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III
AB STRA CT

Twc helical antennas were designed , fabricated and

tested to permit tanks or tracked vehicleE to functicn

with a high gain , low profile antenna field patt€rn

for a telemetry system operating at S18 ~1Hz. the

electrical properties of the nelical antennas were

cc.pazed to the system ’s dipole an tennas in an attesp t

to enhance the operating performance cf the ~NS

I l/ SCORE system . Field m e a s u r e m e n t s  were  made u n d e r
the ccntrol.led conditions of an antenna field pattErn

range and while the fill s II system was operational.

Antenna properties of gain, beam~ idth and efficiercy

as veil as physical size and installaticn locaticas

were considered for possible iaclusicn of helical

an tennas in the telemetry system.
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I. ~~ O D UC~~~Q,~!

A.  B A C K G S C U N C

The Range Measuremen t System utilizes pulsed

radio—frequency aultilateration to provid e pcsition location

in~ ormaticn from mul tiple aircraft, grcund vehicles or

personnel equippe d wi th transponders. In additior , the

Simulated Ccwbat Operations Range Equipment prcvides

aircraf t velocity ,  acceleration , attitude and air data as

well as improved position location . When operated in

ccn cer t, the use r is provide d wi th a r a n g in g  an d  d i g i tal

message—ccmmunication system for the evaluaticn of tac t ica l
field maneuvers. To accomplish this, a ccmbination cf Six

types of units are employed which may be pcrtacle,

semi—fixe d cr rig idly fixed. Information is passed through
t~e system either by means of an B? link cr by hard wire

[1]. The designated a? operating frequency is 918 MHz and a

frequency bandwidt h of 10 MHz is used.

Successfu l  opera ticn of the system i~ d e p e n den t u p c n  the
user ’s ccnfidence that his particular requirements for

coverage and accuracy will be satisfied . The accuracy of

the RMS ranging instru.entaticn becomes a functicn of

system—to—vehicle relationships which include geosetry,

dynasics , pnysical. environment , and system hardware/software

configura ticn . Scurces of error for range data may also

~ r e su l t  fr c  a ult i p a th  propagat ion  e ffe c t s , a n t e n n a  p a t t e r n
null structures , terrain shadowing, in terfering signals, or
cther unforseen disturbances .

-
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B. THESIS OBJECTIVE

Presently the RMS system has dipole antennas installed

for receiving and transmitting inquiries and responses for

range inforga tion . Since the operating frequency for these

transmissions is 918 MHz, the effects of the terrain prcduce

standin g waves on the field of play and , hence , signal
nulls. Should the dipoles be made ‘ore directional , the

effects of signa l nulling would decrease . A second factor

for consideration arises in that the antennas are six feet

in heighth and are susceptible to damage wnen m o u n t e d  on
vehicles and subsequently driven through high underb rush or

beneatn trees. An alternate approach is tc investiga’e the
feas ibility cf using c i rcu la r ly  polarized a n t e n n a s  tc change
the signal nulling components. Further , these antennas

could result in a lower an tenna profile a~ffcr ding a lcnger

antenna si~rvivabi1ity .

d
The ob jective of this work was to examine the possible

inclusicn of c i rcular ly  pclarized an tenn a s  in to  t h e  RM S

system for use on grcund vehicles. Specifically, h€lical

antennas were identified for study as they yie ld  c o m p c n en t s
w i t h  tge desired pclarization. Antenna.s were designed and
cons t ruc t ed  for  both th e axial  and  n c r~ al modes with

emphasis placed upon selective location of main lobes in the
a n t e n n a  f i e l d  pa t terns .  Finally , t h e  a n t e n n a s  were
evalu ated  for  enhancement  of the opera t ing  p e r f o r m a n c e  of
the  RM S sy s t em.

‘1
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II.  I~ O~~

A. IN T R O L U C T I O N

The helix is a fundamental geometric form. As such , it

has many applica tions in several branches of physics and

en gineering. For example , in mechanical engineerinç the

helix or ccil spr ing is a common device; in electrical

systems the helica l coil or inductor is a typical circuit

elemen t ; an d in dynamics , par ticles cft€c flow in helical

pa t t e rn s .

The theoretical invest igat ion of helical  a n t e n n a s  is
wei l  k n c w n  and  compl ete ( 2 ] ,  ( 3 ] .  These an t ennas  m a y  be
regarded  as the connec ting l ink betwe en the  l inear  an tenna
and the lcop an tenna .  The helical antenna is thus the  ba sic
fo rm of a n t e n n a  of whic h the linear and lccp an t ennas  are
special cases. There fo r e , a helix of f ixed  d i ame te r
ccllapses tc a loop as the  spacin ~, ap pr cach es  zero and a
hel ix  of f i x e d  spacing be tween  tu rns  s t r a i g h t e n s  ou t  ir t c  a
linear ccnduc tor as the diameter approaches zero.

B. M ODES Of R A D I A T I O N

8elical an tennas  are capable  of rad~.ati .ng in several
acdes .  The two most ccmmon modes  a re  tx1 e ax ia l  mod e a n d  the
ncnaal mod e. These twc modes are most apprcpniate for

9
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app l i c a t i on  in the  RMS s y s t e m  and , th e r e i c re , wil l  f o r m  th e
basis f cr  des igns .

1. 11~ A~ i.2.~~

In the axial mode of radiation the field is

maxim ized in the direction of the helix axis and the

polarizaticn is circular. This Lode is generated when the

helix circumference is of the order cf cne wavelength.

there are twc unique a n d  o u t s t a n d i n g  c h ar a c ter i s t i c s  of  this

wcae .  First , for a given helix , this mode is stable cver a

r e l a t i v e l y  w i d e  f r e q u e n c y  range (3 ] .  Since the a n t e n n a s
m u s t  be fu n c t i o n a l  over  a 10 ~1Hz ba n d w i d t h , this f e a t u r e  is
v e r y  de s i r ab l e .  Secon d ly ,  t h e  axial  or b e a m  mode can be
produced  w i th  great  ease. Because the a c t u a l  d im e n s i o n s  for
tnis  mode a re  n on—cr i t i ca l , a helical beam a n t e n n a  is cne  of
t he  s i m p l e s t  t y p es cf a n t e n n a s  to c o n s t r u c t .  A x i a l  mode
rad ia t ion  pa t t e rns  m ay  be f o r m e d  f r o m  he l ic~ s of u n i f c : m
cross sect ion or f r o m  helices which  are  t a p e r e d .

