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ABSTRACT

Twc helical antennas were designed, fakricatzsd and
tested to permit tanks or tracked vehicles to functicn
with a high gain, low fprofile antenna field pattern
for a telemetry system operating at 918 MHz. The
electrical properties of the nelical antennas were
ccmpared to the system's dipole antennas in an attespt
to enhance the operating fperformance cf +the EMS
II/SCORE system. Field measurements were made under
the <c¢cntrolled conditions of an antenna field pattern
range and while the RMS 1II system was cperational.
Antenna Gproperties of gain, beamwidth and efficiercy
as well as physical size and installaticn 1locaticns
wer2 considered for possible ianclusicn of helical
antennas in the telemetry systanm.
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I. INTRODUCTION

A. BACKGECUNC

The Range Measurement System utilizes fulsed
radio-frequency multilateration to provide pcsition location
informaticn from multiple aircratft, grcund vehicles or
persconel egquipped with transgonders. In additior, the
Simulated Ccmbat Operations Range Equigment prcvides
aircraft velocity, acceleration, attitude and air data as
well as imgroved position location. When operated in
ccncert, the user 1is provided with a ranging and digital
message-ccmmunication system for the svaluaticn of tactical
field maneuvers. To accomplish this, a ccmbination cf six
types of wunits are employed which @may be pcrtacle,
semi-fixed c¢r rigidly fixed. Information is passed tkrocugh
the system either Lty means of an RP link c¢r by hard wire
(1]. The designated RP operating freguency is 918 MHz and a
frequency bandwidth of 10 MHz is used.

Successful operaticn of the system is dependent ugcn the
user's ccnfidence that his particular regquirements for
coverage and accuracy will be satisfied. The accuracy ot
the RMS ranging instrumentaticn Dbecomes a <functicn of
system-to-veticle relationsbips which include geometry,
dynamics, pnysical environment, and system hardware/scftware
configuraticn. Scurces of error for range data may also
result frca multipath propagation effects, antenna pattern
null structures, terrain shadowing, interfering signals, or
cther unfcrseen disturltances.
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E. THESIS OEJECTIVE

Fresently the EMS system has dipole antennas installed
for receiving and transmitting inquiries and responses for
range information. Since the operating frequency for these
transmissions is 918 MHz, the effects of the terrain prcduce
standing waves on the field of play and, hence, signal
nulls. Should the dipoles be made aore directional, the
effects c¢f signal oulling would decrease. A second factor
for consideration arises in that the antennas are six fecet
in heighth and are susceptible to damage when mounted on
vehicles and subsequently driven through high underbrusa or
teneath trees. An alternate approach is tc investigate the
feasibility cf using circularly polarized antennas tc change
the signal nulling cocmponents. Further, these antennas
could result in a lower antenna profile affcrding a 1lcnger
antenna survivability.

The ckjective of this work was to examine the ©possitle
inclusicn of circularly pclarized antennas into tke RMS
system for use on grcund vehicles. Specifically, helical
antenpnas were identified for study as they yield compcnents
with the desired pclarization. Antennas were designec and
ccnstructed <for bothn the axial and ncrmal wmodes with
emphasis placed upon selective location of main lobes in the
antenna field patterns. Finally, the antennas were
evaluated for enhancement oi the operating gperformance of
the RMS systen.
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A. INTRCLUCTION

The helix is a fundamental geometric form. As such, it
has wmany applications in several branches of physics and
engineering. For examgle, in mechanical engineerinc¢ the
helix or «ccil spring is a common device; in electrical
systems the belical coil or inductor is a typical «circuit
element; and in dynamics, particles cften flow in helical
Fatterns.

The thecretical investigation of helical antennas is
well kncwn and complete (2], [3]. These arntennas meay be
regarded as the connecting link betwean the linzar artenna
and the lcop antenna. The helical antenna is thus the tasic
form of antenna of which the linear and lccp antennas are
special cases. Therefore, a helix of fixed diameter
ccllapses tc a loop as the spacing apprcaches zero and a
helix of fixed spacing between turns straightens out irtc a
linear ccnductor as the diameter approaches zero.

E. MODES OF RADIATION

Helical antennas are capakle c¢f radiating in several
mcdes. 1The two most ccmmon modes are the axial mode ard the
ncrmal mode. These twc modes are most apprcgriate for
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applicaticn in the RMS system and, therefcre, will fcrm the
tasis fcr designs.

