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- ABSTRACT

A new type of antt~nna desi gn is  descr ibed that could be applied to radar antennas
for surveillance or navigatioital purposes . Compared with antennas in current use

.. large reductions, typical ly 5O-7O°~ in cross sectional size and overall weight , ~h o i I i
- be obtainable with this antenna design .
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1. INTRODUCTION

• ~~~~~~ - -- 
5, 

A shiph orn e radar a ’ttenu.~ for su rve i l l ance  or n av iga t iona l  purposes usua lly
has to be mounted in a h igh  p o s i t i o n  on t he shi ps s t ructure  or mast Ln order to
obtain unobstructed rad a r c~ vcrage .

Reduction in the weight and size ~f the  antenna can be advantageous , par t icu lar ly
if the antenna is required to  he st a l i l i s e d  aga ins t  ship motions.

• Some of these factors and pussi l le ad~ antages arc :-

(a) Reduced “ top w e i g ht ” of the ship  (par t i cu la r ly  important for s m a l l
• sh ips) .

(b) Less windage .

(c) Less power ~cquiied to rotate the antenna .

• (d) Increase in rotat ion rate (g iv ing increased data gather ing r a te~ .

(e) Increase in azimuthal aperture of antenna (wi th  same s t a b i l z . I n ~!I • • pedestal and dr iv e power) .

• 
• (f)  Increased data  t a l e by “bark to back” mow.t ing of LWO antentw s •

• ( w i t h  saac pcdest al  u n i t ) .

2. CURRENT &~TPNNA DPSi~~NS

A typical  antenna for a-aJar survei l lance or naviga t ion  is requircil to hI.ive a
beam that is narrow in the  ;iz i;~.ut t i z i I plan e ( 10 

— 4°) and wide  in the elet-at iufl  p 1 .i~• (20° - 40°j .

The narrow beam width  in  a z i m u t h  is  o ft en  obtained from a l inear  a r ray  of S I L -t
elements cut a long one w a l l  of a t . aveguidc .  The power amplitude distribution alon~’

• - • the slotted array is arrai:~,cd s th a t  together wi th  a l i nea r  pha: e d i s t r ib u t  ion
desi gn requiTements of hean w i d z l k  and side lobe levels are met . A t y p i c a l  an t enn a
desi gned for surveillance pi poses ~~ L band and u t i l i s i n g  a f lared aperture is sht ’~.’i
in Figure la.

5 The wider elevation bczen w i d t h  is o f t en  fnrmed by a flared section , F igure  lb .  b. ,si~
advantages and d .~;adrmt ~~ et t h i s  method of beam width contro l together  w i t h  t~~o
alternatives u t i l i s i n g  st .~~t•d arr ays  are shown in Figures Ib , ic and Id resj.e.Jit~ I. -

In order to obtain w e l l  t ’ciissed t i - v a t  ion pa t t e rns  wi th  a f l a red  aperture , ‘h t
$ 

phase error across the  aper tu re  anist  be s m a l l .  Minimum f lare lengths ( 1 )  for a~
- .~1-l>t

able patterns should be aL .o•it  t h r e e  t imes the he igh t  of the aperture ( I i ) ,  re~. ul ’  i i ’

In a fa i r ly  bulk y antenna cr -~ss s e ct i o n . Advantages of an antenna w i t h  a I lan-d
aperture are , that  only one s l o t t e d  wa ceguid e  l inear  array is required , and th.it t i .
elevation beam width  can h e ‘~aa~ieI simply by va r i a t ion  of II and I .

The az imutha l  r ad i a t i on  pa t  te:ns ~.t line ar ar rays , using slot e l emen t s  di~~~l .i  e l
or incl ined about the centr e  l i n e  ot th ~ w a v e g u i d e  wa l l  in which  tin y a rt ’ cut , ~:t

• from high “gra t ing ’’ s ide I ~- 1 ’e . . t ese are u s u a l ly  of a h ighe r  a m p l i t u d e  t h a i i  t )~~
normal side lobes of the  .i.,t~~n ij .  I lie level  of the  gra t ing  lobes can be rcd it t-J
below that  of the norma l s t d t ’ ~~~~ 1> means of a “ f i l t e r” , consist  j ug of a n a r r - ~~
p3r al lel  plate sec t ion  mo( !nted e e i i t r z i l l y  on the  slo t ted  face of the  wavcgu i dt
(Fi gures lb and lc) Fht ~ f i l t e r  adds t o  the depth of the array.
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An advantage of an antenna desi gn using stacked arrays is that a large reduction in
depth (L) is possible (Fi gure Ic) . The depth can he evcui fur ther  reduced by con-
structing the individual  arrays from s lo ts  positioned .~~lnn g the centre l i n e  of the

• . - 

• 

• 
waveguide , and causing them to radiate by mounting irises inside th t ’  waveguide
closely adjacent to then (Figure Id) , (Reference 1).  Very low g ra t ing  lobe levels
are produced by arrays of t h i s  typ e mak in g the gra t ing lobe f i l t e r  unnecessary .

