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This thesis presenEs a complete evkluation of the radiation
charactéristics of an HF loop antenna mounted on the Sea-King
helicopter.l Scale model measurements of the antenna's radiation
patterns ére‘carried out. Power-related assessment parameters
are computed directly from the radiation ﬁatterns; These
assessment parameters form the basis of a meaningful ewvaluation

. . /
of antenna performance, and they are being used throughout this

SFPTRTE, T SRR

[

thesis to compare the performace of various HF,wirg‘éntennas_\to

the loop antenna. ‘

4

.o

In this work wire grid models of different levels of
complexity are developed for the Sea-King helicopter. . These
models are énalyzed usinb the moment method techniques. It is

/
found that a computer model can produce good results/at resenant

frequencies when a proper tuning of the model is applied.

Thus a careﬁuily optimized computer model provides a useful
means for c%mparinq the’ operational performance of various

antenna desians
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‘ GLOSSARY OF TERMS

T
Far fleld vertical po;arlzatlon, measured or computed

Farufleld horlzontal polarlzatlon, measured ox computed

Power radlated by the hellcopter antenna‘

Average power radiated by an lSOtrOplC antenna.
20 log( E max / E max )- ‘

Radlatlon pattern eff;01ency. » .
Relative power contained in Eg. L/,

Useful power contained in Eg.

&
Simple wire grid ‘model of the Sea -King hellcopter.

MOdlfled version of the TRN1l1l model.

Intermedlate wire grld model of the Sea-King hellcopter.

Cbmplex w1re grid model of the Sea-King hellcoptef

¥

*: Numerical Electromagnetlc Code.

:'Program to calculate the 1sotrop1c level

: Wire Analysis. Program.. ‘ '

: Model display program.

: Model dlsplay program.’ .

: Current Dlstrlbutlon Dlsplay Program.

: Current.dlsplay program. ' S
: Radiation pattern display program:.

: Surface plot program. - ‘. -
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S CHAPTER 1 .0
o :  INTRODUCTTON g

< ! -
. ‘.

1.1 Purpose of the Work

.

When designing an aircraft antenna many factors ‘are takeh ,
into consideration. . The VYaircraft is comparable to one-
wavelength at the lower end of the HF band, :and so the ‘metallic

skin of the,aircraft presents paths to the RF ‘current which can.

/ ¢

be resongntlin the HF frequency range. The antenna and the
airframe act together as a radfagor, and éhe behaviour of the
antenpé must he analyzed by inciudi?q the effect of the RF
current on the }ody of the aircraft. In addition, when the

aircraft is a heliCQpEer, the rotor blade motion introduces

amplitude‘modulatién onto the RF signal by presenting a path for |

the induced, RF currents .which  changes in geometrical

configuration at the freéquency of rotation. of the Uladesﬁé‘ This
' also causes a variatien in the antenna impedance. The. effect of

rotor blader modulation can' be assdss®d by tecuniques pieSénted~

-

in this thesis.
¢ N ‘./'

‘An aerospace vehicle may have many antennas mounted on it.

Each serves, a different application. Frequenciés-can range from

_the LF to the VHF band. Hellcopter HF“-antennas are required to

raaiqpe maximum far field in -the vertical polarization. In this

£

w
e e s
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thes!s it 1is'*shown that the HF wire.antenna presently uséd on
: . N .

the Canadian Sea-King "CHSS-2" helicopter does not satisfy  this ‘ !

requirement. Loop anterinas are considered here as a possible - "

replacement for the wire antenna. Such a loop strongly couples : "3 i
R . 3

.to the airframe and is physically easier to install. Chapter 2 *-
K > ‘ ) : ' * N

descrihes a.specific.design 8f loop.-antenna called "Tranline".

v

This 1is a shunt-type antenna using a.shorted transmission 1line

to excite RF currents on the helicopter Atself. Due to its

it B BTN e v s e

inductive impedance, a loop .or Tranline antenna ‘has a 90% ¢

~

R

coupler efficiency at the lower end of';Hé HF béhd, whereas the

coupler eéficienoy of a wire antenna is about 20%. This enables

a loop antenna to transmit 4 times more power than the wire
. ’ o~ . - "

antenna for a %iven input power. The 1loop therefore has

-~
\

signﬁficant advantage oJér the wire- antenna. ) . ‘ ‘ .

! .
\
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Fhe work in this thesis copsists of closely related antenna
measurements and numerical modelling analysis. In Chaptef 2 and

3, scale model méasuremgnts are ' reported on the full set of
] Y Y
radiation patterns for the Tranline antenna on the CHSS-2

’

Sea-King helicopter over the,lfull HF freﬁuency band. The g

e

antenna performance as derived from these radiation patterns |is
\ B

evalﬁated in Chapter 3. This evaluation includes a description

of the "assessment parameters", as well as a comparison of the -7

Tranline antenna with the wiré antenna and osher HF antennasﬁ?/ '

.

Chapter 4 presents the theoretical basis- of the éomputer program

which is used to model aircraft. The program determines the RF

a2

* , . , . . . .
Proprietory item: Cincinnati Electronics Corp.- . v

' /
1 - .
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. currents flowing on - an' antenna consisting of interconnected

electrically "thin" wireg,* based on the fundamental integral
® B L
' 4
equation giving the RF current and the surface electric field.

Its solution by numerical techniques using the "moment method"

. ¥ .
is presented. The "wire-qrid" modelling technique represerts

N : . «© . . ’ \ ¢
the helicopter with a grid of thin wires. The special software

deyveloped for the evaluation of the antenna's radiation patterns
and- of the RF current distribution 1is .described. - This

-integrated package of hardﬁare and software~ﬁ5kes possible the

3
>

. effective computer-aided analysis of the design and evaluation

of aircraft antennas. Chapter 'S bquents the wire-grid analysis

of the HF antenna for the Sea-Kﬁpg helicopter. Three wire-qrid

-

models of the Sea-King are studied, namely the simple, the

’

‘intermediate « and the complex model. Parametric studies of the

3

wire radius and of ‘the position .of the Tranline antenna are

o !
presented. The resonant behaviour of the helicoptér is examined

ﬁsjng the ’cdhplex model. A study of the effect of the antenna

.location is then considered using the complex wire-grid model of

o

the Sea-King helicopter. Several locations of the’ Tranline

antenna are evaluated and suggestions of an optimized location

’ ‘

t +

.are ‘ade. 'y ;
\ .

. -

a

Bn summary this thesis presents a complete radiation

L =~ pattern analysisaof the "Tranline" loop antenna using both scale
ob C s
' . 3 B
®model measurements and computer modelling techniques, and

conciudinq that the performance) of a loop antenna = is
, ) ] \ “ :
. » .
/significantly better than that of the wire antenna presently
used.

wr . v
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1.2 Previous Work - t

. P

The Sea-King helicopter has been in service for many years

now. Radiation patterns- of different HF. antennas A6 were

- previously measured on this helicopter. The following 1is -a

brief history of the radiation patterns, measurements, numerical

)

techniques and evaluation methods as related to the Séa-King

helicopter. . ) -

1.2.]1 Measuremehts, - .
L. ’ LA )
It has become a common practice to use scale model-

techﬁiques when measuring HF antenna radiation patterns on an-

aircraft [1]. This eliminates the very costly pattern

measurements on a full scale aircraft. A description of scale

Iumodél measurement techniques is included in Chapter 2..

Radiation patterns of various-HF antennas: on scale models of the
Sea-King- helicopter have been previously reported. In 19A4,
radiation patterns of five wire antennas installed on a scale

model of the Sea-King helicopter were measured at Canadair {21.
Pattern modulatioh due tglthe rotor blade Eosition wa; measured
in 12A5 on one éf these five wire antennas, at tpe National
ﬁesearch Council(NRé), Ottawa [3). In 196i‘pattern measurémehts‘
df a‘tuned monopole antenna, mounted o% ihe Sea-Kinq belicqbter
werd reported ‘at‘ an ACARD confegence [ﬁ]. It was found then
that tﬁe usual aircraft HF antenna systems do not satisfy = the
requirements for a hélidogter communiﬁation system, and it was

' .
ohserved that a monopole antenna micht be Superi%{.' In 1978 the

. -
M

s M e 8.



©1.2.2 Numerical Teifriques

3

‘ [

Depa}tment of National Defence (DND), Ottawa, had occasion to

evaluqte(é"trial igstaliation of a Tranline antenna on the
Sea-King helicopter. Limited full scale model radiation
"\

patterns were measu‘ed at that time (5]. ‘In 1979, \radiation

\
A

pattéfns of an' HF loop antenna were done in Englanqiésing a

scale model of the Sea-King helicopter {6]. A complete set of a

r

scale model rqdiation'hpatte}ns of the Sea-King/Tranline

combination were measured by .the author in 1980 at NRC [7].

These measured patterns of the Tranline antenna are the

LY

experimental basis for the work in this thesis. They are

presented in detail i;m Chapters 2 and 3.

1 > . &

)

9

1 1 B

Extensive measurements of radiation patterns as a function

of, say, antenna location over the whole band.; - is .very
difficult, costly  and time consuming. Measurerents, of RF

current is so difficult that it is rarely done. Compute;Vmodels’

do not do away with the need for some measurements of radiation

patterns, because as will be seen. in this thesis, a set of’
) ) : - ‘ .

measured patterns is essential for the validation of the

éomputei model. But a validated ,( computer model provides
information that "is only @available with much difficulty by
direct measurements. Fhué the computer model reveals the RF

current on each-part of the aitcraft and this current provides

insight into resonance modes on the airframe, and also it is

possible to associate specific features of the radiation-with
1 . . .

. . /
strong currents on specific parts of the aircraft. In addition,

i

) H
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“ rA “‘ )
a " validated computer model can be used for studies such as the

effect of the position of the antenna, or its length -or its
/’ 1 .
spacing from '‘the fuselage, on the radiation patterns over the

whole frequency band. s

Y

{ }

The available computer modelling methods either approximate .
N .
a surface by flat "facets" or "patches" either rectangular or
triangular. in shape and solve for the two components of sufface

current on each facet, or represent the surface by an

[

"equivalent" qrid of "thin wires" and find the current flowing .

on each wire. 1In each case electromagnetic theory is used to

formulate.’ an integral equétion_ which states the boundary

condition at the surface, and then the "moment method" is wused

-

to convert the integral equation into a matrix equation solvable
o .
for the complex qurr&nts on the patches or wiges. The procedure

is .summarized in Chapter 4 of this thesis.

N
a

The wire—drid' ﬁodel]ing technique was introduced by

Richmond in 1966 [8]J~'§Tnce then cpmblex structures’ such as
aircraft and heiicoptgrs have been. the -subject of ongoing
invéstigation using this technique. Miller and Maxum (197q)“r91
model communication antennas, on the OH-AA helicopter using a
wire-grid model ‘Q?th abodt 200 RF current unknowns, 'to predict
radiétion patterns at t;e low end of the .30 to 70 MHZ band.
Kubina (1972) «[10T has ﬁevelop%é a wire-gf§d~modei for the Béll
47G-4A hélicoptér using 256 unkné&ns. U.I.R.. Owen (1977) [11}]

NN
has modellef the Sea~King helicopter using a complex wire-grid

4

modél using 340 unknowns. This model is used to predict the

‘

,
PO —
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1

e ' . L
radiation patterns of’ loop antennas located at various positj%ns

on the helicopter. This model 1is -‘described and used in.

. .‘ )
Chapter 5 of this thesis. ﬁ

N . ° o ,
Early studies 1implied that accurate results could only be

’obtained by increasing the complexity of the wire—grid model

f12]. However “-systematic ‘parametric studies can producéﬁgood
. ‘ Ve . . )
results using a Simple stick model [13]. Millet et al (1974)

[14] 'models the Boeing 747 aircraft at 1.8 and 6.0MHZ with a #

tail cap antenna‘usinq a simple ‘stick model. Trueman (1979)
[15] uses the stick model approach to model HF antennas on the

CL-28 Arqus aircraft, using his wire antenna\\@nalysis program-

)

"WG3", In Section 5.2 of this thesis a stick model of the
Sea-King helicopter is used to predict the radiation
1‘3“" ' s "
chatdcteristics of the Tranline antenna from 2.6 to 6MHZ.
!

o

1.2,3 bwaluation

-~

In choosing among ﬁeveral antennas for a qi&en application
on an aerdspace vehicle, each poésiblé antenna system may meet
the requirements well in some sense but he very far from the

[ -

ideal in other aspects of performance. _For -example, a given
antenna might have satisfactory coverage 1in 1its radiation
patterns and very low erré]l efficieﬁcy because of poor
impedance éharacteristics. IQ practice éoverage of an HF
aircraft'anteﬁha deviates so fa} from ideal that no obvious
advantage can be seen by inspecting the radiatibn'pat%erns SE

one antenna over another, 'and so quantitative "assessment

it G SRt KAl

[ T



[10] defines a new assessment parameter, which compares t

-horizontal and wvertical polarization in the azimuth pattern

v

parameters™ ére needed to cgmpare suéh antennas. i/
. j /

‘ Quantitative evaluation of the performance of an ai%craft

HF communication antenna assesses the fraction of‘the total

power radiated that is considered useful to the receiver. The

angular sector in which this ugeful power 1is contained is

~defined as  +30 degrees from the horizon. This §seful power

has become a standard in the military specification of reference

[16] for alrcraft 1liaison antennas. Chapter 3  discusses

assessment parameters which are derived from the full set of

4

- conical patterns for the antenna mounted on the aircraft. One

such assessment ﬁarameter called "radiation pattern efficiency"”
+

was introduced " by Granger '(1951) [17]. 1It is defined as the
ratiolof power radiated in the useful sector to the total power
radiated by bhé\antenna. Another assessment parameter considers
th;t only power r?diated in the‘vertical component is useful to
the,receiQer and so compares the total power radiated in Fg to
the " total powe£ ’radiated by ‘the antenna.» Such an assessment
parareter is usually used to evaluate: helicopter antenéaé\ for

\

which a maximum wvertical component is desired. Kubina (1972)

useful angle sector 30 degrees from the horizon to the totfal
power radiated by the . antenna. ' Another parameter called
"H to V ratio" is used to éomparg the relative strength of
It "is cdefined as the ratip of the maximum field strength i

horizontal component Ey to the maximum field strength i

<

ol o A b 8 %

s oot kT ol e, st

€t b,

e



vertical component Eg .

1

rd
v \

Previous numerical prediction of radiation patterns did not k/

C ’ /
use such T"assessment parameters" to evaluate the overall//

-performance on the aircraft. 1In this thesis these assessmenp
parameters aré the~basis of evaluating resdlts obtained‘ by yée
wire-grid modelling of the aircraft. 1In addition, inéera {ive
computer graphics is uséd to compare measured and ??4iﬁted
radiation patterns. Surface plots of a complete sé; éf/cogical

cuts are used to identify the location of nulls and the sector’

where maximum radiation occurs. ‘ ’

- /

/ . S’

]

P4 g ‘e
}%e above evaluation methods are considered/effective when
. //

/
exploring the usefulness of an antqnna system for a certain

. . /
application. They have been used for many y€ars now.? Their use

in the numerical modelling evaluation is ‘expected to provide a

/

‘ﬁew, useful and reliable tool. AL” e e

‘ /

o /
.

1.3 Importange of the Work

4

The ideal performanée or "p?fformance cpiterion” for an HF-
helicopter antenna is idengf?ied in this. work. The_act?§l
performance ‘for $ractical 4antenﬁ3' design is evaluated and
compared with the "perf@émance criteria™ wusing a’number of
"assessment parapeters" which areidéfined in Chapter 3. 1In this
thesis, these parameters are derived from the: complete sét of
measured or computed conical patterns using a numerical

integration over the angle sector containing these pattefns

{181, -as given in Chapter 3. . This work reports the first

b

/

/

-

e I AR DR L PR

U AR b £

- ama

<



v

. ' : g 10

‘ . .
. )
complete set of measured radiation patterns for the Tranline

)

. antenna on the Sea-King helicopter [7]. These Patterns allovw a

" - detailed inbestigatigi of the radiation characteristics of this

t EXY

type of HF antenna using the "assessment -parameters". Also, the

performance of this antenna is compared with others of similar

type using this technique.
' ' Al

The "assessmentAbarameters“ have been used in Chapter 5 in

the "development and va&{dation of computer models for the

Sea~King helicopter and the Tranline antenna. The assessment

rparamefers are derived fromothe'computer‘mode{'s patterns, and
are compared to those obtained from the measured égtterns. This
new ﬁethod of evaluating numerical models is effective, and it
doés ndg overwhelm +the antenna enqine;r with -the gask of
comparing a huge number of conical patterns, when‘'in fact one

set of such patterns has_no obvious advantage over another set.

“For a simple model, +these assessment parameters are used to

N B

quantify the changes in the patterns that come about as a
fdnction. of parameters such as wire rgdius, number of current

unknowns or the antenna location

A detailed  model, ingluding / a true’ "wire-gria®
representation of the surface f twe helicopter is called a

"complex model". Such a model is u tjo study the resonant

behaviour of the he&icdpter/antenna combination in Chapter 5.

The model can be tuned-hy varying the length of certain wires on
it. The complex model is. flexible in terms of antenna

. ’ '
relocation .studies. It produces results in which the assessment

B

et wr N
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parameters are derived for different “antenna locqtions. This

¢ ' )

provides the designer with; infoﬁmatioﬁ prior to the anténne

. »

‘installation on the actual aircrqft.

- . ,
s T 8 @
I3

3 The importance of/%his work Vs identified in the evaluation '

’

of the Tranline antenné, and- the devélopment and evaluation of: -

1

computer models using the assessment parameters. Once a

‘computer model has. been ‘validated wia comparison of ' the

.
!

L
. - . < : :
assessment parameters with th%g measured ones, a° set of

guidelines can bhe obtained to carry on studies on resonance

behaviour, .antenna location, rotor modulation and other factors

affecting the performance of the antenna;; N

o
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CHAPTER 2 ,
v | . \
- MEASUREMENTS OF THE RADIATION PATTERNS
OF A TRANLINE ANTENNA - .
[ L

.

2.1 Introduction . . . . o i

«

"In 1978, the Department of National Defence had ggeadsion

evaluate a trial installation of a “Tranline" antenna on the

CHSS-2 Sea-King helicopter, as a possible replacement for the

- 4

present HF wire antenna. Such a performance evaluation would

not be complete without fhe " measurement .of thg radia@ion
7 ;

patterns sf the Tranline,éntenna on the helicopter, over tHe

o i J N -
full HF band. This chapter prekents these patterns, which were

I3

obtained at the National Research Council's antenna range in

[

4

Ottawa [7), in June 1980. . "

The antenna measurements were carried out using a 1/24

0

scale factor, copper-flame-sprayed wooden model qf the Sea-King

“

heljcopter, equipped with a replica of the Tranline antenna.

o

4 X * A oo
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ﬁ;s 'shqwh in Fig.é,l, Ehe agtenna is" located on th: port side of
the fhéelage, with the feed .point at “"station"™ 396.5 inches
(STA\BQGtSf, and "waterline® " 162.0 - (WL 162.0;? where the

1 coordinateg afe defined in:Fig;Z.l. The\ antenna runs aft to

" sTA SLiQO and WL 162.0 . This feed point is identical to that

t S

used for the existing wire antenna instal;ation and has béen
maintained for: coﬁvenienée since the antenna coupler is
‘—physically located inside the fuselage af this position. 1In the
foilowing, first the measurement system will he described, and

then the problems associated with outdoor ranges are discussed,

‘and finally the radlation pattern.requirements are described.

\

2.2 Components 6f the Measuri

' The NRC range was developed for the® purpose of measuring

~ ¥

the radiation tterns of  antennas, and is particularly well

adapted for asuring the patterns of antennas on scale models

/
,of aircraft. It 1is described in reference [19], and is

7

'block-d{égrammed in Fig.2.2. The helicopter model is mounted on
y

the/féwer spindle in order to measure its radiation patterns.

Thie signél originates from a battery-powered oscillator in the

model, #s radiated by the Tranline antenna, is received by the

corner reflector's dipole,;and is fed to a receiver, and then to

the‘ reccorder system. The following descrihes each of the

components of the measuring system.

* STA 0.0 is located at the nose of the helicopter.

¢

** WL 0.0 is located at the wheel level of the, helicopter.

s e e
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CHOICE OF

POLARIZATION

EJ‘

AZIMUTH -
ROTATION

— ’
CORNER
REFLEGTOR
— a2 ’ ,
TRANLINE
-~ ' ANTENNA——ZF .
—
Y TOWER SIGNAL
SPINDLE SooneE
OSCILLATOR
. ELEVATION
T”R"TQ-E ROTATION
CORNER \ \ :
REFLECTOR . \
ROTATOR
COF]NER L 1
° »
REFLECTOR TURNTABLE] . gp"l‘,g’gfs
) ~ | conNTROL
INDICATOR CONTROL
: TOWER
TURNTABLE
RECEIVER SPINDLE
. INDICATOR INDICATOR
RECORDER
POLAR ! papPER
pLOTS |} PUNCH
»

Antenna range block diagram
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2.2.1 Transmitting System , e
% . - ' . ‘ r
x In the past, radiation pattern measurments were done wusing

high resistive cable tedl ues. The resistive cabquwas used
_to provide a non-metallic\eTectrical path between the. model énd

K N ‘ s ‘e X
the base of the turntable, because a trailing coaxial cable

L) ki

N ~' would alter the radiation patterns of .the antenna under test. ]

™~ 1

N

The resistive cable technique is used in the receive mode. A 1.

detector is mounted “in the model and ~the cables feed the'

rectified ' signal from the model to the recorder. This 1
. L. N Lo B i " ' A
measurement technique "~ is subject to numerous problems as :

described in reference [20), such as spurious RF signals indug v

on the high resistive cable. To'overcome these difficulties, a :

. miniature solid state battery-powered oscillator is mounted | .
l . 4

inside the scale model of the helicoptér, and drives the
, Tranline aﬁtenna as a transmitter.! To- cover several octaves of ° ‘\‘f
‘ s ‘ . .
. the full range of the HF band, a series of fodr oscillators are R

o
v

used. . The average 'size of each unit is approximately-

“J
5x2.5x2.5 cm. The unit is fitted inside the helicopter model. y

These oscillators are frequency=-stable to within 0.5 MHz for

»

‘between opé and two hours, after which a minor tuning adjustment

¥s required .to compehsate for the-drop in battery voltage.

