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JESSADA MONTHASUWAN : DESIGN OF CONFORMAL PATCH
ARRAY ANTENNA FOR SHORT RANGE MISSILE. THESIS ADVISOR :
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RECTANGULAR PATH ARRAYS/SMALL MISSILE ANTENNA.

Nowadays, wireless communication systems have important role to the human
livelihood and are used widely. The wireless communication technology has been
developed and expanded rapidly with different styles and ability. Because of small,
lightweight, low cost and simple structure, the micro-strip patch antenna is the popular
antenna used in wireless communication. So an antenna is applied to shot range missile.
The suitable antenna for installation on shot range missile must have bandwidth covering
operating frequency and high directional gain. The objective of this thesis is to design the
2.4 GHz curve patch array antenna using 0.1 mm thin copper. This antenna has wide

bandwidth to support the movement speed of shot range missile and high directional gain.
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electric field

magnetic field

propagation constant
thickness of substrate
length of microstrip or patch antenna
input reflection coefficient
effective dielectric constant
relative permittivity
permittivity of free space
permeability of free space
frequency

upper frequency

lower frequency

centre frequency

resonance frequency
angular frequency

wavelength

wavelength of electromagnetic wave in free space

wavelength of electromagnetic wave in dielectric

velocity of light
width of the microstrip patch antenna
input impedance

output impedance
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222  mssenuuumaaImalnlasansil
a o
mseenuuuaiseInid lulasaasduuunnns (microstrip patch antenna)
A g = = o Y =& a P o [ Y
MUTMAsUUULAY FR4 1UUa09H U1 Fanisidmoinontudmsulslunisesnuyw
Y
Tdun
D anudlquasIuyesa1ee1n1e ( f,) 150 rasonant frequency ( f,)
= a A 9 = A a oA A
Facworms luTasaasli ldeenunuiinnudliiaauae 2.4 GHz
1 d' a d a o Y 4 % . . d!
2) A1nanladanasnaunnsve st UA AN (dielectric constant : &, ) %
Aad a [ ~ EY I Y R A v W
ladianainvesiaaildlumsoonuuuilu FR4 unudosnindadini g mny 4.4
ad a o o Y] dyd
3) ANugeved ladianasnguaasn (h) dmsulumsesnuuuiilinnugs
h 1191 1.6 Jaaiuas
a P a 1 o
wmseesnlFlumsesnuuvuaeainmaluIasaasdneuiiileonuuy

meomea luTasaasduuy I aaidansnen 2.1

A5 190 2.1 W”Iﬁﬁl@’t]%‘ll@ﬂﬁ”lﬂ’fﬂﬂWﬁ

Frequency 2.4 GHz
Substrate FR4
Substrate Height 1.6 mm
Dielectric Constant, &, 4.4
Conductor Thickness 35.0 um




12

da o ¢ ¢
2.23 ﬂ15i’)i’)ﬂ!!‘]J‘]JZT"IE]@"Iﬂ]ﬂﬂﬂﬂﬂﬁﬁﬂ%ﬂ!!ﬂﬂl!'ﬂ‘ﬂ“ﬁﬁﬂ]ﬂ1ﬁ!!uﬂ‘vaﬂﬁl!ﬂu°ﬂ

Taamsld Quarter-wavelength transformer

A
Wl
L v
W, W
Y ?
P
|, (1/4)
\
- >
L

A a 4
511 2.5 myeenuuudse e luTasaas Uunvuwns

P~ o a Jd o A
1ngi 2.5 iimseenuuvaigemalulasaas dnuuuwngiaung v
ANUD 2.4 GHz BIAIAIN (&, ) N 4.4 1Az TAQFINTOINANURUUNIND 0.16 IFUAINAT
o . . 4 o Ia A 4 a A @ A
M1M3 feed input impedance 50 ToW) HazMIMIUUNTBUNLAUS Iag Worsan |, A331N 2.6

mM3fuIn 1ae193F Quarter-wavelength transformer (Balanis, C.A,1989) a13150a 1139 18010

auMsNn (2.3)

