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ABSTRACT

An edge-based hybrid finite element boundary integral (FE-BI) method using cylindrical
shell elements is described for analyzing conformal quarter-wave patches embedded in a
circular cylinder. Special care is also taken to deal with weight functions, dyadic Green’s
function, and feed model. Some types of the patch arrays embedded in different circular
radius have been developed. The tests of their VSWRs and radiation characteristics are in
good agreement with the theoretical results.
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INTRODUCTION

Microstrip antennas and arrays are being widely used on cylindrical flights because they
are conformal, easy configuration, low profile, lightweight, and have the ability to bear
high acceleration and great range of temperature variation if special techniques are used.
Consequently, much literature exists on their operation, analysis and design. In most cases,
however, available models such as the cavity model, when it deals with the arrays, the
mutual couple among each patch have generally been neglected, which makes the analysis
results inaccurate or full-wave integral method will lead to great storage requirements and
cost much time, and will severely restrict them to small scale applications. Recently, the
finite element boundary integral (FEBI) method was successfully employed for
planar/unplanar arrays analysis. In the paper, this method is used to analyze the
characteristics of the quarter-wavelength rectangular patches and arrays embedded in some
circular cylinders.

1.  Analysis Model Using FE-BI

The three-dimensional structure associated with a coordinated system is illustrated in
Fig.1.Using the variational approach, the weak form of the wave equation for Fig.1 can be
written as (1), Where,

r
Wj  are vector basis functions with support over the volume Vi, which



is associated with the ith degree of freedom, and in a similar fashion, Si and Sj represent
the aperture surface associated with the ith and jth degrees of freedom, respectively.
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The appropriate dyadic Green's function denoted by G2  has convolutional
( )φ φ φ= − ′ = − ′, z z z form when evaluated on the surface of the cylinder .The free-space
propagation constant is given by k0 02= π λ/ .where λ 0  is the freespace wavelength. The
cavity is filled with an inhomogeneous mateial having relative constitutive ε r  and µ r .The
function ( ) ( )δ δa ai j⋅  is the product of two kronecker delta functions. Hence, it identifies
which pairs of unknowns belong to the aperture and accordingly contribute to the
boundary integral submatrix. The right hand side contains an internal source ( )f i

int  and an

external source ( )f i
ext term.

Fig.1  The antennas structure and Fig.2  Cylindrical shell element
          associated coordinate system

1.1 Finite Element Discretization and Governing Equations

To construct a system of equations from (1), the volume V is first subdivided into a
number of small elements.  Each of those elements occupies a volume Ve (e1,2,3......M).
The field (total) in each element is then approximated by:
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in which 
r

W sj
e  are the (vector)expansion basis functions .The unknown expansion

coefficients E j
e  are obtained from (1) by Rayleigh-Ritz procedure[1] obtaining
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1.2 Cylindrical Shell Element Model

Consider a cylindrical shell element shown in Fig.2. The element has eight nodes
connected by twelve edges given by Volakis. Their three fundamental vector weight
functions are rewritten here:
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Having considered the shell element the next step is to assemble all such elements in the
solution region. The process by which individual element coefficient matrices are
assembled to obtain the global coefficient matrix is illustrated with Fig.3.



(a) The ith layered element coded in  z-n plane(b) The jth layered element coded in D-n
plane
Fig.3  Discretization of a 3D cylindrical rectangular region in a nonuniform mesh layered
element code

2. Results

We present below some representative numerical results to illustrate the validation of our
method as well as the effect of various factors on the performance of the patch
antenna/array. In each case the computed result via the FE-BI method are compared with
measured data.

Fig 4  The single patch's input impedance Fig.5  The single patch’s VSWR
with the different cylinder diameters compared with the test



(a) The single patch embedded in different (b) The double patch embedded in
cylinder diameters (r=76.,150.,1000. mm) diameter (r = 150. mm)

Fig.6 The patch's radiation characteristics

The specific single patch geometry size is 70mm132mm2.0mm and relative dieletric r2.2
with one circular side shorted .The patch was housed in a 110mm152mm4 mm cylindrical
rectangular cavity. Fig.4 shows the single patch's input impedance properties varying with
different cylinder diameters. Fig.5 shows the single cylindrical patch's VSWR property
compared with its experimental result. The radiation characteristics of single and double
patches embedded in different cylinder diameters are also given and tested in Fig.6. The
results of both the computations and tests show the validation of our method in the
development of this type of antenna and arrays.
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