, ©2.2.2 Poéitionihg and Control System N

[
w

"\

There are three.segments of the measuring system which'are'

provided with remote control. Fig,2.2 shows _that the Spiﬁer P
v reflector's posi;ion\ﬂetermines the polarization of the field to :

- be megsuréd. Thee turntable permits the helicopter model to bhe

®



[N

\ ] : ) - ) . . | 17

rotated around its eleyégidn axis, wheféas the tower spindle'

] .

supplies the azimuth rotation of the model, , Each of these
- '\ f
functions is ‘controlled using a synchro artanggéent,‘as shown'in,

the block diagram of Fig.2.3. The positioner control unit

o

controls the angle of rotation of the corner reflector, and

]

controls the elevatioﬁ angle of the turntable, and the azimuth

angle of the tower spindle rotator. The posi%ion angles of each

is fed back to an indicator unit, and then fed wvia "a suitable
switching network to either a polar or‘rggtangular recorder, and
"also to the paper tape punch, which provides a record in digital

form, as described below. o

¢ . . s

PAPER POLAR I | RECTANGULAR

\ PUNCH - RECORDER RECORDER

o G - e e —— s - —— - ——— pup——

SWITCHING UNIT

INDICATOR . UNIT, :

| comner | CART TOWER
/| REFLETOR ROTATOR| | TURNTABLE SPINDLE

* POSITIONER CONTROL‘;' UNIT (POWER * SUPPLY)

Fig. 2.3 Synthro.arrangement used to control”the measuring
system. ' '

- ' ’ \
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* 2.2.3 Receiving Sysfem »

’ 0

The receiving antenna consists of a dipole mounted in a “F
corner reflector as shown in Fig 2.2. The arrangement provides §
] r'd * -

, an antenna which is somewhat directional, over a wide bandwidth. .

The dipole is a removabie one, so that a suitable dipole can Tbe

- el

used for each range of frequency. The corner reflector's beam

s,

points toward the tower spindle, so that the helicopter model is

I3

Uniformly‘iliuminated, and a maximum direct signal can be

v

" A e

detected from the antenna. The corner reflector antenna feeds a
Scientific At}anta (S.A.) "Precision Amplitude Receiver™ Model

‘Number 1742, which detects the radioc frequency (RF) sSignal and

T e

supplies an audio frequehcy voltage proportional to the received

RF signal strength, The audio signal is then fed 'to.the

SR Syt

.

recording system, which is described next.’

- w ' e

2.2.4 Antenna Pattérn Recorder : ’ - . .

-t

% . ’ i

The radiatibn’ pattern is recorded in relative amplitude as ' oy
- . e . .o Y ;
a’ function of anqular ,position? on an S.A. polar recqrder'

series APR 20/30. The recorder's anqulqr positioﬁ/ /ks, o

synchronised to either the azimuth or elevation rotation of/ the

/

model, via the switching network. The pattern can be ‘rgéorded'

b

on a 1ogarithmfc (dB} or a linear scale as desired. ﬁyr the

Tranline antenna measurements, a loqa:ith@if plot is qsef. The
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: - P o N
field strength value in decibels is .punched simultaneously ’oﬁio

a paper tape using an'S.A. "Radiation-Distribution Printer"

series 1800 [7]. The paper tapes are recorded in a binary -

-

format = as described in reference[24], ‘A program wad written by -

the author [18],'to convert the tape records into ASCII code,
and, to store them as an RKO5 disc file on E:ncordia Unigkrsityﬁs
PDP-11720 "MIDAS" ﬁinicomputér . system. 1In this way a digital
"data base" of measured patterns is assembled. This "data  bhase"
is used'effeétive1y loter in this thesis for direct  comparison
with énalytiéal/numericall mo?elling, using éomputeragréphifs:
Also,. an 1isotropic ‘reference 1level and other HF antenna

performance criteria, such as radiation pattern éfficiency , are

-“ readily computed, as described in Chapter 3.

s

’

2.2.5 Range Siting Consideration

»
.

»

On an outdoor or "open" antenna range, there are usually

surfaces such as grgund or nearby structures which give rise . to
” ’ v

reflected waves arriving at the receiving antenna. The primery

reflection is from the range's ground plane surface, and in the

present measurements this .was minimized by using diffraction

fences and low frequency absorb&r. ° The .fences consisted of

Qo§éen' frames , gpproximately si* feet by four Eeet.in height,
coie;ed with a metallic mesh séreen with mesh s}ze less than 0,1
wavelength. Different ideas are presented - in the
iiteratu;é [21-23] concerning ‘'the proper placement of the
fences. It is rec;Tmended t%at a trial-and-error study be useq

)

B
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¢

. for the required number of fences and their 'position. The

' rangeé's’' surface. is surveyed so as to determine the points of

.
" “

specular feflection, aty various ﬁrequencies. The survey is done
by sliding a one meter square metallic sheet over the flat
range's surface; to provide a sﬁfgng signal reflection from a
small area, and :bserving the variation in the detected signal
at the .receiver. A location of the metal sheet which causes a
large change in the received 'signal " strength is a specdlar
reflection point and hence the réquired location for a fence.
The absorber'sﬁeéts were composed of rtherized lossy fiber, and

were two feet squdre by one foot thick. This material-is listed

by the manufacﬁurer ds attenuating the reflected wave u?‘ 20’dB,

e a

~
o S
abso;bgi configuration.

‘

at frequencies hetween 0.3 and 40 GHz.. Fig 2.4 sﬂows a typical

Nt

Fig. 2.4 Model tower
.typical absorber
placement.
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Additional reflection suppnession was achleved by varying
the path length between the helicopter and the receiving dipofe,
keeping in mind the far field distance requ1rements. Fig.2.5
shows the receiv1ng corner reflector and the helicopter model at
two different lseparations from . each other. Fig.2.5(a)
i%lustrates the case in which the ditect wave is received by the
main lobe wﬂereas the reflected wave is received by either a
null or a side lobe of_the}receiving corner reflector, thereby
reducing the effects of the wave reflected off the range's’
surface. Fﬁg.2.§%b) shows the direct and reflected waves beﬁng
received Ey the hainolobe of tﬁe receiving corner reflector.
This can introduce an error of more than 10 dB in the radiation

pattern, depending'on the frequency of operation..

HELICOPTER Mdﬂ’e;. CORNER REFLECTOR S
POSITION C- PATTERN

, DIRECT WAVE __ ) \
\.;' y 4 ‘

ry ~

RANGE'S SURFACE

2 T A R

\
\/\

Fig.'2.5(a) Direct wave received by the main lobe of the
. receiving .antenna, whereas the reflected wave is re-
ceived by the minor lobe.
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This completes the description of the antenna range. The

following section describes the set of patterns which were

At

measured on this range for the Tranline antenna on the CHSS-2

helicopter. - ’ :

-~

Y -’

o ™

5

2.3 Standard Radiation Pattern Set

»

y

N - \ , '
The NRC antenna range described above was used to measure

radiation patterns in accordance. with .the military standard

) ra

MIL-A-9080 (USAF) [16], which-*has previously been used for the

‘measurements of the patterns'of'thg wire antenna on the CHS8S5-2

helicopter [2]. The standard ‘specifies the three principal

plane a rns to be measured, and also a set of copical cuts to

be

i

obtained for the following theta wvalues: 0, 25, 37,.45, 53,

60, 66, 72, 78, 84, 96, 102, 108, 114, 120, 127, 135, 143, 155

and 180 degrees,.wheréw theﬁa is defined 1in Fiqg. 2.6. Thesée

. patterns were measured for both E-theta and E-phi polarizations.

’

The measurements were carried out with the rotor blades mainly

in .the forward position as shown in Fig,2.7 . The effects of

the _ position of the blades are. considered below. , The

measurements were done over the? full HF frequency range, at

scale frequencies corresponding to 2.6, 4.1, 6.0, 8.1, 10.0,,

N

12.0, 14.0, 16.0, 18.0, 20.0, 22,0, 24,0, 26.0, 28.0, and

2

30.0 MHz.

« -
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Fig. 2.6 Standard sphérical coordinate system used
in the measurements. - , : o
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Fi}g‘ 2.7 (a) Forward blade position (F-Blade) | con
" (b) backward blade position (B-~Blade)
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2.4 SUmmary . ] '

This~ éhapter has descrihed the "basic components of the NRC
antenna’?énge, namely the traqug;ting/éystem, the positioning
and control system,//tﬁgj/;éceiving sysgem and the reéording
system. The use of ‘a miﬁfature solid state battery-powered
oscfllatqr has ‘been mosf ﬁelpful in pregenting the helicopter'
model as a self—coptainéd transmitter, whicﬁ éliminated the
problems _associated with other techniques. The’use_of punched
paper tapes of the radiation patterns as a part of the recording
system resulted in the construction of a& extensive digital

"data base", without the need to resort to the tedious process

of manual digitization of individual patterns.

In thfe next chépter, the characteristics and the proceéure
for the assesément of the radiation patterns of the tranline
antenna will be discussed in detaii. Techniques are introduced
to compute the isotropic level of a set of patterns. A powerful

-
method is introdﬁced for the. comparative evaluatioﬁ of the

performance of the Tranline antenna relative to other types_  of

antennas.

e
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CHAPTER 3

\

¢+
EVALUATION OF THE TRANLINE ANTENNA

.

,

3.1 Introduction . .
A - .

e

o
The assessment of the performance of an HF antenna such as

th:. "Tranliﬂe" mounted on a heliéopten is bpséq on the need to
excite pfopagation modes which are effective for communication
beyozg the line of sight, because the helicopter is noryflly
flown ‘at low~3ltitudes but at disthnces of up to 350 km from tﬁe
receivingAstétion. ‘"For a highly conauctiye ground such as sea
Qater, the most suitable mode of propagation uses a .ground
wave [4]. Because power radiated as a ho?izontal electric field
tomponent is attenuated very rapidly in a ground wave mode [25],.

wi

the performance of the antenna is optimum when it” radjates asy
much power as possible in the vertical (E-theta) component.. The
manoeuvérs a. helicopter 'usually performs result in attitude
cﬁénges.which make it necessary to maintain good communication
over the sector 60< g <120 deg;ees, where theta is defined ;n

"Fig 2.6 . Thus in the high ground conductivity case the HF

antenna %erformance is optimum when it radiates as much power as

\

-
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pbésiblé in the vertically- polarized component in the sector

N T o
between 60< 8 <120 degrees. In the-case of inadequ&%é ground

v

conductivity, a skywave mode of propagation dominates. This

- requires radiation at high- elevation angles within %30 degrees

-

of the zenhith for paths under 350 km in length for frequencies

from 2 to 12 MHz ({4]. No special | emphasis is placed on the
?

. polarization to. be radfated, because of the polarization
rotation in the ionosphere [25]. It will be shown in this
chapter that high elevation angle radiation is present with all
the HF helicopter antennas that are considered, and so the
p;oblem of maximizing the performance of the HF antenna can be

defined as that of maximizing the power radiated in the

vertically polarized component over the sector 60< B <120

degrees. . . -

’

In this chapter a number of "performance criteria”" or
pafameteré are defined{ as aids to the assessment of HF
helicopter antenna’ performancév The nline antenna is
evaluated, and compared to other HF aptehnas using these.
parameters. The effects of the rotar blade position on the

Tranline communication system are also considered in a

quantitative manner.

»

-

3.2 Presentation of Measured Patterns

A  full set of 6A20 patterns for the Tranline antenna was

measured on the antenna range described in Chapter 2. These

1
{
/
\
~ 0\
PPy ‘Z)A\.»x'"

e gt N A T bR s k. A
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patﬁerns consis‘ed of the twenty one conical cuts ig both

. R &
polarizations, and two -elevation cuts at each frequéhcy as

described in Section 2.3. Appendix A gives the three principal

plane patterns at fifteen frequencies.

The Tranline . antenna of Fig.2.1 with its image in the

Y

highly conductive skin of the helicopter conititutes 2 loop

oriented in a horizontal plane and. so radiates mainly a

¢

horizontally polarized electric field. This is seen 1in the

4

. ' >
pricipal plane pattetns in Appendix A, where E-phi generally has

a higher field strength than E-theta. Fig.3.1l. shows the

»

radiation patterns for the theta equals 25 degrees conical cut,
at frequenciés\ between 2.6 to 12 MHz. The field strength of

thése patterns satisfies the requirements for exciting vthe
skywave mode of apropagation described iA Seéti;n 3.i. The
boupling of the Tranline antenna to the uaigframe 'resglts in
‘' more complex than those due to the ;ntenna
element aléne. It is seen from the principal plsne pa£terns in

patterns that. are

Appendix A that the patterns of 'the Tranline antenna change
considerably with increasing frequency. The full conical cuts

(7] also show that the radiation pattern i3 dependent on the

'conical angle (theta) at a given frequency, whiich makes a direct

‘assessment of the radiation patterns a difficuylt task. Thus a

method is needed which summarizes into a simple parameter the

— i " * —
performance of the HF antenna at each” frequency, and such/.

[

parameters are the subject of this chapter.

-
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The full set of the twenty one conical ,pattéfns for bgth
E-theta "and E-phi at each frequency can be used to evaluate the
total amoan of power radiated by the antenna. Also the *power

radiated -in,each polarization over a specified sector of angles

-

can be cqﬁbuted, and the isotropic level can be calculated. The'

details of these power calculation are given in the next

a

section. | ) : c

o

et

3.3 Radiated Power and Isotropic Level
. - -
) - »

"" Most of the performance crlterla to be con51dered in thls,

“chapter require a knowledge of the total power radiated by the

antenna. Th;s power 1is obtained by taking the closed surface

integral of ' the average Poynting wvector over any: surface

0 .
° - - *

enclosing the antenna [26]. , , ° -
. . ™
ot

z = — . '

Sav.ds_ . R EEEE R LI |(l)
M . . : o ‘%y
. i . ‘v,ﬂ —

where F% is the. total’ power radiated in watts; SOV1is the

averagé ﬁoynting vector givén by

o

N

where E and H are the peak values of the 51nusolds, and dS is

spherical surface element given by” . N
A . .

- Psingddp -, -
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Using a closed sphere centered on the helicopter as a closed

surface as defined in Fig 2.6, after some vector manipulation
B =% . B \ ’ .
the total power radiated becomes

2mMm 5

. " , jc ‘E9‘+\E¢l)r5|n6d9d¢ eeeneea(2)

where Eb and E} depend inversely on r, and 7] is the

characteristics impedance of the medium, taken here as

4

n f ’ N ’
1207 ohms. By defining Es =rE¢ and E¢ =rE¢ , Equation (2)

becomes

L oI T

2,7 f}ng |E¢|)sm8d9dc[> ...... RE

<

" where Eg tand E4 are the field 'values of the measured patterns.

I3

The Power radiated ip any‘sectdr.gz of theta angles is givern by
2w | |
2 2\ .
7 l(\EelﬂEq;])smededcp e pae
¢ .
0o :

where theta varies obgr the sector defined to be " Sz".

N . . o
\ .

Once the total pSwer radiated is known, a reference 'level

called the "Isotropic Level" defined as that field level

which would be radiated by an "I sotropic antenna" [26], which
radiates only one polarization, equié}y in all directions and
radiates the same total power as the antenna belng measuredy

v
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The ‘isotropic"level is used for a compari;on_with the actual
radiated fields. Thus the actual Eg batterﬁ is’ coﬁpared with
the 1isotropic 1level by 1imagining that the total power were
radiated hnifo}mly (fisotropicélly“) into Eg . only. Similarly,
the acgual radiated By is compareé with theﬂisotropié level as

if the totdl power:was radiated into* Ey .

The isotropic level® is calculated. as follows. For an

isotropic antenna the average power radiated 1is given (bx<

Equation {(3), where the 1isotropic level ‘E rEplaces' each -

Eg (or E& ) and E@ (or Eg )Ais zero. Thus

-

.’ 2 . \
F&vf'z'l;;' |E| ds‘ R RRARSLEERERLE (53

¢ .
Since -the isotropic level is indepehdént of the direction ;

) \/“‘P = ET dS —_— A D (6)
“tavE 2m o
where the surface integral is-equal to 477 hence B

 helfen T

Assum;ng that the total power Fadiated F) from Equation (3) is

r
equal to . the power in the isotropic patterns, E can be

calculated as ) .

{

o T /72

| = ——ff( |E6+|E¢D$ln@d9d¢ e (®)
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For ready comparison, the isotropic level E has been plotted on
the Trarnline antenna . radiation patterns’ of Fig 3.1 and:

Appendix A as a solid circles for comparison.

-~

3.4 Evaluation Methods and Tranline Antenna P&rformance ‘

This sectign presenté definitions of a number of
performénce criteria or'pérameters, and applies these parameters
to the Tranline antenna. Each performance criterion is examined
to assess the degree to which it reflects the desired anteﬁna
performance described Section 3.1. The best parameters are
those directly related to the power radiated in the vertical

\

component over the desired sector of angles.

3.4.1 Isotropic Level Method

5

. Although isotropic antennas are not achievable in practice,
it 1is usetul to‘ compare the isotropic level ohtained . in
Section 3.3 _witg the actual antenﬁa patterns. The Tran%ine
antenna patterns:can be examined to see ho@ they differ from an

]
omidiréctio®al pattern at the ,same power level. Wong 127] had

introduced a deviation factor hased on the pattern degradation .

f . \\ '
when compared to the isotropic level. Another method defiﬁgd
‘here, 1is called the "isoﬁropic level method". It uses

. < e » !

interactive computer graphics to display a surface plot of

( AZIMUTH PATTERN A'ISOTROP;é’LEVEL ) 'VS FREQUENCY

/
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Thus. the ‘plot in Fig. 3.2 displéys the Yaw angle-(phi) on one

horizontal axis and the frequency on the other, and the relative

s

field 'strength in either By or E¢ on'the vertical axis. This-

method can be viewed as a qualitative evaluation of the

"idealness* ,of the radiation patterns, where the idealfis

considered to be a uniform pattern with a £fiéld strength higher

or 'équal to the isotropic level. 1In th\s method the azimuth
pattern is examined at various frequencies, and 1its amplitude
strength is compared to the correspbnding isotropic level. Thfs
type of " evaluation givés the designier a quick appreciation of
the\pattern directivity as a function of frequency and its

|
system performance ramifications.

’

In the case of the Trqggine antenna, the isotrbpié level

method has heeJ applied to the

i t of azimuth plane patterns at

15 frequencies included in Appendix A, to produce Fig. 3.2. The

vertical polarization of Fig.3.2(a) shows the azimuth plane’

pattern a; the " 15 frequencies, ° Therg is a 1low level of
radiation'at‘Z.ﬁ, 4.1, ana 6.0 MHz. The maximum radiation level
occurs at 8.1\and 28 MHz. The pattern hecomes more uniform and
it has shallower nulls at fréquencies higher than 6.0 MHz.
Fig.3.2(b) shows the horizontal polarization. The patterns are
butterfly .-figures at frequencies beiow 20 MHz, with the main
lobé% ‘at  a higher 1qgel .than the isotropic level. At

frequencies above 20 MHz the horizontal pola:izatioﬁ becomes

more directional but maintains a hiqgh field strength.

{
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3.2(a) Tranline antenna surface plot of. the measured

Ep azimuth/isotropic level as a function of frequency
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3.2(b) Tranline antenna surface' plot of the measured

Fig.

',E¢ azimuth/isotfoﬁiéﬁlevel as a function of frequency
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The above analysis of the azimuth plane patterns does not
conclusively assess the quality of the Tranline antenna
f I‘ .
radiation patterns. In general these surface plots show that

1

‘/,NN\\\NEhe Tranline antenna radiates . a relatively 'weak vertical ‘

component at the lowgr end of the' HF  band. A :more complete '\
. . N
assessment of 'thé/ﬁTranline antenna's pgrforman&e must, include ’;\
#information about the radiation patterns over the f&ﬁl 60< 6<;26 y
‘ degree sector. | ) ’ j
s i
3.4.2 H to V Method . ‘ - _— B

: | ]
* 4 -
\ . : N

In recent studies of HF helicopter antennaé at the RByal
Aircraft Establishment (RAE), Farnborough, qulandv[28]; the »
ratio of the maximum of the horizontal field coﬁponent (E¢ ) to
the . maximum of the vertical field component (Eg ) or horizental

to vertical ratio (H/V) in the azimuth plane is being used to

evalgate the performance of the antenna, where it is preferred

s v,

that the H/V ratio he very low so it reflects the high wvertical

:
i
:

radiation-. . : b

O .
’ T .

