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Modification of the AN/TRC-97A
Antenna System

1. INTIRODUCTION

In response to a request ly H Al C / DCCT, RAIDC /EHA' A under took the task of ;

rivesttigatinL4 the feasibility of' improving the( sidelobe sDtrcture o' the AfN/1 Hw-!l7A

Troposcatter Antennas. 'Ii approach aken in this studY was to evaluate options

that would, in varvirrg degrees, tutilize tlhe present reflector arid so achtieve a svstcrtt

ittproventetit al low cost ti the governmient. 'The( options, rantked in order ofillt-

creasing coittplexitv in(1 os are to simply alter the teed hlorn ilhrriilnatitn oin thre

ruarin lens, toi redluce or retlistriuirte feed blockage it' possible, to USe Z a serair

COitfigUratiort with a sinall sulreflectirr !or low loick~age. arid filrallv tr ptrocurre art

offset reflector antellit witlI) a highly tapered illumtinttiont. 'Ilris report rfdc

tltemrotical s;tudies in Appiendices A arrd I t a ddrcss- t Itse options, an(] inl addi -

tiori it trosents exierietirthrl dta o)f aj ptetttialk. fmwcos ofrfion thitt lowers tc

s jollorhes ill Ire :rZii otfi p art( Af thre W'ors o I\a t fHo cfolc

!;xistirrL! AN'] IW-97I. hr Arosrtot\itttia~s kkeo df.Zlesirofmor

('oars, ago rlrririnL :11t r.H of, rifstlt \ A td abifitv. (orfs lrrorttf\lv 'i.

Mlroi'-d ot, be'Itrllicatirrrr :1 (tol'r' 108tt0)



emphasis on extremely low sidelohe levels, a must in todaN'., ECA( elvi tonttI,

was not required. A sketch of the original parabola and teed horn assemblv is

shown in 'igure 1. Ihe sidelobe level in the immediate proximity to the main heitj

is due, to tht, toilowin :

1) Aperture, illinijation of th reflector I)v tlt, teed,

(2) Distortion and/or manulfacturingi tolerances of the r'flecto,

(3) Aperture blockage clue to the feld strunture.

The wide angle sidelobes are due primaritv to spillover ettel.rv aliaed hv It-

reed and not intercepted bv the reflector. No attempt was I:tlae in) tins study toc

address this problem )ecause of the dominan,'e of the ne ar ,id(.l'Oes.

The approach taken in this study was to condcluc t a tlo(re'ti(cal in,' eSti gatinu

coupled with an experimental modification progratc.

1. Theoretical irvestigation: to dete rmine

(a) Effect of feed blockage,

(b) Analysis of sidelobes predicted by a C assegrain svstem.

(c) H est sidelobe structure possible with other alternatives.

2. Experimental investigations:

(a) ledesigning tile feed horn,

(b) Rerouting existing waveguide runs to reduce the blockage

sidelobes in the azinuth plane.

0,"1800 1,igill-c 1. 01"'gil l tt I' Ldhorn

and \, i.cgciidi .\ A ciiblv:



3. THEORETICAL RESULTS

The theoretical investigations were conducted by Ronald L. Fante, and the rc-

sults presented are in the letter report of 4 January 1980, " A Study of tile .ffect

of Feed Blockage on the AN/ITRC-97A Antenna" (see Appendix A) and the hetter

report of 20 February 1980, "Analysis of the Lffect of Subreflector Blockage on

the Radiation Pattern of a Cassegrain Modification to the .\N/TR-9 ;A Antenna"

(see Appendix B). The results suggest: (1) that changing dish illumination \kill not

significantly reduce the sidelobe levels as the computed data indicate that the

primary source of the sidelobes is strut and waveguide blockage; and (2) that be-

cause of subreflector blockage it does not appear possible to design a (asstg i,

(monopod) modification to yield sidelobes less than -30 dB; but that degree of im-

provement is likely possible using the present reflector tolerances and a ith careful

engineering of the subreflector size and taper. Recent results with offset fed

reflector antennas indicate that far better sidelobe structures can be obtained bv

these configurations at the possible expense of some polarization deterioration.