2.  ~~~~~~~

In the  norma l m o d e  of r ad~.at i cn , the  f i e ld  is a
max imum in a directicn perpendicular to the helix axis an d ,
fo r  a cer ta in  rela t ionship b e t w e e n  t~ e spacing between ~urus
and  the  d i a m e t e r , the  field is c i r cu l a r ly  p o l a r i z e d .  For
the n o r m a l  mode the d imens icas  of the  a n t en n a  must  he  smal l
ccnp a re d  to the  wa ve leng th  ( 2 ] .  This requiremen t mus t be
m et  as tne  p h y s i c a l  d i m e n s i o n s  are m ore  c r i t ica l  f o r  t~~is
case ‘t h a n  f o r  the  ax ia l  mode .  If  these c r i t i ca l  d im e r . si c n s
are  not met , b a n d w i d t h  and a n t e n n a  e f f i c i e n c y  s u f f e r  g r e a t l y
and  the r e s u l t i n g  r a d i a t o r  wi l l  deg rade  the  p e r f o r m a n c e  of
t he  t r a n sp cn d e r .  N o r m a l  mode helices are o f t en  not
p rac t ica l  and  i n c or v en i e n t . Som e l a rger  n cn i a l  m o d e  h e l i c a l

10
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antennas requir e phase shifters placed b e t w e e n  s u c c e s s i v e
t u r n s  in order  to maintain uniform , in—phase current

distributions.

C. GECMETEIC DESCRIPTION

Hel ica l  shapes  a r e  f r e q u e n t l y  used in s c i e n t i fi c  and
e n g i n e e r i n g  endeavo r s  and are t h e r e f o re  c c m m o n p l a c e .  ~h en
used in t h e  capac i ty  of a r a d i a t i n g  s t r u c t u r e , the pb~~~~~ J.

d i m e n s i o n s  cf the  he l ix  d i c t a t e  the t y p e  cf mode whi cb will
ap pear. ~it h  the physica l d imens ions  ~l a y i n  such a key
E O i €  in the helix , an antenna can be iescribed using three

parameters : the diameter , the number of turns and the pitch

a n g l e .

~hen specifying the helix diameter , this dimensicn is

normally measured in free—space wavel ength s . The dia m ete r

is m e a s ur e d  f r om  cen t e r  to c e n t e r  of t he  ma ter i a l  used in

the construction of tne  he l ix .

The n u m b e r  of t u r n s  a p p e a r i n g  in a c ir c u l a r  h e l i c a l
a n t e n n a  an s i st s  in d e t e r m i n i n g  s e v er a l  aspects of  the
a n t e n n a  cha rac t e r i s t i c s .  F i rs t  it has an i n f l u e n c e  on  tie
s ize  of t h e  s t r u c t u r e .  As t h e  n u m b e r  of t t ~rns i n c r e a s e s ,
t h e’ pnys i cal  l e n g t h  of the  a n t e n n a  cr e a se s  also. acre
i m p o r t a n t l y ,  the  number of turns has a p r c f c u n d  b e a r i n g  on
the  f i e l d  p a t t e r n  w n e n  t he  ax ia l  r a d i a t i o n  m ode is des i r ed.
t h e  d i r e c tiv i t y  of t he  a n t e n n a  is p r o p c r t i c n a l  to t h e  r u m b e r
cf t u r n s  cf t h e  h e l i x  and  i n v e r s e l y  p r o p cr t i o n a l  tc the

c e a m w i d t n  n e t w e e n  the  h a l f — p c w e r  points.

The p i t c h  a n g l e  of t h e  hel ix  also ~s a f a c t c r  in
d e t e r m i n i n g  t h e  p hys i ca l size of the  a n t e n n a .  S ma l l  p i t c h
a n g l e s  y i e l d  lon g helical antennas. The p a r a r e t ~~rs



determ ining the pitch angle include the spacing between

successive turns , the helix circumference and the length of

cue turn. Combinations of these parameters in a si!ple

Pythagorean relation result in the determination of the

p i t c h  a n g l e . When t h e  loop spacin g is zero , the pi tch angle
is zero , and  the  hel ix  becomes  a loop. 3n the other hand ,

w h e n  t h e  d iamete r is zero , t h e  p i t ch  a n g l e  is 90 dec rees ,
a n d  t he  helix becomes a l inear  ccnductor. E y  v a r y i n ç  tie
pi tch  a n g l e , t h e  helical a n t e n n a  can chan g e its
characteristics from a s~ nple icop to a h elix op era ting
f i r s t  in t h e  ax ia l  m o d e  t h e n  in the beam mode  and , f i n a l l y ,
tc a linear conductor.

C. S P A C I N G — C I R C U ~~F~ R .E NC E C E A R T

The design of helical antennas has been simplifie d when

t he  s p a c i ng — c i r cu m z er en c e  c h a r t  is utilized [3]. This

d e s i g n  aid a l lows one  to qu ickly  d e t e r m i n e  the  c r i t i c a l
v a l u e s  of  t h e  an t e n n a  p a r a m e t e r s .  The c h a r t  is constructed

in suc h a manner  t h a t  it can be utilized kncwin~ e i t he r  the
spacing cr circumference in wavelengths or the length cf one

turn in wavelengtns . Regions are marked on the chart

in dicating where the antenna parameters will combi ne to

y ie ld  b e a m  m c d e  or nornal node radiaticu patterns.

The Spacing—Circum ference Chart is r e p r c d u c e d  a n d  s c c wn
as Fig 1. lie ordinate axis represents loops while the

acscissa axis represents linear conductors. The remaining

ar ea between the two axes represents the general case cf the

h e l i x .