-

/;n//order ﬁo apply comgarative evaluation between thg

. ranline antenna and other loop antennas measured at
‘///f/ Farnborough, later on in éhis chapter the H/V ratio of the
Tranline antenna at different frequencies is plotted in Fig.3;3

1

as ' }

H/V = 20*log( Ey max/BQ max )




\qr\ o . '
. ~

<

as .a function of frequency.  The figure shows that the Tranline
antenna radiates -a weak vertical component at the lower end of
Fhe HF band. Also at 12.MHz the figure shows that the antenna
radiates mainly a horizontal component, with an H/V (T\thtu;b/
+20 dB. This is misleading because the full set of Tranline
antenna patterns at 12 MHZz shown in Fig 3.4 preSGKEg'an oOerali
stronger verticél component than is suggested by the H/V ratio
alone at this frequency. The difficulties arise béééusé H/V\
ratio is based .solaly on the azimuth plane pattern. Other
performance criteria are presented below which overcome the

limitations of the H/V ratio.
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- Fig. 3.3 Tranline antenna H/V ratio as a function of frequency
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~
0=0° ‘ 8=25°
’
s i
' ' ;
e=370 e=450 %
‘ . ‘ |
Fig. 3.4 Tranline antenna measured conical patterns at 12 MHz 4 f
. for both polarizations, Eg o———0 and Ey Omemee—® ’

Isotropic level is indicated as a solid circle, dB-scale. .. .

\ ' £



6=66° : ' . 9=72°

Fig. 3.4 (cont'd)

Tranline antenna measured conical patterns at 12 MHz, for
both polarizations Eg &=—————0 and Ey§ 0————0 '

Isotropic level is indicated as a solid circle, dB-scale.




0s596° ' . a=102°

Fig. 3.4 (cont'd)

Tranline antenna measured conical patterns -at 12 MHz for

beth polarizations Eg 0——o0 and E¢o——o.
Isotropic level i§ indicated as a solid circle, dB-scale.
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8=108° o ‘ : 0=1142

Ga 1.0 S P
=120 _ . Te=127°
Fig. 3.4 (cont'd) -

Tranline gntenna measured conical patterns at 12 MHz for

‘both polarizations Ey BO————0"and Ey &—0 .,

Isotropic level is -indicated as a solid circle, dB-scale.

~

42

P




8=155° " Z

8=180% .

Fig. 3.4 (cont'd)
Tranline antenna measured conical patterns at 12 Mﬁz, £

both polarizations Eq ———'and Ey o—————o0
Isotropic level is indicated as a solid circle,

ki

dB-scale.
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"in the sector ~A0<8 <120 degrees.

«-Ca}cﬁlétes the pattefn efficiency from the full set of measugy/

- T
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Y
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3.4.3 Radiation Pattern Efficiency ) ' ‘
AT .
Section.3.1 - iNtroduced th§ requirements for adequ%te

¥ N

communication from a helicopter 'using an HF antenna, namely that

e

as much power as, possible be radiated in the vertical component

dafined “an
\ v

assessment parameter called radiation pattern efficiency (7%9

Granger [17]

3

‘which is given by the ratio of the power radiated in both Eg

%
angle between theta equal 60 and theta i

and P in the solid

the

equal 120 degrees to the total power radiated by antenna.

A

This can be expressed as ' ' - ) i
as | ‘

: ,'ff\:zmao , 2 S "‘ o F
ff(|E9|+lE¢l)sin9 dédp A
S omp eSO —x00 . R

emr , :
| [ [ (lEe"l‘+lE¢zl)sin9 g dp L ]

t

i

-

. N . ! ! - . N
A Fortran program called "ISOLFV" was written by the author and s 3

L - - ,
ééttérns ‘at each freguency - for the Tranlne antenna. The

radiation pattern efficiency_is plotteﬁ ‘as a Fun@}icn of

frequency and is shown in Fiq.3.5. The curve varies hetween 40 1

and A0 percent, with a maximuni at 8.1 and 28 MHz. The minimum

» |

Tevel of '40% occurs at 6 MHz. This method examines the relative

pBwer‘ radiated in the desired sector, but it placeé?no emphssis

on the polarization type, although it is desired that strong

the 'vertical coﬁpgnent be

]

‘radiation in present.  Therefore e
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3.4.4 Relative Power Containéd in E-theta

’ .
another parameter .is. needed which woeuld evaluate the relative
R . f T o - -
power contained in(ﬁ—thété component.
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"Fig. 3.5 Tranline antenna.radiation pattern efficieﬁqy (np)
fgs a function of frequency, obtained from measured patterns
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When congd-ering - the ground wave mode of bfopaqatibn;
empha51s is p t on’ max1m121nq the radiated power in the vertical
c?mponent. Therefore an assessmentQ\arameter can be deflnedTlG]

as the ratio of the power radlated in the vertlcal conponent Eq

to the total power radiated by the antenna, and.is denoted by

S
.

. ) ¥
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o
i
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"percent E-theta™ (38 ). This is given by '

4
1Y

R ewmT 5 C o o
) [ [ [Eg |sinddodp -
°/oE9 = 27r7r xI0O
-/ ed vEd)s0d0dy -
For the Trén;ine aritenna, %Eé' is plotted as a funct“ﬁn of

frequency in Fig. 3.6, The figure shows that the radiation

patterns haVe only about 30% of’powgr radiated into the vertical

, =
polarization at the 1lower end of the HF "band, with a peak of

'

about 60% at 8.1 MHz. ‘Above 20 MHz-the power radiated in the

vertical component rises from about 38% to 60% near 30 MHz, and

so at these frequencies the antenna 3is more effective. The

percent Eg parameter is a meaningful tool in evaluating the HF

-

helicopter antenna performance because it g ifies the power

radiated_ into the desired field conR t, and allows

. quantitative comparison among different antenfia esigns.

A similar parameter to peréent E-theta was iZwtroduced by

Kubina [10] and is defined as the ratio of the power contaiéed
in Eg between theta equal 60 and theta equal 120 degrees to the
total power radiated by the antenna, ahd will be

k.
»"useful percent Eg " or (%Eg).. This given hy

J|59|sm9d9d¢

O/oEe = 27’..” x100

j J IEgl |E¢,|>sm8 d9d¢ . o

denoted by

3 PRt A Jesagrrrr L areLor SUURSIL L SRS bl 4
fgmmw_-»w
.
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The useful percent Eg for'the Tranline antenna 1is calculated
qéing the program "ISOLEV"™ and shown in Fig. 3.7 as a function of
frequency. This parameter is especially useful for the
evaluation of HF helicopter antennas, because it examines the
. two réquirements: that the radiation be in the vertical
component and in the de§ired sector. . The' useful percent Eg

graph is quite similar to the percent E; graph. A comparison
of the two graphs shows that much of the power radiaked in the
fféquency range from 2 to 20 MHz is radiated in Ehe less ﬁsefql
directions, ( with .the exception of frequencies around

5

8.1 MHz ),‘ because the percent Eq is abo:t 30% and the'ugeful
percent Eg5 is only 5%. However at high HF frequencigs the
useful percent Eg curve rises to values about 20 percent, and
'éugggsts that at these frequencies enough power is radiated into
the desired sector in the vertical compoﬁént. At ﬁ12 MHz the
useful percent E—theta'parameter is 6.5 percent. Thus the power
contained in ghe vertical component in the sector for 60<6,<120
degreés is about 7 dB below that contained in the horf%ontal
coEp?nent for thé' same sector,'of angles. This 1is quite
different froq the 20 dB difference suggpéted by thé H/V ratio
parameéer. Thus overall the percent Ee qnd useful percent Ep

curves show that a large portion of the radia;ed power of iﬁe~
. Tranline.ahtenna does into the horizontal component, and further
that of the power radiated into the vertical component, only

very little is radiated into the desired sector.

Nt et e
O
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T RELATIVE POWER IN VERTICAl; COMPONENT — %

Fig. 3.6 Tranline antenna relative power contained in Eg (3K )
as function of frequency, obtainedwfrom measured patterns
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Fig. 3.7 Tranline antenna useful power. contained in .Eg (%EJ )

as function of frequency; obtained from measured patterns
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3.5 Comparative Evaluation. . - . \/-

The Tranline antenna is a possible alternative to the o0ld
wire antennas commonly 1in use, and it is also similar to loop
antennas under study at the Royal Aircraft Establishment,

Farnborough. In order to assess its performance relative to

these antennas, a comparative evaluation 1is made in this

.o ’ A .
section. The comparison 1is based on the performance criteria

discussed in the previous, section and is a quantitative

comparison of the relative values of the parameters for the -

various antennas. : ‘

S

3.5.1 Tranline Antenna VS Wire Antenna

g

, A full set of measured patterns fér five wire antennas
mounted on the Sea-King model of Fig, 2.1 was obtained in 1964 at-
Canadair (2]. The location of each antenna' is shown in Fig;3.8,

and a relative evaluation of these five antennas was carried out

in 1972 by Kubina [10]. It was recommended at the‘time that

- -3
wire antenna "E", located at the port side of the helicopter "is

&

a suitable  choice among the five antennas that were
investigated. The evaluation of these wire antennas was based

on different performance criteria than those described above.

’ v

The | comparison between the Tranline antenna and the wire

antenna "E" will be carried out -using thg‘radiétion~pattern

efficiéncy and the relative power <contained in the vertical’

.
4 . ~

~
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component E-theta given by "percerit: E-theta" and " useful ‘percent

v

{
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3.8 After Kubing[l0], five wire antennas mounted on the

CHSS-2.Sea-King helicopter
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Fig.§.9 preéen s the pattern efficiency (ﬂp), the percent
Ewtheta ($Eg), and bPhe useful percent E-theta (%Eg) for the
Trénlinelantenna and the wire antenna "E". 1In Fig.3.9(a) ﬂp is
plotted as a function of frequency from 2 to 12 MHz. The graph

sﬁgws ﬁha; Np ichompagablé for both antennas.’ The Tranline
antenna has larger radiation pattern efficiency in the frequency
range from 2 to 4 MHz, and from 7 to 9 MHz, with a resonance

equal to 54 percent occurring around 8 MHz, The radiation
pattern efficiency of the wire antenna is larggr in the
frequency range from 4 to 7 MHz and from 9 to 12 MHz, with a

resonance value Np equal to 53 percent occurring aroud 10 MHz.

Fig.3.9(b) shows percent E-theta ploctted as a function of

frequency for both antennas. %t 2 MHz the Tranline antenna.

radiates about 15 percent of its tqtal power into the vertical
component E-theta, whereas the wire antenna radiates about 18
percent more power or 33 percent of its total power into? the
E-theta component. The maximum power contained in E-theta for a
$Eg is about 60 percent and occurs at 8 MHz for the Tran;ine
antenna comparedto 10 MHz for the wire antenna "E". Fihally
Fig. 3.9(c) shows the wuseful power in E-theta or %Eg as a
function of frequency for both antennas. This figure leads éo
the same conclusion as the previous one. However the resonance
value 'of %Ey is about 29 percent for the Tranline antenné

’

' \cémpared to 34 percent for wire antenna "E",

N N

. 'The pattern analysis presented above for both antennas,

\,

\
\

\ N 1 s
using ‘these assessment parameters, leads the reader to helieve

that wire antenna "E" would have hetter communication

a
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© 2 MHz [1l0], whereas the Tranline

"similar performance by the two antennas at the lower end of theée

52

pegfqrmance' than the'Tranline antenna. However as_déscribed in
Chapter 1, each antenna has a different type of: cohbler, which
effects - the performance of the cqmﬁunication system. The wire
antenna coupling uﬁit efficiency is equaly to 0.264~’ at
antenna coqpiing unit
efficiency is estimated to be between 0.8 and 0.9 [29] at 2 MHz.

©

Thus , for a given: transmitter power, the Tranline antenna

‘radiates about 4 times more power than the wire antenna. So for

-
a

HF band, "the wire antennna must have a useful percent E-theta
o .

4 times larger .than that obtained by the Tranline antenna.
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Flg '3.9(a) Radiation patter efflclency for both Tranllne and
wire antenna "E" as a function of frequency
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Fig. 3.9(b) Relative power contained in Eg (%Eg ) for both the
Tranline and wire antenna "E" as a func¢tion of frequency
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Fig. 3.9(c) Useful power contained in Eg (%E ) ‘for both the
Tranline and wire antenna "E" as a funétion of frequency
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However Fig.3.9$c) shows that the wire antenna has useful

percent E-theta equal to é% compared to 5% for the 'Tranline
antenna, this, suggests that the Tranline anténna has a better
performance at Z‘MHzt At higher frequencies the coupling unit
efficiencies for both {antennas pecome comparable, as Qo their

assessment parameters.

[

3.5.2 Tranline Antenna VS RAE Loop Position

In June 1979, radiation patterns of an HF 1loop antenna
mounted on a Sea-king model, shown in Fig. 3.10, were measured
using a vertical range at RAE Farnborough ([28]. The data

}

available, to e author was limited to.those azimuth patterns

included in e RAE report [28]). A _ comparison between the

Tranline antenna and the loop antennalusing H/V ratio is shgwn
in Figz3.ll. The loop antenna is superior at- all frequencies
except .between 4 and 7 MHz. This is because a vertfcal loop is
‘a better radiator of the vertical componént than is a horizontal
antenna such as the Tranline antenna. Because the H/V ratio is
based oniy on the azimuth plané pattern, this evaluation could
be misleading. A comparison based on the radiation pattern
efficiencY‘;nd useful radiated power can not he made because not
‘enqugh measuré% data “was available. ﬁowever when numerical
techniques afe,co;sidered later in Chapter 5, such data will . be

generated for comparison purposes.
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ig. 3.10 Bottom ldop antenna“ "6 hted ov‘éxe Sea~-King he ic0pte'r’
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»

3.6.Effects of thé Rotor Blade Position

The performance of a helicopter antenna can be strongly'
influenced by the rotor blade position at frequencies where the

blades form a portion of an electrical path that is resonant.

4 T

Earlier radiatioﬁ’pattern measurement of an HF wire antenna
modnted on ~ the Sea-King scaf?, model [3] have shown that the
rotor blades have a considerable ;ffect on the performance of
the communication sys?@m, at 8.5 MQE where the pattern amplitude
varies by as much as 6 dB, 1In order éo appfeqiage whether or
not a similar pattérn degradation. occurs with the 'Tranling
anteqna, the ppinc&pal plane patterns were measured at 636, 8.1,

2

and 10.0 MHz for the backward rotor blade bositfon, which is
v

shown in Fig.2.7. The azimuth plane patterns at the three.

frequeﬁcies with backward position are compared in Fig.3.12 with

those included in Appendix A for the forward blade position.

The rotor“blade position ' causes the‘ amplitude of'the '
Tranline radiation péttern to change.af 8.1 MHz by approximately
2 dB. At 10 MHz, the Ej . pattern shows a 5 dB ampli tude
variation, together witg some pattern shape degradation. The
rotor blade modulation could have a éerious\ effects\ on -the

communication system ‘at those frequencies where the radiation

patterns changes radically. The difficulty arises when trying

~ v

to tune the Tran]%re antenna at frequencies between 8 and ¥
10 MHz; the seriousness of the modulation would depend on the

' characteristics of the antenna coupling unit. - ®

'
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% ,0f the Tranline antenna,

3.7 Summary,
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This chapter has presgnted several methodsn%sed to evaluate

I
an HF antenna mounted on

level, H/V

relatjve poweﬁbcontained in the vertical component, E-theta.

each case the radiation patterns of the

investidated.

qualilatively that the Tranl}ne antenna in the

ratio,

The

the.

a - helicopter,.

radiation

isotropic

pattern

Tra

level

na

mely the -isotropic

LN

efficienéy and the

.

n11ne antenna y were

me%hod has shown
- ' v

location tested

4

is a weak radiator 1nwthe vertical component at the lower end of

the HF band.

azimuth

The H/d ratio does not glue a complete evaluatlon

pattern.

a

simply because it is based only on

the,

When the Tranline antenna was evaluated using
b *

. the radiation pattern efficiency .it

percente
angles 60<8 <120
effective methods

those rglated to the amoun

comgqﬁnt.

showed that the Tranline antmui?radlatps poorly at

enﬁ of

Both the.péqun

degrees

for

in both

was fo

polari

und that ahout 50

of the total power was radiated in the useful sector of

&

zations.:A_The most

evaluating an HF helicopter antehna are

t E

t; of power radiated

the useful percent E-thetad is about 5%.

\J‘\ 4
Since measdred®data of HF antennas similar to-thpe
were® available,
in understanding the characteristics of

Although percent E-theta and useful percent .E-theta

Fs

the

>

T

in the vertical

—-theta and useful percent 5—theta

the Jlower

the HF band, where percent E-theta is 1e§§ than 30% and

Tranline

a coﬁparative evaluation had been mpost helpful

Tranline antenna.

showed that

@
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\

'the' Tranllne antenna radiates weakly in thé vertical component,

1

M9uch results are acceptable when compared to those obtained from

t‘qire antéhna "E". Using the H/V ratio 'method the Tranline

antenna was -compared with a vert1ca1 loop anptenna measured at

[ -

RAE., HowevVer since a full' set of data was not available to

compare. the radiation pattern efficiency and the relahﬁ@e power
wr ) -
radiated in E-theta for both antennas, no complete conclusion

o gt

., was made. The rotor blidde position has gpown serious effects on

o 4

the radiation patterns at frequencies betdeen 8°and 10 MHz. The
pattern amplitude changes by approximately 2 dB at 8.1 MHz and
at 10 MHz the ‘E-theta pattern shows a 5 dB amplituée variation.

%

N
The rotor blade position had shown similar effects on the wire

antenna con31dered earller. Since on a pattern. basis, the

Tranllne antenna wiltl perform poorly Et the lower end of the HF
band, an alternatlve position to the present one s con51dered

latgr in this thesis.
-

"The ' next chapter describes fhe numerical modelling
L ‘

technlques, and the use of interactive graphics in the modelling

and evaluation of HF aircraft antennas.
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CHAPTER 4

| L - . COMPUTER AIDED ANALYSIS
o .‘ + ;. \‘ ] ~

A . .

; . _—
4.1 Introduction
. . ) i

Chapters 2 and 3 have shown that the evaluation of an HF

aircraft antenna requires the measurement of set of radiation:

pattgrns, and theiQ;\@ntegration to evaluate the "assessment

' parameters™, . Suc measurements are  difficult and time

_consuming, especiallngince data is heeded at many frequencies.
S

Direct measurement

.

// . 'of thg HF antenna &ds a function of one of its design parameters,

~

cumbersome if a study of the performance

such as its location on the fuselage, is to‘be/carried out. The

performance evaluation requirésgthe measuremgnts of the full set

. Such a study is

more readily carried out using the computé¢r modelling techniques

¢ describeqd in this and the next chapter.
e’ 1

A computer.model of the

aircraft with the HF antenna in particular location is

/

v developed such that it reproduces thg/measured patterns.f This

"vyalidated” model can then be.used to study the effects on the

antenna's performance of changes in the antenna position or 'in
%

other parameters of the antenna.  The computer model afso

/

- -

ol

LT

e e e
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provides a complete map of the RF current flowing on the

./ ‘ » N
aircraft. This currgnt distribution provides complete insight
/ .

into’ the lobes and nulls in the radiation patterns, and also

exhibits - the modes of current flow which are associated with

each resonance of the aircraft. "Such information is available
by direct measurement only with great difficulty and is not
often qttempted [30],[31)]. The computer model provides the RF

current map at all frequencies.

¢
N

The theoretical basis for the Numerical Electromagnetics

Code (NEC) [32] computer program, the solution techniques used,
and thé capabilities of the program for developing and ‘analyzing
computer models“of aircraft are described in this ‘chapter. The

,f’ -
numerical modelling of aircraft antennas is usually carried out

with the aid of ap interactive computer graphics system [33].

Such a system provifdes the capability for the immediate analysié

of the radiation patterns and the RF current distribution , which

results from a particular computer model. This use of computer

graphics in defeloping the topology of a computer . model of an

4.2 The'retical Basis and Solution Methods of NEC

he Numerical Electromagnetic Code (NEC) . is a computer

program used for .determining the current distribution on

\
i

, s¥ructures which are made up of wires or surfaces or a-

L]

L

/

combination of wires and surfaces, in free space -or over a
v

SR bl i
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~
3

perfect ground plane [32]}. For example, ‘Fig 4.1(a) shows a
cylinder which in general carries. t@o_combonents of surface

o

current density which are functions of position over the surface

of a cylinder. The surface patch representation results in the

faceted model of Fig‘4.1kb), where the NEC program finds the
values of two orlhogonal surface current deﬁsity components at
the cénter of each patch. The NEC cbmpqter'code is capable~of
analyzing complex interconnections of sfraigﬁt wirgs, and so can
readily model wire agtenhas such as dipoles, arrays of dipoles,
yagi ‘anténnas, and other structures. Richmond, (1966) (8]
introduced the concept of a "wire-grid" model of é surface, and
so the wire antgnna'analysis capability of the NEC code can be
used Eé repre?ent pée cylindgi of [Fig 4.1(a) by wire—grid of

Fig 4.1(c). There thés computer program determines' the RF

current flowing axially along each wire of the grid. The

results of the program are q}peéted to be the correct currents

for the physical wire-grid representation of the cylinder. The

~

ability o} the wire-grid to represent the solid cylinder is a-
]

physical modelling problem that has been investfgated’ﬁy ‘Thiele

.(1972) [34] and Wolde-Ghiorgis (1972) (35].

A different 'ﬁ@undary condition is enforced for a SOIid

v
.

conducting surface approximated by- flat facets and .for an

antenna constructed of |wires. For the wire antenna, the
. !

boundary condition states that the total electric field 1in the
, . ’

axial direction along the wire must be zero. Thus at any point

+

on the wire

r‘
>
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‘'where & " is the axial unit' vector for the wire at the

observaMion point given by position vector T . El and E° are

1 i

the excitation field and the scattered field or secondary field,

"which is due tp the currents flowing on the wires of . the

,‘ antenna. NEC uses the Electric Field Integral Equation (EFIE)
. ) w .