• 
‘

• Disadvantages of stacked array designs ui-c that  f i r s t l y ,  more tttii:t One prec is ion
slotted waveguide is needed to give the range of e l ev a t i on  beam w i d t h s  stated at

• • - the beginning of this section , mak ing the  result ing antenna more expensive than the •

equivalent flared desig~. . Secondly, that  the e leva t ion  l earn w i d t h  can only be varied
• -•  by stepped increments , which are d i r e c t l y  dependent upo i tta number of arrays used

to form the vertical aperture.

-, 

- 

3. TIlt “MU LTIPLE REFLECTION” OK ”BAC KPIRE”_ANTENNA

The l inear array design to he descrti,ed later  in t h i s  report overcomes most
• of the l imita t ions  of both the  f lared and stacked antenna designs.  Only one slotted

• 
wáveguidc array is needed , and the  elevation beam wid th  van he varied over a• range
s imi la r  t i  that stated in h ’aragraph 2.

- The antenna Jtpth of 0.6 A 3, is  rnt :ch less than the f lared design and is about midway
between th~ stacked antennas shown in  Fi gures Ic and id.  The features are obtained
by the ~~ c of -

~ “Multi p le  re f lec t ion” or “backfire ” aper ture  to form the elevation
- béair. of t.’ae antenna .

• Puatenti as u~ ing backfire  or M u l t i p l e  r e f l e c t i o n  p r i n c i p les were o r i g i n4 l ly  described
- . • by Ehrenspeck in 1960 (Reference 2 ) .  A very compact antenna ca l l ed  th e-  “short back-

,1 f i re” t i t i l i s i n g  the same p r inc i ple was desc~ ihed b y the same author in 1965
(Reference 3). This  antenna is shown in F igure  2a.  The 1- ir inc ip le  of Opera t ion  w i l l

- 
not be f u l l y  described here , but b a s i c a l l y  th .e an tenna  cons is t s  of a cy l i n d r i c a l
cav i ty  a half  wave leng th  deep formed from two c i r c u l a r  meta l  plates •of d i s s in o l a r

• diameters . Microwave energy is i n t r t Jt ,ccd i n t o  t he  c a v i t y  by a d ipo le  placed midway
// between the plates , and a “m u l t i p le r e f l e c t i o n ” condi t ion  is Set UI) within the

- 

• cavity.  Energy is ie~ i~~’I fro:~ the  c a v i t y  at each r e f l e c t i o n  via  the “wal l”  fonned
• by the s m a l l  plate. The radiation pat tern  r e s u l t i n g  from th i s  is s imilar  to tha t  of

a m u l t i p l e  element endu re art -dy of mud greater lth- stc~ l depth .

• 
- • . 

- Use of a dipole feed in the  al ove antenna  has tended to r e s t r i c t  i ts  use to
frequencies of S band (3 61hz ) and lower , a l s o  the  an tenna  bandwidth is l imited to

• about 3% mainly  due to the di pole iniped ance p roper t ies .

Recent application of a waveguide fee l to the short h a c l s f i r e  antenn a , (Reference 4 ) ,
has shown that  for frequencies above S hand severa l impor tant  advantages over the

• 
5 ‘ dipole fed version can he ob ta ined , th i -se iiielude :-

(a) Simple design , ( h i pole t o l er ar.ces and coaxia l  l i n e  feed atC
• e l imina ted)

• - (b) Higher  power opera t ion .

• 
• 

. (c) Improved impedance l’an iw i d t h  (and overa l l  antenna bandwidth
10%) .

• . (d) Weather prL ’TI ’~-t ion r ad~srr c or pre ssuiL ’ seal e a s i l y  b u i l t  in to  the
• • des ign .
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- An important advantage In conunon w i t h  the  di pole fed antenna i s  th a t  a large
reduction In depth (I . (1.6 )~,) and hence wei ght is  obta ined w i t h  t h i s  design when

/ ; compared wi th  waveguide fed horns and polyrods that  pro4uce equivalen t r ad ia t ion
• 

- 
character is t ics .

Figures 2h , 2c and 2d show the  w5iveg uid e fed antenna and i t s  rad ia t ion  propert ies
• • • w i t h  the feed waveguide in  two pos i t ions  w i t h i n  the cavi ty  ( see Reference 4 ) .  I t

can be seen that  the . 3 tth h-earn w i d t h s  in  both the E and II planes l i e  w i t h i n  the
range of e leva t ion  beam w i d t h s  required for a general surve i l l ance  radar.