Zy=\ZyLy (2.3)
MrUAA
a o
Z, =dUn Auauga1AN (input impedance)
Z,, = duiiaugaiuoon (output impedance)

Z, = auwgmumﬂmaﬂymw (characteristic impedance)
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A
< 4 ~
__________ _C O___________
ZOI _50 Q ZO - ZOIZOZ ZOZ
__________ _C O___________

= s VY Y o
511 2.6 MIumageeduiIAen Y
MINdoyad1woIN g

fr =2.4 GHz, h =0.16 cm
C

Ay =— =125cm
fr

o . a d o
ﬂ”lll’llmﬁ"lﬂ’ﬂllﬂi}”lﬂ W) é]?\iﬂ’ll"lllﬂ’3}1\1ﬂlﬂﬂﬁ18®”lﬂ"lﬁllﬂiﬂiﬁ¢liﬂlmﬂLL‘W'VI“IfﬂTHLlﬂIﬂﬂﬁllfﬂﬁ

c (s +1j”2
W=—|= (2.4)

Tasmsunu c=3x10°m/s,s, =4.4uaz f, =2.4 GHz ¥9vz 14

W - 3><1089 (4.4+1]‘”2
2(2.4><10) 2

W =38cm
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AU Effective dielectric constant (&, ) ¥UA LAgANNT

e+l & 1] 12h]"
Ep = + 1+
2 2 W

(2.5)

Tagmsunu & =44, W=38cmuaz h =0.16 cm awld

geff

44+1 44-1[ 12(0.0016)]"
= + 1+
2 2 0.038

£y =4.08

AUIUN Effective length ( Ly, ) F3imualaoauns
L, =—— (2.6)

Tasmsuny g, =4.08, c=3x10°m/s oy f =2.4GHz wld

3x10°

b = 2(2.4x10”)+/4.08

Ls =3cm

MUIUN length extension (AL ) Mviua lagauns

&y +0.3
&4 —0.258

2.7)

AL = 0.412h(
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Taemsunu s, =4.08, W=38cmuaz h =0.16 cm 92 14

4.08+0.3 D08 0264
AL = 0.412(0.0016)( : : j 0.0016
4.08-0.258)] 0038
0.0016

AL =0.07 cm

o a 4
AUIUNIANNYIIVTIVOINNY (L) Tﬂulﬂjﬂﬂ

L=L, —2AL (2.9)
Tagmsunu L, =3 cmuag AL =0.07 cm 9218
L =0.03-2(0.0007)=2.8 cm
W1 dudiAuFAIUeDN LA DUNLAUTAUAN YU YDN transformer
Rin :(ZITE) (2.9)
G, = 0.00836\//1\/—

0

. . R .
e G,=uaa@enszua lihuinaveuveamng
J
R, = 196.73 Toviy

A
STGRERTY
4 a A < Y
R, =196.73 Toviu = Z,, = duiiausaIuonn
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b4
v @

JUU Suﬁxmucﬁﬂmﬁﬂymmm transformer

Z, =~196.73x50 ~ 100 To¥u

winnunde W, uaz W, 1dan

, -1
W _((expHY) 1 (2.10)
h 8 4expH'’

Z,.|2 1 -
b Zoy2(E + )+l[e, 1)(1n£+ilnij @.11)

119.9 2\ & +1 2 & 7w

r

mamuum W, Taounu Z, = 156.02 Teriu,h =0.16 cm taz &, = 4.4

W, _ (eXpH')_ 1 i
h 8 4expH'’

156.02,/2(4.4+1 _
H'= (44+ )+l(4‘4 1)[1nﬁ+ilnij

119.9 2\44+1

msfaum W, Tasunu Z, =50 Tewfu uag h=0.16 cm

8 _4epo'