12 
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E. G R O U N C  P L A N E  R E Q U I R E f l E N T S

The inc lus ion of a ground plane or reflecting surface

assists t h e  rad ia t ion  in being focused  in a s p e c i f i c
d i r e c t i o n .  Ground  planes m a y  a p p e a r  in seve ra l  f o r m s  w i t h
the  usua l  re f lec tors  be ing  scUd plate , mesh screen , or
spoke  t y p e .  For e x p e r i m e n t a t i o n  purposes , the  g r o u n d  p lanes
employe d with the helical antennas wer e the solid plate type

sh aped as a square. Optimization of the reflector striace

size involves changes in the reflector dimensions and t h i s
was most easily accomplished when working with rectangular

snapes instead of the usual circular fcrms. Antenna

patterns obtained frcm helical antennas radiating cver

s q u a r e  r e f l ec to r s  yie lded f ie ld  p a t t e r n s  wi th addi t ional
sidelobes .  The appearance  of thes e u n e x p e c t e d  s i de i ch e s
r e s u l t e d  f r c m  the add i t iona l  reflecti ng material located at

each corner  of t he  r e f l ec to r  which  is cct p r e s e n t  in
c i r cu la r  g r c u n d  p l anes .

G r o u n d  p lanes  fo r  hel ical  an t ennas  s h o u l d  be at  least
c n e— h a l f  w a v e l e n g t h  in d i a m e t e r  [2 ] .  The helix is cperated

in c o aj u n c t i c n  w i t h  the  g r o u n d  p l ane  and is e n e r g i ze d  b y a
s e m i — r i g i d  coaxial t r a n s m i s s i o n  l ine .  T h e  inner c o n du c t o r
of tae line terminates in the helix and  t ie cuter conductor

t e r m i n a t es  in the ground  plane.  Such  an a r r a n g e m e n t
n ece s s i t a te s  an insu la tor  be ing  placed b e t w ¼ e r  the  r e f l e c t or
an d the vehicles which are the support mt.~hanism fcr the

helical radiators.

I.
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~~~. I~ P E E A N C E  M A T C H I N G  R E Q U I R E M E N T S

The r e q u i r e m e n t  f o r  match ing  the des ign  a n t e n n a  ~i th  the
R~ s sys t em was  d ic ta ted  by the  t r ansmiss ion  cables c u r r e n t l y
used.  The cafl.es p r e s e n t l y  installed are R G — 5 8 C / U  w h i c h
have a cha rac te r i s t i c  impedance  of 50 o h m s .  B a l u n s  were
cons t ruc ted  to accomplis h t h e  impedance  ma tch ing  in wh ich
the i m p e d a n c e  s t ep—up  ratio was 4 ~ 1 [4]. the l en g t h  of
t h e  b a l un  was one—half wavelength m od i f i e d  by a fac tor
accoun ting icr propagation through the transmission medium.

G. ANTENNA SPECIFICATIONS

Helical an tennas can exhibit a significant advantage

over  the  dipcle a n t e n n a s  p r e s e n t l y  use d in the  R M S sy s t em .
this advantage is realized vaen the transmitted

electroma gnetic energy is distributed in directions where

k n o w n  A s tat ion i n t e r r o g a t o r s  are located,  lie i mp l i c a t i o n
h ere is that little B? energy will be radiated in directions

w h e r e  th e r e  are  no A unit s  positioned and will :educe the

possibility Cf hi e n e r g y  c o n t r i b u t i n g  to mu l t i p a t h  e f f e c t s .
An a n a l y s i s  of t ie te r ra in  features at Fcrt Hunter Liggett

i nd i ca t e s  t h a t  a n t e n n a  f i e ld  pa t t e rns  d i rect ing ene rgy
upward at an e leva t ion  of 10 to 15 degrees s h o u l d  be
sufficien t icr the main lobes to ce directed at the A

stations. Elevation angles for the main beam ~ay be

ac;uired through proper antenna desngn considerations

coupled  w i t h  t he  r e f l e c t i ng  advantages which a ground plane

can provide.

I
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I.
Two an tennas were proposed which demonstrated the

flexibility ci the helical antenna. The first design was

based upcn the normal mode of radiaticn . This design

employs cnly one antenna with the pattern b eing
ounidirec tiona]. in the E phi plane. The antenna should be

located in a prcminent position cn top of a tracked vehicle

cr other ground vehicle. The second design employs several

small helices in the axial radiation mode all located around

the veh icle and tilted slightly at an angle of 10 tc 15
degrees . Depen din g upon the 3 dB beaawidth , 3 to 5 antennas

could adequatel y cover the vehicle. with the antennas

located at t h e  pe r iphe ry  of of the vehicle , a power splitter
would  be r equ i red  to f eed the  a n t e n n a s .

lie f i r s t  design was a t ta ined by choosing an tenna
parameters slightly outside the w e l l — d e f i n e d  r eg ion  icr  the
ncrmal ra diation cucde. This  s l ight  deviation allows the

field pat tern to have conical lobes. Further , when utilized

w i t h  a g r c u n d  plane , these conical lobes are elevated about

15 degrees above  the horizontal with the antenna in tie

vertica l position. To achieve th i s  resu l t , the a n t e n n a  had
tour turns , a pitch angle of 24 degrees, an d a circumference
of 1.25 w a v e l e n g t h s .  These pa rame te r s  p roduced  a he l i ca l
a n t e n n a  whose  r ad ius  was 6.5 cm and whose  vertical he igh t
was 63 cm.  The 3 dB b € a m w i d t h  of the  main ic te  in the  the ta
direction of the E f i e ld  is 28.05 degrees and t h e  t e rm i n a l
r e s i s t ance  fo r  th i s  a n t e n n a  is 175 ohms.