4. APPLI~ ATI~ NS OF ilIE MULTII’LE RLFLECTI0~ PRINCIPLE TO LINEAR APERTURES

It has been domonst rated exper imental ly  tha t  the c i rcu la r  cavi ty  of F igure  ~?h
can be replaced by a trough shaped aperture and that  th i s  can be fed by a waveguidc

- 
Figure 3a , or a linear ap er ture  antenna such as a sectoral horn Figure 3b The

• - - elevation pattern s of t h e s e  antenn as are formed by the m u l t ip l e  reflection aperturt -
consisting of a large reflector  trough and sma l l  reflector s tr ip.

The vaTiat ion of the E p lane (elevation) 3 dB beam width and side lot~o level
resulting from variat ion in wid th  of the smal l  reflector s t r ip  is also shown in

- 
Figure 30 for a waveguide fed trough aperture~ antenna with  a ve r t i ca l  aperture , (I I ) ,
of i.s A 0. The azimuthal  radiat ion pattern s ~re primarily controlled by the wid th

• of the azimutha . aperture and are , i n the case of the sectoral horn , s imi l a r  to
those of the i”,rn without  the m u l t i ple r e f l e c t i o n  aperture .

The construction of the proposed l in ear  array antenna is shown jn Figure 3c. in t h i s
—~ application a l inear s lo t t ed  array is used to feed the mu l t i - r e f l ec t i on  aper curc

- 
- - - whj ch is formed by a trough shaped large reflector and a small reflector s t r ip

• running the whole length of the az imutha l  aperture , s imilar  to that of the sector-i l
horn in Figure 3h . Two p a r a l l e l  p lat es  pl 1ced one each side of the slot elements

• provide a gra t ing  lobe f i l t e r  and also e f f e c t i v e l y  “insert” the l inear array feed
into the optimum pos i t ion  between the p la tes . The grating lobe f i l t e r  in t h i s  case

is by necessity short , bc-cause, of i t s  d u t  I purpose , hut e f fec t ive  suppres s i On

• 
• of the grating lobes fui - d i sp laced or i n c l i n e d  slot elements is s t i l l  obta ined .

This is because add i t iona l  suppression of the unwanted radia t ion node tha t  forms
the grating lobes is obtained by i t s  m u l t i p l e  passage back and f or t h  between the

• plates .

An important point of a I m eat - array antenna ut i l i s i n g  th i s  type of aperture is
the grat ing lobe f i l t e r  does nut  add to the depth of the antenna , but that  th e  fi lt &
is contained w i t h i n  t h e  n ’ i l t i i lc r e f l e ct i o n  aperture.

S
”•’-.• 5. THE EXPER!MF .NTId . AN T EN N A

• A ve r t i ca l ly  po lar i sed  ln te kl - array antenna of 24 shunt disp laced slots  and
designed for use in X ban d at 9 4  61hz was used for the experimental tests.  A m u l t h  l v
reflection aperture , ( l-.c reaf ter  sh ,rt ened to NRA) , similar  to that shown in l- igur e  - c

was f i t t ed  to the a r ray .  t h e  a~:er ture  heigh t (II) was 2A 0 and the wid th  of the sw i
- reflector s t r ip  (W) , 0.3 A 3.  The spacing between the reflectors was made 0. 6 1o-

-
• The a z i m u t h a l  r ad i a tion  l~a t t e i - n~. ‘f the l inear array were p lotted i n i t i a • ’. ly w i t h  a

- gra t ing  lob e f i l t e r  or v e r t i c a l  beam forming devices (f lare  or NRA) f i t ted .  These
• • - pat te rn s ar o shown in E i~ ure 4n for two conditions , f i r s t l y ,  w i t h  the array w a v e gu i k -

mounted such tha t  its slo t ted  w a l l  was normal to the l ine  of si ght of the  i n c i d e n t
energy from the  t r a n s mi t t e r  (0 ° E l e v a t i o n  t i l t ) .  Secondly,  the a z i m u t h a l  p a t t e r n
was taken wi th  the  ar i-ay i I I t e I  h ack by 15° in the  v e r t i c a l  p lane  in order to  show
the gra t ing  lobes noi -mally found w i t h  arrays u s in g ’d i s p l a c e d  slo t s .  The g r a t in g

• lobes arc s i tua ted  above :in.I below the ho r i zon t a l  plane pass ing through the  cen t re
• of the mau i beam .