%:((exp HY 1 J_l
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50,/2(4.4+1 -
o 2028 )+1(4-4 1)(1n£+ilnij

119.9 2
W v 3
2 =1.79 AU W, =0.28 cm

AMUIUNINNNYIIVO Transformer ( |1 )

(2.12)

Tasmsunuy A, =12.5cmuaz g, =4.08

|, =1.54 cm

38 mm

\

A

28 mm

0.15 mm

15.4 mm

2.8 mm

A a oS A A Ja A o 9
5‘]J‘1/I 2.7 !Lf"fﬂ\1Gllu'lﬂGU’OQﬁ'lfJfJ'lﬂWfUlllIﬂiﬁ@]iﬂLL‘W‘I/]Gﬁﬁ'lfﬂaEJM‘I/]iJﬂ'lill,iJ‘V]ﬂfﬂiJWLmu“]fIﬂﬁlh

Quarter-wavelength transformer
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o Z, =50 Toviu,h =0.16 cm 1Az &, = 4.4

Wrz [(exp HY) 1 J_l

8 —4epo'

oo 50m+1(44—1j(m£+ 1 4j

119.9 2\44+1

W o 2
F =1.79 A9UU W =0.28 cm

o Z, =70 Teviu,h =0.16 cm 1z &, = 4.4

8 _4epo'

WF:[(exp HY) 1 ]1
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Wines VU (W3, Wimes YUIA (W)

\\% 150 hl 26.6

L 300 h2 18

11 52.6 h3 33

12 30.75 h4 32

13 30.25 sl 2

14 15.75 s2 3

15 17 s3 1

16 63.5 s4 1

17 29.25 s5 3
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Wﬁwﬁme% YUIA (WU.) wwﬁﬁmaif YA (UU.)
11 300 hl 220
12 28.5 h2 41
13 68 h3 27
14 52 h4 18
15 29.75 h5 63
16 29 h6 102
157 15.75 al 3
18 17 a2 2
19 148.5 a3 1
a4 3
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Curved Rectangular Patch Array Antenna Using
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Jessada Monthasuwan, Channsak Sactiaw, Chanchai Thongsopa

Abstract—This paper prasents the development and design of
the curved rectangular patch arrays antenna for small nussils
application. This design uses a 0. lmm fexible copper shest on the
front layer and back layer, and a 1.8mm PVC substrate on a middle
layzr. The study uszd a small missile model with 122mm diamater
size with speed 1.1 Mach and frequency range on I8M 2.4 GHz. Tha
destgn of curved anlenm can De mstallaion on a eylindial olyject
like a missile. So, ow proposad antenna design will have a small
size, lightweight, low cost and simple struerurs. The antenna was
design end analvsis by & simulation resull fom CST microwsave
studio and eonfirmed with a measurement result fiom 2 prototype

antznna. The proposad antenna has a bandwidth covering ‘the
frequency range 2.35-2.48 GHz, the retumn loss below -10 dB and
antznna gain 6.3 dB. T'he propesed antznna can be applied with a

small guided missile effechvely.
Keywords—Rectangular path arrays, small mussile antenna

L INTRCDUCTION

I demands of wireless communication systems are

rapidly growing. Future wireless systems will provide
various sarvices such as broadhand multimedia and high
speed access. Uspecially, the application of military radio
technology has become an mportant topie for microwave
communication. In recent vears, the increasing interest in
antennas and propagations rescarch 1s an apphcation in
military communication devices [ 1]. The communication link
for a missile and milfary weapons communication devices
used (o be @ wireless network system. Military wireless
network system was used for momtonng and tracking of
rocket or missile. The commumication on missile or rocket
was differs from the convectional radiofrequency and
wireless communication technologles. The antenna designed
for missile needs a bandwidth covered both receive and
transmit signals of the missile including some bandwidth
because of effect of missile's speed from Doppler Effect. The
speed of small missile was about Mach 2[2]. So, the antenna
resonance frequency will be changed when it's used on the
missile or military weapons. The essential equipment for
their wireless communication systems 1s the antenna which 15
used for transmitting and receiving a signal There are many
types of antenna applied for the appropriate function and
system. But one of the major requirements of a missile and
weanons tracking application i1s a compact and extremely
wideband antenna covering the spectrum frequency.