1. Axial Yode

In the axial wmode of radiation the field is
maximized in the dirsction of the helix axis and the
polarizaticn is circular. This mode is generated when the
helix circumference 1is of +he order «c¢f cne wavelength.
There are twc unigque and outstanding characteristics of this
mcae. First, for a given helix, this mode is stable cver a
relatively wide frequency range [3]. Since the antennas
must be functional cver a 10 MHz bandwidth, this feature is
very desirakle. Secoadly, the azxial or beam wmode <can be
produced witk great ease. Because the actual dimensions for
this mode are ncn-critical, a helical beam antenna is cne of
the simplest types <¢f antennas to construct. Axial mode
radiation patterns may be formed from helices of  urifcra

Cross secticn or from helices which are tafpered.

2. Necrmal Mode

In the normal mode of radiaticon, the fielé is a
saximum inp a directicn perpendicular to the helix axis and,
for a certain relationship betwesn tue spacing between turans
and the diameter, the field is «circularly pclarized. For
the normal mode the dimensicns of the antenna must ke small
ccmpared to the wavelength [2]. This requirement must be
met as tne physical dimensions are more critical for this
case 'than for the axial mode., If these critical dimersicns
are not met, bandwidth and antenna efficiency suffsr greatly
and the resulting radiator will degrade the fperformance of
the transpcnder. Normal mode helices are ofter not
practical and incorvenient. Some larger ncrsal mode helical

10
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antennas require phase shifters placed Ltetween successive
turns in ocrder to w@maintain uniform, in-fhase current
distributions.

C. GECMETIEIC DESCRIETION

Helical shapes are frequently used in scientific and
engineering endeavors and are thersefors ccmmonplace. fhen
used in the capacity of a radiating structure, the Ffhysical
dimensicns cf the helix dictate the type cf mode which will
appear. With the physical dimensions playing such a key
role in the helix, an antenna can be descrited using three
Farameters: the diameter, the number of turns and the Ffgitch
angle.

ahen specifying the helix diametsr, this dimensicn 1is
normally wmeasured in free-space wavelengths. The diameter
1s measured from center to center of the wmaterial wused in
the construction of the helix.

The number of turns appearing in a circular helical
antenna assists 1in determining several aspects of the
antenna characteristics. First it has an influsnce <c¢r tae
size of the structure. As the number of turns increases,
the physical length of the antesnna increases also. dcre
importantly, the numker of turns has a prcfcund bearing on
the field pattern when the axial radiaticn mcde is desired.
The directivity of the antenna is propcrticnal to the rumber
cf turns cf the h2lix and inversely propcrtional tc¢ thae
c2amwidth between the half-pcwer points.

The pitch angle of the helix  zlaoc is & facter 1ian

determining the physical size c¢f the antenna. Small gitch
anglsas yield 1long helical antennas. The pararetsrs

59
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determining the pitch angle include the spacing Lbetween
successive turns, the helix circumference and the length of
cne turn. Combinaticns of these ©parameters in a sirtgle
Fytbagorean relaticn result in the determination of the
Eitch angle. When the laop spacing is zero, the pitch angle
is zero, and the helix becomes a2 loop. On the other hand,
when the diameter 1is zero, the pitch angle is 90 decrees,
and the helix becomes a linear ccnductor. Ey varyipec the
pitch angle, the helical antenna can change its
characteristics from a simple 1lcop to a helix oferating
first in the axial mode then in the beam mcde and, firally,

tc a linear conductor.

C. SPACING-CIRCUMFERENCE CEART

The design of helical anteanas has been simplifiec¢ when
the spacing-circumference chart 1s uatilized [3]. This
design aid allows one to quickly determine the critical
values of the antenna parameters. The chart is constructed
in such a manner that it can be utilized kncwing either the
spacing cor circumference in wavelengtas or the length cf cne
turn 1n wavelengtas. Regions are marked on the chart
indicating where the antenna fparameters will combtirce *to

yield beam mcde cor normal mode radiaticn patterns.

The Spacing-Circumference Chart is reprcduced and shcwn
as ¥ig 14 The ordinate axis represents loops while the
acscissa axis represents linear conductors. The remaining
area between the two axes reprasants the general case cf the

helix.
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POPE A2

E. GROUNC PLANE REQUIREMENTS

The inclusion of a ground plane or reflecting surface
assists the radiation in being focused in a specific
directior. Ground planes may appear in several forms with
the usual reflectors beinc¢ =sclid plate, zesh screen, or
spoke type. For experimentation purposes, the ground glanes
employed with the helical antennas were the sclid plate type
shaped as a square. Optimization of the reflector sctriace
size invclves <changes in the reflector dimersions ané this
was most easily accoamplished when working with rectangular
saages instead of the  usual ircular foras. Artenna
patterns ofttained frcm helical antennas radiating cver
square reflectors yielded field patterns with additicnal
sidelobes. The appearance of these wunexpected sidelctes
resulted frcm the additional reflecting material located at
each corner of the reflector which 1is nct present in
circular grcund planes.