The design u t i l i z ing  several  helical antennas results in
an a n t e n n a  which  was s i g n i f i c a n t l y  smal le r  in size.
Parame ters were selected for this antenna such that the

transmission mode was located in the axial region of the

~~~ Spacing—Circumference Chart. This antenna produced a

su b s t a n t i a l  m ain  lobe along the axis with twc significantly

smaller sidelobes at the  a n t e n n a  base. To ach ieve  th i s
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pa ttern , tne helix again had four turns but the pitch angle

was  r e d u c e d  to 12 degrees and the circumference reduced to

.85 wavelen gths. As a consequence , the overall size of the

axial m cde antenna was greatly decreased when comp ared to

the normal acde antenna. The radius of the axial mcde
an tenna is £4~ 4 ci and its height is 17.5 cm . When looking

at the theta plane of tie E field , a 3 da beamwidth of 68.4

degrees was attained. The radiation resistance was

calculated to be 119 ohms. With a beamwidth of nearly 70

degrees , at least four and perhaps fiv e an tennas  w i l l  be
required t~ r adequate coverage of a vehicle.

Extending the application of helical antennas from

vehicle acun ting to helmet mount ing has been suggested.

I n d i v i d u a l  m a n e u v e r i n g  personnel  also require th e b enefi ts

of c ircular  p o la r i za t ion .  The  normal acde helical a n t e n n a
wi th its field pattern seems correct for use with perscnnel.

Ho wever , the physical size ot the antenna and its associated

ground plane make it totally impractical fcr either helmet
mcun t ing  or pos i t ioning in scme fashion atop a back pack.

Th e  smal ler  axia l mode an t enna  has the cor rec t  phys i ca l  size
for use wi th  personnel . The degrad ing  f a c t o r s  in this case
are that several antennas must be utilized in crder to

achieve adequate coverag e and , more importantly, the main
lcbe direction with respect to tie helix axis is not

correc t .  ~rcm these considerations , use of either helical

a n t e n n a  as a r e p l a c e m e n t  fo r  the c u r r e n t  h e l m e t  m o u n t e d
dipole  a n t e n n a  will not be recommended .

The c o n c e p t  of r adiat i cn  resistance and o h m i c  lcsses
were used to arrive at a value for the efficiency of tie

antennas. Radiation resistance is related to the pcwer

being dissipated [6). Heat losses detract from the total

power availa ble for radiaticn and therefore reduce antenna

efficiency. In general , radiation resistance can be

expresse d as the prcduct cf a constant and an antenna



parameter. Lhe ccum cn feature of the antenna parameter  is
t h a t  it usual ly  is a l inear  d imens ion  of the  an t e n n a
expressed in wavelengths. Fcr the case of helical antennas ,

the radiation resistance can be expressed as (2)

RZ14OCA ,

where C~, i5 in waveleng ths.

Reducin g the r ad ia t ing  e f f i c i ency ar e  those f acto r s
which  c c n t r i b u te  to hea t ing .  Heat ing  lcsses , or chmic
losses, are associated wi th  the mater ia l  p r o p e r t i e s  of the
antenna . The electrical resistive value icr copper is 5.82
a i c roha s—cm and  the  value f o r  a l u m i n u m  sheet metal is 5.75

microhm s— cm ( 5 ] .

In additicn to pure material losses, other losses must

aLso be t a k € n  in to  accoun t .  Losses r e s u l t  f r o m  each
insertion of a coaxial cable connector/adapter ictc the

transmissi3n path , propaga tion throug h the semi—rigid

coaxial cable and alsc from the physical union ci the

r a d i a t i n g  eleme nt with the ccaxial feed.

Computing both the radiatio n resistance and the ohmic

losses results in the efficiency values of 51~ icr the

norma l mo de helix and 57% for the axial mode helix.

18



III. PE .~IA& ~~~~~~~

A. A N T E N N A  C C N S T R U C T I CN

Two helical an tenna s were constructed adhering tc the

established specifications. Both antennas were considered

as p r o t o t y p e , e x p e r i m e n t a l  vers ions of a f u tu r e  a n t e n n a
suitable for rapid assembly. Accordingly, the fabrication
and basic design was formulated so tha t antenna ground plane

dimensions ccul d be reduced for  tes t ing purposes  w i t h o u t
h a v i n g  tc ccnst ruc t  a separa te  an t enna .

The radiating element was formed from 1/14 inch co pper

tubing. Hollow copper tubing was selected as it could be

easily shaped into a helix without defcrmation of :~ e

ma terial due to ccmpressicn at the intericr of the helix.

Copper tubing also was an excellent interfacing material

wi th the semi—rigid coaxial cable which alsc was constructed

f r o m  c o p p e r .

S u p p o r t i n g  th e  helix was  a c e n t e r  sec t ica  of
n o n — c o n d u c t i n g  plastic tubing. Attached to the cyclindnical

suppcr t tub e were 1,2 inch plastic spacers which provided

tie helical e l emen t  w i t h  a icld for maintaining the ccrrect

va lu e  r~~~r the rad ius .  The spacers were  at tached to the
s u pp o r t  st r u c t u r e  w i t h  e p o x y .  L L k C w i s e , the  r a d i a t i n g
e le m e n t  was  t cn ded  to the spacers with epoxy.

The g r o u n d  p lane  w~~s cons t ruc ted  f r o m  1~~32 inch al i~ai r ~ui
sheet m etal. wi th the ground plane rigidly attached tc the

19
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helix , changes in the ground plane size were quickly made as

the reflec ting surface was a square instead of the usual

c i rcular  disc s u r f a c e .  I n i t i a l l y  the  size  ci the reflector

was two wavelengths long and was gradually reduced until a

desired fiel d pattern resulted.

Semi—rigid , unshielded coaxial cable in terfaced wi th the
system ’s RG—58/U coaxial can e. The unshiElded cable was

attached beneath the ground plane and its center elem ent

connected tc the helix. This arrangement allowed the helix

and the ground plane to be driven ~y the unshielded caLle.

~~~. I~ PUAN CE MAT CHIN G TECHNIQU E

The antenna design mus t also permit a balanced

i n t e r f a c in g  of each an t enna  wi th  the ~~S system. The

importance of this consideration rests in kncwing that cnly

a small percen tage ci the transmitted power actually gets

reflected back int c the transmitter . A balun was built as

specified in Reference 14 whose function was to effect a

smoo th t r a n s i t i o n  w h e n  the  s ignal  passed the un balanced
transmission .Line—ra~ iating element interface. The talun

assembly was connected such that the center feed of the
coaxial  cable  wo ul d dr ive  t h e  r a d i a t i n g  e l emen t  a n d  the

baiun 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 ctier portion of

tie balun or coaxial cable.

