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Design of a Ceramic Patch Antenna for Artillery Projectile

Positioning Applications

Yoon-Kyoung Chae*, Chan-Ho Lee**, Jae-Ho Cha**, Wan-Joo Kim***, and Bierng-Chearl Ahn**

Abstract

This paper presents a compact circularly-polarized patch antenna used for GPS/GLONASS receptions onboard an 
artillery projectile fuze. The proposed antenna consists of a corner-truncated slotted ceramic patch and a small circular 
ground plane. Two small rectangular slots are realized on the patch for improving the circular polarization bandwidth 
and an additional truncation at the patch’s supper left corner is employed for enhancing the required impedance 
bandwidth. The designed antenna inside the fuze occupies a cylindrical space of 6-mm height and 36-mm diameter. 
The optimal antenna design and the analysis of effects on design parameters are carried out with Microwave StudioTM 
by CST. The fabricated antenna is to be installed inside a fuze radome potted with plastic foam. The fabricated 
antenna shows a gain of 2.5~4.2dBic, an axial ratio of 5.1~11.6dB, and a reflection coefficient of less than –10dB 
at 1.57~1.62GHz.    

요  약

본 논문에서는 GPS/GLONASS 신호 수신을 위해 포탄 신관에 탑재되는 소형 원편파 패치 안테나를 제안하

였다. 제안된 안테나는 모서리가 절단된 슬롯형 세라믹 패치와 작은 원형 접지판으로 구성된다. 충분한 원편파

대역폭을 얻기 위해 패치 중앙의 2곳에 소형 슬롯을 배치하고 안테나의 요구되는 임피던스 대역폭을 얻기 위

해 패치의 상부 왼쪽 모서리를 절단하였다. 신관 내부에 설계된 안테나는 높이 6mm와 직경 36mm의 공간을

차지한다. 안테나의 최적 설계 및 주요 설계 변수에 따른 영향은 CST사의 Microwave Studio
TM

프로그램으로

분석하였다. 제작된 안테나는 플라스틱 폼으로 포팅되어 있는 신관 레이돔 내부에 실장된다. 제작된 안테나는

2.5~4.2dBic 이득, 5.1~11.6dB 축비 및 1.57~1.62GHz에서 –10dB이하의 반사계수 특성을 보였다.
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Ⅰ. Introduction

There have been active research efforts in regards 
to improving the precision of conventional artillery 
projectiles using satellite-based positioning systems, 
such as GPS and GLONASS [1]-[3]. The artillery 
projectile’s precise position is ascertained using a 
satellite signal receiver onboard the projectile. Small 
control fins and canards are used to adjust the 
projectile’s ballistic trajectory for an improved terminal 
accuracy. The M982 Excalibur, a despinned glide type 
155mm projectile, was the world’s first GPS-guided 
precision artillery round put into service. Other 
examples include the Precision Guidance Kit (PGK) 
[4] and the Mortar Guidance Kit (MGK) [5]. 

There have been very few published studies on the 
satellite signal receiving antennas onboard artillery 
projectiles. Recently Bang et al. [6] presented a 
projectile GPS antenna that consisted of four 
inverted-F elements on a truncated cone. Kim and his 
co-workers proposed the small shorted patches which 
can be installed around the projectile fuze body [7].   
Ceramic patch GPS antennas have been used for many 
years in commercial vehicular navigation systems; 
research papers have been published regarding their 
design [8][9].

We present, for the first time in an open 
publication, a ceramic patch antenna for use in 
precision artillery. The high-dielectric-constant ceramic 
patch antenna is investigated for reducing dramatically 
the installable antenna’s space. The conventional 
corner-truncated patch is perturbed with two slots and 
an additional corner truncation for enhanced 
performances. A design is presented for use in the 
antenna installed in the M782 NATO standard artillery 
fuze. All the structures and materials surrounding the 
antenna are included in the design.

Ⅱ. Antenna Design

Fig. 1 shows the structure and dimensional 
parameters of the proposed antenna. A corner-truncated 
rectangular patch is employed to generate the 
circularly-polarized radiation. A circular ground plane 
and a rectangular ceramic block with a high dielectric 
constant are used. The patch antenna is fed by a 
coaxial probe, the outer conductor of which is 
connected to the ground plane. The patch length is 
approximately  , which er is the ceramic 

material’s dielectric constant. The dielectric constant of 
20 is employed in a commercially available value and 
it makes the patch antenna installable on the 36mm 
diameter ground plane. Given er, the antenna 
bandwidth is determined by the ceramic material’s 
height, which 6mm was used for a bandwidth of 50 
MHz.