[y

~ to state the boundary condition for a number of wires, NW, in

t

terms of the current induced on the wire, thus [32]

' NW ) 5
A -I - " -J'n 7 A A, a ‘ -, I.'
-S.E(r) = Z : Ii(si)(ﬁlzs.s1 - —) g(r~,r‘1.‘)dsi . (2)
L, * i=1 drg - ‘ as 35’1 \
. . L .
where i ' . o
B=wvy, €,

n =/.UD./ éa

»

3
by

The scattered field consists of the sum of the'ds due to the
current oh each of thé NW wires of the antefna. The field of

the c¢urrent on each of the wires is expressed as an integral

o .t - . , . .
along the length of the 1 h wire. r is the point on the wire

' surface whére the boundary condition is being enforced. r} is

thé ‘point: on the ith wire axis, where s is the distance

,

parameter along the wire axis at 'r , s;
axis and I.(s}) is the complex current at s; . The reduced

r

Yo

3

is a point on the wire -

o e

s s i e =
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method is used to solve this integral equation.
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-~

kernel function g(F,ﬁﬁ is given by [32]

g(¥,¥,) = exp(-jo|7-¥ |) / |F-¥ |
.

The integqgral equation (EFIE) is solved for the current- oﬁ .each
1 4

wire Ii(si) using the "moment method", as described below.

4]
In the case of flat faceted approximation to.a surface, the

N " . -
boundary condition states that the total magnetic field just

inside the perfectly conducting surface must be zero. Thdk for

any point just inside the surface

AF) x [HNF) + B5(F) 1 = 0 L g

where ﬁI and ﬁs are thé excitaﬁion field and\the'sgattered
field,‘whiéh is due tos the current densit? flowing on the

surface. H(F) is thl/outward directed normal at T . NEC uées .
the Magnetic AField Integral Equation (MFIE) to state the
boqndary “condition in terms of\\ﬁhe twg cu}réné density

:

components at the centér.of each of the NP [32] facets, thus

o

. NP L - :
SR x BYF) = 1/20,(F) + 21/4ﬂfﬂ<f;)>§[3%(ﬁ) X V(7 F) ]

[

i=) P

where q;i),‘%(?{) are the current density at F and-the current

<«

dénsity on the surface.of'the #h facet respectively. The moment

9

The moment method used in NEC is well described ™ in the .

1l




literéture [32,36]. This meghod &pplies Fhe concept of 1linear
function spaces and 1linear operatotsl Lo the pkobleﬁ. The
solution proceeds by expanding the unknown current as a linear
combination of basis or "expansion functions, with unknown

complex coefficients, defines a suitable innet product and a set

3

of weighting functions, takes the inner product to form a matrix

équation,.and solves this matrix equation for the unknown

‘comp lex coefficients of the current expansion. 1In case of wire
_I(

A -
antennas, let S.:E°(r) = e , thus o

L (1) =e e heeeieeaa

where I is the unknown current and L is the linear operator,

which 1is an integral operator in the case of Equafion (2)‘[32].

' A

e is the excitation or the known source. The current T éan

e xpanded in @ sum of basis functions bj as

H '

v

A set of equations for the coefficients @y are then obtained by

taking the inner product of Equation (3) with a set of weightiné

functions { Wy },

k= 1,..... ceeeaaaM
substituting for 1 yieids
M A
§:aj < W s L(bj) >= < W o, e> :...(4)
3=1 ’ ~
k= 1, ieeii M

" ommoean it o e 2




Equation (4) can be written in matrix form,

67

[ij] [aj] = [E,] e “."".'i".&.(S)

where ij 2 < wk s L(bj)‘>

which-can‘bé’expanded as

‘_ij . f[‘wk(s) L(b,) 1ds

)

where the development is over the portion of wire number k-

where the weight function is not zerd, angd-

m
]

K=< Mes e

Ey i/fwk(s)'e(s)]ds  . | \>
-y

. 3
'

In NEC the weight functions are chosen to be a set of delta

functions (32], where Nk = S(F-Fk) < { " } is a set of
- called "match points" along the axis of each wire. This
point sampling of the integral equation and is'known

?Collocation"' or "point matching" method [32]. NEC

"subsectional basis functions" [36], which means that each wire’

is divided up into equal length subsets or '"segments" and the

points
is a
as the

uses

current on edch segment is ‘expressed as-a sum of a constant

term, sine term and a cosine term {32], of the form

bj(s) = Aj

+ B.si -s.) + C. Y
. BJs1n8(s sJ) CJcosB(s sj) ‘

e

EPINNT SHURURUST SR PR
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?where- Sj is the value of S at the center of gegdent i Two
of the three uﬁknbwns Aj ’ Bj and Cj are eliminated by making
the value of the current at each end of‘thq segment equal to the
éurrent on the adjacent segment start, and by equaping the
charge densiﬁy at ‘the end of each segment to the charge density ‘ E
at the adjacent segment. The third unknown is détermined by - the
matrix equation. At junctions where two o} more wires are

connected, Kirchoff's current law is applied. It states that =

# the total current' into the junction is equal to zero.
' Yo Y b

+

’fwﬁﬁégu"fﬁgghéurr?ht distribution on the wires iéifound, the g
radiated far Ei;ia can then be bompu?ed using a simpligied form | 1
of Equation (2). The simplified equ;tion given below is valid
for a large distance ﬁétween the curren£ element and, the

observation point. The far field equation is given by [32]

. i 4 %

Pl L’ -
NW ! ' < w
- i = A — N - , T —
E(r)=Z_‘¥f_xW[[(K‘. 11(51)39 T (s)] exp(d K.F)ds; ... (7)
T, . AR
' i=1 " ° Uy
/ -
- —~ i » - A
where ¥,  is the position of the observation point, K is a
‘ _ .- .

unit vector of ¥ , and K =8K.

The accuracy of the results obtained using NEC are highly

ot m e e o e ©

'dependent on the wire radius "a", .and the segment. length " A n

compared to the wavelength. the results are also effected by

bt Tt

the ratio "eja'K Stydies carried out in Reference [32].

,indicate that the thfin wire approximation presents an error of e ﬂ
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less than 1% for "A/a" greater than 8, and for a ratio of
" X\/A" greater than 10. For thicker segments, the extended thin
wire Kernel approximation must be used. This assumes that - the
current is upiformly distributed around the circumference of the
wire, and so, Equation (2) includes an integration around the

wire. The use of the extended kernel approximation ‘' results in

an error of less than 1% for " A/a"'gt@ater thaﬁ 2 [32].

-

The moment method is used in NEC to solve the MFIE by

transforming it into a matrix“equation. Each gomponent of the

-current-density on each,patcﬁ is regarded as being constant over

the entire patch. This means that the current density can be

Al

discontinuous at the boundary for one patch to the next, .and

1

also the surface charge densi 1d behave in a similar way at
the boundary. In .this (sense the surface modelling is noé as
refined in procedure.as is wire modelling. The . problem of

. current discontinuity at the boundary «can be overcome by
increasing the number of patches representing the conducting

surface. ‘This requires more computation and it becomes very

1

hard.to model complicated surfaces. The value of each of. the

4

two surface current dehsity components at the center of each

patch is found by point matching, in two orthogonal directions,

‘ . — , .

thus generating two . linear equations per patch. Each matrix
' IS t

entry requires two element.integrations over the surface area of

the patch..

"

In summary, the surféce patch modelling can be slow in

)

running time when compared fo wire modelling, especially if the

s

! b
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discontinuitx of éurrent density at the patch's boundary 1is to
be refined . by 'iAqggasiﬁg the number of patches. The surface
patch. method—-is not in a sufficiently'well develpp d state to be
" directly useful for modelling the Sead-King 'helicoptér. If a

surface patch method was to be attempted, complex structures

p )
(such as helicopters would require a combination of both patches -

and wires. Such a necessity arises at the joint of the drive
shaf£ of the rotor blades to the helicopter body. Surface wire
junctions are not precisely modelled with respect to the current
distribution at the base of the wire [32]. The wire-grid
modelling Fechnique is more advanced. “ Computer results of a
wire-érid model are’ highly accurate wﬁen compared with actual
resdlts obtained from a physicai grid. Therefore the wire-grid
technique is walid with wire-like anténnas. In this theéié, the
wirg—grid modelling of the Seq-King hélicépter attempts to apply

the technique to such a structure in a new approach.“l

.

"4,3 Radiation Pattern Calculation

While radiation patterns of a wire;g;id médel are obtained
using NEC, it is .important 'to compute' the rad;ation contribution
of certain sections of the wiréjqrid model, given the current
distributioﬁ extracteq from the NEC 6utput. For examgle; this
allows-é&g'study of éhe ;adiasiqﬁ’contributioﬁ‘of the doﬁinawt
segment currents. The - dévelopment\ of a procédure capable of

" computing the far field patterns ofya given cthlei currentxon a
P .

wire antenna allows fgdi t{gpgvpatterns \tQ\ be computed in

addition to those alrééay computed by NEC. The use of such a

P

O Sy N PV U
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e
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procedure to assess the importance of the current -on a subset of
segments by computlng the radiation patterns with these currenti

only can identify the resonant modes, on the model. If the

4

. - . , , ¢
resulting pattern is almost Qdentlcal to the pattern with the

v

full set of currents, then it is clear that the subset of the

segmeqts is primarily‘ responsible “for patterns, and the wites
supporting these currents are the‘ princip&l sections of the
wiiﬁFgrid modell In this way the parametric studies can bg
applied to thgse wires considered to bg important as a result. of

knowledge based on their contribution to the radiation patterns.
( . .

© Such analysgs’are considered in chapter 5, and the following is

|
the forpulation of the far field expression.
: -~ .

4.3.1 Method of Evaluating the Far Field

This section éescribes the methpd Eor obtaining. thg
‘radiation fields from Ehegvalue of the . RF currens flowing én
each gegment of the wir;tgrid médel‘pf the aircraft. The method
follows, that used in  [15]. The current on each éegment'is
assumed to be constant and equa11 to ﬁhe "complex current
amplitﬁde at the éegment center specified in the outpﬁt of the
NEC bro%ram. This differs frém the method that NEC itself uses

«

to compute far fields, in that NEC uses a sinusoidal current

variation on the se@mént.:&T%e radiation patterns computed by

]

the method of this section are identical to those computed

directly by NEC itself, except in the deep nulls.

Fig 4.2 shows current elerent number‘k located at position

(WP L W W S
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Fomemae ®

' ”‘~;‘Ts~given byL /) :

. : + A ’
Rk and ointing in the direction of the unit vector Uk . The
observatLyZ point'lies at Ro ’ and‘)Ed is a vector\\?fom the
center of the current element to the observation point. If Ro

is large, the far field of the current ‘element may be used and

"
.

\ . ‘ , . ] .
. I, d1 explaRy) < "
E, = jn k -4 sin 8y Sk O I €2
k 4y " R ' . . .
d, . .
’ k]
- | ' S f’; .

where - 8 is the free space wave. number, n is the

< '

characteristics impedance of free ,spacey 'Tk is .the complex

amplitude " of the current on the kth segment, dl 'is the length

A \ T
of the kth segment, and 6, and ek are the spherical coordinate

. . &
angle and ‘the unit vquor in the 1local cqgsﬂinate
' %

Shown in Fig.4.3., Here it is assumed that the lengt

system as
of segment
k is‘sufficiently short that Equation (@) can be used direqsly;

. . . ,
.For a segment longer than a tenth of a wavelength,/ Equation (8)

* would have'to be integrated using two or more- poifits to obtain a

&

sufficiently accurate far field, but the segment length used in

« this thesis is long enough to require ~such . integration. The

. ?

\ -

far field of the full set of N segments thjt constitute the
wire antenna is found\byféumming up ﬂ terms of the far field

\

&"ABquatioh\ (8). It, is necessaryb't$ express the local.

L4 ) A .t .
coordinate quantities 6, and €, in terms of. the wunit vector

4
i

L) i “dinat i tri
Uk.* and the . global coordinate sﬁStem. This geometrical

=

& ' ' .
conversion is described by Trueman [15)] and l¢ads to ' {
B Y \ , .

- w-—a——:—‘wmd
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-~ )

N ~—
-— ) '—O R
E- Z~74/<expue(a A1 (LBR) xRy RIS (9)

k=1 ~ _ 0 A
N ‘ N . ®
’ I o K4 -
where A K is the segment length. : .

Fhis - equation is evaluated by a tomputer program called

.

EFAR{ d%hlch reads the output of the NEC program to extract the/

‘gedmetrlcal data and the. segment current. The program computes
the set jk patteﬂgs described in Chapter 2. . The results ‘of
Equation (9), have been eeppared with patterns computed directly
with NEC, and differ only in the deep nulls. Since the n&lls do
not eontribute significantly to the~\radia;ed‘ power by -the

antenna, this small digcrepancy does not affect the values of
1] ‘

the assessment parameters\which/axe derived from these patterns.

-

g ff

4,3.2 Asbessment of Domlnant RF Curr

.gquation (9) can be ‘used for the compwtation of-‘the ‘far
field radiated by a selected sybset ofgthe.§e§ments makinguup
the helicopter model. 'éorgthe SeafKing helicegtei, this allows
the assessment of ,the 1mportance of the RF current flowtpg on
dlffehent sections of the model. In chapter 5 this, technlque is

4
used to identify the importance of the loop currents as the main

) SPR

s
~ -
’
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radiator /4t the low end of the HF band, whereas the drive shaft

and the ‘rotor blades of the helicopter model are identified as

i
important contributers to the radiation patterns at the resonant’

frequency. In summary, this technique reveals the importance of

the -RF currents on certain parts of the computer model, and
. .

provides a hbetter understanding of the radiation patterﬁs:

+ v Q N ’/
4.4 NEC Input and Output Files #
A typical NEC input file is-shown in Fig 4.4, it cdfsists

-
the wires makésg ‘up the wire-grdd model is represented by the
\

P
of the wire—érid geometry and "®pontrol cards" [37]. Each one Q£ 

coordinates of its start and, end points. The wire?is identified

i

.

by its "tag“ number and the number of equal seqgments sdbdividing ,,ﬁ

¥ 4
* 1

it. The‘input file also specifies the radius of the wire. The
"qontrol cards" which frect the NEC progfam fo produce the ‘ ‘ L.
desired outputihave many functions, "namely the frequency card
which specifies -the frequency in megahertz, the exéitation
control card which specifies the antenna location hy indicating ) % ”
the wire and the seqmént numbers. The type of e;citation

ava&lable’in NEC is eiﬁher a voltage or a cgurrent source or an §
incident wave applied to the antenna. | In " the case of the
®ea-King helicopter models, a one volt source is used to excite §

. .

the antegana. The control card which enables the program to use

gﬁye Extended Kernel approximation is also specified in the NEC
input file. A set of radiation pattern control cards is used to

specify the pattern, égmpling parameters, such as conical or

&

elevation cuts and the increment of the. varying angle in
. H
. * ‘ - \' . ‘7 . «

- TN
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- radiation

. " - [l ,
degrees. The radiation patterns specified by the Sea-King input

files are those described in Section 2.3.

v

'EQécuting NEC ' with the input file of Fig. 4.4, produces .an

v

output file containing the structure description as specified By,

complex current on each

the input, the segment, and the.

patterns for both E-theta and E-phi far field. NEC

output file also includes the power radiated by the antenna and

the " antenna impedance. Reference [37] contains the outputs of -
- - 0
4 . -« .
some typical runst
~ 4
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Fig. 4.4 Typical inbut data file used to execute the NEC -
+ program, geometry and control card
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“4/5.Interactive Computer Graphics as an Analytic Tool ,

/

The CRT computer dgraphics on the PDP11/20 minicomputer has

been programmed as an interactive tool for the effective and

rapid evaluation of the currents and radiation patterns obtained

from each computer model of the Sea—E}K% helicopter. The

graphlfs screen provides an efficient "communication ,(link"

between the computer and the antenna engineer. This section

describes the programs which allew the numerical data from each

computer‘model to be analyzed and compared with measured data
. ~ T~

e . . X ~ -
in a quantitative manner.

X L]
4 )y

The Concordia EMC Laborapoffes computer systeh consists of
two,minicompute:ﬁ/%nd a microcomputer, using RKO5 removable disc

packs as the principal medium of-transfer for data and programs.

The block d@qgram of Fig 4.5 shows this computer system and

.includes the peripheral units ~associated with each computer.

The PDP11/2D mipicomputer hag a 28K word memory and ‘three RKO5
disc <drives Mit? a disc capacity qf 2.2 megabytgs. These difcs
are used to store the user programs and data files. The
:PDpll/ZO drives a Teéronix 613 CRT storage graphics display with

a hard copy unit,.and this display is used éxtensively by the

-

inte;éctive graphics programs used ‘tp analyze the Sea-King
helicopter models. The PDP11/20 has a dual "Dectape" magnetic
//tape drive ané floppy disc drive which are used to create'backup

The PDP11/20 communicates

Fo o
- files of programs and-ddta .files.
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wifh the.univérsitf's CPC Cyber 174 computer on a 4800 baud line
-using a program called "SIMTEK" [38] which simulqtes a TEK4014
\terhinal. Input data files for the NEC program can bhe
trangferreq to the Cyber, on which the NEC code is.executed, and
then the output—file is transferred baek to the PDPl1/20 for
analysis via the 4800 baud link. Thu§ the data linL is a vital
component in the interactive evaluation of the results obtained
Wwith each computer model. In Fig 4.5, the PDP11/45 has a 28 K
word mémory and two RKOS5 disc drives, and is used to drive a
line drawings of the

|
graphics obtained on the PDP11/20. Q'I'he PDP11/45 can, also

Calcomp 563 plotter to make high quality

communicate wvia SIMTEK on a 4800 baud line with the Cyber. The
LSIiI/23 microcomputer has a 128 K word memory and two RKO5 disc
drives. The LSI-1l1 drives a Bit-Pad digitizing tablet which ~is
uééd‘to create a compufer file of measured paé&erns available as

polar graphic$s. An HP storage scope can be driven as if it were

" the TEK-613 graphics display, which allows the LSI;ll(to he useq"

tbtdevelop gﬁagbics programs for the PDP-11/20. The LSI-11 can

\ YA .
communjcaté/ with the Cybher via SIMTEK and a 4800 bhaud line. At

the time of this writing, a NORPAK raster color graphics display.

!

_has beqo%e available and will eventually he incorporated in the

. . . -}
programs for the interactive evaluation of computer models.
% !

¥

This hardware system supports-unique and flexible software

for the interactive evaluation of the patterns and currents

obtained from computer models of antenna systems [33). -The
block diagram of Fig 4.6 shows the data files and the sequence

of programs that are used to prepare a computer model, to
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execute NEC to obtdin the patterns and currents, ahd to use the
4,interaptive graphics software to evaluate the results. The
prpcedure starts with the tabulation of the geometrical
end-points coordinate of éégh wire making Qp the antenna, which,
is done either manually or Sy'digitizing a "three views" drawing
of the: aircraft. The tabulated wire endrpoint coordinates and
the control cardé described in Section 4;4 form the input file
to NEC, called "NECIN". The contents of this da%a f}le are then
displayed on the CRT'graphics using programs such as "MODEL",
"MODDIS" and "VIEW". These model display programs allow the
user to change: the scsle of thé displﬁy and‘?ary the angle of
rotation'so‘that different views can be ;btaingd on the CRT.

" These -programs havex the option of numbering the wires of the -

model in thé form of Fig.5.1. The validity  of ,the' computerh
‘model within the restriction of the NEC code is analyzed using
the "WAP;» program,r which compares segment length‘ to the
wavelength for each wire, and checks the rati; of }he‘segment
iength to’the.wire‘rqdius. ane the computer model has been
verified by the engipeeg iﬁ"thig‘wéy, the NEC inpug file "NECIN"
;s tfansferréd to the CDC—Cybe;‘computer using the 4800 bhaud
1in£. On the CDC Cyber computer the NEC pfogram is exegu?ed
using, a B”SUBMIT"“§at2P procedure :UH. " To make the data
transfer of thé results from the Cyber to the PDP computer
eéfi%ienf; only the essential‘data ftom the NEC output file is.
retained. The program "STRIP" reformulates the outﬁut‘ file so
that it contains only thé geometry of the comﬁuter model, the -~ ,

' frequency, the complex amplitude of the current on each segment,

A\ . 9 ~
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the antehna.impedance and the radiation patterns. This file is

called "SOLN" and is much smaller in size than "NECOUT". This

"SOLN" data file is transferred to the PDP system over the 4800

baud ‘link. and is stored on an RKOS5 disc pack. The ISOLEV .

program is used to reéd the "SOLN"™ data file aqg calculate the

isotropic level from the radiation patterns, as well as the
total radiated power and the assessment parameters described in
Chabter 3. The quantities computed by ISOLEV are written into

the "SOLN" file to obtain a modified file called "ISOLN", which

“

is then used as an input fiye for' the interactive evaluation
programs. - The current distribution is displayed on the graphics

using "IDIS" and "CDDP" which show the RF current magnitude on
. .
the entire wire-grid model in the form of Fig.5.14(a-bh), or ¢on a’
l.)
specified group of wires from the complete " model. This

¢apability 1is used to identify current paths that contribute to
~ Y n B
resonance modes. The radiation patterns are displayed and

2
compared to measured patterns for both polarization Egp and Ep .

. The PATCMP program which displays these patterns normalizes the

ffiela values so that equal power is radiated by both measured

and computged patterns. The pfoqram haé many options, namely
disﬁlaying the isotropic level "and the wire-grid model as a part
of the pattern display as shown in Fig.5.32 The set of 23‘
conical patterns can also be displayed as a su;face plot using
the program "SURPAT", The software papkaqe’describéd abo&e is

used in the next ‘chapter to develop computer models Qf the

Sea-King helicopter and the Tranline antenna.