The microstrip patch antenna is better option for military
weapons tracking application. Due to their exhibit small size,
light weight, low manufacturing cost and easy fabrication.
However, fiequency shifts where there moving very high
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speed [3]-[5] because the center frequency will be changed
when it's moved with very high speed around 2 Mach. Recent
anterna for missile application development tends to focus
on small planar antennas such as how-tie, elliptical, slot and
array antennas [8], [7].

This paper presents a design and snalvsis of curved
rectangular patch array antenna for small missile application.
A thin and flexible copper sheet antenna was attached a part
of eylindneal PV substrate.
small missile model by cylindrical metal oLject and antenna
analysis was conducted by using the CS3T microwave studio
program [8]. The frequency of a designed antenna was used
in ISM frequency band at 2.4 G11z. The proposed antenna is
realized and experimentally examined, since it has small size,
light weight, casy fabrication and low manufacturing cost. In
this paper, the antenna will have return loss lower than-10 dB
which covered frequency standard of 2.4GHz ISM Band. The
average pain achieved in the antenna is more than 6.5 dB over
the operating frequency. The advantage of the proposed
antenna 1s that it can be used to small missile for military
application.

This antenna was designed on

Il ANTENNA DESIGN AND SIMULATION RESULT

The advantages of the microstrip antennas are small size,
and hghtweight, conformable to planar and non plana
surluces. They are simple and cheap o munufaciure using
technology. Ideal for installation on guided missile designed
L be small.

Towever, substrale is also important; we have to consider
the temperature and other environmental ranges of
operation. Thickness of the substrate has a large effect on
the rescnant [requency and bandwidth of the antenna.
Bandwidth of microstrip antenna will incresse with
increasing of substrate thickness but with limits, otherwise
the antenna will stap resonating.

Tha miemacad amtames 12 dasiamad fram anlanl
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consists of two parts: the patch microstrip antenna and the
matching microstrip line at center frequency 2.4 GHz.

Consuler, I1g 1 shows a rectangular microstnp palch
antenna of length L | width ¥ resting on a substrate of
height h. the length of lhe patch must be shghtly less than 4 /
2 where /15 the wavelength in the dielectrnic medium and
equalto 2 / E where 7, is the free space wavelength

From [ig. 1, patch antenna can be design with a given
rescnznce frequency £, the effective length is given by [9]
as.

L —_—
4 27 e

1 E

where the expression for ¢ 15 given by Balamis [10] as
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* reff 3 2

l'or efficient radiation, the width ¥ is given by Bahl and
Bhartia [11] as:

)

Next, we introduce a simplest and most commonly used
feed technique which is the microstrip transmission line.
Microstrip transmission line is connected directly to the
patch to induce cxcitation. The main advantage is that the
fced line and the patch can be printed on the same substratc
layer.

Microstrp Fncd

){Z//

| Subsirate

7//, 7
Ground Plane i !
X

Fig. 1 Microstrip Patch Antenna

T’mh

patch

paper —-| | : 1.R mm

ground plane

(a) Top view

i H A
J

-
[}
A

b) Front view

Fig. 2 Schematic of purpose anfenna (Straight)

Three types of feed network were used: lapered lines (o
match 100€) patch elements to a 50€} input: combination of
10062, 50 and 700 lines: and a corporate-feed nelwork
modeled quarler-wavelength

with  multiple=seetion

impedance transformers. The technique was chosen for this
design because it presented better simulation resulls in
impedance matching and antenna response. The input port
of antenna was fed into the center of strip line of the
antenna. The size of the microstrip line was calculated on
the center frequency at 2.4 GHz with 50Q 70 and 100Q
impedances as shown in Fig. 2.