Greund planes for helical antennas should be at least
cne-half wavelength in diameter [2]. The belix is cperated
in conjuncticn with the ground plane and is energized Ly a
semi-rigid ccaxial transmission line. The inner conéuctor
cf the lipe terminates in the helix and tae cuter ccncuctor
terminates in the ground plane. Such an arrangement
necessitates an insulator being placed betweern the reflector
and the vehicles which are the support rechanism fcr the
helical radiators.

14
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F. IMPELANCE MATCHING REQUIREMENTS

The requirement for matching the design antenrna with the
RMS system was dictated by the transmission cables currently
used. The <caktles presently installed are RG-58C,/U which
have a characteristic impedance of 50 ohnms. Baluns were
ccnstructed to accoaplish the impedance wmatching in which
the impedance step-up ratio was 4 : 1 [4]. The 1length of
the Ftalun was one-half wavelengta wmodified by a factor
accocunting fcr propagation through the transsission medium.

G. ANTENNA SEECIFICATIONS

Helical antennas can e€xhibtit a significant advantage
cver the dipcle antennas presently used in the RMS systen.
This advantage is realized wnen the transcitted
electromagnetic energy is distributed in directions where
known A station interrogators are located. The implication
bere is that little BRF energy will be radiated in directions
where there are no A units positioned and will reduce the
Fossibility cf KF energy contributing to multipath effects.
An analysis of the terrain features at Fort Hunter Liggett
indicates that antenna field patterns directing energy
upward &t an elevation of 10 to 15 degrees should be
sufficient fcr the main lobes to be directed at the A
stations. Elevation angles for the wmain beam amay be
acjuired through proper antenna design consideraticns
ccupled Witk the reflecting advantages whick a ground plane
can provide.

15
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Two antennas were proposed which dJemonstrated the
flexibility cf the helical antenna. The first desigr was
tased upcn the —rormal mcde <c¢f radiaticn. This cdesign
emgploys «c¢nly one antenna with the Fattern being
omnidirectional in the E phi plane. The antenna should be
lccated in a prcminent position cn top of a tracked vehicle
cr cther grcund vehicle. The second design employs several
small helices in the axial radiation mode all located around
the vehicle and tilted slightly at an angle of 10 tc 15
degrees. Depending upcn the 3 3B beamwidth, 3 to 5 antennas
cculd adeguately cover the vehicle. With the antennas
located at the periphery of c¢f the vehicle, a power sglitter
wculd be required to feed the antennas.

The first design was attained by choosing antenna
parameters =slightly outside the well-definec ragion fcr the
ncrmal radiaticn mcde. This slight deviation allows the
fi=ld pattern to have conical lobes. ~Further, wshen utilized
with a grcund plane, these conical lobes are elevated atcut
15 degrees above the horizontal with the antenna in tae
vertical pcsition. To achieve this result, the antenna had
focur turns, a pitch angle of 24 degrees, and a circumference
of 1.25 wavelengths. These parameters produced a helical
antenna whose radius was 6.5 cm and whose vertical haight
was 63 cm. The 3 dB beamwidth of the main lcke in the theta
directicn c¢f the E field is 28.05 degrees and the *erminal
resistance for this antenna is 175 ohams.

The design utilizing several helical antennas results in
an antenna which was sigrificantly smaller in size.
Parameters were selected for this antenna such that the
transmission mode was located in the axial region of the
Spacing-Circumference Chart. This anteana produced a
substantial rain lobe along the axis with twc significantly
sgsaller sidelobes at the antenna ©base. To achieve this




pattern, tne helix again had four turns but the pitch angle
was reduced to 12 degrees and the circumference reduced to
.85 wavelengths. As a conseguence, the overall size of the
axial wmcde antenna was greatly decreased when compared to
the normal mcde antenna. The radius of the axial wmcde
antenna is 4.4 cwm and its height is 17.5 cm. When lcoking
at the theta plane of the E field, a 3 dB teamwidth cf 68.4
degrees was attained. The radiation resistance was
calculated to be 119 obms. With a beamwidth of nearly 70
degrees, at least <fcur and perhaps five antennas will be
required for adequate coverage of a vehicle.

