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Abstract

The sonobuoy transmitting antenna system has been used for
anti-submarine warfare. This system 1s composed of the
transmitting antenna, the RF transmitting circuit, the converting
circuit sound source into VHF radio frequency and the
hydrophone sensor system for receiving of a sound source
generated by a submarine. In this thesis a A/4 vertical ground
plane one as a sonobuoy transmitting antenna is considered and
measured at anechoic chamber. A purpose of the A/4 vertical
ground plane transmitting antenna system is to transmit from the
location information of a sound source generated by the
submarine to the receiving antenna system mounted on the ship
or the airplane. A received ultrasonic wave is converted to RF
signal. The frequency range assigned for this system is 136 MHz
to 1735 MHz. In addition, the measured spurious radiation of
sonobuoy transmitting antenna system 1S compared with a
military specification(MIL Spec.) results.

In this thesis, the measured results of sonobuoy antenna
with impedance matching circuit is described at VHF band. This
antenna 1s used as sonobuoy transmitting antenna for the naval
alr systems. Since radiation pattern and power density depend on
impedance matching between transmitting RF part and antenna
with termination resistance, design of matching circuit is very
important. Matching circuit is designed by smith chart using the
optimum values of L and ¢ In SWR measured by network
analyzer, SWR of antenna with matching circuit observed 1.5
below at the assigned VHF band. It shows very excellent
performance comparison with conversional product that is used
for the same object. The measured azimuth/elevation radiation
patterns and the spurious radiation characteristics are also shown

the satisfaction of military specification.



ADSETACE ettt ettt ettt ettt ettt eb e b er et ens i
AL T Al B e 1
11 AT HIZ e 1
1.2 A0 8 A e 3
A2 AT L S e, 4
2.1 QFEHILESL S s 4
211 A CFEILFL B AFOl 2 e, 4

212 M4 FARZA FEIVEL] FEAFEAA e, 5

213 M4 FAFA bV BEALA G BEAPAE 6

22 ZA N2 A M e s 8
221 AFGHAINE A AT T e 8

2.2.2 Sonobuoy SHFEIWFE] S BE7 e, 9

2.3 QEIU WFAFIIE 2 TI R e 11

Al 3 A Sonobuoy SFHILE S A s 13
3.1 Sonobuoy CFEILFE] 7B 8 i e 13
3.2 Sonobuoy CFEILEF] A7 e 14
3.3 Sonobuoy CFEILFE]l S e 15

Al 4 % Sonobuoy QEIWY AIE 2 AT 16
4.1 Sonobuoy SHEIU ¢ H=A o)Lz Adad A~ A 16
411 I ATBIE O] E e, 16

412 A2 ATIZ AAE e 19

4.2 Sonobuoy tHIVS} FA17IZE A A2 AT 21
4.2.1 Sonobuoy StHIUo} FA1717Fe] ARSI Z F7F 21

A5 A A ZIL e 22
51 T5Aol &7 teluzt i AT 2 AFAT e, 22
511 A9 x AR =S FriekA %S W] 23 22

512 dudx AFINEZE F7IAS WY AH i 24

5.2 Sonobuoy SFEIUS] WFAFSE S e 26



................................................................ 30
s 32
..................................................................................................................... 33
THAE I 5T s 34




A1 AE

A79 w7

Hol ¢
71E& 9 sonobuoy Hel Y Al2Ele B 7HA] A4S 7HAa A=
sonobuoy W9 rElvtel F217]Fe] FAGOo R Qleto] QtH Ve A
ol do] WA, tElYe] null point7t 90°0] A eFE @A

= 7kA a9l

webA, E =il s olE dfAste] 7]E9) sonobuoy F4l SHE|G
MIL Spec. (Military Specification)ﬂr Hlal - A4k 7]E9

9]