The patch array antenna was designed appropriately for
an application on small cylinder missile. Center-to-center
spacing between the patches is more than 0.5% in order to
obtain a proper balance betwesn antenna gain and radiation
main lobe shape. The purposed antenna model used the thin
copper 0.1 mm. for the patch array 7] on front laver and
ground layer at the back of the PVC substrales with a

thickness of 1.8 mm. Fig. 2, with the parameters in Table I

TABLEI
DIMENSIONS PARAMETER OF PURPOSED ANTENNA
Parameter Size(mm) Parameter Size (mm)

1 300 hl 220
12 283 h2 41
13 it b3 7
14 52 h4 18
15 2095 h3 63
16 9 hé 102
17 1575 al 3
18 17 a2 2
9 1485 al 1
ad 3 a4 3

Designing an antenna for small missile, bandwidth
needs o cover both receiving and transmitting signals
including bandwidth from Doppler Effect. The speed of
small missile is around 2 Mach at the frequency of 2.1 GHz

and a result from Doppler Effect is +11.072GHz which can
be calculated by (4).

fi- 2 @

where
fU 1s the transmil frequency (i1z)
y is the speed of missile (™ 5y
c is the speed of Tight (7 / 5 )
f;. is the signal frequency Doppler Effect (1z)

o B

Fig. 3 Model of purposed antenna curved on eylindrical PV tube

However, when we curved a patch array on PVC wbe at
130 mm. diameter as shown in Fig, 3, (he simulation result
shows that the anienna is not working at (he same center

0649
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frequency 2.4 Gllz. So. we has a modilication ol the
parameters of the antenna to adjust the frequency resonance
back 1o 2.4 GHz as shown in Iig. 4, The result of simulation

shows that we can adjust 11 equal to 32mm to make a
resonant frequency 2.4 GIz,

| S ===y /ﬁ;___:
N z

-1 A Ak
- 3 i
s N\ /7
.‘L-: - \f 7 1
g V% — icvzom
H] — A= A3mm
2 -3 ——— 4= 1
&

A

2 21 12 23 024 125 s 27 1% 2% 3

Fregueney( (FH:

Ty

4 Reflectve coefhizent (S11) of patch army antenna curved on

C wbe with difTerence 4

PY

180

Fig. 5 Simulation result of E-filed radiation pattem

180°

Fig. & Sunulation result of H-filed radiation pattern

s

The I-held and [-field radiation patterns of curved patch
array antenna were shown on Figs. 3 and 6, respectively. The
plane of Lhe electric field direction shown in Fig. 5 has aboul
T dI3 directional gain.

M. MEasSUREMENT RESULTS

The protolype antennas were fabricated from flexible
copper sheet with the same dimension parameters and
electrical properties as simulation model and shown in Table
I except /4 as we had explained previously. The prototype
antenna made from flexible copper sheet and curved on
PCV tube as shown in Fig. 7. The prololype anlennas are
characierized i terms of return loss and radiation pattem
using an Agilent HPS722D) Microwave Vector Network
Analyzer, is perform in the anechoic chamber. ‘The result of
simulation comparc with a measnrement of profotype with
resonant frequency at 2.4 GHz as shown in Fig. 8.

(= =
"‘;:\.:
N
o 3 /
= 1
g - W77 A
g W - simulation
= I _ measurement recult
2
=
2 2l 13 23 7 1R 19 3

Fig. 8 Reflectve coellicient (3
hetween simulation

The antenna is laid on XY-plane and curved in XZ-planc.
The 1i-lields and I1-fields radiation patterns of curved patch
array antenna was measured and shown on Figs. 9 and 10,
respectively.

The plane of the L-field radiation pattern shown in I'ig. 9
has around 6.3 dI3 dircctional gain. This measurement result
agrecs with simulation result that curved patch array antcnna
has a radialion patlem as Omni-directional, a frequency
bandwidth is 2.35-248 GHz and average sain in all
direction is 6.5 dB. This was enough to use for a small
missile application.