Extending the apglicaticn of helical antennas from
vehicle mcunting to helmet a@ounting has Leen suggested.
Individual ©@zaneuvering personnel alsc require the renefits
of circular golarization. The normal mcde helical artenna
with its field pattern seems correct for use with perscnnel.
dowever, the physical size of the antenna and its associated
ground fplane make it totally impractical fcr either helmet
mcunting or fpositioning in scme fashion atcg a back pack.
The smaller axial mode antenna has the correct physical size
for use wita personnel. The degrading factcrs in this case
are that several anteanas wmust be wutilized in crder to
achieve adequate coverage and, more importantly, the @ain
lcbe direction with respect to tne helix axis is not
correct. Frcm these ccnsiderations, use of either helical
antenna as a replacement for the current helmet mcunted
dipole antenna will not be recommended.

The concept c¢f radiaticn resistance and ohmic lcsses
were used to arrive at a value for the efficiency of the
antennas. Eadiation resistance is related to the pcwer
teing dissipated [6]. Heat losses detract from the tctal
power available for radiaticn and therefcre reduce antenna
efficiercy. In general, radiation resistance can be
expressed as the prcduct cf a constant and an antenna

17
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parameter. 1The ccammcn feature of the antenna parameter is
that it wusuvally is a 1linear dimension o¢f the artenna
expressed in wavelengths. Fcr the case of helical antennas,
the radiation resistance can be expressed as [2]

R=140C, ,
where C, is ir wavelengths.

Reducing the radiating efficiency are those factors
which ccntribute to heating. Heating lcsses, or chmic
lcsses, are associated with the material prcperties of the
antenna. The electrical resistive value fcr copper is 5.82
microhas-ca and the value for aluminum sheet metal is 5.75
microhms-cm (5].

In additicn to pure material losses, other 1losses nmust
alsc be taken 1into account, Losses result from e€ach
insertion of a coaxial cable connector/adagter irtc the
transaission path, propagaticn through the semi-rigid
ccaxial cable and alsc from the physical union ¢f the
radiating element with the ccaxial feed.

Computing both the radiation resistance and the chmic

losses results in the efficiency values of 51% fcr the
ncrsal mcde helix and 57% for the axial mode helix.

18
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III. EXPERIMENTAL PROCEDURE

A. ANTENNA CCNSTRUCTICN

Two helical antennas were constructed adhering tc the
established specifications. Both antennas #ere considered
as protctype, experimental versions of a future artenna
suitable for rapid assembly. Accordingly, the fabrication
and basic design was fcrmulated so that antenna ground plane
dimensions cculd be reduced for testing Gfpurposes without
having tc ccnstruct a separate antenna.

The radiating element was formed from 1/4 1inch «ccpper
tubing. Hellew copper tukting was selected as it could ke
easily shaped into a helix without defcrmation of <tiae
material due to <ccmpressicn at the intericr of the helix.
Copper tubing also was an excellent interfacing wmaterial
with the semi-rigid ccaxial cable which alsc was constructed
frca copper.

Supporting the helix was a center secticn of
non-conducting plastic tubing. Attached tc the cyclindrical
sugpert tuke were 1,2 inch plastic spacers which prcvided
the helical element with a mcld for maintaining the «ccrrect
value fcr the radius. The spacers were attached to the
supgort structure with epoxy. Likewise, the radiating
€¢lement was tcnded to the spacers with epoxy.

The ground plare was constructed from 1,32 inch aluminum
sheet ametal. With the ground plane rigidly attached tc the

19
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helix, changes in the ground plane size wvwere guickly made as
the reflecting surface was a square instead of the usual
circular disc surface. Initially the size cf the reflector
was two wavelengths long and was gradually reduced urtil a
desired field pattern resulted.

Semi-rigid, unshielded coaxial cable interfaced with the
systam's RG-58/U coaxial carcle. Tne unshielded cable was
attached DbpDeneath the ground ©plane and its center elsment
ccnnected tc the helix. This arrangement allowed the helix
and the ground plane to be driven by the unshielded catkle.

E. IMPELANCE MATCHING TECHNIQUE

The antenna design wmust also permit a talanced
interfacing o¢f each antenna with the ©&§MS system. The
importance of this consideration rests in kncwing that c¢nly
a small percentage cf the transmitted power actually gets
reflected back intc the transmitter. A balun was Dbuilt as
specified in Reference U4 whose <function was to effect a
smocth transition when the signal passed the unbalanced
transmission line-radiating element interface. The ftalun
assembly was connected such that the center feed c¢f tae
coaxial <cable would drive the radiating element ard *‘he
talun feed wculd be grcunded to the reflecting plane. it
was necessary to insulate the ground reflector surface and
the radiating element from ccntact with any cther porticn of
the balun cr coaxial cable.