] 3—% AHEHE AEI HE

HA, 27 A= e o

] S1his 7‘3 Al =gl FEI Y AL |

sonobuoy C¢FHIWFS] 7Ha o A B =

sonobuoy SHHI U9} FEAo] &7 dud 2~ AHE, sonobuoy 9

71Abel o] Yyl e & X’“QE% AA st 5%l

Uit A9 s A3 2 Ag49, Qe vet Falv]Abolo <

s F7HAS wWel 23, 719 =AFE GEHveE A

WALS E S Holal o] & MIL Spec.? vl AIE

719] spurious WA 4 A3E MIL Spec.@t vl g W gL 7]

o

>,
[>
o

2
it

Mol oo o

ol
==

ﬁd
hp
o
2
o
o
ot
_[
el

—%r}r

R AR
413

M o
N

£
oo

w
o
=2
RN\

L o
=
2

L

Mo C

4 o
o o oy

£

o
I

My 32 o E
=
=
g
L

g7

=

W

K
ofy
2,

of
-

THAEY dIdx AF3 =

Sh o O
o
<

2
oot
2
>
it
e |
=)
)
T
o
ofr
o
fl
o
=l
n
[>
4o o
o
ot
il
o
2
et
:(IDL_II
iy
ol
ol
-
o,
2
fl



ctelute] WA Al 7€ o= tEly R AlzbE QtElue] A Y

3, 7120 AFAFY wEHE FE

A

o)
IR

P
T

ol

0

o

el
Ton
o]

AL
OO



1.2 459 Wg 2 94

Sonobuoy StEIUE FAsta A|=gle] 545 EA87] $ste], o

Alz=ge] &4
bl wHEI SA4o Hag A4F AF7
& S

dolE = o]

1‘
A\
o
>,
[>
a3
o
2

Spec.ol A A3t Y=

T g % A= 59
bl Alz=®le] Ao} Fyydge] Ao g A - HoL
sonobuoy %41719] spurious WAF 54 & FA A

AT PP orE Ao FAs A b= rEV e HH S

©
e
o Adx H AYEEE FdHsta, HE AFS F3 Sonobuoy
5]



A 2 A AggoAdo o =3

2.1 qteln}e =4

211 RA Qrelife] ¥ Aol &

|

\J Y I

M
M

a9 21 JA HHIVYY dRFek A2 = N)
Fig. 2.1 Current and voltage distribution of ground antenna(/ = A/4).

a9 210 wel wheh Zol /= A FA dElve] A, AF BE
= w9 wolo wel vEnz =4 A%, AF BRIt AT
T_'H:_\lj_.i Q(ﬂ ]E}‘:ﬂ T;HX]E 7]ZX-]O —('E]: Ej_ﬂ)bg ;ﬂ‘%” ‘E—E’E‘ q%ﬂ]—
2},
/(Z)ZSTI{OL?/sinB(/—z) 2.1)



212.10 1= A4, B = 2r/AE8 WY

ot
oY,
o
-
|d
fu

A= 1y cos 5 = [A] (2.2)

of 53, Agke) 3¢

y

rr

Mz)= F sin J}gz [V] (2.3)

b AT AA7A e S8 AR/, Vo Aol Aol detelt,
2.1.2 M4 A H A ey e HA A A

39 ory
s

J o] A o]

1w AN
AN A PAAL] AAE el AH P
of gt A A WAH o, PHol B A& melsho]of

1% 2.2 A=A okgLbe] EA}

Fig. 2.2 Radiation of ground antenna.



E 229 Zol A E fXEAR wefsty Ar]9de Al o
i [°)

sto] @ SEIUE aeld = o, A RALS = o] @A SHElUel A
BAE Aow 47 4 gowz AUBALFe AARTE A 249
2ol Bt
A
£=60 ~ [V/m] (2.4)

213 M4 #ARA otelhe] BAA G BALA

N4 FAARA kg oA EALEE A BEAA®E pro oA obg Lt
oA E Al d¥e] BAHE Flo] oiydrs HAE elsto] wkati
tho] & gtE Wroﬂ/‘ﬂ BAIRE S Foks A R e AES
AstA 7+ & U3l
- o
r=§ ¢ =] [ B #rsin® ® &
T 2
on — cos(; cos 9) .
lZOTff d@f"{GOJOIP Sin © sin© H
© COS 2(lcos 9)
_ . 2
=30/ -2, =25 ®
=73.13 /4 [W] (2.5)
=, 4 263 o] 4 259 1/2¢] s FHE T
2,=36.56 7, (W] (2.6)
7b €

