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Abstract In this paper, the near-field vector components
were used to combine the FEM method and the
uniform-geometrical theory of diffraction (UTD) method for
analyzing phased array antenna mounted on an airborne
platform. First, HFSS, a set of software based on finite
element method (FEM), was utilized to find the near-field
vector components of the phased array antennas, and then
these vector components were used as the source of the UTD
method to get the disturbed radiation pattern. Numerical results
show that the hybrid of the two methods not only extends the
use of the UTD program, but also effectively solves this type
of challenging problems.

Keywords: FEM, UTD, Airborne phased array antenna
pattern

antenna’s near-field vector component can be computed
with HFSS, and then the result is entered into the UTD
program to compute the far-field. This is the hybrid method
of FEM and UTD. This method works well here because the
antenna is far away from the airplane.

1 Introduction

Electromagnetic compatibility (EMC) is very important
especially for the aircraft, which is crowded with electronic
equipment. The analysis of the airborne phased array is very
important. However, because the frequency of the phased
array antenna is very high and the airplane is very large, it is
difficult to use MOM or FEM method to analyze airborne
phased array in such a large system. For this electrically
large object, UTD is suitable for predicting the effect of the
object when it cannot analyze the characteristic of the
antenna itself [1-2].

On the other hand, the antenna is far away from the
platform (10 4 ), so the antenna’s character can be analyzed
with HFSS without considering the whole airplane. The
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2 Vector field component of the antenna

Phased array antenna is a combination of antennas in which
there is a control of the phase and power of the signal
applied at each antenna, which results in a wide variety of
possible radiation patterns (Fig. 1).

ANSOFT HFSS is a software based on the FEM and is
widely used in electromagnetic computation field. In fact,
the method of FEM blending UTD is that using HFSS to
compute the near-field vector component of the antenna
first, and then using the UTD method to deal with the effect
of the object. This method is suitable here because the
antenna is placed 5.4 m away from the plane, and the
antenna works in the L-band. This allows us to ignore the
effect of the plane when using HFSS to analyze the antenna.
The near field vector component is the interface between
FEM (HFSS) and UTD.

Fig. 1 A phased array antenna

3 The analysis of the effect of the object with UTD

The next step is to use UTD to deal with the vector field
component simulated with ANSOFT HFSS. The airplane
can be simplified as the model made up of a flat plate,
cylinder and cone (Fig. 2).



Fig. 2 The model of the airplane

If the reflected or diffracted ray on the flat plate, the
cylinder and the cone can be established, the effect on the
pattern of the object can be evaluated easily [3]. In this
paper, the author uses the reflection of the cylinder as an
example.

The first step is ray trace (Fig. 3). The source point and
the field point are known, so the objective is to find out the
point of reflection 8, , according to Fermat’s theorem.

An infinite length cylinder with radius a is shown in

Fig. 3. Point D and E represent the mapping of the source
point and the field point to the xoy plane respectively.

r(r,91,2)
y

X
Fig. 3 The ray trace of a cylinder

The source point and field point can be respectively
presented as:

ORg: 1y =ricosgia, +rsinga, + 2.

ORy: 1y =1,c080yd, +1>8INPyd , + 25d, M
Assume the reflected point g existed, then;
Tazacos¢ﬁx+asin¢ a,+za, 2)
(ﬁ = (rcos¢p, —acosp) a,,
+(rsing, —asinp)a, +(z, - 2) a,
O.R, = (r,cosp, —acosg) a, 3)

+(rsing, —asing) a, +(z, - z) a,
Note that the outward normal vector n is independent of
the z direction, and we get:
ii=cospa,+sinpa, 4
According to Fermat’s theorem, the incident angle is
equal to the reflected angle, then:
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01'RS 0I'R0
1icos (p =) —a _ r,cos (p—py)~a ©
erRs HrRO
Let6, =p—¢, 6,=¢,—¢,then Eq. (6) can be deduced
to:
Kcos @ —a r,cos by —a %)
01'—R; |0rRO|
Here, L is the total optical distance, i.e.,
Lok +[a. %] ®
6?3; = \/1”12 +a’ - 2arcos O, + (z; - z)?
49rR0| = \/rzz +a* = 2ar,cos 0, +(z, - z)* )

According to Fermat’s theorem, we get:

