas. This provides more
options for locating antennas, increasing the field of view, and reducing aircraft/missile radar
signatures.

Flexible antenna design with good performance has received much attention. Increasingly
reported enablement components and antennas[3], [4], [5] for future requirements of low profile,
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flexible communication systems compatible with the substrate materials such as paper, textile and
polymers and plastics [6], [7]. In addition to the trends of the flexible antenna[8], [9], [10], multi-band
support is required in many cases. Different antenna designs are proposed, depending on the
application and the required specifications. However, the printed monopoles antenna structures [11]-
[12] have received the most attention due to their compact size and good radiation characteristics. The
substrate deformation may cause performance degradation of the antenna. So, it is also important to
study and analyze the conformal characteristics of an antenna. In order to reduce the complexity in the
design and fabrication of antenna coplanar waveguide (CPW), feeding is [13], [14], [15] preferred.

In this paper, the antenna is designed to suitable for different logos of the Indian airforce. So,
that the structure is adapted to the surface of the aircraft or missile, this design is selected such that
there is no requirement of a separate place that is to be reserved for placing the antenna. The antenna
performance is analyzed with both planar and conformal characteristics. The reflection coefficient,
radiation pattern, and antenna gains are simulated with the antenna held flat and bent positions on a
guided missile. The results of flat and bent designs are compared and studied.

2. Antenna Design

The simulated model of the wing-shaped patch (WSP) antenna is shown in ‘figure 1°. To achieve
conformability, the WSP antenna is designed on a Kapton Polyimide film with a dielectric constant
(g;) of 3.5 and loss tangent (8) of 0.008, Polyimide film has been used successfully in applications at
temperatures 23 to 200°C (73 to 392°F) range, and it has excellent chemical and temperature
resistance. The proposed patch designed to operate at multi-band frequency and is shown in ‘figure 1°.
The length and width of the substrate are Ls x Ws with 0.1mm thickness. The widths of each wing are
denoted by W;, W,, W3, and the gap between wings is denoted by L,. The circular-shaped patch with a
circular slot is designed to resonate at the desired band of communications. The optimized design
parameters of the WSP antenna are tabulated in table 1. The simulations of the WSP antenna is done
by using CST (computer simulation technology) aoftware [17].
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Figure 1. The geometry of the wing-shaped patch (WSP) antenna.
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The resonant frequencies vary with the respective radius of the circular rings. The radius 'R;’and ‘R,’
(equation (2)) of the circular ring patch is calculated by using effective radius Regecive (€quation (1))
[16].Where fiesonant12 18 the first and second resonant frequency, €, is the dielectric constant of the
substrate material.

Table 1.Design parameters of WSP antenna.

Parameter Value(mm) Parameter Value(mm)

L, 20 Wi 30
L, 4 W, 14
L, 2 W, 28
L, 1 W; 20
L 6.4 W 1

R, 5.5 S 2.6
R, 4.2 Sw 2.1

3. Results and discussions

The reflection coefficient response (S;) of the simulated WSP antenna is shown in ‘figure 2’. From
the ‘figure 2’ three operating frequencies 6.97 GHz, 10.12GHz, 15.78GHz are resonated with -17.42
dB, -16.39dB, -18.23dB reflection coefficients and a bandwidths of 630 MHz (6.55 GHz -7.18 GHz),
560 MHz (9.80 GHz -10.36 GHz), 560 MHz (9.80 GHz -10.36 GHz) respectively.
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Figure 2. S;,0f wing-shaped patch (WSP) antenna.

Figure 3. 3D-Gain plot of proposed wing-shaped patch (WSP) antenna at (a)
6.97 GHz, (b) 10.12GHz, (c) 15.78GHz frequencies.

The 3D-gain plots of the WSP antenna are shown in figure 3. The maximum gain of 4.97dBi is
observed at 15.78GHz frequency. The gain is observed moderate at 10.12GHz and 2.06dBi for 6.97
GHz frequency.
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Figure 4. Surface current distribution of WSP antenna at (a) 6.97 GHz, (b)
10.12GHz, (c) 15.78GHz frequencies.

The distribution of surface currents of the WSP antenna at each operating frequencies is shown
in figure 4. The current distribution of 273 A/m is measured at 6.97 GHz frequency. It is observed that
for the first resonant frequency, the maximum surface current intensity is focused in between first and
second wings. The remaining resonant frequency surface currents are intensified at second and third
wings, and the lower sections of the circular rings and the values are 376 A/m, 121 A/m observed at
10.12GHz, 15.78GHz frequencies.