This is an issue that must be considered further should the decision be taken to

seek very low sidelobe patterns.

Figures 2 and 3 show the plots of the calculations made by Fante for both

polarizations of: (1) The Cassegrain-iAlonopod case; and (2) the best possible c:asc

attainable with the existing system having optimum dish illumination with no block-

age. The two cases are compared witn the patterns of the original antenna, ob-

tained from RADC/DC( 'T. Figure 2 is a comparison of the vertical polarization

patterns while Figure 3 compares the horizontal polarization paItterns.

Note that to the main beam there is little advantage to using the (-' sserain

system, as the sidelobe level remains high; however, beyond ± 10' a distinct

advantage is obtained as the sidelobes are reduced considerably.
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5. CONCLUSIONS

It is apparent t'rom Ronald L. I-'ante's calculations and th+s. n.asurements
that no simple solution exists that will result in r'hi.tion in t1r sidel. t, ')I
the AN!TIRC-97A antenirna hevortl -30 (|13. To achrvt an irppc- iate ir V,

over the existing waveguide-hekd combination an olt,-t fted svstr- hl l1 be, con-

sidered. (See for instance tIADC Report T1H-77-313 entitled "'FtCM .. nt 11na

I)eveloprment" bv I(A and RAIDC Report 't-77-2204, 'l)esign 0' Parabolic Cvlinrer

IHeIlector Svsten with [ow Sidelobes", 1. L. Fante. )

AXnother alternative that would vield lower sidelobes than the existin t ed

structure inl the azimuth plarte, but cause some degradation in the elevation plane,

would he to relocate the reed structure as in Figure 4 of the expe rimnt: errl ork.
Thi.- results in a sidelobe decrease of approximatelt 10 d(l3 in the main hctta ,Ira.;

of' the azimuth plane patterns (1 10') and a sideldre immprovermernt of albout 7 dl

beyond j 10'.

1.I.



AppendixA

A Study of the Effect of Feed Blockage
On The AN/TRC-97A Antenna

1,%e~ have studied th *f It-e 1 o 'kal!,, )ih t it- ~ l-& tb A\ I W

97A\ anternna3 ra ii o I l,, rtolit VIOW )I thIS 1lit'ni I., Sh l 5 I l ' IIt 0ui 'NI.

In it,,, absence ot alin blhiik:q!(i tilt' t ell r ph iled 1wv this :i1 nlla ,aI-i ' I I r.f

2f 1/2) 1 2~ir Is~s .1(K R sill " s

twhero H 4 !t Is, the' ritisr ol r, the ~ hi1t Il'or (is itle 'w i~tir. HIW

an . ( i) is k tune U tion.)f .AIs o k 2,-, , A 2. )1i ll n I

an(ii III(- ted assenrilv. liv tisii dlati i I ' Hlit,-1 'Ia toss S- tim Int il-k 1

han e t alcn a o ttilt. Itellvci%,' biiliio ii/' ka i~ sit s' A 2.Ii. ,It t, \%.t% iris

asserilhNl hi:is" hIssit htixrt~t' I I t' I i i r t himi~i j I ' ,i '' Ii' )i I

ehi\iIiiirlledl is shoiwn ill ILunite AV.

I1. RadarI C -. se, I I 1id bos k , ( ' ii (s lilt, k . V>.1 i Ihrm r s- . I

IC h~s liWIN1)
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Figure A2. E.quivalent Model for liHockaLe bv Feed,
Vaveuides, and Struts
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In writing Eq. (A4) we have ignored the effect of strut blockage in the c - 0' plane,

because it has the same beamw idth as the Unll)lOcked pattern.

Equations (A3) and (A4) have been evaluated numeric allv and the results :itc

shown in Figures A3 through A6. Also showti on ,igures A3 lhiugh A6 is measured

data. Note that tilt theoryv predicts roughlv tite same blockage sidelolw levels as

arte ineastired.