L
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files and programs that mﬁst be

executed to obtain the solutich and to analyze'it using interxr-

active graphics (
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4.6 Summary

of domputer~ models. Associated with this hardware 4YStem is a

This cﬁapter has presented a description of the two
nqmefical methods which can be used to solve for the current 4on°
a conducting su?face, namely the flat-faceted "surface patch™
model and‘"wire—grid" representation of the surface as a mesh of
"thin wires".‘ In‘eafh case the moment method 1is applied 'to
transform an intééral equation into a matrix equation. It was

concluded in this chaptef that the methodology for determining

the current on an antenna modelled with "thin wires" is more

0

highly developed th&n using the "surface patch™ approximation.
Therefore, wire-grid models of the Sea-King helicopter will be

used in the next chapter to study the radiation characteristics

of HF loop ‘antennas mounted on it. .In addition, Section 4.3

>

Cy .
presented the method which is used to calculate the radiation

patterns given the current distribution on the wire antenna.
' ~

This' method allows the design engineer to study the contribution
of specific part$ of the computer model to ‘%the radiation

patterns.

Kl

1

The hardwatre and software systems used for the interactive

evaluation of'a’computer model’ were presented’  via the block
diagrams of Section 4.6. Thé PDP11/20 with its CRT graphics
display and its remote communication link with the CDC Cyber
computer make up the base for the effective and fapid evaluation

. \ 8 \
software package designed for a flexihle interactive evaluation

i

of radiation patterns and current diétrihution on the wire-grid

e
v * a ‘ N
' s *
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In the next chapter, ‘wire-grid models of the Sea-King

heiicopter with the HF Tranline antenna are evaluated using
) , . A 3
numerical techniques described in this chapter. - /
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CHAPTER 5

: WIRE GRID MODELS OF THE SEA-KING HELICOPTER '

v
)

5.1 Introduction

a , .
- In this chapter the pérformghce of the Tranline antenna on

the Sea-King helicopter is assessed by developing wire-grid
models for this radiating system. The numerically "p%edicted"

results for these models of the Sea-King are obtained using the

v, - f
NEC program. The validity of each computer model is assessed by

. ‘ N )
comparing the computed radiation Eatterns with the measured

’

patterns represented in Appendix(A), \end by comparing the
"assessment parameters" defined in Chapter 3. To construct a
Sea-King helicopter wire—-grid moﬁel, wires are positioned where :.

the current distribution is suspected to be strong. .The end

point coordinates of each wire making up the model are manually
. < . .
obtained from either a scale model or a "three views" drawing of

the helicopter airframe. 1In order for a wire;grid‘médel' to be

successful, it must be "electromagnetiéally eguivalen%" to tﬁe
. ® J . ) . ) ' )

actual helicopter, which meang that it must support similar
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current modes to those that exist on the sdgface =~of the
» 4

12

helicopter. With increasing freqqgncy, the wire=grid model’

v C

. §
N o ]
‘needs to be geomefrlcally more complex, whereas _ at low
, : .

b3 . . . . v
frequencies a very simple representation is adequate.

Three wire-grid models of “the Sea-King helicopter are

presented in this chapter, nahely the/;imple stick model, the

intermediate model and: the complex model. ,Parametric studies

are applied to the simple stick model in order to establish that
: ’ )

certain wires of the model are- mainly responsible for the

e

\,

rédiation pétterns. The f:eqdénéy range over which the*fsimagy :

model” igs adequate is assessed. ‘A "complek model" is presented

.which 1is valid at higher frequencies than the simple .model, and

which can be "tuned" to’match even the resbnant behaviodr,of the

scale model of the helic&pter‘useﬂ for :measurement. Fina11§u

P

various loop antennas are examined when mounted on the complex:

-

mode], in comp&rison to the'Tranline antenna at its location,

/

and the relative performance _of " these  loops is assessed to
explore the possibility of relocating the Tranline antenna s

-~

that adequate vertical radﬁation at the low end of the HF bép

is obtained. This serves t? demonstrate the usefulness. of such

a "wire-grid" computer model of the Sea-Kingthelicopter, )

o

2, , ‘ * o
5.2 Simple Model of the Sea-King Helifopter ’ \, ‘
‘ 4 v / .
Fig..5.1 _shows a' sgihple stick. model of the Sea-King
¢ &y | | ]
helicopt;>>v5 ich' is useful for the study of. the general

characteristics of the Tranline antenna on the helicopter at low
i ' P * i . = L w’ : v

- i i
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HF frequencies. * The fuselage ié\mo§e11ed by a single wire.

drive shaft of thé\main rotor--plades, the épdﬁéons, and .the

3 *

Tranline antenna located on the port side, are conndcted to the
. T . o ’ . ' . ’
‘ . main fuselage wire. The fuselage wire 'is placed along the

center line of’;hé helicopter;_'Thgé makes the drive shaft‘which

SNy
N i . . . s s ‘ ‘
rotor blades are oriented in the forward position of Fig. 2.7,

The back rotor blades are omitted for ‘'simplicity. The total

’numbefkqf segments makfng up the stick model is 78." This model
is excited by a .voltage sothe applied to ¥1re number 23 of

Fig. 5.1. Th1s model will be referred to as. "TRN1l". Iﬁ\\the

following sections,the TRN1l model is tested at frequencies up

s, . ' £
. to 14 MHz, although such a simple model 1is not . expected- to
. J .

produce good results above 6.0 MHz. As .a basis for the

. development of more-complex models later in this "chapter, the

contribution of various current seqments of this' simple, model is

assessed in the following sections. ;

) \ ‘ L D :

.WIRE NUMBE

2 \—TRANLINE ANTENNA  *
R\\——Excnnrxxe SEGMENT

FUSELAGE

b ) ‘ . .
' Fig. 5.1 The TRN1l simple stick model of the Sea- King

\ helicopter, Tranline antenna mounted on the port
side of the model. o .

N

connects the fuselage to' the rotor b1a§§§ 1.8m in length. The

A M g pmas o ALTBNE L

-
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T 5 2 1 Simple Model with Unlfqrm Radius- = N
. ‘ " The f}diatlon patterns produced by . the "RN1L"  at

e

'frequencies between 2.6 ahd 14 MHz are obtained and analyzed in

EhiS'section. A unlform radius of 011 m is wused for all the

\ wires making up the model as shown in Fig. 5.2. This radius
« - ' " makes the stick model much thinner than the. surfdce enclosed by

¢ . . ~
. the' actual helicopter. The- ratios of wavelength to segment

C T ) lemgth and segmeht 1ength; to radius are = calculated for

N frequenc{eg between 2.6 and 8.1 MHz. The segment fength to

radius ratio has:- a minimum ' value of ahout 8. This value

} requires. the use of the extended kernel in NEC [32]v and so the
exteng%d kernel has been used throughout th1s chapter. The'

current distribution on the TRN1ll model ahd the far field
-~

radiation patterns -for both polarization  Eg and Ey are

.obtained by execution of NEC, using the TRN1l geometry as'its

/

. input data. // o ~

\

.o . .
. K .
f .
./ . .
l§ : f .
v 4 . 3
. - ,
. ~ . . :
~ »
[ « .
°

] ) Fig. 5.2 Uniform radius representation Of the TRNll sxmple
model of theé Sed-King helicopter

3 .
) ) . 1 °
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E " The computed radiation patterns of .the TRﬁ}} cbmputer model

measyred patterns at 2.6 and 4.1 MHz, very ‘good ' agreement at

6.0 MHz and relatively ‘poof agreement at 8.1 MHz and higher,

fig; 5.3 shows the azimuth pattern ( theta equal#o 90 degrees )

L

at 2.6, 4.1, 6.0 and 8.1 MHz. .At 2.6 MHz t

measured . Ej

.

polarization 1is a figure eight'with'miniﬁa centered toward the

'porp and staéboard;_ The measured E¢ polarizatipn is

P

elliptical. In contrast, the vcomputed. Eg polarization is

omnidirectional, but roughly of the same .level as the  measured

LY

Eg . The computed Ey is a figure éight with minima forward 4nd

. aft of the helicopter, but roughly of the same level. §s the

- ! . . p : s
, measured E¢ . The same. behaviour is seen at 4.1 MHz in

,

Fig.- 5.3(b). The moét important disagreemenﬁ between the

measured and. computed  patterns at 2.6 and 4.1 MHz is the

presence of the ™mull in the édmputed j§¢ polarization at the’

¢

forward and aft locations., The difference in level at the null

. location is about 9 dB at 2.6 MHz and 12 &g at 4.1 MHz. The

disagreement between ﬁeaspréd and ° computed patterns at fhis
particular }gcation i5 shown clearly in the elevation pattern,
for phi équal to zero degreeg, of Fig. 5.4 ét 2.6 and 4;1 MHz.
At 2.6 MHz the elevation pattern shows a measuréd Eg
polarization thch.is a figure eight with shallower nulls, and
tilted about 10 degreés aft. The measured Ejy polérization‘is a
fiéure ‘eight with nulls above and below the helicopter. The

cohputed Ey polarization is a figure eight with . much ‘deeper

nulls.* The computed E¢ polarization is a fiqure eight but at a

'

with-_the ' Tranline artenna resulted in some agreement with the

l
.
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Fig. 5.3 Tranline antenna azimuth patterns obtajned using the
TRN1l model, compared to the measured patterns at

~ (a) 2.6 M1z, (b) 4.1 MHz, dB-scale. .
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COMPUTED
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Fig. 5.3 (cont'd), Tranline antenna azimuth patterns obtained
» using the TRN1l model, compared to the measured pat-

terns at (c) 6 MHz, (d) 8.1 MHz, dB-scale.
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. Fig. 5.4 Tranline antenna elevation patterns (¢=0) obtained
using the TRN11l model, compared to e measured
patterns at (a) 2.6-MHz, (b) 4.1 z, dB-scale.
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.substant ?}ly lower level than the measured pattérn. The ssame

- behaviour| is seen’ in Fig. 5.4!b) at 4.1 MHz. Thus the nulls

)
-

forward nd aft in the "E¢y _computed eéfmqth " patterns of

' v oa ‘.

Fig.'5?3(a) and Fig. 5.3(b) correspondy&o the excessively 1low

. TR .
level in the . Ey 7 polarization ’of/ the elevation pattern of

<

no. L

at 6.0 MHz in both polarizations. The ellipitical measured

Fig. 5.3(a) and Fig. 5.3(b). . The lack of agreement in -the . Eg

7 »

polarization of the azimuth pattefg of Fig. 5.3(a-b) is due to

the simplicity of ‘the model. TRN%%.presents the drive shaft as.

the main radiator of the ‘Ee poLArization in the azimuth. plane,

which explains the omnidirectio?al computed pattern instead of

figure ‘eight presented“ in Fhe measured pattern.L However)'

Flg. 5. 3(c) shows that the i}pple model gives a good agreement

: /. _ -
pattern in the- Eg polarization is reproduced both in
. N / '

orientation and level-by %he computed pattern. The figure eight

¥

paftern in thé E¢ §7iarization is also reproduced as wéll in

boﬁh orientation ‘and level. " In Fig. 5.3(d), at 8.1 MHz the

-

™

measured Eg polarization . is omnidirectional and almost

.

reproduced by the‘c7méuted pattern to within 2 dB. The measured

Ey polarization ig a butterfly figure with the two' main lebes

oriented toward the”ndse“of the helicopter. The two minor lobes
are oriented yeward the aft of the helicopter at.a level 5 aB
/

ot ‘ - )
 lower. than th?/main lobes. A The computed Eg pattern reprocduces
the two mayh lobes with a 10 degree tilt toward the starboard.

The rest oﬁ/the computed Ey pattern disagrees with the two. lohe

structure/oF the measured pattern, .especially in a 1level

differe? e of about 8 dB between the port and the aft of the

I
1 L

R I

DTS




helicopter. T ’ o

Fig. 5.5 shéws the relative pbwer contained in the'Vergical,J
péIaﬁizatiBn Eg obtained from.the TRN11l radiation éatperns.'

The- - figure dispiays both combﬁéed and measurédf%Ee vélues,as.ga

~

function of frequency. The TRN1l1 model radiates vertical‘power

greater or equal to the measured values at all frequencies but

bl b

8.1 MHz, vThe computéd $Ep » is ‘greater than the meésqrad one by, .

9% at 2.6 MHz and 30§ at.10 MHz. At 6.0 MHz both computed ‘and

—
R

‘measured !%Ee are equal, which explains the ‘good agreement in

the azimuth pattern of Fig. 5.3(c). The computed %Eg is 1less

(IR ..
-

than the measured one by about 12% at 8.1 MHz.
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Fig. 5.5 Tranline antenna:-%Fp obtained using the TRN1l1,
compared to the measured $Eg as a funetion of . -
frequency. . . ' . \ .
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‘location of a certaih_wire. Ineach case. the computed %Eg is

.
-

’ R Coee . . . . ’ e ' \

, -In ' the next §ection an attempt will be made to explain ‘the |

. C :
. differences*between the TRNll computed patterns, and the scale .

i

model measured’ patterns. Su§¥"analysis is carried out by

,~§§stematica11y varyirig parameters such as *~ the fusélage radius -

)

and. antenna spacing from the fuselage.

5.2.2 Parametfic Studies and Simple Model

In bhis section the assessment pirameterv%Ee is used to

‘detéermine a suitable fuselage radius f&r the simp]e4mode1 TRN11,

’>

In this approach to ylre—grld paramet 1c tudles the parameﬁer

¢

$Eq is computed at certaln frequencieg while varylnq a specific
parameter of the model,_ such as the number of segments‘on a

section of the model, the radius of a certain .wire, or thel, ,

compared to the measured ohe. // : .

1
ey

The bhest wire radius for the fuselage'of the TRN1l' model,

-can be chosen in this way. Fig. 5.6 shows the %¥Eg computed at

2.6 MHz for various fuselage raﬁ11. The dashedr lJine on the

.
1

diagram indicates the measured value of %Eg , which inéersﬁcts

the computed curve at’' a radius equal to,0.3 m. Thus the wire 3 .

4

radius for the fuselage TRN1ll model) should '‘be chosen as 0.3m to

match the measured $Eg at this frequency. n

@ .

/ |
When the radiation patterns of the TRNLl model, with the
0.3 m fuselaqe radius are examined at 2. 6 MHz, an e or ¢of about -’

9 dB is ohserved in the elevation cut (phi equal to 90 degrees)

-—

in the E¢ polarization as shown in Fig. 5.7. Tﬂis‘eryér

v

o0
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- Fig. 5.6 Tranline antenna %Eg at 2.6 MHz, obtained using
, - the TRN1ll model as a fur}ction’ of fuselage radius.
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* Fig. 5.7 Tranline antenna elevation pattern (¢=90) obtained using

-the TRN1l model with 0.3m fuselage radius at 2.6 MHz,
.- compared to the measured pattern on a dB-scale.
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is. seen at the gyrt 51de of the helicopter model 'which 1s'where : ‘
!

the antenna is located. The poor agreemenﬁ is due to t

close

r

sp cing of 0.6 m' Between the fugelage and the antenna. The ° 8
. . . " ' / .

méthods used.in the NEC program/fimpose lfmFtat ons on the

and thle manual b

logeness of the. spacing of pé?allel wires

/

i

i

recommends that the wires $hogid ~be maintain several radii

apart [32]. Recall froml/Section 5.2.1 th tfthe radius of the
L |

antenna on the TRN1ll model is 0.1 m. Such/a radius is too thick

i because it is much greater than that of the| actual

s

Therefore, the first step In correcting tne error

above is to change the antenna radius from \0.1 m

[¢]
m
3
V]
o]
Q

Using the simple model with thifk fuselage raglu

»

R 0.0l m for the antenna radiug, a series of NEC uns were

executed at 2.6 MHz for différent values of the fuselage-—-antenna

spacing. For *each run the differencé betweén tHe computed and 3

-]

the measured 3ﬁ¢ at the port side, which 1s/£h a equal to 90

degrees and phi e to 90 degrees, st recorded, and these

"error" wvalues are plotted as a function/ of fuselage-antenna

spacing and shoyn in Fig. 5.8, The/ curve -shows. that the

* difference betwéen the measurEd E¢ and the computed E¢ is

f,redhced from /9 d8  for a separatiof of 0.6 m, to 0.5 dB for a

separation off 1.2 m. Therefore a separation of 1.22m was used-

in the supsequent runs. Fig. 5/9 shows the elevation pattern / ;

for phi eqpfial to 90 degrees, obtained from the simple model with

figure shows good agreeméent

pélarization,‘ whereas poor agreement can he seen in
/
/ ’ .
-




ANTENNA — FUSELAGE SPACING (m)

Pattern error as a function of antenna-'-fuselage
spacing, obtained using the TRN1ll model at 2.6 MHz,
Elevation pattern (¢=90)-, E; polarization.

‘COMPUTED
—g- E-THETR
—e¥” E-PHI

MERSURED
--m- E-THETA
4-m-- E-PHI .
— 1S0TRORIC

LEVEL

Tranline antenna elevation pattern at 2.6 MHz obtgined
using_the simple Sea-king model with 0.3m fuselage
radius’ and 1.2m antenna fuselage spac1ng, compared to .
measured pattern.
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‘polarizagion. This npoor agreement is{agtributed to érrors in '

a

“the measured Eg pattern since it could not be- remproduced even

with complex A models of the Sea-King helidopter later in-this

chapter. The sponsons of the helicopter are modelled with*wires
"which are parallel to Hﬁkfuselage, and spaced only 0.6 m " from
v 1t,3 .Thds was considered too close and so was chanqed to 1.2

Ay » - - 4

i for thq reasons discussed above. The model arrived at after

" these tests will be referred to as TRN18~ and is shown in
: 2

Pig. 5.10.

Flg 5. lORadlus representation of the TRN18' model of the
Sea-King helicopter, Tranline antenna mounted on
the port-side of the model.

-
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The TRN18 model was evaluated at frequencies between 2.6

£
i

L e M 2 .

K

A -

and 14 Mﬁz}y The relative power contained in‘Ee is plotted as a

v ¥

function of frequency and shown in Fig. 5.11, where the computed
¢ T

%EBN\Yalues are joined by a dashed line, and the measured vélues

are jbined

<)

by a solid iine, The figqure shows that computed and

measured 3$Eg cotrespond at all frequencies except 8,1 MHz,

where the measured %Es is 20 percent larger. 2
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The azimuth radiation. patterrs produced using the TRN1&#

model are:. shown in Fig. 5.12(a-d), at 2.6,4.1,6.0' and 8.1 MHz.

Fig: 5.12(a) shows that the measured E¢ polarization pattern at -

2.6 MHz is reproduced by the TRN18 model. This is considered an

improvement over the results obtained in, Fig. 5 3(a).. The
computed Eg polarlzatlon is a duplicate of that produced by the
TRN1l model. The computed Ey; polarization at 4.1 MHz .of
Fig. 5.12(b) disagrees with the measured pattern at the minima

by about 4 dB compared to 12 dB seen in Fig. 5.3(b). 'At 6.0 MHz

Py

the pattern of Fig. 5.l2(c) wmaintains_ good agreement hetween‘

measured and computed values in Ep and E; .  Such . good

agreement was, produced earlier by the TRN1ll model, which

q
{\ . v
indicates that the helicopter is not resonant at 6.0 MHz, and

thereﬁore small changes in the wire-grid model do not greatly

affect the radiation characteristics at this frequency. At

8.1 MHz Fig.-5.12(d) shows that ‘the match between measured and
- *

computed patterns degrades in or1entat1on and level for the Ey °

‘polarization from those presented in Fig. 5.3(d). The computed

E¢ pattern is similar in shape to the measured pattern, but is

rotated by about 20 degrees in angle. The computed Eg

polarizatich maintains the e111pt1ca1 figure but its leyel

r

differs from the measured pattern by about 4 dB less. Simple-

models such as the TRN1ll and the TRN18 model are not adequate at
resonance frequen01es of 8.1 MHz or h1gher. This frequency was

identified as a resonant one from the Tranline evaluation in

Chapter 3. . . .
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Fig. 5.12 Tranline antenna azfiLtH patterns obtained using

\I ‘o

the 'T"RN18 model, compared to the measured patterns
at, (a) 2.6 MHz, (b) 4.1 MHZ, dB-—saqle.
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Fig. 5.12 (cont'd) Tranline antenna azimuth patterns obtained

: using the TRN18 model, compared to the measured pat-,
y terns at (c) 6 MHz, (d) 8.1 MHz, dB-scale. X
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5.2.3 Comparisén of Surface Plots‘—/Measured and Computed -

4

Fig. £.13 shows surface blots of complete sets of measured
and‘ computed conical' radiation- pattérps at 2.6 MHz, for both
polarizations. The "plots display the theta angle on’  one
'horiiontala axis and-the phi angle on the other horizontal axis.

The field strength of either polarization is displayed , on the

vertical axis. The field values are normalized such that the

" maximum of both polarizations at a certain frequency is set at *
100 V/m. ‘F?q. 5.13(a) shows a surface plot of the measured K Eg
polarization at 2.6 MHz. The figure Ipresents a surface with
ndll }ocations at phi equgl to 100 and 270 degrees. Hence all

the“‘Ee conical patterns at 2.6 MHz have a fiqure eight pattern.

This is clearly seen in the azimuth pattern of Fig. 5.3(a).
Fig. 5.13(c) shows. HEe surface plot of the set of conical cuts
computed using the TRN1ll computer model at 2.6 "MHz, The surface

is flat in the vicinity of theta equal teo 90 degrees, which is

‘
s
e At AN N AT s gl

the major difference_with;the'meashred surface of Fig. 5.13(a).