Standing wave ratios were round £fcr Dboth antennas
utilizing the HP 8410S Microwave Network Analyzer System as
depicted in Figures 2. VSWR's were found over a range cf 10
Mz centered around 918 MHz. The results were plotted on
Smith Charts and included in Appendix A. Testing indicated

20
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that the variation of VSWR was from 1.1 tc almost 1.25.
Further taesting resulted in the discontinued use cf tae
talun as no significant benefit was derived from its use in
reducing the standiag wave ratio. At several test
frequencies, the VSWR was actually lower withcut the Falun
ccnnected.

The HP 84108 was particularly well suited for +his
investigation. This system has the capability of disglaying
an instantanecus Smita Chart reading wnich «can gquickly be
ccnverted tc a standing wave ratio value ¢r be used fcr a
determinaticn of the reflection coefficient.

C. FIELL PATIEZERN TESTING

Upon <coapletion of the ccnstruction of each antenna,
verificaticn of the theoretical electrcmagnetic field
characteristics was accomplished by reccrding the field
Fatterns of each antenna. A small antenna <range was used
where the =separation distance of the transmitting artsenna
and the receiving helical antenna was in excess of six
wavelengths. The patterns recorded, therefore, were the
far-field patterns of each antenna. Care was exercised tc¢
insure that both receiving helical antennas andé the
transmitting dipoles were the sagse vertical distance from
the grcund. Furthermore, adjustments to the mountings of
the helical antennas vere made in order that they be
parallel tc the transmitting antenna and perpendicular to
tae ground. Once in pcsition for testing, the antennas were
again checked to see that nc misalignment or tiltirg had
cccurred while the antennas were rotated intc positicn. The
antenna range used for obtaining the field patterns is shown
ia Figure 3. Included in the chotcgraph are the
transmitting dipole and the receiving helical antenna.
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Irregular and cyclic variations sometimes appear in the
field patterns of the antenna wunder test due to c¢round
reflecticas £5 ) A ccamon remedy tc <eliminate the
ncnuniform field at the receive antenna 1is to eacloy
conducting fences to shield the antenna under test frcm any
radiation reflected frcm the grcund. Conducting fences wsre
noct included in the antenna range as the antennas were
mcunted high abcve the reflecting surface on gesdestals. Tae
rszcorded field patterns were vcid of any significant cyclic
or irregular field fluctuaticns attributed to crcund
reflecticns. As indicated earlier, the additicnal sidelcktes
gresent in the field patterns w2are attributed tc <the
additicnal =surface area of the square grcund plans which
ncrsally has a circular shape.

Field patterns were recorded only during the mid-mcrning
hours. At this time of day the wipd strength was w@inimal
causing few sudden variations or oscillatory changes in
antenna pcsition.

Field patterns were drawn using the Scientific- Atlanta
Model 1533 Pclar Recorder. The recorder gain was ad-usted
to yield maximum deflection for the principle and
significant sidelobes prior toc recording. A line atteruator
4as alsc included in the «recording scaeme to allcw 3 4B
gositions in the team lobes to ke locatad. All plcts and
balf beaswidth pcints were drawn <4ith the polar recorder
mcving in a clockwise directicn. Early use of the pclar
recorder indicated that scme play in the gear train was
present ftut ty restricting the moticn of <the —reccrding
device tc orly one direction, the error due to slack in the
gsar train was eliminated.

Field patteras were taken 1in the theta and phi

directions. Both directions were the principle planes of
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interest and are defined as such by Xraus in reference [2].
Ihe field patterns were recorded withn the transmitting
dipole antenna stationary and the receiving nelical antenna
rotating at a slow, uniform rate in tae designated plan=.

Testing of the two helical antennas was extended froam
the antenna range to Fort Hunter Liggett where the Range
Measurement System 1is currently operating. Evaluation of
the helical antennas was conducted on two separate occasicns
under widely varying environmental conditicas. The first
evaluaticn period occurred during the carly afternocn with
temperatures averaging 30 degraes Fahrenheit. The
interrogating A station was the w@obile A wunit ané the
respcnding fplayer wunit was the mobile E unit. Ranging
pulses wer2 transmitted to the B unit located from &CJ3 to
1200 meters from the A wunit. Included withia the range
variation was an elevational variaticn. With the
interrogating A unit located atop a «ridge, test sites
iacluded transmissions over a small tree tc the B unit in
the valley below and also across the valley to a test site
lccated at approximat=2ly the same elevation.