I
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• From Figure 4a it is seen that  th e  measured levels of the highest side lobes of the
antenna in the azimuthal plane are of t h e  order of -26 to -27 dB down on th~ main
beam at 0° Elevation . On t i l t i n g  the  an tenna  hack 15°, the grating lobes appear at

• - ± 38° with levels of -23 and -26 dB respectively, for the left and right hand sides.
The patterns shown in Figure 4b are of the same linear array antenna, hut fitted
with the NRA described above. Measured patterns for antenna elev ation tilts -of 0°

• and 15° are presented. It is seen that the highest  s ide lobes have increased on
- the left-hand side of the beam has-c inc.eased by about 2 dli on fitting the NRA. W i t h

the antenna t i l t ed  back 15° the l e f t -hand  s ide  g r a t i n g  lobe (at 38°) has increased
• by 2 dR to 33.5 da , but t h i s  level  is s t i l l  w e l l  below the genera l side lobe level

~ of the antenna. This l a t t e r  pa t te rn  w i t h  the  antenna tilted hack 15° also shows
that adequate suppression of the grat ing lobes has been obtained even with  the very j

- 

— - short filter plates surrounding the waveguide slots.

6. COMPARISON OF ANTF.NNAS •

The antenna shown in Figure Ia was designed for L band (Reference 5) and a
-\ - cross section of it is shown in Figure Sa, together with its dimensions in generalised
• terms (Ao) . The mid-band elevation and azimuthal radiation patterns of this antenna

are also shown . Comparison is made with the patterns obtained from an X band NRA
• ~. “ • antenna, Figure Sb. It can be seen that the aperture dimensions as well as the

- amplitude and phase distributions give zadiation patterns- with similar characteristics
in both the elevation and azimuthal planes to those of the L band antenna with flared
aperture .

• The az imutha l  pat tern s of both arrays have main  beam w i d t h s  and side lobes of s i m i l ar
proportions. The elevation patterns have simi ar main bean widths hut the NRA
antenna his considerably lowet- side lobes . A table is presented (also in Figure Sb)

- . • showing the estimated percentage saving in cross sectional size a~d weigh t obtainabl e
• •

,~~~“ 
• by use of a NRA ant enna in place of a flat-ed aperture design . Savings in overall

- 

‘ 

- depth of the antenna (L) of approximately 72%, inc luding the ar ray waveguide , are
— - possib le. A Small redaction (lOs) in aperture height (II) is also possible. The

• weigh t  reduct ion , assuming Construct ion ft-urn similar gauge metal for both antennas
• i s  a p p r o x i m a t e l y  the same as the re .iuction in the cross sec t iona l  s ize .  In pract ice

an extra array support structure might he needed to g i v ~- a si~.i l a r  order of mechanical
st i ffnes-s  along the length  of the NRA an tenna  to that  of t h e  f l a r e d  antenna . Al l owing
for th i s  extra structure the w e i g h t  of the  1-IRA antenna  should s t i l l  not he greater

- than 50% of that  of the  f lared antenna .

• - Figure 6a shows two NRA ar rays  n~ u ii t  ed l a ~ k to l ’ack .ts pi -opvsed in  Paragraph I.
Reduction s of 44% are es t imated  in t o t a l  ar r ay  depth (il .) , compared wi th  a s ingle
flared antenna.  The weight  of t~.e dua l ar i -ay should he of t he  same order as a s i n g l e
flared array .

7. SUGGESTE D ANTENNA CON STRUClI ON

Three possible methods of c o i t s t r u c t i n g  the an tenna  in a p rac t i ca l  fo rm are
• shown in Figure 6h . The large and sm a l l  ref lectors  forming  the array aperture can

• be apaced apart using a solid b l a5 : k  of low loss dielectric , r igid  plas t ic foam or
a honeycomb laminate. The sln tt &- d wavt - g u i i h i .  a r r a y  t ogeth er  w i t h  grat ing filter
plates are shown inserted i n t o  a gtoove cat in the cent re of the blocks , and are
attached to the rear of the large reflector.

If a solid block were used the  slots l e n g t h s  and coupling factors would have to he
• dgsigned to be resonant when radiati ng ante the block. Als o the spacing between the

• 7_ 
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- reflectors would have to he reduced by 
~~~ 

(where rd Is the wavelength in the
• 

• 

dielectric of the block) in ordei- that optimum multiple reflection condition s could
- 

• be obtained. Roth reflectors could be applle~ to the blocks or tube using platingtechniques . • • 
• - -

- 
- • 8. • 

• CONCLUSIONS 
- 

• 
•

. 
•

-
. 

• - 

This report describes a method of reducing the size and weight of l inear array
- • • • 

antennas that ~ise a flared aperture to form the elevation beam. These reductions
• • • are obtained by replacing the flared aperture design by a multiple reflection

- - - aperture, thereby giving large reductions’ in antenna depth4 cross- sectional area a~dweight of the array. 
• 

•

- • • Estimations of the order of rcduct’cns to be expected show that savings in si:e and
• weight of 50°. - 70% might be possible and that this would fulfi l most of the po ssit -le

advantages listed in the lntroduct it~n. A limitation of the NRA antenna is that at

-
- - the present time it can only replace antennas with an operating bandwidth of l0~ or

less. • -
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