This flat surface represents 6mnidfrectional‘pattefns which are

-

located in the angle sactor for 72< 8 <120 degrees. In

Fig. 5.13(e), the surface plot of "the Eg radiation patterns

obtained from the TRN18 computer model is closer to the measured

1)

surface than that\vbbtained from the TRN1l1l model. The main

ki

improvement in the TRN18 Eq  surface ' is the level. of the

. ¥ .
patterns. Fig. 5.13(b) shows a surface plot of the measured Ey.

polarization at 2.6 MHz. The display shows minima locations at

i W i At 3 o M PR
o
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[ v

phi  equal to zero and 180 degrees in the conical patterns for

theta near‘iero and 180 degrees, but the patterns become more

uniform because the surface becomes f;atfer for theta near 90
degfees.: The computed E¢ polarization obtained from the TRN11
shows a surface plot with deep minima at phi equa% to zero and

180 degrees as shown in‘ Fig. 5.13(d) and 'this us;> major

difference with the measured E, surface plot. The TRN18 model

shows better agreement with the measurement. Thus Fig, 5.13(f)

shows: that Ey polar1zat10n of the TRN18 model behaves similarly

\
4
\

N “ i L) \

The surface plots of measured - and computed radiation

to the measured plot of Flg. 5.13(b).

patterns at 4.1 MHz are similar to those described in

Fig; 5.13(a—f), and -are not,ﬁfesented here. The surface plots
at 6.0 Mhz show that the measured plots are reproduced by the
coméuted pattérns‘ equally well using the TRN11 or theiTRNIS
camputer.ﬁodel; vNeither simple model 1is 1acjequate at 8.1 MHz
which is a Eesgﬁaﬁt érequgnéy. Xt 8.1 MHz theisurface‘plots are

presented later in this chapter when a complex model of the

Sea-King helicopter is compared with the simple TRN18 results,

2

The work presented in this section indicates Rat numerical

model optimization is/pffective when parametric stiidies are made
against the assessment’ parameters and patterns areg/ compared on

the basis of surface plots.

R —
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‘f,
, ‘ Fig. 5 .13 Tranline .antenna surface plots of the measured
- . . conical patterns at.2.6 MHz, for (a) E-theta ' ¥
Ko o " polarization, (b) E-phi polarization., : 3
: N B L ! -~y ! // . :




s

. Fig.5.13_(cont'd), Tranline antenna surface pldts of the

conical patterns obtained using the TRN1ll model‘atﬂ

2.6 MHz for .(c) E-theta polarization. (a) E-phi
polarization. : ‘
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Fig. 5.13 (cont'd), Tranline antenna surface plots of the °

" conical patterns obtained susing the TRN18 model at

2.6 MHz, for (e) E-theta polarization, (f) E-phi -
polarization. ‘
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/5.2.4 Current Distribution Analysis for the Simple Model

The lobe structure of the radiation patterns can be

difectly related to the current fiowing on the wires-of the
helicopter model. Indeed it will be.seen that certain wires of -
the model can be direcfiy\giféciated with the orientation of the - ' LR

pattern shape.  Thus a vertical wire carrying a strong current

radiates an omnidirectional azimuth pattern and a ,fiqure eight,
in elevation and this contribution can often he seen in .the

overall radiation pattern of the hélicopter model, In addition,

if such a wire is a part of, a resopant path that carrie! a 1

(

strong current, the contribution of the long wires of this path
will dominate the radiation patterns. Such a path will be

called a "principal radiator" or "principal current path".

« it

v

The' current distribution on the TRN18 model pre%ﬁnts two Agé/:\{‘

inﬁeresting cases. First, at 2.6 MHz, the high current |is

confined to the loop formed by the wires 4, 21, 22 and 23 of .

Fig. 5.1, which model the Tranline antenna itself and its return
S
path along the , fuselage. Fig. 5.14(a) displdys a complete

pictire of -~ the magnitude of the current at the center of each
- ‘ r

seqgqment of the "TRN18" model at 2.6 MHz. A,coliinear display of

the complex current amplitude on this loop isgq shown in

Figf 5.14(b). The fiqure shows the magnitude of the current on

1

a scale of 0 to 10,000 microamps, and the phase of the current
where zero phase current corresponds to the direction shown by

the arrows in Fig. 5.14(a). It is seen that the loop carties a

constant current both in magnitude and phase on all its wires.
L ' +
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‘ Fig. 5.14(a) /Amplitude of the current distribution plotted o
; R v on the TRN18 model at 2,6 MHz. i
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. Fig. 5.14(b) Current-distribution, amplitude and phase, flowing
. " on the loop formed by the Tranline antenna and
its return patlj along the fuselage‘'ef the TRN18
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‘ The loop length is 8.5 m in the TRN18 model. Fig. 5.14(a) show

N

that this loop carries by far the strongest‘ currents on" the
modelADand is the "principal radiator"” at 2,6 MHz. The met ods

ng Sectlon 4.3 were used to compute the ~radiation patteﬂn of

; only the wires making up the 1oop, and Fig. 9.15 shows the

azimuth pattern of the.loop alone. Note that the isotropic

a2
by e R ey

level I§}Set to zero dB in all fiqures so that the levels of 'E¢
-

in Flg /5'15 and in the patterns df the complete TRNIB‘&édel of
/ ~N

Fig. 5.12(a) can bhe conmpared directly. A zero Eg field

N

 strength is obtained in this pattern since the horizontal
P .

‘.orientation of the loop makes radiation of an Eg component

vanish in the azimuth plane. Compariﬁg Fig. 5.12(a) for

COMPUTED

° -8~ E-THETR

—o- E-PHI

~—— IS0TROPIC| °
LEVEL

. -
Fig. 5.15, Azxmuth pattern calculated from the current.flow1ng
. on the loop formed by the Tranline antenna and its
return path along the fuselage of the TRN18 model
at 2.6 MHz, (dB-scale). -

'
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the_cqmplete‘fRNlB model with the azimuth patt?rn of the ioop
alone, it 1is seen that the complete pattern is dominaked in
the Ey azimuth piane. Comparing Fig.bf.iZ(a) for polarization
by the omnidirection gé&tern‘of the loop alone. This indicates
that |the loop-.is .the principal radiétor at 2.6 MHz, and
thérgfore any changes 1in the geometry of the loop Qill,bg
c;early reflected in the radiation patterng. This Qas seen froﬁ
theAdiscussiqn of Section 5.2.2, where a . large pattern change
was obtained aby moving the loop further from the fuselage. At
2.6 MHz, the Qe pofarizafiqﬁ,in the azimuth is produced m;inly
by the vertical wire of the drive shaft, this w?s seen in the
omnidirection Eg pattern of Fig. 5.12(a) of the TRN18 model.
Although the horizontal 1loop does not affect the azimuth E

pattern directly, it wassnoticed that when varying the. spacing
bet@een the fuselage and Epe antenna, the current on the drive
shaft changed from about. 200 microamps for a spacing of 0.6 m to
350 microamps fo; a spacing of 1l.2m. Thus special\cafe must be

given to the loop at the low end of the HF band since it stands

as the major radiator of the far field.

The second case deals with the contribution of the drive

shaft and ' rotor blades to the far field at 8.1 MHz.
Fig. 5.16(a) displays a complete picture of the magnitude of the

current on each wire of the TRN18 model at 8.1 MHz. The figure

shows that currents on the drive shaft and the rotor blades are
. 23
stronger than those seen in Fig. 5.14(a). A collinear display

of the complex current on the drive shaft and the rotor blades
o .

is shown in Fig. 5.¥6(b). The magnitude of the current is being

[}
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" on the TRN18 model at 8.1 z. , :
; .
i ""
] - ' L]
| | 3 ' < g
3000 : -
(192 . >
’ a. g IS
= * .o
— : ‘
‘ b | *e,
. 8'—1 - ! ..l ' N A £
* v - T a sessvesy ..\.\)‘.,....‘u .../....... .‘.'
15 16 17 B .. 18 2
189 - _ ,
1(3 ..lllllt,i.-..'...-'. ) E ”
-
1 .
% EEENEEREDS ] ] .
8 ) ) ° . }:!llllllll . Y [EsuzEm=y
-180 - ‘ ~ : 3
i . . . n
. foos s “ .. .
.. Fig. 5.16 (b) . Current distribution, amplitude and phase flowing
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. .displayed on a scale of 0 to 3000 microamps, and the zero ,phase

. ' current corresponds to the direction ‘of the arrows i

N

Fig. 5.16(a). “IQ.Lsrseén that the current flowing on-the drive

t shaft is about 2000 microamps at 8.1 MHz compared to 350

- S

. L
. - microamps at 2.6 MHz. Fig. 5.16(b) shows that the magnitude of

. the current flowing on each rotor blade is maximumat the end

)
. 1

connected 'to the drive shaft and decreases siﬁusoibally toward
.the 'free end of thg blade. Among the five blades, the lowest
current mggnitude is seen on gﬁe forward bhlade which. has the
same difeqtion as the fuselage.hijhEreas the blade of wire

number 18 ‘has a maximum current of about 1500 microamps. The ~

* a

current phase on the rotor blades varies hetween 170 degrees and

A )

=90 degrees at 8.1 ﬁﬂz-compafed o a constant phase of afout 170
~degrees at 2.6 MHz. This strong current seen on the drive shaft
and the rgtor blades ét 8.1 MHz can influence the orientation of
the. fadiation pattern characteristics of the T§N18 model. The

\f azimuth radiation pattern due to the ' current fjowing on the

. . 1y
-drive’ shaft. and the rotor blades at 8.1 MHz is shown in

.
«

,‘ Fig. 5.17. The Eg polarization is similar to that obtained '

y with the complete TRNlG/ﬁS&e;. The figure shows that the Eg
a— pattérn has the same ellipticalforientation presented earlier in

\
v

Fig. 5.12(d). In the E4 polarization Fig. 5.17 does not'

, resemble the exact orientation of that obtained with the
complete” TRN18 model. “However a considerable amount of far

a o

‘ [ field radiation can be se in E¢-polarization of Fig. 5.17.

. i p N . .
v The. drive shaft/rotor blades sectlon is .considered a sensitive

v part of ‘the helicopter. It forms a ‘part of a resonant path at.
~ ‘ .

Yy

o
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8.1 MH=z. Thus any paramétric studies at 8.1 MHz must include

such a section, which  would influence \.the radiation

»

éharactefistics.

'

The methodical development of the simplef;odel has been

successful in maﬁy ways. It includes the method of evaluating
Tk 0
parametric studies by the use of assessment parameter namely

$Eg . The identification of the important section 'of the simple
model at different frequenc1es is the ba51s of further studies

when more complex models are con51dered ih this chapter. The

next section will attempt to look at changes in the results when

~ -

a cohplex model of the Sea-King helicopter is used.

[ 4

COMPUTED
-g~ E-THETR
—a~ E-PHI
—— 150TROPIC
LEVEL ’

. . , .
“ . Yy
. .

*Fig. 5.17 Azimuth pattern calculated from the current flL&ing
on the drive- shaft and the rotor blades of th \?FNIB
model at 8. l MHz, (aB- scale) .
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" 5.3 Intermediate Model of the Sea—-King Helicopter

Fig. 5.18 shows a wire—qrid model of the ,Séa—Kinq

-

(3]

Helicopter <called the "TRN30“‘%§de1. This section demonstrates
the changes that come about when the simple "PRN18™ model is

increased in complexity tdg/pbtain the "TRN30" shown in this

. /
figure. It will be shown thdt this more complex model results

. ) .
[ in patterns that more closely reproduce the measurements at 2.6,

4.1 and 6.0 MHz, but that the agreement is not much better at

821 MHz in the Ey

‘

polarization.

The TRN30 model is derived as .follows., The fuselage |is

represented by rectangular grids of wires using rectangles of

different sizes to model the length of the fuselage. - The nose

and * the end - of

the fuselage are modelled by a four wire

"pyramid" as shown in Fig. 5.18. The sponsons are réprgsented

by' single  wires
antenna is mounted
rotor b}adeé are o
. ‘The drive shaft
‘Euielage is repres
For simplici;y,‘
3 "intermediate" mod

i wire number 81 ind

X3

The total n

143, which is abou

on both sides of the fuselage. The Tranline
on the port side of the heiicopter. The main

riented in the forward position of Figq. 2.7.

. - )
.which connects the main rotor blades to the

ented bﬁ a single wire of 0.6 m in length.
the back rotor blades ére not modelled. This

4 $

icated in Fig$ 5.18.

umber of segments making up the TRN30 model is

, ¢

t- twice the number of segments making up the

" TRN18 simple model. Fig. 5.19 shows that a uniform radius of:

0.1 m is used for all the wires making‘up the model except for

the Tranline antenna where a 0.0lm radius is used.

el is excited by a voltage source applied tok
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Fig. 5.19 Uniform radius representation of the TRN30 model

Fig. 5.18 The TRN30 intermeaiape model.of the Sea-King

h

o

|

helicopter, Tranline' antenna mounted on th
port side of the model. © ) "

. , /-

-

of the Sea-King helicopter.: .

.

[}

o

;
. +
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The-purpose of the TRN30 model is to examine the changes in

-
]

the model is increased over that of the TRN1B model. The TRN3O
-model is not a‘fully detailed wire-grid hodei of the 'Ses-King
heiipoptér.‘ It 1is a reasonable wire—q;id approximation which
models the main components of the helicoptér airfréme. The
following is a pfw sentation of the azlmuth radiation patterns

using the TRN30 at 2,6,4.1,6,0 and 8.1 MHz.
: )

5.3.1 Radiation Patterns of the Mntermediate Model

The current distribution on the TRN30 "intermediage" model

L 9

of the Sea-King helicopter and the far field radiation patterns
for 'both polarization Eg and E¢ are obtained by executing NEC,
using the TRN30 geometry as its data. ‘

14

‘ : @

Flg. 5.20(a=-d) . shows the azimuth ,patterns' forr the theta

equal to 90 degrees at 2.6, 4 1, 6.0 and 8,1 MHz, Fig. 5.20(a)

displays the azimdth patterns for both the measured and the

TRN30 computed patterns in both! polarizations at 2.6 MHz. The

computed Eg pattern reproduces the e111pt1ca1 measured patterns,

I3

in both orlentatlon and level The computed Eg has the figure

eight pattern similar to the meashred one, but is about 5 dB
I

higher in level at the ‘maximum of the pattern. The TRN18
azimuth pattern of Fig. 5.12(a) showed an omnidi}ecbional Ey’

pattern but with about the same level as the measured one. Thus |

.

the‘%ain difference betwéen the two computer mo?els is that the

TRN30 model reproduces the figure eight in shape and orientation

A

the radiation patterns that come about when the complexity “of .

.
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TRN30 model, -compared to the measured patterns at

(a) 2.6 MHz,

(b) 4.1 MHz),

(dB-scale).
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B (b)
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Fig. 5.20 Tranline antenna azimuth pétterns obtained using the
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P (c)

R T e )

o

4 dmetan et Tt o am

Fig. 5.29 (cont'd) Tranline antenna azimuth patterns obtained
usingkthe TRN30 model, compared ‘to the measured pat-
terns»at (c) 6 MHz, (d) 8.1 MHz, dB-scale.
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.

.of the measured Eg pattern, whereas the TRN18 model did not

&

reproduce thg shape but 9n1y the Ievel. Fig. 5.20(b) compares

<

14

tﬁe TRN30 computed azimuth pattern to the measured one at
4.1 MHz. This pattern behaves in a similar way to the pattern
obtained at 2.6 MHz of Fig. 5.20(b). The computed Eg

polgrization reproduces the elliptical figure of the measured

pattern with good agreement 1in level. The computed Ee
’polarization resembles tﬁe figure eighﬁ of the measured Ej
pattern but at a 7 4B higher level, and with shallower minima.
Af 6.0'MHz the computed Ey polarization agrees . with the
measuréd pattern in terms of orientation ahdllevel as shown in
fig. 5.20(c). The éémputed Eg polarization at 6;0 ﬁﬁ:‘has the
same elliptical figure as the measured pattern but at a level
4 dB° higher. Fig. 5.20(4) shows'that at 8.1 MHz the computed
Eg polarization has the same levei as the measured pattern but

the orientation is similar to that obtained by the TRN18 simple

model. The E; pattern at 8.1'MHz, agrees reasonably with the

measurement.

Fig. 5.20 shows that high E radiation4is a major problem
with the TRN30 computer model bétween 2.6 and 6.0 MHz; However,
the TRN30 model reproduces the oriéntagion of.the (Eigurg cight
of . the measured Ep pattern at 2.6 and 4.1 MHz, This is
considered an improvement.éver the Ep patterns produced by the
TRN18 at these frequencies, :The density of the rectangular wire
grids moﬂelling the fuselage in the TRN30 model 1is' not

./'
sufficient to provide a reasonable path for the horizohtally

orientgd current flow. This would account for a low radiation

*a
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level in Ey , and hencé it appears that the Eg component is too
strong relative to the E, component. The addition of more wires
to increase the grid density results in the complex model of the
next‘section. | . °

5.4 Complex Model/of/fﬂé Sea-King Helicopter

e .

—
e

Sections 5.2 and 5.3 of this cﬂaptefihave presentéd' models
of the Sea-King helicopter of simple and ‘intermediate
complexity.' In this section a detailed or "complex" model
called the ' “TRN40" model of the helicopter is considered, as
éhown in Fig. 5.21. The derivation of such a complex model from
the geometry of the helicopter is somewhat arbitrary Hecause no
duidelines exist to dictate the density of wires needed to

represent the surface, nor where such wires should be located in
'the surface. It is generally accepé;g. that adjacent wires
should be closer together than one-tenth wavelength in order to
be suffibiently dense in the surface [11]. ‘In areas where the
current distrib&tion is 'expecteé to be strong, the number of
wiresnis increased. Parts of the airframe that are made of
plastic or lass fiber materials are usually assumed to be
electrically transpérent 'in the HF band and are therefore

omitted from the wire-grid model structure.

The “TRN40" nodel of the Sea-King helicopter was developed
hy the Royal Aircraft Establishment (RAE), Farnborough, where it

was used to study 'the HF wire and loop antennas. - The

*~

coordinates of the wire  endpoints of the model were acquired
o v - . 4 »

& \ - -

+
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¢

from "RAE, and in this section this model is used to study the
Trénline,antenna on the helicopter. This . allows comparative

evaluation of the Tranlihe antenna'in the location measured and

" the loop antennas studied at*RAEvusing>thé same TRN40 wire-grid

,é:kel of the helicopter. _— : ' '

WIRE NUMBER |

(b)

Fig. 5.21 The TRN40 complex wire-grid model of the Sea-Ké&B
» helicopter, (a) wire representation, (b) radiu
representation, Tranline antenna mounted on the
‘e bPort side of the model.

‘

.
v an

4




-

124

{
The TRN40 model of Fig. 5.21 consists of the following.

The fuselage |is modgiiéé~ by ten intérconnectéd and equaily

Ay

* spaced vertical hexagonal or octagonal sections depending on

their position -along the fuselage. The nosé¢ of the helicopter
' . ' : !
is formed by joining the vertices of the front' hexagon to the

forward point of the model, The sﬁonsons are modelled by a

‘number of wires, reasonably approximating the sponsons of the

actual helicopter. The tail of the helicopter is made up of two
parallel wires. The back rotor blades and the\horizontal

stabilizer are modelled as shown in the -figure. The drive shaft

of the main rotor blades is-connected to the middle of the wire

joining section five and six of the fuselage. The maip rotor
blades are oriented in the fofward position of Fig. 2.7.‘ "The
Tranline antenna is located on the port side of the TRN40 model.
This mode® is excited by ‘a‘ volfage source épplied to wire

number 1 indicated in Fig. 5.21. The total number of segments

makipg up the TRN40 model is 335,‘aI1'of lengths less than one .

tenth of the wavelength at 20 MHz, A uniform radius of 0.1 m is
used for all the wires making up the TRN40 model, except for the

Tranline antenna where the radius is 0.01 m.
. i
. ' I
"‘ !

The following reports <the Tranline antenna radiation

-y
patterns in  the HF band. using the TRN40 complex model. The

resonant behaviour of the complex model is examined.

| *\:’5‘§'

.
R YL SN ST

Rt R RHts S

AR T AT

)

——




l

PR

- 5,4.1 Radiation Patterns of The Complex Model #
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The TRN40 complex model was analyzed at frequencies between’

2.6 ‘and\ 14 MHz, by wusing the NEC program to calculate the

current flowing on the wires and the far field raaiation

patterns. Fig. 5.22 shows the azimuth pattégns at 2.6, 4.1, 6.0

andc 8.1 MHz for the TRN40 model in comparison with the measured '

" patterns. Fig. 5.22(a) displays the azimuth pattern at 2.6 Milz.

The computed Eg polarization reproduces the . elliptical figure
bf “the measured pattern in both 'orientatiqn ‘and level.
Similarly the Eg polarization also reproduces the figure eight
of the measured pattern in both orientation and level. The Ej

polariiation'producgd by the TRN40 model at 2.6 MHz shows a
definite 1improvement over the same pattérn' pgpduced'by the
"simple"® TRN18 model and the "intermediate" TRN30 model. ‘Thé
TRN30 model reﬁroduces’tﬂuz figure eigh€ in orientation only.

. N X o
Fig. 5.22(b) shows the azimuth pattern at 4.1 MHz. The Eg

\

polarization tgproduceé the measured pattern in both orientation

and level. The Eg polarization reproduceé the figure eight of =

the measured pattern, however its level is about 2 dB higher.

This is an improvement over * the 7 dB difference between the

"intermediate"™ TRN30 model's paitern and measured pattern. Very
good agreement is ogtained at 6.0 MHz in both polarizétions as
shown in Fig. 5.22(c). The figure shows that the Eg pattern
with the complex TRN40 model is épout 4 dB lower than that;
producéd by the "intermediate" TRN30 model, ané similar to ;h;t
proéucéd by the "simple" TRN18 model. Fig. 5.22(d) shows the

azimuth pattern at 8.1 MHz of the "bomplex" TRNAO model. The

s - - ‘
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----- E-PHI
—— ISOTROPIC o
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Fig. 5.22 Tranline antenna azimuth patterns obtained using
the TRN40 model, compared to the measured patterns
at (a) 2.6 MHz, (b) 4.1 MHz, (dB-scale).
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Fig. 5.22 ."(cont'd)., Tranline antenna azimuth-patternéAobtaihed

using the TRN40 model, compared to the measured pat- §

terns at (c) 6 MHz, (4) 8.1 MHz, ‘dB-scale. \ :
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‘méasured patéern. The fourth lobe located .between the port side

0
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computed.jg¢ polarization reproduces the four * lobes of the

measyted pattern with a rotation toward the starboard of about .