Two small rectangular slots are employed to 
enhance the circular polarization bandwidth by using 
the perturbations on the patch. For acquiring the 
required impedance bandwidth, an additional truncation 
c1 is used at the patch’s supper left corner for 
impedance matching. 

(a) Top view

(b) Cross sectional view

Fig. 1. Antenna structure
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The patch length l, the corner truncation c, and the 
probe position g determine the operating frequency, 
the axial ratio, and the input impedance, respectively. 
The fundamental design parameters were determined 
by using the widely-used electromagnetic simulation 
software Microwave StudioTM by CST. The dimensions 
of the slots and the added corner truncation have been 
optimized to further improve the antenna’s performance.

The proposed antenna has drawbacks such as a 
somewhat increased front-to-back ratio and high axial  
ratio due to the small ground plane of the fuze. To 
overcome this limited conditions, two slots and one 
additional truncation on the patch are employed.

Fig. 2 shows the proposed antenna installed inside 
the radome of the M782 fuze, in which there are 
electronic circuits enclosed in a metal case. The 
radome is made of Norly®(a modified polyphenylene 
oxide resin) whose dielectric constant and loss tangent 
are 2.7 and 0.001, respectively. The vacant space 
around the antenna is filled with rigid polyurethane 
foam having a dielectric constant of 1.34 and a loss 
tangent of 0.024.

In designing the on-board cetamic patch antenna in 
the fuze, the presence of the radome, the fuze body, 
and the foam potting material are simultaneously 
considered for use of the artillery projectile. Optimum 
design dimensions are obtained with the parametric 
sweeps in the use of Microwave StudioTM. The 
dimensions of the designed antenna were determined 
to be: d = 36mm, w = 25mm, l = 19.5mm, c = 
2.8mm, c1= 1mm, dx = dy = 1.5mm, g = 2.3mm, f = 
0.83mm, t1 = 0.03mm, t2 = 6.0mm, and t3 = 0.5mm.

Ⅲ. Fabrications and Measurement

Figs. 3(a) and 3(b) respectively show the fabricated 
antenna before and after it is covered with the radome 
and potted with the foam material. To verify the 
performances of the fabricated antenna, a reflection 
coefficient and gain patterns are measured by 
employing the vector network analyzer HP 8720C and 
a 3D antenna chamber. 

(a) Cross sectional view (b) 3-D transparent view

Fig. 2. Antenna installed in an artillery fuze

(a) (b)

Fig. 3. Fabricated antenna, (a) On a fuze body without a

radome, (b) Inside a radome with potting material

The measured reflection coefficient shown in Fig. 
4(a) is less than -10dB at 1.57~1.62GHz. The 
measured axial ratio versus the frequency shown in 
Fig. 4(b) is 9.9dB and 11.2dB at 1.575GHz and 1.616 
GHz, respectively. These axial ratios correspond 
polarization losses of 0.36dB and 0.47dB, respectively. 
Figs. 4(c) and 4(d) respectively show the RHCP gain 
patterns on the zx (elevation) plane and on the xy 
(azimuth) plane at 1.595GHz. The antenna had an 
omnidirectional azimuth pattern. The elevation 
beamwidth was 103.2 degrees. The antenna gain 
ranged from -10dBic to 3.3dBic for elevation angles 
from -115° to +130°. The measurements are agreed 
well with the simulated results. 
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(a) Reflection coefficient

(b) Axial ratio

(c) Gain pattern in elevation

(d) Gain pattern in azimuth

Fig. 4. Measured antenna performance

Ⅳ. Conclusions

A ceramic patch antenna has been successfully 
developed for precision artillery applications. A patch 
antenna on a high-dielectric-constant ceramic material 
has been optimally designed to work on a 36-mm 
diameter circular ground plane in the M782 NATO 
standard fuze in the presence of a radome and potting 
material. 

The circularly-polarized waves are obtained by 
employing diagonally two corner truncations on the 
patch. Two slots at the patch’s center and an 
additional corner truncation at its supper left corner 
are realized for enhancements of impedance and axial 
ratio bandwidths. The fabricated antenna shows a gain 
of 2.5~4.2dBic, an axial ratio of 5.1~11.6dB, and a 
reflection coefficient of less than -10dB at 1.57~ 
1.62GHz. The proposed small ceramic patch antenna 
can be applied for the reception of GPS and 
GLONASS signals onboard the artillery projectile.
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