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A Study on the Radiation Characteristics of

Microstrip Array Antennas on the
Nonplanar Surface
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ABSTRACT  In this paper, an attempt has been made to analyze the theoretically and verify experimentally the effect
of curvature on the radiation characteristics of microstrip array antennas mounted conformally on the concave surface and
the convex surface of the cylindrical body.

The analysis of single element microstrip antenna is made by using the analysis method of Transmission Line Model.
The theory of array antennas is established by application of the method of transformed coordinates, in which the transl-
ation and the rotation about each single element arrayed two-dimensionally on the nonplanar surface are under considera-
tion, and it is investigated by computation of the synthetic electric field strength in the far zone, In addition, various rad-
iation characteristics, such as return loss, résonant frequency, radiation pattern, half-power beamwidth, gain, are measured
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and compared with the theoretical values according to the variation of curvature, by designing and building 4-element array
microstrip antenna operating at 10 GHz, and microstrip feed lines,

As predicted in theory, it is verified that radiation pattren of antennas mounted on the concave and the convex surfaces
alike broadens as the radius of curvature decreases. And for the curved surfaces, agreement between computed values of
the total synthetic radiation power pattern by the method of transformed coordinates and measured values is good. Besides,
it is found that resonant frequency, input impedance and gain are hardly affected by the radius of curvature,
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Design data.

Mo K 10 GHz

e teflon, €,=2.50

A h==0.346{mm], t=0.032 [mm]

W= 11. 339( mm]

2 L= 9 356[mm]

d=2,/ 2 = 15[ mm}

vl | Z{(Q] W' [mm) Ag /4 [mm]
Z, 120.000 0.13 5.43
Zy . 83.436 0.37 5.33

Zy, Zs | 100.000 0.24 5.38

Zo, Zs 50.000 0.95 5.20
Z, 70.700 0.52 5.29
Zr 206.850
Zin 69.616

— ‘..___9___..1
L
L
)9/[,
9,

% 12 4% 1 ol@lel abelvhel ik
Configuration of 4-element array antenna.
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Base of curved surface for mounting of antennas.
i wabell 5L b HRAE & :@xf‘; Apel e} Aul i far
W R f 10GH, field el fg ol vhfs] v Fab el v o 5 s i
,,,,,, ] Shaleh
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113 I35 WA B AT 8ot Bt ol <) KRG 5] of et
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GO© Al A ske] BRRN AL crl Alo) ok,

Amp. &Phase

10
dB/hiv DEG/DLY

0 di 0 DEG

OO N T fr C100MH 2

1% 13, s $ ol ool g mee) of o] ahly
Photograph of microstrip array antennas on the
nonplanar surface,
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Amp. &Phase Anp. &l?hase

100MI, i FTRsI UG NIER £ S100MH,

o R Y P B e R R I RTINS DR IR T ey o
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Retn los of TOGTE T ciemnent anteunad dot . rese tent Trex.

Can Lt surbace 0h 1 Concave st 19 Ao RN Lo Convex

JEE1S W G E T abuleb o A e s 00 ] )
Ly b Chy e el A T ey s el R A,

Toput mpedance of 10 Gz 4 clement antennatdot fri,

o Pl surtace S0y Concave surfacet™ DA, 200

o) Convex surface i A,
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X/ dhEielA 2] stolaz ~EF ofdle] otelviel WS Htkol WY B

H3 10GHz 4% ctulve] ##4
The characteristics of 10 GHz 4 -element antenna,

azat BB 10GHz

Ffi wAE ¥ - 254 2E
BRER(R/Ae) [0 2,54 1.38 2,77 1.50
HIEE RS (GHz) [9.95 9.969 9.969 9.968 9,968
B 4% (dB) <-35 -13 -13 -13 -13
E 13EfE(10 120 180 120 180
HP | o |WEfEls2 100 108 104 110

e

a

Hiz 37 29 37
(DEG) AEE]26.8 29

o [BEfE | 23 30 53.8 31.6 39

EHACFBAB) |0 -0.5 -2.7 -0.7 -2.7

AR -

0
0 5 -0 1% -2 -5 -2 8 X -8 -W -5 -0 5 1]

W,
X
)

e Calculated (R/ng %2.54)
------ Mensured

- g Wi .
-5 -0 15 @ -5 -W g8 ¥ -¥ -2 15 -0 -5 0
—————- ~~ Calculated {R/xa »1.38}

(b)

33 16. 10GHz 4% 7 8 abelnvhel @4 2 () 3948,
Y BEE)
(a) H-B (R /4=254) (b) H-# (R /A:=1.38)
Radiation pattern of 10 GHz 4-element concave
antenna (line: Calculated values, mark: Measured
values), ,
(a) H-plane(R /2,=254) (b) H-plane(R / A,=1.
38)

3 -5 -0 -5 -0 -5 -0 dg ¥ & -; 15 -0 -5 0
——er—-=— Calculeted (R/2e=2.77)

e [~ W

i ‘-‘ s

=5 -0 -15 -0 -5 -X 8 ¥ B -2 -5 -0 -5 0
———— —  Calculuted (R »1,50)

...... Messured

(b}

8 17. 10GHz 4% T ¥5 <lelvhe) sggtsie
(# 0 BTSEAE, 78R ISEE)
(a) H-M(R /2=2.77) (b) H-H (R / Ae=1.50)
Radiation-pattern of 10GHz 4-element con-
vex antenna,
(line: Calculated values, mark: Measured
values)
(a) H-plane(R / 4,=2.77) (b) H-plane(R /
A0=:1.50)

2.8 5

KRB FE S 7ol v]she] 2%
7% +19MHe, 549 7% +18 MHz¢] #n
+ 2olen, REHHK S 1711400 Moluls} 2o
LER ol EERe] BT HiAEPKe] Wikl
Bt%glo]-13dB(VSWR=156) 2 s .o v,
13150 maluks} o] AHYudAE o7t
ML At FIB L o Fwat B-E ol 4 gz
et 254 WAEAS EBHMRe 23 16,
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