A seccnd experimentation period was scheduled durirg the
evening. This affcrded the experimeanter an opportumity to
coserve the system operating under different profpacgation
conditions fcund only at night. Evening temperaturas varied

f

between 55 and 60 degreas Fahrenhelit during the test peric

=)
(o

The interrcgating unit was a hard wired, fixed A staticn a
tae receivirg unit was the mobile B uait. The location of
the A staticn was again atop a ridge. A1l B unit ‘tes

Ecsitions were belcw the elevational level cf the A station.

The test configuration <¢f each aatenna 1s shown in
Figure 4 and ~Figure S. A tripod was used to Support tae
bzlical anternes and permitted the anteanas to be evaluated
at heights c¢f 36 inches and 72 incnes above ground level.
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An insulation material was placed between the ground fplane
of the belical antenna and the tripod. It was necessary to
provide this insulation since the semi-rigid coaxial cable
was exciting both the grcund plane and the helical copger
element. During both testing periods, several B wunits and
several sgpecial coaxial cables for B unit tc helical antenna
ccnnection were availakle. Testing was themn able +¢c be
conducted using ccmbirations c¢f B units and system cakles

for evaluaticn of the helical antennas.

B unit test site lccations wers selected to test several
features cf the circularly pclarized helical antennas. Some
locations were chosen as foliage was directly in the
transmission path cetween the interrogating wunit and the
responding B unit. Circularly polarized transmissions cculd
then bte evaluated against linear polarized transamissiorns in
the presence of a naturally cccurring attenuator. within
€eacn locaticn, the antenna height could be varied usinc¢ <“he
trigod thus yielding information <concerring multifpath
effects due to slight changes in height abcve grcund 1level.
All tactical tracked vehicles experience this type of zotion
while maneuvering through open, rolling terrain. By wmaking
large <changes 1in the elevaticn of the resgcnding E cunits,
further evidence of multipathing cculd Lte observed if
signals reflected frcm the valley rfloors were interacting
with the line cf sight transmissions.
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A. FIELLC FATITERN BRESUILTS

Field p[patterns okttained frcm the antenna range testiag
verified the thecry of helical antenna desigr as postulated
by Kraus. The ©position of the sidelctes was ccrrect
although additional wmodificaticn of the ground Flane
dimensions was required in the <case of the norsal mcde
antenna. In additicn to verifyirqg the field pattern for
each helical antenna, it was cobtserved that cne gquadrant of
the field pattern was attenuated slightly £frcm that which
was expected. This characteristic of the antenna rance was
verified usipg dipcle antennas as a reference and otserving
this same phenomena over a wide ranmge cf frequencies. This
akterraticn was attributed tc structures lccated a short
distance from the antenna range and not comsidered a pert of
the antenna range test configuration. Additional digcles
and several different frequencies were used to insure that
the source of the antenna field pattarn asymgetry was rnot
due to the radiation characteristics of one cf the antennas
under test.

The results of testing the normal mode telix indicate a
5.86 dB gain with an 8 dB gain margin in the theta pplane
cver the systea's dipole antenna presently used for
transmissicns from tracked vehicles. Almost the entire gain
increase was achieved through focusing a w@aximuva of
transmitted energy in directions of expected A station
lccations. In order to achieve tais result, che direction
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cf the twc main lokes in the theta plane had tc be 10 tc 15
degrees abcve the borizontal. Normal mode antennas
radiating with these characteristics would allowv coverage to
A staticns located c¢n distant ridge lines as well as to
interrogators positioned close tc the same elevational level
as the B unit transgonders.

Initial field patterns indicated two main lobes 1lccated
approximately 170 degrees apart and projected outwarc frca
the antenna. The size of the square ground fplane reflecting
the radiaticn was cne wavelength (32.68 ca) long. This did
nct yield a suitable firing angle for the sidelobes when
viewed in the theta plane. The —respective size cf the
radiating nelical element with respect to the ground glane
suggested that not encugh of a reflecting surface was teing
seen by the radiaticn. A design wmcdification was then
introduced whereby the dimensicns of the reflecting surface
sides was docubled thereby increasing th2 tctal surface area
by a factor of four. Testing cf this configuration shcwed
that the desired sidelcbes were now directed vertically with
a 15 degree separation. A square r2flecter cf length equal
tc two wavelengths provided too much projecticn angle atcve
the hecrizontal. Successive trimaing of the refiector
dimensions brought the sidelobes pack tc an acceptatlie
pcsition. Tne optimized reflector side length was 1.75
wavelengtbs.

Ine dimensions of the reflecting surface were critical
for as a thresnold length was reached, an abrupt, major
change in the antenpa fattern resulted. Passinc the
threshold transforsed the antenna from a dcuktle-lobed axial
mcde radiator to a doukle-lokted normal mode radiator.