OL _ansin, arsinb, _ 0
o x| om)
a_L: (z=z) (z-2) _o
0z |6,R, grR0| (10)
ie.,
1sin 6 r,sin 6,
er—Rs arRO|
(z=z)_(5-2)
OR| [6.R)| (1n)

As is shown in Fig.3, ‘55‘ and ‘(TE‘ denote the horizontal

projection of \671\ and ‘EE‘ on the plane parallel to the

bottom of the cylinder respectively, and therefore we have:

0

0rD‘ =I0.R| —(z-2)* = \/a2 +1% —2arcos 6,
[——p2

= 0rR0‘ —(z-2,) =\/a2 +1y° —2ar,cos6,

According to the principle on similar triangle, we get:
(z—2z) (zp-2)

(12)

0F

= 13)
0D |0E
In the following, we normalize the variable:

A=l p=2 72 z-34 3752 (14)

a a a a a

ricos & —1 _rcos 6, —1 (15)
7sin 6, Hsin 6,
Equation (15) can be simplified to:

7isin 6 —sin 0, =Tmsin (6, — 6,) (16)
Then, Eq. (16) can be rewritten as:

7sin 6y —rsin [(9; — ) — O] =7nsin [26, — (0, — )] (17)

For the reason of 8, = (¢, —¢,)—§, , it can be simplified as:
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[ +7cos (@, — @) — 217,c08 (9, — ¢;)cos 6, ]sin G,
=7sin (¢, —@y)cos O — 2rmsin (¢, — @)
cos’ 6, + nisin (@, — ;)
Letx=cosé,, then sinf, = ﬂ .
We get:
[7; +7;c08 (¢, — @) = 277,08 (9, — 9 x' (1= x7)
=[7sin (¢, —@)x = 2775sin (@, — o
+77sin (¢, —@)I’
Then, the result can be expressed finally as:
45 x" — 4rm[reos (9, — @) + R’
+[7 + 7 +277c0s (9, — ) =47 R I
+ 277527508 (¢, = ) +7; +75c08* (9, — @) x
+ {777 sin’ (9, — @) = [F; + Fye0s (9, — )"} =0
From the function above, 6, can be solved. Once 6, is

known, ¢, 0, can be obtained. Z component of the

reflection point can be found out by Eq. (18) as follows:
5[0.E|+2.[6.D)
“or Tl

zZ =

G\l +7 —27c0s 0, + 2,1+ 7 —27cos 6,

JIH757 = 2708 0, +1+ 7 —27cos 6, (18)

In summary, Egs. (17)-(18) form the analytical equations
for the reflection point on the cylinder.

This completes the first step. The second step is to judge
whether the ray is blocked. The ray is valid only when it is
not blocked.

The third step is to compute the electric field at the field

point R, (Fig. 4).

Source point

Fig. 4 Reflected field by the cylinder surface.

The reflected field by the cylinder surface can be
expressed as follows:

E(R)=E'(0,)R |— L
(R)=B )R

The function above is a vector expression. The scalar
expression is:

(19)

efjks' _4 s
E'R)=C,— {— eietnhe,
N &
o i)

{W[l ~F(x")]+B,, (éL)H

PiP; o
(o1 +57)(p5+57) (20)

The component is detailed in Ref. [4], so we do not
present each variable here. Using the formula above, the
reflected field by the cylinder surface can be easily
computed. The near vector field simulated by HFSS is used
as the incident field E' in Eq. (19).

The example above is only the computation of the
reflection field by the cylinder surface. Since the airplane is
made up of the plate, cylinder and cone, the total UTD
program should include these three modules. Furthermore,
the other two modules are required to improve the accuracy.

4 Numerical results and discussion

We used an airborne antenna that is 5.4 m away from the
airplane, with the antenna working in the L-band. Fig. 5
shows the near-field pattern computed by ANSOFT HFSS.
Fig. 6 shows the far-field pattern. The near-field pattern has
not been affected by the airplane, as shown in Fig. 5; and
the far-field pattern is affected by the airplane obviously.

Fig. 5 Near field pattern.

Fig. 6 Far field pattern.

5 Conclusions

To analyze the phased array antenna, the software HFSS
based on FEM is a good choice. For an electrically large



target, UTD works well. Combining FEM (HFSS) and UTD
is a good method for analyzing the airborne phased array
antenna as shown in this paper.
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