The radiation characteristics of both E, H-fields of the proposed antenna are shown in figure 5.
As shown in figure 5 (a) the E-field and H-field radiation characteristics are observed as semi-
omnidirectional and bi-directional. The angular width is 175.2deg, and the main lobe direction is
180deg for E-Field, and for H-Field, the angular width is 77.9deg, and the main lobe direction is
200deg. Figure 5 (b) shows the E-Field and H-field radiation characteristics of 10.12GHz frequency.
The main lobe direction is 137deg for E-field, and for H-field, the angular width is 66.2deg, and the
main lobe direction is 339deg. Figure 5 (c) shows the E-field and H-field radiation patterns of
15.78GHz frequency, and it is observed as semi-omnidirectional and butterfly-shaped patterns. The
angular width is 149deg, and the main lobe direction is 221deg for E-field, and for H-field, the angular
width is 52.6deg, and the main lobe direction is 336deg.
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Figure 5. E-field and H-field radiation patterns of WSP antenna at (a)
6.97 GHz, (b) 10.12GHz, (c) 15.78GHz frequencies

4. Bending analysis

The WSP antenna is designed to suitable for guided missiles. As shown in figure 6, the WSP antenna
is mounted on a guided missile, which conforms to the surface of the missile and doesn't need extra
space. So, the antenna is characterized in a bending position to check the antenna performance.
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Figure 6. The geometry of (a) conformal WSP antenna, (b) WSP
antenna mounted on aircraft with a guided missile.

The reflection coefficient of the conformal WSP antenna for an 80mm radii cylinder (missile) is
shown in figure 7. It is observed that the performance of the antenna mounted on the missile will not
be affected much. The resonant frequencies are slightly shifted towards high, and the bandwidths are
slightly varied. The conformal antenna resonates at 7 GHz, 10.24GHz, 16.16GHz frequencies with -
17.71 dB, -21.89dB, -15.71dB reflection coefficients respectively.

The 3D-gain plots of the conformal WSP antenna are shown in figure 8. The maximum gain of

4.94dBi, 4.89dBi, is observed at 16.16GHz, 10.24GHz frequencies. The gain is observed low at 7GHz
frequency.
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Figure 7. S11 of conformal WSP antenna mounted on a missile.
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Figure 8. 3D-Gain plot of conformal WSP antenna at (a) 7 GHz, (b)
10.24GHz, (c) 16.16GHz frequencies.

As shown in figure 9(a) the E-field and H-field radiation patterns are observed as
omnidirectional and semi-omnidirectional. The main lobe direction is 180deg for E-Field, and for H-
field, the angular width is 90.3deg, and the main lobe direction is 323deg. Figure 9(b) shows the E-
Field and H-field radiation patterns of 10.12GHz frequency, and it is observed as semi-
omnidirectional and flower-shaped patterns. The angular width is 108.4deg, and the main lobe
direction is 180deg for E-field, and for H-field, the angular width is 70.8deg, and the main lobe
direction is 297deg. Figure 9(c) shows the E-Field and H-field radiation patterns of 15.78GHz
frequency, and it is observed as semi-omnidirectional and directional shaped patterns. The angular
width is 113deg, and the main lobe direction is 180deg for E-field, and for H-field, the angular width
is 45.9deg, and the main lobe direction is 192deg.
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Figure 9. E-field and H-field radiation patterns of conformal WSP antenna (a) 7
GHz, (b) 10.24GHz, (c¢) 16.16GHz frequencies.

5. Conclusion

A conformal wing-shaped patch (WSP) antenna is proposed for military applications. The proposed
antenna operates at 6.97 GHz, 10.12GHz, 15.78GHz frequencies with an impedance bandwidth of 630
MHz (6.55 GHz -7.18 GHz), 560 MHz (9.80 GHz -10.36 GHz), 560 MHz (9.80 GHz -10.36 GHz)
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respectively. The simulated results showed the gain of 2.06dBi, 3.11dBi, 4.97dBi for respective
frequencies. The proposed antenna achieves semi-omnidirectional, bi-directional patterns. Bending
analysis is done by mounting the antenna on a missile, and conformability will not degrade the
antenna performance. The proposed antenna finds applications in long-distance communications,
terrestrial broadband, radars, and satellite communications for the guided missiles.
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