The teamwidth of the sidelobes 1in the theta fplane

ccmpared well with the theoretical values. The éssign
cbjective was a beamwidth of 28.05 degrees tut the achieved
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teamwidth was somewhat larger at 34.5 degrees. A rearly
uniform field pattern was achieved in the phi plane. Slight
indentaticns in the field pattern occurred at approximately
120 degree intervals.

The resulting field patterns also indicated that the
square reflecting ground plane produced fewer irregularities
in the ¢rhi plane than in tke theta plane. With additicnal
reflecting surface area located in the «ccrners of the
reflector, =several small sidelcbes appeared which were not
anticipated.

Examining the field patterns of th2 axial mode antenna,
one finds a bighly directional antenna. A gain margin cf 14
dB was achisved in the theta plane over the dipole arntenna
cf the tracked veaicle. The magnitude of the gain advantage
was expected since the radiatioa had been confined to a
small sector of interest. The team mode design called fcr a
single lcbe to radiate axially witn a half power beaswidth
cf 68 degrees. A slightly smaller beamwidth c¢cf 66 degrees
was actually achieved.

No field pattern difficulties arose in ccnnection with
the size of the ground plane. A length ¢f cne wavelength
was used for the length of each side of tae reflector. In
contrast tC tie norwal mode neliical auntenna, the axial mode
antenna was cnly one third as tall and atout one half its
size 1in circumference. Consequently, the radiating energy
interacts with a much larger relative surface area.

One additional otservation was made during the artenna
range test sequences arcd that involved the uniformity cf the
field Fatterns while the helical antennas were being
rotated. In all cases the transmitting dipole antenna was
stationary and the <receiving helix in acticn. Develcging
tcth theta and phi field patterns reguired revolving tke
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helix abcut two different axis of rotaticn. The sigplest
rotation cccurred during the phi plane fpattern test and
involved <circular mwmotion about the <central axis cf the
helix. Wwhen the theta patterns were taken, the arntenna
rotated with its helical element parallel to the ¢rcund
surface. In this configuration the large reflecting surface
acted as a sail in catching the slight breezes causing scame
vertical action. Since the helical element was in a
hcrizontal pcsition, the moment arm action cf tne helix also
ccntributed tc the vertical oscillatory acticn. Comparison
cf patterns taken with no wipnd and those taken with a slight
treeze acting upon the antennas indicated nc deviaticrs in
the field patterns. These findings of antenna field pattern
response under conditions ¢f a nonstaticnary Flatfcza
indicate that the helical antennas should be suitaktle for
inclusion on tracked vehicles which are maneuvering or the
field of play.

E. TEST RESCLTS FROM FORT HUNTER LIGGETT

Field pattern results obtained from the antenna range
tests indicated that each helical antenna was radiating in a
configuration wvhich would enhance the cperaticmal efficiency
Cf the Ffange M=2asurement Systea. Further testing was
ccnducted at Fort Hunter Liggett to measure the effect of
integrating the prototype helical antennas intc an
cpsrational environment.

Two transaission test periods were conducted in
ccnjuncticn with experiments de%termining the effects of
sultipathing which introduce range errors and degrade the
system's performance. The corditions fcr the test pericds
were diverse and included testing duriag mid-day as vell as
during the evening. The interrogator A staticn used fcr the
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daylight experiments was the mobile A station and was
Fositioned at Camp Rcberts. For the evening experiments, a
fixed position A station was used and its location was at
Fcrt Hunter Liggett. Mobile B units were used to respcnd to
the interrogating signal during toth experiments.

Responses at the A staticn during the daylight tests
when the dipcle antenna was used were sporadic at best. The
received signal would yield a ranging pulse tut a sustained
rsesponse cculd not Le maintained. After exchangirg the
axial mcde helical antenna fcr the dipcle, a ranging crpulse
was obtained and maintained. The characteristics c£ the
pulse included a rapid rise and fall time tc and from the
designated vcltage level. CDuring the ranging interval, the
shape of tite pulse remained essentially rectangular.
Ranging infcrmation was received at both the 72 inch and tae
36 inch transmissicn level of the tripod fcr +the helical
antenna. Identical results were obtained when the ncrmal
mscde antenna was used.