10 degrees. The level of thrée lobes matches those of the

and aft of the helicopter ‘shows a difference of about 10 dB

between the measured and computed patterns. The computed Eg

\

\ € c
‘polaTization reproduces the omnidirectional measured pattern in

1

shape“and level. The TRN40 results at 8.1 MHz show the best

»

agreemént with the measured patterns among all the runs‘pf the

simﬁle and intermediate models. However, the $Eg curve of

o

Fig. 5.23 shows a difference of about 19% between measured and
coﬁputed values at 8.1 MHz. At other frequencies the measured .

and computed %Eg correspond to within 2%. ,

v ) . -
N B L4 R ‘ o
[
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1

100 -

8o |- o ‘ 4
\70'— / " o . 0 %’
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RELATIVE POWER IN- VERTICAL: COMPONENT (%Eg)

. FREQUENCY -MHz

"

Fig.'5.23 Tranline anteqha $Eg obtained using thg.TRN40 model,
compared to the measured ¥Fy as 2~function of frequency.
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i

Fig. 5.24 shows the surface plots of radiation patterns at

2.6 MHz using .the TRN40 model. The plot of the computed Eg

polarization is shown in Fig. 5.24(a). The display cngespohds'

tq that of tzf measured plot of Fig. 5.13(a)‘except at the
minima location. This minima 1s'seen at phi equal to 75 degrees
‘of-the computed surface plot compared to. phi equal .to ;08
degreés for the measured one. fhe surface produced by the
.complexlmddelvis a definite improvement over the surface blots

» 4 »
obtained by the two "simple"™ TRN1ll.and TRN18 models. °

N fig.5.24(a) Tranline antenna surface plot of the conical
- patterns obtained using the TRN40 mod®#l at
2.6 MHz for the E-theta polarization..

[

t
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Fig.'5.24(b) Tranline antenna surface plot of‘theuconical
patterns obtained using the TRN40 model at

¢ 2.6 MHz for the E-phi polarization:

s

. .
« . - v - 1

. . | . -

Fig. 5.24(b) shows.~a/4éaspla9{ of the E¢"surface plot at

'2.6 MHz produced by thé complex model.  The blot cérresponds to
the’' measured. surfaée of Fig. 5.13(b) except at *the minima

". location where about a 12 degree shift. fs seen. The surface

plots'obfainéd froh the complex model at 4.1 and 6.0 MHz are not

. s t .
shown here, but: they reproduce their corresponding measured

Y

TN

surface plots in.” the same manner as the surface plots " of

Fig. 5.24.

\
.
1

b In the next Section detailed studies of the complex 'TRN40"
model are considered at resonant frequencies arguﬁd 8 Mz, *

.
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5:5 Resonant Behaviour of the Complex ﬁodel

In the pr;vious section - of this chapter, models of various
complexity have produced reag&nable to good agreemenf with the.
mea;ured patterns at 2.6,4.1 ané 6.0 MHz., It was also indicated o 'J
that these computer models are resonant at frequencies inﬁt&g v |

neighbourhood of 8.1 MHz. ' Fig. 5.25 shows the normalized sum of

the current amplitude-flowing at thé center of each of the seven

3 - o

kst

segments of the five rotor‘blades\ of the TRN40 model, as a
function of freduenqy. The current orf the rotor blades is much
sE;ongér near 5.0 MHz than at other frquencies, indicating that
the computer model Is resonant near 8 MHz and that  the rotor --

blades are part of the resonant path. The purpose of this

section is to examine the resonant behaviour of the "complex" :

0

0 — " ;
- - A?\
g8 | I\ )
§ 08 | 1 ~ A / \
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P | \
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Fig.}l Nefmalized sum of £he current on tﬂé'seé;entSvéf o Ce

the five rotor blades of the TRN40 model.as a ' .
/ function of frequency.
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TRN40 model in the vicinity of 8 MHz. The model is used with a

"untform radius. of 0.1l m. Little 'change was seen in ' the.

radiation pattern usinq 0.07m or 0.15m for the radius at
8.1 MHz. T@e resonant studies' presented here can be divfged
into two parés, namely the wuse of the extended boundary
dgndition, and the tuning’ éf‘ the. TRN40 model .to match the
measured patterns. .
! ] ! ‘ ’ . ’ \
5.5.1 Extended Boundary Condition ’ ,
» . - . . N
The Electfic Field Integra)l Equation (EFIE) of _ chapter 4
' does not have a unique solution at fréquéncies fo:'which
resonant modes can exist in the!interior of a closed strﬁctu;e
such . as -the metallic skin of the helicopter (39]. In such a
case the fieid inside the structure does t vanish. The
intérior of the "complex” TRN40 model presents a cavity which
might support resonating modes at 8.1 MHz. This may introduce
errors in the RF\current\distributipn which would then consist
) N
'of a mixture of radiation-Mode éurrenté and cavity-mode

currents. Although in theory the cavity mode current does not

! -

radiate, in practice they contaminate the numerical solution
~sufficiently that they must be suppressed in order to obtain

. satisfactory radiation patterns.

It was‘suspecté% thst the difference hetween the measured
-and computed Ey pattern of Fig. 5.21(d) was a result of the

presence of a cavity-mode resonance in the interior of the

helicopter model. Such a resonance can be suppressed by

o=

o S v
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)
insuriﬁ? that the field inside the TRN40 model is =zero. ., To
. acﬁieve this, six diagonal wires are“placed,intq the model's
interior. These diagonal wires connect the adjacent sections'of
the model and they are shown as dashed lines in Fig, 5.26. The
suppression of the field inside the cavity is an extenéion of

the boundary Tcondition from the surface of the- metallic
structure to its interior, and is callgd‘the "extended boundary
condit?on“. |

The current distribution and‘the radiation patterns of the
TRN40 model with these interior diagonal wires are abtained by
executing the program NEC at 8.1 MHz. The results show that the
diagonal element near the nose of the helicopter supﬁprt very
little current. The current hecomes stronger on those elements
which are closer to Ehe feed point of the Tranline antenna. The
maximum' current seen on the diagonal elements is about one
sixteenth the value of the antenna current and about one éighth
of thec rotor blades current. The current induced on ‘the

diagonal wires did not introduce any changes to the radiation

1

patterns at 8.1 MHz. Fig. 5.27 shows an azimuth pattern which

is a replica of that seen in Fig. 5.21(d). .

s

Thus ‘the application of the "extended boundary condition"

does not result in any improvement at 8.1 MHz, and so the

[}

difference between the measured and computed patterns of///
’ ' e

Fig. 5.21(d) is not dué’ to a resonant mode in° the interior” of

. N . //
J e
the TRN40 model. , ( 7
C
)
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Fig. 5.26 Six diagonal wires shown as dashed lines are

added

to the interior of the fuselage of the TRN40 model.

COMPUTED .
| e~ E-THETA
—e— E-PHI
MERSLRED
~-%- E-THETA
----- E-PRI
—, ISOTROPIC
LEVEL

Fig. 5.27 Tranline antenna azimuthwpattern obtained using
‘the TRN40 model with diagonal wires, compared to

the measured pattern at 8.1 MHz, (dB-scale).
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5.5.2 Tuning the TRN40 Model -
v

Fig. 5,25 shows the integrated ' current amplitude on the

[

&
rotor blades as a function of frequency. The: curve indicates

that the rotor blades are part of a resonant-length path for-

e

RF current around 8.0 MHz. A detailed presentation of the—"

.current on the rotor bladés id this resonant band is given in
this section. The ‘"complex"™ TRN40 model of the ‘Sea-King
helicopger is tested at 7.8, 7.9, 8.0 and 8,1 MRz, and éound to
be resonant at a slightly lower frequency than the measured
model. The complex model is then tuned to resonate at the same
Eréqugncy, and the agreement of the radiation patterns is

improved. J . ' {

Fig. 5.28(a) shows the current dist}ibution flowing on the

rotor blades of the TRN40 model at 8.1 MHz. The figure plots

2500 : _ -
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Fig. 5.28(a) Current distribution amplitude and phase, flowing
on the rotor blades of the TRN40 at 8.1 MHz,

( blade numbers are indicated in Fig. 5.28(b) ).
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the current as a function of distance along each blade starting

at the shaft of the blade and proceeding toward the tip. Zero’

phase has the direction of flow indicated by the arrow in_ .

/[ -

'Fig. 5.28(b)v~and indicates that the maxfmum current occurs on

blade number 5 shown in Fig. 5.28(a). This blade 1is oriented
y

/between the port side and forward end of the heliilptet. A

relatively strong currént can also be seen on blade numbers 3

and 4. These blades are oriented toward aft of the "'helicopter.

The azimuth radiation pattern for this case 1is shown in

-
Fig. 5.29(a), where a 10 dB difference is observed between the
computed polarization and the measured pattern in the 1lobe
level oriented between the port side and aft of the TRN40

wire-grid model.

. . .
- .
1]
.

3

Fig. 5.28(b) ﬁumbering qf the rotor blades of the TRN40 model.
v .
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-

29 Tranline antenna azimuth patterns obtained using
the TRN40 model at (a) 8.1 MHz,

(b) 8.0 MHz, as '

compared to the measured pattern at 8.1 MHz,

(dB~scale).
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' COMPUTED
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Fig. 5.29

A

(cont'd), Tranline antenna azimuth patterns obtained
using the TRN40 model at (c) «7.9

MHz, (d) 7.8 MHz,

-as compared to the measured patteéern at 8.1 MHz,

{(dB-scale).
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Also the cqmbuted Ey pattern showed a‘rotation—ei\gﬁout 10

degrees toward the starboard side. The TRN40 model was analyzed

at 8.0 and 7.9-MHz, and the RF current distribution showé that.

the current on Elade number 5 decreases with frequency, whereas
the current on.blade numbers 3 and ‘4 increases. Fig. 5.29(b-c)
shows improvement over that of‘Fig.'5.29(a). The difference
between the computed and meas&red pattern atv8.1 MHz is reduced
from 10 4B to about 5°dB  in the lobe level described above.
Also the computed pattern is rotated back toward the port side
by about 5 degrees. Fig. 5.30 sths the current distribution on
the rotor blades -at 7.8 MHz. At this frequency the maximum

current occurs on blade number 3 and also the current becomes

stronger on blade number {4 with a phasé change of about 40

degrees when compared to that of Fig. 5.28(b). The computed
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Fig. 5.30 Current distribution amplitude and rphase pfoiﬁé& ;
on the rotor blades of the TRN40 model at 7.8 MHz.
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azimuth pattern at 7.8’MHz matches the ~megsufed pattern a

-~

8.1 MHz, in both level "and orientation exéep//'at the minim

located near the starboard side, as shown“fanig. 5.29(d). Th

! -
4 computer model agrees best at 7.8 MHz with the measured E¢ alt

.

. 8.1 MHz. This appears to a degree tha

supports a resonant current mode at 7.8 MHz

that -of the measurement model at 8.1 MH=z

vhich is similar
Thus the computer

model rieeds to be “tuned: to agree with the measured model.

ection 5.2.3 showed that each rotor blade is part of

resonant path, and -they contribute to the (far field radiation

patterns of Fig. 5.12(d). It was recommended then, that any

adjustment to the model is effective when including the rotor

blades. In order to make the TRN40 computer model resonate at a

~ ’

+higher frequency than 7.8 MHz, it& resonant pth length should
. \ |
be shortened. Thus the rotor blades of the TRN40 model are

shortened by 0.4 m so that the computer model resonates at
P N .

8.1 MHz, the same resonant frequency'as the mea$ured model. The
. . ) .
tuned TRN40 model is analyzed at 8.1 MHz using \the NEC program.

A

Fig. 5.31(a) shows the current amplitude and pha%e'on the rotor’
ren

blades ?f the tuned model.o The fiqure indicates that tﬁe
current ampﬁitude on each of the shortened blades . is
proportional to that of the corresponding lade current at
7.8 MHz, shown inﬁbFig}/5.30. This means that the “tuned"
complex moﬁel resonates at the same frequency | as the measured

model. ,Fig. 5.31(b) shows the azimuth pattern jobtained using
—

the tuned TRN40 model .at 8.1 MHz. The figurg shows that the

computed patterﬁ reproduces the measured pattern in both level

2

the computer model.
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Fig. 5.31(a) Current distribution, amplitude and phase plotted
' ' on the rotor blades of the tuned TRN40 model at
i \ 8-1 MHZ-' -~ :
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Fig. 5.31(b) ‘Tranline antenna aziyuth pat,t;rn obtained using

the tuned TRN40 model, compared to' the measured .

pattern at 8.4 MHZ.
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t . .
.and orientation.. The computed E¢ polarization has.a shallower

-

null between the starboard and aft of the helicopter than that
seen in the measured polarization. [The %j? obtained at 8.1 MHz

using the tuned TRN40 model is about 53% which is 7% less than

measured $Eg seen in Fig. 3.6. Recall that Fig. 5.23 shows

that "complex™ TRN40 model produces a %Eg of about 40% at

¥

8.1 MHz, ' Therefore .the tgnéd .TRN40 model achieves 13%

improvement in-%Ey; at this frequency. y . :
v . :

i

In suﬁmary this section has shown that the®rotor blades of

the helicopter are extremely important at resonant frequencies.
/' By changing their“lengths,;the resonant path length is changed

to' become equal to that of«the measured resonant path on the
scaleumodel. Cbnseéuently the computea patterns agreed with ﬁ;;
measured ﬁatterns'at thgﬁresoggngifreduéncy. A finer tuning ;f
the'TRN40 model can be obtained to produce a "perfect" agreement
between the measuFZd and computed pétterné at 8.1 MHz. Howéver
further anal;sis or parametric sﬁudies with the cgmpiex' TRN40
model are rela(ively,expensive anq do not present a tremendous
advantége ovgr the results seen 1in «<Fig. 5.31(b). The ‘tgned
TRN4O model , will be considered-in this thesis as.a validated

o
model and it will be used to explore the ,possibilities of

1zp{oving»the Tranline antenna's performance by relocating it at

various locations along the fdseTgﬁé of the helicopter. ot

L o RN
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5.5.3 Comparison of Surface Plots of Various Models

Fig. 5.32 shows surface plots of complete sets of conical

Y

radiation patterns at 8.1 MHz, both measured and cemputed, and

for both polarizations. The display format is identical to that

described in Section 5.2.2. Fig. 5.32(a) shows a surface plot .

"of the measured Eg polarization at 8.1 MHz.  The surface
represents a-figure eight polar pattern at theta equal to zero
degrees. The patterns gradually change to omnidirectional as
theta incrééseg up to 108 degries. Forl theta more thén IOQ
degrées the Pattern"becomes‘aelliptical with the major axis
aligned along the forward-aft or phikéqual to Ooand 1809axis of
the helicopter. Fig. 5.32(c) shows the surfape plots of the
compu&ed. Eg polarization at 8.1 MHz obtained for the “"simple

model"” <called "“TRN18", described in Section 5.2.2. The simple

model reproduces the bhasic strug e of the measured surface

plot ~of Figq. 5.32(a) except at equal to 72 degrees, where
the measured pattern has a deep nTl Fig. 5.32(e) shows the
surface e]ot“of the computed Eg polayrization obtained from ghe
tuned complex TRN40 model at 8.1 MHz, he surface is similar to
that obtained with the simple model but has a 1level <closer to
the measured surface of Fig. 5.32(a). Note that the surfaces
are normalized so that the total power 1in the measured, and
compﬁted pattern is the éame. The Ej ﬁblarization éurface
élbps are presented in Fig. 5.32(b), Fig. 5.32(d) and

Fig. 5.32(f). Fig. 5.32(b) shows the Turface plot of the

measured Eg polarization at 8.1 MHz. The plot displays a wavy

surface with four minima located approximately at:phi equal to

|
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Fig. 5.32 Tranline antenna surface plots of the measured
conical patterns ak 8.1 MHz, for (a) E-theta
. polarization, (b)-E-phi polarization.
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0, 96, leiand 240 degrees., This explains the butteffry figure
J seeh in the azimuth -pattern at 8.1 MHz. The surface plot of the
'compgtéﬂ %ﬁﬁpolar;zation obtaihed by qsing the simple "TRN18"
‘mpdel at ‘8.1 MHz‘ is shown in Fig. 5.32(d). This fiqure shows
tﬁat the simple model reproduces three of the four lobes seen in

]
the measured surface. This major disagreement was seen in the

azimuth pattern of Fig. 5.12(d). Better agreement is obtained
between the measured Ey surface and the computed surface using
the complex model, shown in Fig. 5.32(f). The improvement in
this surface tan be seer in the four, lobe structure and 'in the

level of the same patterns, ‘Which corresponds reasonably wé}l to

. %
the measured surface. This indicates that the distribution of

power between ﬁg and Eg is about the . same for the complex

.~ model as it is for the measured model. / "

In earlier sections of this chapter thé azimuth patterns of

" various computer ' models showed some disagreement with the

<

: ¢ s s
\measured pattern at 8.1 MHz. However by examining the surface

plots of a complete set of radiation patterns, the computed

~

surfaces always agree with the basic structure of the measured

surfaces.

J

t

5.6 Alternative Loop Antenna Locations on the Sea-King

The "™ranline"™ name in this section designates a loop

¢

antenna which is oriented in a horizontal plane as shown in

i

Fig., 2.1. The 1loop can also be .oriented in other planes, such

as the "vertical" loop and the "bottom"™ loop in Figs., 5.33-34.
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Bottom -
loop .

Fig. 5.33 Bottom loop antenna mounted on, the tuned TRN40
model of the Sea-King helicopter.

s

model of the Sea-King helicopter .

1

Fig. 5.34 Vertical loop antenna mounted on the tuned TRN40
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* This section compares: the performance of the Tranline
"vertical™ 1loop and "bottom" 1oop,designs} based on computgr
modelling using the tuned1 TRN46 model. Section 3.1 of. tpis
thesis described the angular sectioh which must be ;overed by an
HF éntenna moqnteq on a helicopter. The antenna must radiate a
maximim amount of power fn the . vertically_ polarized component
over the angular sector - 30 degfees'from the horizon, as shown

in Fig. 2.6. The evaluation techniques given in chapter 3 have
shown: th;t the Tranline antenna in the location used for the
scale model measurements is a poor radiator of ‘the vertical
compohent at the 1lower end of the HF bana. fhgrefore, an
alternate location to éhat of Fig.'2(1<is needed to imp?oge the
amount of wvertical 'radiation around 2 MHz. £ The assessment
parameters %Eg and %3;' are used‘here to compare the 'computed.
performance of " the "vértical? and the "bottom" 1oop.antennas,
and the Tranline antenna on the Sea-King helicopter. In' each
case the effects of the rotor\blade pdsition on the radiation
patterns are assessed. This section will attempt to suggest an
alternative ‘location to the present Tranline antenna mounted on

the CHSS-2 Sea-King helicopter.

5.6.1 Comparison of Various Loop Antennas

The "vertical" and the "bottom" loop. antennas mognted on
the tuned "complex" TRN40 model are first ;nalyzed at 2.0 MHz
using the NEC program. A loop is considered to show superior
performance to)the Tranline antenna in the .measured locatioﬁ, if

it has a considerably higher %Eg and %Eg . Recall that %BEg is
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defined as the'raﬁio of éﬂe power .t;diated in' the ‘vertical
polarization to the total power radiated by the antenna. The
%E; is defined as éhe ratio of the amoupt of power radiated in
the vertical polarization in fghe useful sector to the total

power radiated by the antenna.

L]

In Section 3.5.% thé H/V ratio was used .to compare the
Tranline antenna and the "bottom" loop examined by RAE [28],
However the H/V ratio is a poor indicator of the performance,
and _hére the antennas will be compared using the power-derived
parameters $g and %Eg . A complete set of radiation patterns
~was geﬁerated for the "bottom"™ lopp mBunted 02 the tuned TRN40
- model shown in Fig. 5.33. At 2.0 MHz the "bottom" 1009Jproduces
a $Eg equal to 48% compared to 19% from the Tranline antenna.
The %E} | of the "bottom" "loop is 19% whereas the Tranline
antenna has é gEg of about 5%. Thus‘the "hottom" ‘loop rgdiates
four times as much power in the useful field component in the

"

useful q'gle sector as does the Tranline antenna. . .

Using the same feed point as the meagured Tranline antenna,

: <

a "vertical" loop is mounted on the tuned TRN40 model. as shown,
in Fig. 5.34. - This antenna runs down toward the bottom of the
fusqlage with a length of 1.83 nm. Using the NEC program, a
complete set of radiation patterns was obtained at 2.0 MHz, The
"vertical™ loop-is much superior to the Tranline antenna in the
measured location. It has‘gh%Ee of about 60%, which amounts to
a 40% more than that of the Tranline antenna. The %Ea‘ of the

"vertical" loop is 30% which is about 6 times that of the
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~

Tranline antenna at 2.6 MHz. The "vertical"™ loop radiates more

vertical component than both the "bottom" 160p and the Tranline

-

antennas.