Aelst AR #AAT A 2604 M4 FAAA revhe] B4
o 3656[Q10] W, A HALAA S HALAH ] poAE



=0 _ 5L (2.7)

E="p = p
o] #th.
a9 230 M4 FARA e AFHL et HE age =
Aol A QIS whetR ol wo] AFAHE Hola, 5 1YE SHEH Y
S SolA NeotRgte wel AL welt
Qre Lt

9% 23 M4 FARA Evhel ST L RAwEl A g
Fig. 2.3 Vertical and horizontal directivity of A/4 vertical ground antenna.



oot rfr 4y Ho

22 24 A=29e T4
221 Aol HA Al=®l 5
Qa4 tHIYY o5 %W BEALSIH S FA4 517
olar Qlt}. FAICHH Y= M/W receiver$t +3
PCol  AZAEFo ok FAISHEH Y
HO]—

Receiving Part

Rx Antenna

2,
HAG & ol AAN

. A
H
a8 a
polarization positioner®l] <Y E A2sFa, SG(Signal Generator),

Transmitting Part

Tx Antenna
Anechoic
Chamber

Directional Iﬂ

SWEPT CW
GENERATOR C()uple]-
. ©
= 0000 = &M M/W
'y Receiver
System Bus o & ‘)
GPIB Frequency
Converter
A

Trigger

A ~«—
o o
Positioner
Controller

PC

Qrelt FH A sgle] AFHY

Iy 24
Fig. 2.4 Experimental environment of antenna measurement system



387

rr

Qrel b %Al
Beatry 1 ol
q3a o

VHF F55ti o4 AL g5
Ashehaol
A o

r*°

2.2.2 Sonobuoy <SrH U] =

o9 o
J5iA A

4387l H&A=
Field) ol A HAIHEH S 54
L=
Sonobuoy Standard
Antenna Dipole Antenna
Tx Rx
|« .
A\

Shielded RF cable

g8 P

2R Eda)
Ad e eV =271

2l o]l /1 sonobuoy antenna =
Fig. 2.5 Configuration for sonobuoy antenna measurement at anechoic
AelE ehy

a3 25 A
chamber.
obele] Ae QWS WEAAE F5a 2k
4o Aol A7), F HFATE Aol o
AgF T ol o] 7,
P> 2% (2.8)
Aerelzie] Ae, e beve] R4 AE 9%
o) g3tel B Z4o] BAF v

ANH RE F5
o] 42

of aFAT WA



FalrH Uz A=l E 136 MHz, 154 MHz, 1735 MHz Al F3k5o o
3l Ao wd ofef wok 2

21 FAHL EAHI FFAAH L AL

Table 2.1 Rx antenna surface area, distence between Tx and Rx antenna.

T 35 (f) 136 MHz 154 MHz | 173.5 MHz

37 (N) 2.2 m 1.948 m 1.73 m
FAerE Y %W A (D) 347 m” 3.08 m” 273 m”
Falete v AR (R) 10.95 m 9.74 m 8.64 m
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Table 5.1 Comparison of between MIL 3.6.3.1 and fabricated antenna
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MIL Spec.
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— ¥4
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Fig. 5.4 Elevation radiation pattern of sonobuoy antenna.
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Table 5.2 Comparison of between MIL 3.6.3.2 and fabricated antenna.
@FH VHF AD 7o 5ol A 740859 2
MIL Spec. L s
% - 3 dBellelA, #RARE FRYFO
(MIL 3.6.3.2) } )
+ 1 dBol E=A 3o &
ZA4Y YA @99 VHF Ad F3+
Az2bE otdly (A WX E - 3 dBolWolA FHWFgoR
0.85 dBej Wl <= x|
- 27 -




00° — 136 MHz
— 154 MHz

;“%%""?; —173.5 MHz
asS\l zan

225"\

29 55 Sonobuoy SFEIL}S] azimuth W& WAFI|E

Fig. 5.5 Azimuth radiation pattern of sonobuoy antenna.
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(c) 1735 MHz
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Fig. 5.6 Radiation pattern comparison of foreign antenna and

fabricated antenna.
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(a) 136 MHz
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23 5.7 Sonobuoy transmitting systeme] spurious WA A
Fig. 5.7 Spurious radiation measurement of sonobuoy transmitting

system.
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