Test site locations for the dayligat experiments
included positicns kelcw the elevational 1level of the A
station as well as test sites at or about the same elevation
cn an adjacent ridge line. In each case only <+the helical
antennas allcwed a range pulse to be oktained. Calculaticns
made during these tests sbhowed that at least a o dB gain
advantage for the helical antennas acccunted for the
successful transmissions when free-space attenuation was
considered. Later experimentation intc the area of
sultipathing resulted in the discovery that the B units were
improperly calibrated. Even though tests were ccncucted
with equigmert deviating from ccrrect caliktration stancards,
the gain advantage of the helical antenpas over dipcile
antennas was sufficient for the receipt of ccrrect ranging
informaticn., Test site distances were coanfired tec 600

33

n————




meters or 1200 meters from the A station during daylight
€experimentation.

Tests conducted during the evening met with 1limited
success due to faulty B unit transgonders. Range
infcrmaticn was obtained only during the initial porticn of
the test time period but the results were again similar to
the daytime experiments. It became apparent that high gain
helical antennas with specific directional properties cculd
enhance the system's operation when RMS egquipment was
operating gproperly and could also provide a safety margin
enaktling the system to continue in operaticn with marginally
calitrated eguipmert.
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CLUSION

o

The choice of an antenna is one decisicn which must be
made by all systems engineering designers. Factors which
affect the ultimate decision include simplicity of form,
functional «capability and impact on the system as a whcle.
Cipcle antennas meet +the <criteria of simplicity and
functional <capability but fall short of design expectations
when their effectivenesss is considered as a radiator fcr the
Bange Measurement Systen. Unigue terrain features
asscciated with the Port Hunter Liggett test area detract
significantly from the performance of dipole antennas.
Specifically, radiation is directed towards lccations where
few A stations may be expected to be located and, bhence,
reduce their effectiveness to the systenm.

Simple antennas can be designed tc replace the vehicile
dipole antenra and increase the radiaticn effectiveness by
seiectively fpointing the antenna Dbeams in directicns of
highly prcktable A station 1lccatioas. Such antennas are
heiical antennas of which either the axial mode or rcoremal
scde may ke selected. Each helical antenna has a gain
advantage cver the vehicle dipole. The physical size of
each helix is small to permit a low antenna frofile tc be
achieved. The 1larger normal mode helix can be mcunted
vertically in a rear ccrner of the tank turret while the
axial wmcde antenna must be mounted at the periphery cf the
tracked vehicle. A configuration employing the axial mcde
belix requires four antennas to be installed. Each axial
nelix must ke pointed cr directed such that an angle <¢f 15
degrees is achieved between the helix axis anc¢ the
hcrizcental.
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4 The design of the antennas also permits rapid inclusion
cf the helical antennas into the RMS telemetry system at
Fort Hunter Liggett as the helical antennas are impedanced
matched tc 50 ohm coaxial cables.
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VI. RECOMMENDATICNS

Directicmal helical antennas provide Letter service to
the RMS system and are suitakle replacements for the vehicle
dipole. Results of testing and experiments conducted to
date reflect this superiority but certain additional testing
should e ccnducted. An additional test period shculd
include perfcrmance studies of the antennas wmounted and
radiating cn tanks while the tracked vehicles are
maneuvering cn the field of play. Data can te accumulated
reflecting the vibtrational effects and the jarring mcticnas
Oof tanks cn the antennas. This same test period should be
ccnducted with a protective covering or sleeve encasirg the
helical elsment. These structures are somewhat fragile and
a transparent radome wculd assist in prolonging the lifetime
of the antenpa and decreasing the —requirements for daily
maintenance.

The @sanufacture <c¢f the helical eleient and its
associated support structure is not difficult. This cesign
cenefits frcm the noncritical aspect of the tolerances of
the physical antenna parameters in ordar €fcr achievement of
the particular mode of radiation desired. Each artenna
design 1is designated on the Spacing-Circumference Chart as
nct being delicately balanced between the axial mode ard the
ncrmal wmcde patterns. Slight deviations frcm the suggested
antenna dimensions will not produce significant changes in
the antenna pattern. Alsc, slight dimensicnal variations
will not result in widely fluctuating SWR values as the
testing c¢n the Netwcrk Analyzer showed a stable range of
reflecticn ccefficient values over tae 10 MHz frequency test
tand.
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Positioning of the axial mode helix array
periphery of the tank is depicted in Pigure 6.
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APFENDIX A

SMITH CHARTS

Reflecticn <coefficients are plotted orn Smith Charts for
€ach helical antenna. Values for K were obtained over a 10
MHz bandwidth directly from the Network Analyzer.
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APFENDIX B

FPIELD PATTERNS

Polar field plots are pres=anted nere. hecordings were
cktained =fcr each helical antenna showing the theta ard phi
Flane patterns. The Scientific-Atlanta #dcdel 1533 Pclar
Recorder was used tc plot the field pattezns.
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