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I. INTRODUCTION

The prolate spheroid will be used to simulate a wide class of
aircraft fuselage in the future. The far-zone and near-zone radiation
patterns of a prolate spheroid mounted antenna have already been studied
[1,2]. It is obvious that if one wishes to simulate an aircraft, one
must allow the flat plates (model used for wings) to attach to the
fuselage which was modeled by the prolate spheroid in our study. There-
fore, the object of this study is to study the curved junction edge
resulting from attaching the plates to the prolate spheroid.

For the future development of the computer program to simulate
the aircraft antenna, it is assumed that all corners of the plate are
outside of the prolate spheroid. '

Qur approach to this problem is first to find the intersection
point between a line (i.e., one edge of the plate) and the prolate
spheroid. Then one can follow the same idea to find the curved junc-
tion edge between a flat plate and the prolate spheroid. The method
is described in detail in the following sections.

II. INTERSECTION POINT BETWEEN A LINE AND THE PROLATE SPHEROID

Using the geometry as shown in Figure 1, the spheroid surface
is defined by ﬁ(v $) = acosv cos ¢ X+ acosvV sin¢ } +
bsinv ; (1)
where

v = tan'l b cos 9
a sin 9

The line direction is given by

(2)

N >
e(xl,yl,zl) = Fl(xl"yl’zl)_ - Pz(xzoy?vzz)

. P (x12y1021) - Polxpuvp2y)|
= exx + eyy + ezz




Figure i.

teometry of spheroid.
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where'ﬁl(xl,yl,zl) andlﬁz(xz,yz,zz) are the position vectors of two
points with respect to the origin of the coordinate system. From
Figure 1, one observed that the position vector of the intersection
point 3h(xh,yh,zh) with respect to the origin of the coordinate system
can be easily defined by A

T’h(xh,yh,zh) =T’1(x1,y1.21) + % e(x,y,z) (4)

From Ecuatinrs (1}, (1) anc (4), one obtains the fcllowing euuations:

3 CUSV Crs o= x4 ge (5a)
acCs v sin ¢ = ¥yt zey (5b)
absinv =2 4e, . (5¢)
From Equctions {F2y, “Gp), and (5c), one finds
(x +£,e)2+(y +g,e)2 (22+ge)2
l X _— 1 J 1 . z = 1 . (6)
;2 + b[
Def ining
. ney.2 2 2.2
A=b (ex + ey) + a%;, » (7a)
B = b2(x e+ y,e ) + azz e (7b)
15" N1%y 1°z2°
C= bz(xz + y2) + a%2% - a%b? ’ (7c)

and employing Equations (6) and (7), one obtains the distance between
the points P1 and PH such that

8 + VB2-ac and
A ? (8a)

L, = -8 - \/BZ-AQ
A

ll =

(8b)

The smaller one of (21, 22) will be used in equation (4) to define
the position vector Ph (Xpys¥pe2p) -




ITI. CURVED JUNCTION EDGE BETWEEN A PLATE AND THE PROLATE SPHEROID
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Using the geometry as shown in Figure 2,'51, P2, P3 and P4 are

the position vectors of the corners of the plate, then one can define

the unit vectors of the plate edge as follows:

: P (x 2551 - Bi(xy.24)
e (x5.¥525) = (i1 e YisloZiel) 7 FitRieYie%i) (9
P YiareZien) = Pilxgoyzy)l]
with i =1, 2, 3.
The plate normal unit vector is given by
N _ey(x.¥7.27) X €5 (Xys¥ps25)
Np(x, y, 2) Al 127171 _3;3 2272272 (10)

&1 (x12¥1521) X €p(X5:¥7,2,)

Using the procedure described in Section II, one can determine the

position vectors of the intersection points ﬁHI and ﬁHF between the

~

prolate spheroid and two plate edges ¢ and €3, respectively. Then

one can define the unit vector

e (x,y,2) = Pur O s Ve 2ue) = Pt Oy Yugo2nn) (1)
|3HF eI 2ue) = PHr (HrsYuro 2|
and the binormal unit vector
by(x.y,2) = epy(x,3,2) x N (x,y,2) . (12)

According to the variation of the spheroid surface, one can divide

the line pHFpHI into N-1 unequal length segments, z' with i=1,2 ..

.n-1.

Then one can get N-2 position vectors P. (x,y,z) a]ong PHFP HI by using

the recursive equation,

> > -

Pilx,y,2) = Py 1(x,y,2) + &} eg (x,y,2) (13)
with

ﬁz(x,y,z) = HI(x,y,z) + 2 FI(X y,Z) and i = 2,3,...N-1

4
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Intersection between a plate and the prolate spheroid




By using the position vectors Pi(x,y,z) Jjust found, one can get N posi-
tion vectors along the curved junction edge or

Pegi(xoya2) = Pi0y,2) + 22t (x,y,2), § = 2,3, (14)
with

ﬁbEl(x’y’z) : 3ﬁ1(x’y’z) , and (14a)
Boen(x:7:2) = Belx,y,2) . (14b)

note 2? can be found by using the same idea employed in Section II.
Therefore, the curved junction edge was found by connecting all N posi-
tion vectors 5&Ei(x,y,z). Note that this approach provides a piecewise-
linear approximation for the curved junction edge resulting from the
intersection of the flat plate and the prolate spheroid.

Iv.  CONCLUSION

The process of attaching the flat plate to the prolate spheroid
(aircraft fuselage) and finding the curved junction edge has been
studied in this report. The diffraction associated with the curved
Jjunction edge will be studied later. A computer sub-routine for the
curved junctior edge had already been developed and incorporated into
the general aircraft program. The complete numerical solution of the
aircraft antenna problem will be studied later. The results will be
verified by comparing them with the numerous experimental radiation
patterns taken at various organization.
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