Standing wave ratios were found for noth antennas

ut ilizing the H~ 814105 ~icro wave Network Analyzer Syste. as

depicted in figure 2. VSWR ’ s were foun d over a range cf 10

~dz cen te red  around 918 M H z .  The r e s u l t s  wer e p l o t t e d  on
iii.th Charts and included in Append ix A. Tes t ing  i n d i c a t e d

______-

~~~~ 
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tha t  the v a r i a t i o n  of VSWR was from 1.1 tc almost 1.25.

Fu r t h e r  t e s t i n g  r e su l t e d in the  d i s c o n t i n u e d  use cf tie
talun as no significant benefit was derived from its use in

r e d u c i n g  t h e  s t and in g  w a v e  r a t io .  At  severa l  test
f r e q u e n c i e s , the V S W R  was ac tua l ly  l o w e r  w i th cu t  t h e  b alun
c cn n e c t e d .

The HP 84102 was particularly well su i t ed  f o r  th is
i n v e s t i g a t i o n .  Th i s  sys tem has the  c a p a b i l i t y  of d i s p l a y i n g
an instantaneou s Smith Chart reading wnich can qu i c k ly  be
ccnverted tc a standin g wave ratio value cr be used icr a

d e t e rm in at i c n  of t h e  r e f l ec t ion  c o e f f i c i e n t .

C.  F I E L t  P A T T E R N  TESTING

Upon completion of the construction of each a n t e n n a ,
verifica tion of the theoretical electrcmagnetic f ie l d
ciar actenistics was accomplished by reccrding the field

patterns of each a n t e n n a .  A small  an t enna  range  was  used
w h e r e  t h e  s epa rat i on  d i s tance  of the  t r a n s m i t t i n g  a n t e n n a
and tie receiving helical a n t e n n a  was in excess of s ix
wav elengths. The patterns recorded , theref ore , were the
far—field patterns of each antenna . Care was exercised to

i n su re  t h a t  b o t h  rece iv ing  helical a n t e n n a s  a n d  the
transm itting dipoles were the same vertical distance from

t he  g r c u n d .  F u r t h e r m o r e , a d j u s tm en t s  to the mountings of

the helical antennas were made in order that they be

parallel to the transmitting antenna and perpendicular to

t ae g r o u n d .  Once in pcsition for testing, the antennas were
again checked to see that no m i s a l i g n m e n t  or t i l t in g  had
occurred while the antennas were rotated into positicn. The

afltenna rang e used for obtaining the field patterns is shown

in Figure 3. Included in the ph otcgzaph ate the

t r a n s m i t t i n g  dipole  and the receiving nelical antenna.

22
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Irre gular and cyclic variations sometime s appea r in the

field patterns of the antenna under test due to çround

re f lec t ions  (5] .  A c om m o n  r e m e d y  tc e l i m i n a t e  t h e
n c n u n i f o r m  f i e ld  at the receive antenna is to emp loy

c o n d u c t i n g  fences  to shield the  a n t e n n a  u n d € t  ~~st f :cm  an y
r a d i a t i o n  r e f l e c t e d  f r c m  the  g r c u n d .  C o n d u c t i n g  f e n c e s  were
no t included in the antenna range as the antennas were

w c u n t e d  h i g h  abcve the  r e f l e c t i n g  su r f ace  on p e d e s t a l s .  T i e
r e c or d e d  f i e l d  p a t t e r n s  w e r e  vcid  of any  s i g n i f i c a n t  c y c l i c
or i r r e g u l a r  f i e l d  f lu c tu a t i c n s  a t t r i b u t e d  to ç r c u n d
r e f lec t i cn s . Is ind ica ted  ea r l i e r , the  a d d it i o n a l  s id e ict e s

~:esent in the  f i e l d  p a t t e r n s  w e r e  a t t r i b u t e d  tc  :ce
additional surfac e area of the square grcund plane which

norm ally has a circular shape.

Fiel d patterns were recorded only during tne m id— m c rnin g

hours. A : t ’:is time of lay the wind strength was m inival

causing few sudden variations or oscillatory changes in

antenna pcsition.

Field patterns were drawn using the Scientific— At lanta

Nodel 1533 Pciar aecorder. The recorder gain was ad :usted

to y i e l d  m a x i m u m  d e f l e c t i o n  f o r  t h e  p r in c i p l e  an d
s i g n i f i c a nt  s ide lobes  prior to r e c o r d in g .  A l ine  a t t e r u a t o r
was  also inc luded  in  t h e  re cor d in g sca~~m e to a l l c w  3 ±3

~osi t i on s  in the  b e a m  lobes to be l oca ted .  ~ll ~ i C t5  and

h a l f  b e a m w i i t h  po in ts  w e r e  d r a w n  ~i tb t h e  po lar  r ec or i e t
m o v i n g  in a c lockwis e d i r ec t ion .  Earl y use of t h e  p cla r
recor der indicated that some play in the ~ear t r a i n  w a s
present but ~y restricting t~ie moticn of :h~- :€ccr ding

device tc only one direction , the error due to slack in the

ge a r  t r a i n  w a s  e l i m i n a t e d .

F i e l d  p a t t e r n s  were  t a k e n  in t h e  th e t a  a n d  phi
d i r e c t i o n s .  ~oth d i r e c t i o n s  w e r e  t h e  prir~cipl e p l a ne s  ~f

2~4
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interest and are defined as such by Kraus in  r e f e r e n c e  ( 2 ] .
T h e  f i e l d  p a t t e r n s  were  recorded  w i t h  the  t r a n sm i t t i ng
dipole antenna stationary and the receiving helical antenna

rotating at a slow , un iform rate in rae designated plane.

T e s t i n g  of t he  two he l i ca l  a n t e n n a s  w a s  e x t e n d e d  f r o m
t n e  a n t e n n a  r ange  to Fort H u n t e r  L i g g e t t  w h e r e  t h e  R a n g e

~e a s u r e m e n t  S y s t e m  is c u r r e n t l y  o p e r a t i n g .  Eva~~n a t i o n  of
the helical antennas was conducted on two separat e occasicns
u n d e r  w i d e l y  v a r y i n g  e n v i r o n m e n t a l  c o n d it i co s .  T h e  f i rs t
ev a l u at i c n  p e r i o d  occu r red  d u r i n g  t h e  e a r ly  a f z e r n o c n  w i t u
t e m p e r a t u r e s  a v e r a g in g  BC degr-se .s  F a b r e n h e i t .  The
interrogating A station was the monile A un..: and the

r e sp cn d in g  p l a y e r  u n i t  was the mobile E unit. Ranging

pulses were transm ittud to the B unit located from 6C) to

12CC meters fron the A unit. Included within the rari~ e

v a rj a t i c n  w a s  an  e l e v a t i o n a l  v a n i a t i c n .  W i t h  the
in t e r r o g a t i n g  A un i t  located a t o p  a r i d g e , tes t  sites