Fig. 11 shows a range of bandwidth from the 2.38-2.435
GHz at -20 dB. This bandwidth covers the range of the
missile which has 2 Mach ol movement speed, calculaled
from the equation of the Doppler Fffect.

[l
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Fig. 9 E-filed radiation pattern from measurement

180°

Fig. 10 H-filed radiation pattern from measurement
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Fig. 11 Reflective coefficient (S11) than -20 dB of purposed antenna
compare between simulation and measurement result

IV. CONCLUSION

This paper presented the patch array antenna for a small
missile application, which can be curved or bent along the
cylindrical surface when it is installed on a small missile. The
proposed antenna was designed with a cylinder PVC tube and
antenna analysis was conducted by using the CST microwave

International Journal of Communication Science and Engineering Vol:7 No:11, 2013
0=0

studio program. The ISM frequency of a designed antenna
has center frequency at 2.4 GHz. In measurement, it 1s found
that the proposed antenna has about 400 MHz (2:1 VSWR)
frequency bandwidth which covered frequency range 2.35 -
2.48 GHz. The average gain achieved in the propose antenna
is about 6.5 dB over the operating frequency. This antenna
has Omni-directional radiation patterns at the center
frequency of 2.4GHz and bandwidth covers all frequency
effect on Doppler Effect (£ 11.072 kHz). The advantage of
the proposed antenna is that it can be used with small missile
for military application.

REFERENCES

[1] G. A. El-Sheikh, “Performance investigation of a homing guided
missile with positioning the secker antenna,” Proceedings of the
Twenty-First National Radio Science Conference, pp. C20 - 1-10,
2004.

[2] Cong Chen, Li Jiebo, Lin Zhang and Haitao Chen, “Research of the
missile and aircraft base mounted antennas for data transmission,”
International Conference on Microwave and Millimeter Wave
Technology, pp. 392 - 394, 2010.

[3] G.R.Delean, T.T. Thai, S. Nikolaou and M.M. Tentzeris, “Design
and Analysis of Microstrip Bi-Yagi and Quad-Yagi Antenna Arrays for
WLAN Applications,” IEEE Antennas and Wireless Propagation
Letters, vol. 6, pp. 244 — 248, 2007.

[4] Lin Jinyong, Li Gang, Sun Shenghe, Zhu Wenbiao, Gao Xiaoying,
“Modeling Investigation in Large Scale System of Autonomous
Formation Flying,” Journal of System Simulation, Vol.19, No.16, pp.
3631-3633, August 2007.

[5] G.R. Delean and M. M. Tentzeris, “A new high-gain microstrip Yagi
array antenna with a high front-to-back (F/B) ratio for WLAN and
millimeter-wave applications,” IEEE Trans. Antennas Propag., vol. 55,
pp.298-304, Feb. 2007.

[6] B. Yu, D. Wu and K.Seo, “Array of waveguide-fed microstrip
antennas,” International Conference on Communication Systems, pp.
797 - 800, 2008.

[7] A. Sabban, “Applications of MM Wave Microstrip Antenna Arrays,”
International Symposium on Systems and Electronics, pp. 119 — 122,
2007.

[8] "CST-Microwave Studio," ed, (2009).

[9] Kumar, G. and Ray, K.P., Broadband Microstrip Antennas, Artech

House, Inc, 2003.

Balanis, C.A., Advanced Engineering Electromagnetics, John Wiley &

Sons, New York, 1989

Garg, R., Bhartia, P., Bahl, L., Ittipiboon, A., Microstrip Antenna

Design Handbook, Artech House, Inc, 2001.

Jessada Monthasuwan received the B.Eng. degrees in Telecommunication
Engineering from Suranaree University of Technology in 2011. He is
currently working toward the Master degree in Telecommunication
Engineering of Suranaree University of Technology. His research focuses
on antennas design and meodeling with antennas systems for several
applications.