The assessment'pa;aﬁeters of the three antennas, namely the
Tranline, the “"vertical" 1loop and :the "bottom" ‘loop were
computed - for - the\ frequency band from 2.0 to 14.0 MHz.
Fiés. 5.35 . through Fig. 5.37 show thf r;Siation péttern

efficiency n the %E; and %Eg respectively. The pattern

p r
efficiency ( np) of Fig. 5.35 shows that the "vertiéal”floop has

-a constant patfern efficiency (n of about 45% between 2.0 and

p)
6.0 MHz. Above 6.0 MHz the T of the "vertical™ loop rises

slightly to about 55%. The "bottom" loop has an "p of about

40% between 2.0 and 6.0 MHz. The np curve of the "bottom" loop

by
has a maximum at 8.0 MHz of about 61%. The curve decreases to°

-

about 32% at 12.0 MHz. The N, curve of the Tranline antenna is
described earlier in Chapter 3, and "it is higher than' the
"bottom" 1loop by about 22% at 2.0 MHz, and 17% higher than the

—

"vertical" loop at the same frequency. The np of the Tranline

antenna becomes similar to the "vertical" loop between 4.0.and

6.0 MHz, but still. higher than the "bgttom" loop by about 5% in

the same band. Abgve 6.0 MHz the Tranline antenna has an "p
approximately equal to ‘the average value of Np for bdth
"vertical™ and “bottémf loops. No <clear choice can be made
betweén the three antennas based on the np“curvgs, and {t is
necessary Eo investigate the other aséessment parameters. namely

$Eg and %E; . Fig. 5.36 shows the %Eg of the three antennas

described above as a function of frequency. The 3E5 curve of

" “
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the "bottom" loop shows that the loop has @@ high %Eg of about

48% .at- 2.0 MHz. The curve drops to about 26% at 6.0 MHz. At

8.0 MHz the "bottom™ loop has 'a maximum

.

$Eg . of 82%. This

frequency is -considered to bhe resonant since the curve shows a

rapié drob to about 32% at 12 MH=z. On

-

the other hand ”the

‘"vertical™ loop has %Ey curve with the minimum value of about

»

40% océurs at 8.0 MHz. The tEg value at 2

.B MHz is 60%. This

loop radiates more vertical power than ?oth the "bottom" loop

[}

and the Tranline antenna at 2.0 MHz. The

from the Tranline ahtenna is a scaled down version ‘of the 3E9“'

- curve produced by the "bottom" loop. At 2
anéénna h§s‘a'%E9 of about 17% eompared‘t

' vertical lboé and 48% produced by the "bott

. é,o MHz does the Tranline antenna radid
than the'“éerticalﬁ léop. Thé ey at this

_ 53% for the Tranline antenna compared to 4

loop. Thus the resonant behaviour seen in

‘¢

. loop and the Tranline %$Eg curves around

true in the case of the "vertical" loop.

$Ej curves for the three antennas de

-

1
$Eg curve obtained

o 60% produced by the
om" loop.’ Only at
te more %Eg copponent‘

frequency is a#dut

0% for the "vert@cal"
{i . 14
8.0 MHz is. no longer

scribed ahove. These

curves have the same characteristics ,as those of 3%E, curves

seen in Fig. 5.36. .The "vertical” loQb radiates 28% of its

total power into the useful angqular sector

horizon in the vertical component Eg at 2

30 degrees from the

.0 MHz. At 8.0 MHz

+the "bottom" loop has a higher $Ef than the other two antennas.

It produces 50% of useful power compared |

to 23% obtained by the

Tranline antenna and 15% obtained by the "yertical" loop. }

.0 MHz the Tranline

"both the “"bottom"y.

Fig. 5.37 shows the
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qnte_nna, the "bottom"™ 1loop, and ‘the "vertical" Toop were
pre;aﬁted in this‘setgio'n. They} showed tl';at the o«”ve'rtical"'iéop
is .far superior to 'the,'I"ranline and the "bottozn" loop in terms
of vertical ral¥iation at the Tlower end of theHF band. The
assessment parémgters also indicate that thé Sea-—King/"vértical"

loop combination do not provide resonant paths around 8 MHz,

ﬁ effects of the rotor blade position on each of the three
. ) , b '

The power derived assessment parameters "of the 'I“z"anline.

~a =
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- 5.6.2 Effects of the Rotor,Blade Position
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antennas® performance are considerec}”in the next section, so that

N R . - * \
an assessment. of, best pdssible antenna performance ‘can be

.

s . 4

«

.

In-Section 3.6 the effects of the rotor blédg . position on

the patterns of the Tranline antenng'f}were assessed for two blade

positions, namely the "forward" ‘or "F-hlade" pos_i,tion 'and the -

“"backward” or "B-B;lade" éosition as ,showh in Figq. 2.7. ,The

rotor’ blade position caused considerable. changes in the

radiation patterns at frequencies between 8.0 .and 10 MHz,

Fig. 3.12 showed the azimuth patterns of the Tranline antenna at

8.1 MHz and 10 MHz, . The rotor blade position caused the

.

amplitude of the pattern to change by 2 dB at 8.1 MHz and S5 dB

at 10 MHz. The cemputed azimuth patterns of the Tranline

[

antenna 'using the "tuned” TRN4O for the two blade positions are

shown in Fig. 5.38(a-b). At 8.1 MHz, Fig. 5.38(a) shows the Eg

< 2
and Eg polarization for the "F-bhlade" an:/ "B-blade" positions.

AR difference of about<® dB can be seen bet een?e Ey patterns
t

terns are‘of the

g

of the two. blade positions, whereas the Eg .p

same’ orientation . and level for ~“each blade position.

~F‘ig. 5.38(b) shows the azimuthbpatte‘r,ns of the tuned TRN40 model

P ’
with"the "F-blade"™ and "B-bladey positions at 10 MHz. A
? D-ae \
difference of about 3 dB can be seen in “the - Ey 'pétte-rns,

whereas a lud:B difference 1is- observed in the Ep patterns.

°

Recall that a 5 dB difference was seen in the measured patterns

at 10 MHz. The discrepancy in these results is due to the low

1
N 4

» ' of
j "
o

-
T
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level of the measured Ej pattern, which makes it vulnérable to

spurious reflection from the range's surface.

In this section the effects of the rotor blade position on.

¢

the radiaticn pattern of the "bottom" and "vertical" loop

anpennaé are assessed by computer modelling, and compared to

this effect, %gr the Tranline antenna. Fig. 5.39(a) shows the

‘azimuth patterns of the "bottom" loop at 8.0 MHz for the two ..

w
L]

blade positions. The Eg pattern is not sensitive to %%e blade
position. However the figﬁre shows a major difference ‘between
the "F—blaﬁe" and the "B-blade" patterns for the E4 component.
The "B-—-blade" pattern has shallower nulls than those seen in the
"F-blade" pattern at \the- port- and starboard sides of the
heliqopter. Tpe foug lobe structure seen in the "F-blade" E¢§
pattern are represented by khg "B-blade" pattern, with two lobes

at the same level;;7£g with two 1lobes ' lower 1in. amplitude by

4 dB. Fig. 5.39(b) shows the azimuth pattern of the ffbottom”

- N s s
_loop at lO'MHz for the ?wo blade positions. TH@ fiqure

-

indicates ‘that. the rotor blade position has no ef%ect on the

radiation patterns at this frequency. : Fig. 5.40(a) shows the .

azimu%h pattern of the ‘“vertical" loop for the two bhlade
S , . .

positions at 8.0 MHz.- The Eg polarization presents a
difference " in the field strength of about 2 dB befvween the

patterns for the two hlade (;ositié%é. The E¢ patterns are

close to each other to within 1 4B in both cases. At 10 MHz,'
¢ ?

. - )
Fig. 5.40(b) shows that the rotor blade position has very little
: f
.4

effect on the radiation patterns of both polarizations.

4
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Tranline antenna azéggth‘patterns obtained using
the tuned TRN40 moddW at (a) 8.1 MHz, (b) 10 MHz,
for the th'rotor blade positions of Fig. 2.7,
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Fig. 5.39 Bottom loop antenna azimuth| patterns obtained

using the: tuned TRN4O model| at (a) 8 MHz,

(b) 10 MHz, for 'the two rotprjblade positiong of

Fig. 2.7.
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(b)

Fi9.5.40 ‘Vertica}'loép antenna aziﬁuth'patternsfobtained
using the tuned TRN40 model at (a) 8 MHz,”

™ - (b) 10 MHz, for the two blade
LN
'd

)

igsi

tions of ‘Fig. 2.7.
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Using the "éomplex" TRN40 ‘model / Tranline antenna

"combination, Fig. 5.31° showed the current distribution flowing
on the rotor blades ih the "F-blade" position at 8.1 MHz. It

was seen then that blade numbers 3 and 4, which are orienped

>

toward aft of the helicopter support a strong .amount of burﬁent.

’

s . 1 .
Fig., 5.41 shows the current distribution on . the rotor blades

oriented 1in "B-blade"™ positiaon. In this ca;e three blaaes
become stréngly coupled to the moéel. These bladés are oriented
toward aft of the hélicopter, whereas the "F-blade" position hgs
ohly two blades oriented toward aft of the— helicopter. Such
changes in the position of the RF current Qogld cause

perturbation in the radiation patterns at this ,resonant

@

frequency. The effect of the rotor blade position on the
"vertical™ loop patterns is minimal compared to the ."bottonm"”
loop ‘or the Tranline antenna. Thus from pattern consideration
alone, thg nyertical™ loop is considered to be the most suitable

antenna among the three antennas examined. It has the highest

$Eg at the 1lower end of the HF band, and the least pattern

modulation due to the blade position. As far as this -'work |is
concerned, the "vertical" loop has additional aquntage over the

"bottom"” loop. - Its feed point is identical to that used for the

existing Tranline and wire antennas mounted on the Canadian

¢

CHSS-2 Sea-King. This is convenient since the . ahtenna coupler

is physically located inside the fuselage at this position,

SRSFACE. ot A g Kl i BT € 2 7
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Fig. 5.41 Current distribution on the rotor blades in the'
backward position, obtained using .the tuned TRN40
model at 8.1 MHz with the Tranline ‘antenna mounted
on the port side of the model. '

*
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s

- 5,7 Summary

h d

This chapter has presented three wire-grid models~ of the
Sea-King helicopter, namely the ﬂsfmplé" stick model, the
"intermediate" model and the "complex" model. Each' of these '
models was analyzed with the Tranline antenna mounted on '
poftlside of the helicopter using the NEC program. Parametric
studies were applied to the simple mgdel(tg adjust its fuselage
radius for a better agfeement betweén thé computed radiation
patterns and the measured pafferns. Reéultq.ob ained using the

i

. complex model are superior to those of th simple and

intermediate models. At resonant frequency the complex model

. required tunifig so that its resonant path length is equal to

r
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that oﬁ the scale model used in the measurements. A "tuned
complex® model produces a set of radiation patterns closer to
the measured patterns than those obtained yith the “ﬁntuned'
complex model at the resonant frequency. Finally this chapter

4
explored the possibility of relocating the Tranline. antenna.

This 1is done by comparing the performan&e of variouslloop

antennas mounted at different locations on the "tuned complex"

model of the Sea-King helicopter.

»

Thgoughout this chapter, ‘thé numerically "predicted"
radiation patterns are evaluated by a direct comparisoﬁ with
measureq patterns as polar or surfacelplotg. The performance of
the performance parameters, In .summary . the evaluation
techniques uséd in this chapter‘present the need for further
studies on the computer models of the Se{iKing helicopﬁer.' A
discussion of furthér work needed is presented next in the

concluding chapter.

ree ©

antennas mounted on a wire-grid model is assessed by evaluating
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éONCLUSIONS AND RECOMMENDATIONS

ntroduction

4 + * '

T& chapter summarizes thé work reported in this thegis.‘
nts are nade about the experimentai dnd analytical results
their usefulness in searching 4#0r an optimum lpcatioh for
anline ante in terms of its performance; Emphasis is
on the u— ulness  in such an evaluation of certain

assessment panametérs whichvcan be obtaiped directly from‘_the
'é;mputations.

4 ¢ .
6.2 Assessment of the Measurements

. The NRC antenna range has.proven fu}ly satisfactory as a
facility for ﬁhe méasu;ement of the ‘patterns of tﬁe Tranline
antenna on ‘the Sea-King helicopter. The problem of geflection
from the range's surface was overcome  byu using ""fences" as
described 1in Section 2.2.5. 'The use of a miniature'solid state
battery-powered oscillator inside the helicopgér as a

transmitter has eliminated the spurious RF signal induced on

~rer— i

-

P
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high resistance cables that have been used in past measurements.
The patterns show good "correlation" in the isense that ~ phi=0
'degrees and phi=90 degrees elevation pattern field values agree
well with the corresponding field values measured in the azimuLh
pattern, ané tﬂis'holds for both polarizati&né. The recording
of the . radiation patterns simultaneously on polar plots and on
punched paper tape has made the measured patterns readiiy

3

transferable to the PDPl1/20 computer to form a digital data

L4

base, of measured values. The digital records of H measured

patterns are used for the reproduction of polar pléts in

comparison with computations, and for the numerical calculation
P .

v . '
of the isotropic reference 1level of the patterns, and of the

assessment parameters.

7\

The evaluation of the Tranline antenna radiation patterns

is based on the "assessment parameters” derived from the set of

1

csnical patterns and from the power radiated by the antenna.
These assessment . ‘parameters are the "radiation pattern
efficienc? ( np)", the "relative power contained in the vertical
component Eg (%Eg)", and the "useful power - contained in

A

Eg (%Eg )", where the useful power 1is that radiated by the

antenna in the angular sector + 30 'degrees from ‘the horigzon.

.

The use of the ahove assessment- parameters shows that_the'

Tranline éntenna is a poor ;adiator in the vertical polarization
at the lower ezél of the HF bandl The Sea-King/Tranline
combination has ., a $%$Eg value of - about 19% at 2.6 MHz., At
8,1 MHz the %Ej is aboué 60%. This indicates a .resonance of

the helicopter which is strongly excited by the Tranline antenna

\v
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5 3
at this. frequency. The measured patterns show that the rotor
blade position has a considerable 'effect on the Tranline antenna

performance between 8 and 10 MHz, 4

In summary, although the measurements of the‘Tranline
antenna radiation patterns are difficult to obtain, they allow a
'comprehensiQe evaluation.of‘the antenna performance, and provide
a base of measured patterns for compariﬁgn with analytical
.results obtained from the, wi?ehqrid models of the Sea-King

helicopter.

— . ; ‘ _\

)

6.3 Overview of the Analytical Results

The theoretical basis for the Numerical Electromagnetic
‘Code - (NEC) computer program is described in Chapter 4. However
the main thrust of the analytical work presgnﬁed in this thesis
is the development " of wire—grid models of QRE Sea-King
helicopter. Three wire-grid models have been developed, ndmely
the "simple"™ stick model, the "intermediate™ Todel and the
“cﬁmplex" model. Ea;h of these models was analyzed using the
‘yEC program with .the Tranline antenna mounted on the port side
of the helicopter. This allowed the computation' ‘of the

RF current ,distribution flowing on the model's wires and

consequently the calculation of the far field radiated in both

!

the Eg and E¢ polarizafion.

»

The TRN1ll "simple" model which uses a uniform radius of
0.1 m shows r%ﬁ}oﬁable agreemspt between computed radiation

patterns and the measured patterns at 2.6 MHz, and good

-
|
5
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agreement can be seen in the azimuth pattern
polarizations.,’Such good agreement is refle

8Ey which is equal to the measured valu

However the use of 0.1 m fof the‘EUSelége ra

8

model resulted in a smaller portion of the

radiated 1in the E4 component than was

patterns, at 2.6 MHz and 4.1 MHz. To overco

E¢ radiation at these frequencies, the

e

parameter 1is used as described in Section

The éection

—fuselage radiys to 0.3 m. also

‘"which are parallel to the fuselage should be separated from it !

3

by at least 4 Eimes the fuselage radius.

1

with the measured pattern

-

the TRN18 model .is cdnsidered
6.0 MHz. ' The %Eg cufrve obtained using
corresopnds to the, measured curve betwe

except for frequencies afound 8.0 MHz the re

the helicbpter. ‘éy sing the scheme of

" field due to the currents flowing on certain

This

than the TRN1l1 @

to be "valid" between 2.0 and !

a£‘670 MHz for both

ctéd in the computed

=}

=3

at this frequency.
dius of the "simple™

total power being p

2

seen in the measured
me this’Yé;ufficient

REg assessment

5.2.2 to adjust th

shows that wires ;

modified

model

called "TRN18" results i\nfradiétion patterns(v%'x agree better
del’

patterns, ‘-and

the TRN18. model

n 2.0 and 14.0 MHZz,
onant frequency of
caiculating theffar

wires of the model ‘

) '

only, the loop<forhéd by the antenna and its return path along

. — . .
the fuselage is identified as the main radiator at 2.6 MHz. At

8.1 MHz

the current on .the rotor blades 4
contribution. to the far field patterns and sg9 is- identified as
part of the "pryhcipal path" of current flow near resonance.

Such analysis gives insight into the modes of

the "principal paths" of current flow on the

'
L e -

1

& .
hows a considerable

O

urrent flowing or

model, and into the

b

;‘mf:_.';‘aw‘ PPOPS N gy £ s v i
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resonapt behaviour of thé.‘model. The:identification of such

4

paths is the basis for further studies with more complex models. y

- ‘ . « - , .
— \
The "intermediate” TRN30 model of the Sea-King helicopter

-

e

- presented in Section 5.3 demonstrates the changes in the

radiation patterns that come about when the simple model is
~inéreased in complexity. The radiation patterns obtaihed using
the "intermédiate” computer model are superior to those obtained
using the simple model,‘;in the sense that the intermediate

model's patterns are similar in shape to the measured patterns.

However a large portion of the bower is radiated into the Ej

component with this model than in the measurements, and so the

i
-

Eg component is at a higher 1level than in the measured

Sl R

patterns, when both are scaled to radiate the same total power.

The density of the rectangular wire grids making up the fuselage

of the "intermediate"” model is not sufficient to Vprovidq@fa

Sivenk i

current path 'similar to that present on the actual scale model
used: in measurement. Addition of moTre ' wires to the

"intermediate" model result in a complex model such as that

described in Section 5.4. ) ' : ’

bt e it

The detailed TRN40 "complex" model of the Sea-King
'helicoptep was developed at RAE and is used in Section 5.4..

.This model was analyzed at frequeﬁciés hbetween 2.6 and 14.0 MHz ’

Kb ek s

using the NEC program. The computed‘'radiation patterns obtained ‘
using the "complex" - model with the Tranline'antenﬁh show good
ag:ggmént_with the measureq/patterns at all frequencies excépt‘

8.1 MHz. ‘The cqmplek model was "tunééf,vaé\xfollows., By

.

. e ) : L. {
j
. o . '
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analyzing the T"complex"™ model at frequencies near 8.0 MHz, it
was shown that the 8.1 MHz measured pattérns match thé computer

model's paﬁterns at 7.8 MHz. This suggests that the "complex"
T R
wire-grid model resonates .at a somewhat lower ququency than the

sca1e~mode1 used for measurement. In 6rder to "tune" the
computer model to a hidher frequency, the rotor blades‘Qere
shortened by five percent and then the computed pattern at
8.1 MHi matches the measured pattern. The "Euned? complex model
has the resonant path length %gual to that of the resonant path

of the scale model. ‘ o
¢ ) - .
i " 1
The "tuned" complex model 1is used to compare the

performanée of loop antawhis at different locations from that of

the present Tranline antenna. Based on the values -of the

-

assessment parameters derived from \&he radiation pattetns of

S

iéop a¥itennas at ‘thfee locations, the "vertical"™ 1loop of
Fig 5.3h has gheg highest $Eg among “all the 1loop antenngs
examined at 2 MHzZ. in this thesis. XTSO,' the rotor blade
position showed very little effect on tﬁe “vefﬁical" logp

radiation patterns.

b

Further studies on the Sea-King wire-grid models are

]

needed. The next section .describes ‘he major topics th%t

neqaire further work as a continuatidén of this thesis.

’

6.4 Need for Further Work

© -
o

This thesis has presented a comprehensive methodology for
developing wire-grid models of aircraft with HF communication

4
1
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computer model can be .used to study other antennas similar to
\ [ g .
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antennas. This technique requires an“exFensive set of radiation

patterns to be meaSured on a scale model, and the patterns were

usad to establish the validity of thé%computer’model and further

Y 3 ¥ .

A N 1
to tune the computer model so that it resonates at the same
a G

frequency as "the scale model. Once estaélished in this way, the

-~

1
those used ih the measurements, to arrive at an improved design

for the HF antenna, such as the "vertical" lopp  presented in

this thesis.

2
[
+

The modelling technique HWas some shortcomings which may be .

élleviat.d by furthgr research. The work presented here needs

further investigation intb the behaviour of the RF current modes.”

)

‘that exist on a computer mNel at resonant frequencies. A mo;g,'

complex wire-grid model of the Sea-King hélicopter thény those

presented in this thesis might be needed to predict the far

field radiation patterns at the higher end of the HF bafid.

Chapter 4 described the "surface patcﬁ"‘modelling techniques. A

surface representation of the Sea-King hel?copter would give the
<& & -

antenna engineer an appreciation of the difference between the

wire and surface modelliné techniques. | The antenna impedance

computed . directly by the NEC program can be unreliable

.especially . near resonant frequencies. The comﬁarisgn of

/ *

"computed - and measured impedance values was outside the 'scope of

this thesis. This topic needs a detailed std&?, and if would
require further 'development ‘in the theoretical asbects of the
a . 1

L4 .
numerical method used herein.-

’

e
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, Epe work péesented in th{;’thesis; the most 1mport%nt one in the

author's opinion is further investigation of the simple stick
moq§1/4 Sucﬁuinvesﬁigation should be based on the concepts that
were’ collected from the VZB lysis of the "complex" model,
specifically the J“tuning" idea. This is importan% because it

,é}ght expand the freque‘Fy bgna in which the simpie . model is
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