included transmissions over a smal l  tree to the 3 unit in

the valley below and also across the valley to a test site

located at app roximatel :, the saie elevation .

A s eccad  ex p e r : m en t a t i o n  p er iod  was  s c h e d u l e d  d u r i n g  t h e
e v e n i n g .  T h i s  a f f o r d e d  the  e x p e r i n en t e :  an  c p p o r t u n i t y  to
cb ser v e  t h e  s y s t em  o p e r a t i n g  under  d i f f e r e n t  p r o p a g a ’~.on

co n d i t i on s  f c u n d  on ly  at n i g h t .  E v e n i n g  t e m p e r a t u r e s  va : : ed

between 55 and 60 deg :ees Fahren heit Iunin ~ the test :e:ici.

The i n t e r r o g a t i n g  u n i t  was a h a r d  w i r e d , f i x e d  A s t -~t :c n an d
t n e  r e c e i v in g  u n i t  was  t h e  mobi le  B u n i t .  The l o c a t i o n  of
tie A station was again atop a r:dge . All 3 u n i t  test

positions were bel ow the elevational l~ ve1 of the A station .

The test confi;uration of each antenna is shown in - :

figure 4 and Figure 5. A tripod wa~ used to supp crt tne

n e l i c al  a n t e r c ~ s a~~± p e r m i t t e d  t h e  an c e a n a s  to b -~ e v a l u a t e d
a: h e i gr i t s  o r  36 i nch e s  a n d  72 inches  a b o v e  g r o -~.nd l e v e l .
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An i n s u l a t i on  m a t e r ia l  was p laced  b e t w e e n  th e ground plane
of the helical antenna and the  t r ipod . I t  was n e c e s s a r y  to
provi de this insulation since the sem i— rigid coaxial cable

was exci ting both the yrcund plane and the helical copper

element. During both testing periods , several B UflitS and

several special coaxial cables for B u n i t  to helical a n t e n n a
c c n ne c t i cn  w e r e  a v a i l ab l e .  Tes t ing  was  t h e n  ab le  ~c ~e
c o n du c t e d  u s i n g  c cm b i n a t i o r .s of B u n i t s  and s y s t e m  cables
f o r  e v a l u a t i o n  of t h e  hel ical  a n t e n n a s .

B u n i t  t e s t  s i te  i c c a t i o n s  w e r e  s e l ec t ed  to tes t  sev er a l
f e a t u re s  cf t h e  c i r c ula r l y  p c l an i z e d  he l i ca l  a n t e n n a s .  Some

locations were chosen as foliage was directly in the

transmis sion path between the interrogating unit and the

responding E unit. Circularly polarized transmiss ions cculd

then be evaluated against linear polarized transmissions in

the p r e s e n c e  of a n a t u r a l l y  cccur: ing  a t t e n u a t o r .  ~ i t h i n
Each  l o c a ti on , the antenna height could be vaz~ ed usinç the

t r i p o d  t h u s  y i e l d i n g  in f o rm a t i o n  concerning multip .ath

e f f e c t s  d u e  to s l igh t  changes  in height abcve ground level.

All tactical tracked vehicles experience this type of motion

while m aneuvering through open , roiling terrain. By m aki~.ig

l a r g e  c n a n g € s  in the  e l e v a t i c n  of the  r e s p cn d in g  E u n i t s ,
f u r t h e r  e v i d e n c e  of multipatning ccuid he o b s e r v e d  if
signals reflected frcm the valley floors were interacting

u : r h  the  l i ne  of s igh t  t r an s m i s s i o n s .

~~ _ _ _  
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A. E I E L C  P A T T E R N  E E SULTS

Field patterns obtained from the antenna range testing

v er i f i e d  t h e  t h e o r y  of helical an tenna  d e s i g n  as pos tu l a t ed
by Kraus. The position of the sideictes was correct

although additional codification of the ground plane

d im e n s i o ns  was requi red  in the case of the normal mode

an tenna . In additicn to verif yin g tie field pattern for

each helical antenna , it ~as observed tnat cne quadrant of

the field pattern was attenuated~ slightly from that which

was expected. This characteristic of the antenna range was

ver ified using dipole antennas as a reference and otserving

this same phenomena over a wide range of frequencies. This

atetraticn was attributed tc structures lccated a short

distance from the antenna range and not cor.ridered a p -ar t  of
the antenna range test configuration. Additional dipcles

and  s eve ra l  d i f f e r e n t  f r e q u e n c i e s  were used to insure that
the  source  of the an t enna  f i e l d  pa t te r n a s y m m e t r y  w a s  not
due to the radiat ion characteristics of one of the antennas

u n d e r  t e s t .

The results of testing the normal mode ~eiix indicate a

5.86 dB gain with an 8 dl gain margin in the theta plane

cver the system ’s dipole antenna pre.sently used for

t r an sm i s s i on s  f r o m  t racked  vehic les. A l m o s t  the e n t i r e  gain
increase was achieved through focusing a maxi m um of

trans.i.tted energy in i~ rections of expect ed A sta’ion

location s. In order to achieve tais result , the direction
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of the twc main lobes in the theta plane had to be 10 tc 15

degrees abcve the horizontal . Normal mode antennas

radiating with these characteristics would allow coverage to

A stations located cn distant ridge lines as well as to

interroga tors positioned close to tne same elevational level

as t h e  B u n i t  t r a n s p o n d e rs .

I n i t i a l  fiel d pa t t e r ns ind ica ted  t w o  m a i n  lobes iccated
approximately 170 degrees apart and projected outward from

the antenna. The size of -the square ground plane reflecting

the radiaticn was cne wavelength (32.oe cm) long. Th is d~~d

not yiel d a suitao le firing angle for t h e  s idelobes  w h e n
vie wed in the theta plane. The respective size cf the
r a d i a t i n g  ne licai e l e m e n t  w i t a  respect  to t h e  groun d p lane
su ggested that not encugh of a reflecting surface was being

seen by the radi.aticn . A design modification was then

introduced inera~ y the diaensicns of the reflecting surface

sides was  d o u b l e d  t h e r e b y  inc reas in g  t h e  t c t a l  s u r f a c e  area
by a f a c t o r  of f o u r .  Tes t i ng  cf t a l S  c o n f i g u r a t i o n  sbcwed

that the desired sidelcbes were now directed ver:icall~ witn

a 1 d egree separation. A square reflector cf length equal