Charinsak Saetiaw received the B.Eng. degrees in Telecommunication
Engineering from Suranaree University of Technology and M.Eng. degrees
in  Telecommunication Engineering from Suranaree University of
Technology in 1997 and 2007, respectively. He is currently working toward
the Ph.D. degree in Telecommunication Engineering of Suranaree
University of Technology. His research focuses on antennas design, wireless
channel measurement and modeling with antennas systems for several
applications.

Chanchai Thongsopa received B.Eng (1'Hons) Electronics Engineering,
King Mongkut's Institute of Technology Ladkrabang (KMITL), Thailand,
M.Eng. (Electrical and Communications Engineering), Kasetsart University,
Thailand and D.Eng. (Electrical Engineering), King Mongkut’s Institute of
Technology Ladkrabang (KMITL), Thailand in 1992, 1996 and 2002,
respectively. Experiences & expert are RF circuit design, active antenna,
microwave heating application in 1992-1997 Researcher at Aeronautical
Radio of Thailand Company Design Systems Air Traffic control: Design
transmitters VHF-UHF (AM) 25W (on 24 Hour) and Design Transmitters
HF (AM) 1KW (on 24 Hour). Furthermore, Researcher at National

651




World Academy of Science, Engineering and Technology

International Science Index 83, 2013 waset.org/publications/17411

International Journal gf aggmmun'cationfScience and Engineering Vol:7 No:11, 2013

Electronics and Computer Technology Center (NECTEC consultant o
SDH project at Telephone Organization of Thailand (TOT) design RF circuit
in 1997-2000. He is currently an Associate Professor at the
Telecommunication Engineering, Suranaree University of Technology.

652




75

1 ¥ o [% a0 ¥
Area1nAL UL LLNHTN‘N’W?‘UT’I']?‘]J?%E!H EIGI,‘IN’TLI

o o @
uu@mmmqﬁmmman

A1 Hiungasine paini Seililande’ way s nedan’

‘Araardpanssuinseai ey driimdaanssuand aninendegaus

111 0.4M3eng8 FUagaE wesmednn 30000 Insdin 0-4422-3000 E-Mail : Jassada_joe@hotmail.com

Y

unamnea

unaauili e arge ALy pudu IR i wiun s
Yrzgndaunaraniitmman Tmﬂflﬁmiwmu,mmﬁ?ugﬂ
dhudnumpasneem drlsznourutienatain ol ey
sngfiiudavenenismanszuen erlugmatsndlFoudy
miﬁémm@@ﬂnfdﬁmm?wmﬂﬂuﬁu TneminnseanuvyTughy
Fsl 2.4 GHz fﬂE/'INNW%l”i\iﬁ"ij%Wuﬂﬁg‘ﬂéﬁﬂuﬂ#fﬂ%@m’m%ﬂ%
Sominiauns "ﬁ@ﬁif@@mmuﬁﬂmgn Ingldianseenuyy
grgrnsduuyyensdunyionisdiaeeasas llvunsn

CST Wy fAmsgydedoundlindy 10 aaead a4

JM

3 d L - - | o e asl
ANAALY . A1gDINIALAITR TS RLLLAL IR ATt on

3

ian.

Abstract

This paper presents and appiication of curved paich
antenna on smalt missife. A thin copper sheet anterna was
aftached a part of plastic pipe. The pipe was then fixed on
cylinder metal ohject for such an appfication in martial
communication devices. Frequency of a designed anfenna was
adjusted at 2.4 GHz. with simple maodel, light, and used low
price features.  Additionally, anfenna wire was designed as
array type and the result of demonstration was displayed by CST
program. The resulf of the demonsiration found that refurn loss

value was lower than -10 throughout the frequency rate

generated for an applicafion.

Keywords: patch antenna with a baw, Small missile.
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