to two  w a v e l e n g t h s  p rov ided  too mu ca  p r o j e c t i c n  an g l e  a n cve
tne horizontal . Successive trimming c~ the reflector

uimensi.o ns brought the s~~uel obes oac~ to an acceptab le

position. m e  optimized reflector sile length was 1.75

wavelengt hs.

Tue di ae~ sions of the reflecting surface were critical

for as a thresnold length was reache d , an abrupt , ma jor

change in the antenna pat .rn resulted . ?assir.g tie

threshold transform ed tie antenna tram a doutle—lobed axial

zcde radiator to a coutle— loted normal mode radiator.

The ceaswidth of the sidelobes in the theta plane

ccmpa red wall with the theoret~cal values. The dasign

cbjective was a beamwidth of 28.05 degrees but the achieved



bsa.width was somewhat larger at 34.5 degrees. A nearly

un iform field pattern was achieved in the phi plane. !light

inden tations in the field pattern occurred at approximately

120 degree intervals.

T he r e s u l t i n g  f ie ld  patterns also indicated t h a t  the
squar e reflecting ground plane produced fewer irregularities

in the phi plane than in the theta plane. with additiona l

reflec ting surface area located in the ccrners of the

reflector , several small si-ielcbes appeared which were not

a n t i c i p a te d .

Exam ining the field patterns of the axial mode antenna ,

one finds a highly directional antenna.. A gain margin Cf 14

d~ was achieved in the theta plane over the dipole antenna

of the  t r a c k e d  ven ic l e .  The m a g n i t u d e  of the gain a d v a n t a g e
was exçected since the radiation had been c o n f i n e d  to a
small secto r of inter est. The beam mode design called fcr a

single lcne to radiate axially vitu a half power beamw idth

ci 68 degrees. A slightly smaller beaawidth of 66 dEgrees

was actually achieved.

No field pattern diff iculties arose in connection with

t h e  size at  the g r o u n d  p l a n e .  A l e n g t h  of one wavelength

was used for the l eng th  of each side of t ue  r e f l e c t o r .  In
c o n t r a s t  t c  t~~~ nari ia i mode ieii~ ai ~~tenna , tie axial  mode
a n t e n n a  w a s  on ly  one  th i r d as tall and about one half its

s ize  in c i r c u m f e r e n c e .  C onsequen t ly ,  the rad ia t ing  energy
in te rac ts  w i t h  a much larger relat ive sur face  area .

One additional observation was made during the antenna

r ange  teat  sequences a n d that  involved the u n i f o r m i t y  cf the
field patterns while the helical antennas were being

rota ted. In all cases the transmitting dipole antenna was

s t a t i o n a r y  and the  receiving helix in zcticn. D e v e lc p i n g

~~ b o t h  t h e t a  and phi field patterns reguired revolvin g the
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• 
helix atcu t two different axis of rotaticn. The simplest

rotat ion cccu r r ed during the p h i  plane pa ttern test and
involved circular mo tion about the central axis cf the

helix. ~ihen the theta pattern s were tdken , the ar.tenna

ro tated with its helical element parallel to the grcund

surface. In this configuration the large reflecting surface

acted as a sail in catching the slight breezes causing scme

ver tica l mction . Since the helica l element was in a

hcrizontal pcsitio n, the moment arm action cf tne helix also

con tributed to the vertical oscillator y acticn . Comparison

of pa tterns taken with no wind and those taken with a slight

breeze acting upon t h e  a n t e n n a s  indica ted  nc deviaticrs in

the field patterns. These findings of antenna field pattern

response un der conditions Cf a nonstaticnary platfc:a

indica te that the helical antennas should be suitable for

inc lus ion  on t r a c ked  vehic les  w h i c h  a re  m a n e u v e r i n g  or  the
field of ~i a y .

c. lE ST R E S C L T S  F R O M  FORT H U N T E R  LIG GEI T

Field pa ttern resul ts obt ained from th e antenna range
tests indicated that each helical  antenna was r ad ia t ing  in a
confi guration whic h would enhance the cperaticnal efficiency

of tne Range Measurement System. Further testing was

con ducted at Fort Hunter Liggett to measure the effect of

i n t e g r a t i n g  the p r o t o t y p e  helical a n t e n n a s  in t c  an
opera tional environment.

Two transmission test periods were conducted in

ccn juncticn with experiments determining the effects of

m u l tipathing which introduce range errors and degrade the

s y s t e m ’s p e r f o rm a n c e .  The condi t ions  fc r  t h e  test pe r iods
were diverse and included testing during mid—day as well as

durin g the evening. The interrogator A staticn used r cr  the
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dayl ight experiments was the mobile A station and was

positioned at Camp Rcber ts. 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 both experiments.

Responses at the A station during the daylight tests

w h e n  the  dip cle  a n t e n n a  was used were  sp or ad ~.c at best . The
received signal would yield a ranging pulse but a sustained

response coul d not be maintained. After exchangi ng the

axial mode helical antenna fcr the dipcle , a rang in g pulse

was obtained and maintained. Tie characteristics of the

pulse include d a rapid rise and fall time tc and from the

designated voltag e level. Euring the ranging interval , the

shape of the pulse remained essentially rectangular.

Ranging informatio n was received at both the 72 inch ard the

36 inch transaissicn level of the tripod icr the helical

an tenna . Identical results were obtained when the ncrmal

mode antenna was used.

Test site loca tions for the day lig at exp e r imen ts
include d positions telcw the elevational level of the A

station as well as test sites at or about the sane elevation

on an a d j a c e n t  r idge l ine.  In eac~ case o n l y  the helical

antennas allowed a range pulse to ne obtained. Calculaticns

made dur ing these tests snowed that at least a o dR gain

advan tage for the helical antennas accounted for tue

successful transmissions w hen free—space attenuation was

considered. Later experimentation in-r c the area of

multipathing resulted in the discovery that the B units were

im properly calibrated. Even though tests were ccnducted

with equipment deviating from ccrrec t calibration stancards ,

the gain advantage of the helical antennas over dipcie

antennas was sufficient for tie receipt of correc t r a n g i n g
inforaa ticn. Test site distances were confined to 600
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me ters or 12C0 meters fro. the A station during daylight

experimen tation.

Tests conducted during the evening met wit h limited

success due to faulty B unit transponders. Range

informa tion 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 an tennas wi th specific direc tiona l proper ties ccu ld
enhance the system ’s operation when RMS equipment was

operating properl y and could also provide a safety margin

enablin g the system to continue in operation with marginally

cali brated equipme nt .
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V.  çQ~jcLusIo~~

The choice  of an a n t e n n a  is on e decisic n which mus t be
made by all sys tems e n g i n e e r i n g  de s igne r s .  Fac tors  w h i c h
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

f u n c t ional  capabil i ty but f a l l  short of des ign expec tat ions
w h e n  t he i r  e f f e c t i v e n e s s  is considered as a r a d i a t o r  f cr  the
E a n g e  M e a s u r e m e n t  Sys t em .  Uni ;’i e t e rr a in  f e a t u r e s
associa ted with the Fort Hunter Liggett test area detract

significantly from the performance of dipole antennas.

Specifically, radiation is directed towards lccations where

few A s tations may be expec ted to be loca ted an d, hence ,
r e duce  t h e i r  e f f e c t i v e n e s s  to t he  s y s t e m .

Simple antennas can be designed tc replace the vEhicle

dipole antenna and increase the radiation effectiveness by

seiectiv€ly pointing the antenna beams in directions of

h i g h l y  p r cb ab l e  A station lccat ions .  Such a n t e n n a s  are
hejical an tennas of which either the axial mode or normal

mode may  be selected. Each hel ical  a n t e n n a  has a gain
a d v a n t a g e  cv e r  t h e  vehicle dipole. The phys ica l  size of
each hel ix is small to permi t  a low a n t e n n a  p ro f i l e  to be
achieved . The l a rge r  n o r m a l  mod e he l ix  can be m c u n t a d
vertically in a rear ccrner ci the tank turret while tie

a x i a l  mc de  a n t e n n a  mus t be moun ted a t the periphery o f the
t racked vehicle .  A c o n f i g u r a t i o n  e m p l o y i n g  the a x i a l  mcde
he l ix  r e q u i r e s  f o u r  a n t e n n a s  to be i n s ta l l ed .  Each axia l
helix must be pointed or directed such that an angle ci 15

degrees is a c h i e v e d  be tween  tu e  h e l i x  axis  a n d  the
h c r i z cn t a l .

4)
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4 The design of the a n t e n n a s  also p e r m i t s  rapid  inc lus ion
of the  he l ica l  an t ennas  in to  the RMS t e l e m e t r y  s y s t Em  at
Por t  Hu n t e r  L igget t  as the helical a n t e n n a s  are in p e da n c e d
wa tched tc 50 ohm coaxial cables .
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VI. çQNMEN~ ATICNS

Directicnal helical antennas provide better service to

the RMS system and are suitable replacements for the vehicle

dipole .  R e s u l t s  of t es t ing  and e x p e r i m e n t s  c o n d u c te d  to
date  r e f lec t  this  s u p e r i o r i t y  but  certain a d d i t i o n a l  t e s t i n g
should ie conducted . An additiona l test period shculd

include p e r f c r w a n c e  studies of the antennas mounted and

radiating cn tanks while the tracked vehicles are
m a n e u v e r i n g  cn t he  f i e l d  of p l a y .  Data  can be accumula ted

reflecting the vibrational effects and the jarring mcticns

of tan ks on the antennas. This saue test period should be

ccn du c t ed  w i t h  a p ro tec t ive  c o v e r i n g  or sleeve encasin g the
hel ica l  e l e m e n t .  These s t r uc tu r e s  are s o m e w h a t  f r a g i l e  and
a trans parent radome wculd assist in prolong ing the  lifetime

of the antenna and decreasing tie r e q u i r e m e n t s  f o r  dai ly
m a i n t e n a n c e .

The m a n u f a c t u r e  Ci the hel~.cal element and its

associa ted s u p p o r t  s t r u c t u r e  is not d i f f i c u l t .  Th i s  des ign
c e n e fit s  f r o m  the noncr i t i ca l  aspect  of t h e  t o l e r a n c e s  of
t ie  p h y s i c a l  an t enna  p a r a m e t e r s  in order  icr  achievemen t of
the particular mode of radiation desired. Each antenna

d e s i g n  is des igna ted  on t h e  S p a c i n g — C i r c u m f e r e n c e  C h a r t  as
nc t  being de l i ca te ly  b alanced be tween  the a x i a l  mode an d  the
normal .cd€ patterns. slight deviations frcm the suggested

a n t e n n a  d imens ions  w i ll  not p roduce  s i g n if i c a n t  c h a n g e s  in
t h e  a n t e n n a  p a t t e r n .  A l sc , slig~it d im e n s i o n a l  v a r i a t i o n s
will  not  r e s u l t  in w i d e l y  f lu c t u a t i n g  S W B  va lues  a~ the
testing cm th e Netwcrk A n a l y z e r  showed  a s table r a n g e  of
reflecticn ccefficient va lues  over  tae 10 MHz frequency test
b a n d .
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P o s i t i o n i n g  of the  axial  mode  he l ix  a r r a y  aro~ind  theI 
periphery of the tank is depicted in Figure 6.
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A P P EN D I X  A

SMI~IH CHARTS

R e f l e ct i cn  c o e f f i c i e n t s  are p lo t t ed  on S m i t h  C h a r t s  ~o:

each helical antenna. Values for i( were oL-tai ned o v e r a 10

~Hz band wiuth directly from the Networ.~ Analyzer.
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A P P E N D I X  8

FIELD PATTERNS

Polar field plots are presented ~ere. Recor d in gs were
cbtained icr each helical antenna showing the theta and pul

p l a n e  p a t t e r n s .  The  S c i en t i f i c — A t l ant a  d o d e l  1533 Pclar
Recor der was used to plot the field patterns.
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