In FLigure A7 we show the calctLlated pattern jutsng lq. AI)1 for the case when

all blockage is removed, but the illumination on the dish has the, sane taper f(r) as

the present AN/IWt-97 A. In ,ig~ure A7 we also show tihe' radiation pattern , tich

would he obtained if the onIv hlockage werve a 5-in. diaeter, circular reg ion at

[ht, cOnter of the apetulre. This is typical of the type )t tlockage which would he

prestit if the illumination weve produced using a dielectric -supported sub(fltector.

Ihe sidelohl's shown in Figure A7, for the case of the 5-iii. dinimeter circular

blockage, are not improved sigrnificantlv by reducing the' edie taper on the reflector.

This is evident fioin Figures Aba and ABb, where we conpare lhe radiation pattern

of the et'flectort (with 5-iii. and 10-in. diameter circular blo,kagef lot the case

of -12 dl edgt illunuination with -26 dB edge illumination.

e have also calculated the residual sidelobe levels which are produced bv

toleIanCt et'ros in tht construction of the AN/'I'RC-!7A reftlecto. t'h, speciftied

rtIms surface iohtra'ice is 1. 16 in. , bit the lateral correlation length is unknown.

The average sidelobe level at t0 due to tolerance errors is 3

SI, ('4[) (x a sin ) cos
4  (AS)- I -7 4 " ""

R-

where 6 is thii tins sui'face error and a is the sirtace-error correlation length.

'Ih' worst-c:sv sldel)bes OccuLr for a 2/k sin 0 . We then get

2 4 ( t9
5. 8 , cs COS

R sill- 0l

Il l Iii i Ce s1hw t iit' st-t('st 'rt Ir 3iil li.'S, ahon ' wilh those tot' sur-

t 'i' , ii',tiii I.ttlhs, ii 1/.4 ii.. t i .. I ii.. olnd 8 nities. [:yen] I worst -

5 iii'' Iti Is the' utror Itctoties o ' RN' Iwm 1  l tor ,ith to' tHIiia

-- Itt d I t , 1 .

I. li I to -R I{ , 71 7 2 l , Iy t ¢ I. I Ntil ' ) ld ' I:/7

II Ill ' t11 I I}' t! l II I'[ l l t 1 1 1 In I, ) .:
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Appendix B

Analysis of the Effect of Subreflector Blockage
on the Radiation Pattern of a Cassegrain Modification

to the AN/TRC-97A Antenna

Bl. %A .LYS1S

In thlis aFpendix. we wAill 'ltIllt i ( teSitlhe levels; tnt the( AN TRC-17A-

3tttletttt wheii it is t'ed int in eiptitealtv olesiLgned Ca'ss( -~raiti :orithtLutatinn. 'I it,

etinlillui hinekale *hsip nttspmttds to 1h)e se <,%wit !1te Shado,,k , ast newt)I helo

neeitt rthleetor liv the( tee,,d is xsetv 1 qetit tooilhe 41h:ldm ,vest bv thill(- hoie

su' rfIc t o It tqttet nutsin, oIl k, t~ hs -mdioii

ItIs

th,~~~~~~~t I.2 1,l~l mn 1 t,

I it r it , I I o i I 1 1



foci and the other focus coincidts with the locus d)1 the main paraboloidal retle(tor),

F is the focal length of the paraboloidal main retl.tor and S V (i !2) ot t.

\N\

MAIN

REFLECTOR

\\SUBREFLECTOR

F¢ REFLECTOR

Fc -''-'I4+ SUB -

REFLECTOR

,'ijure( 131. G e(om etry of' the" Modfied A N /' R('-f47 7 Antenn~a

If we dosire that the edge taper on the lhvperboloid (and consequontv m ' tihe

paraboloid) is approximatetv -20 (113 relative to the illumination at its conter, it

can be shown that I -or' anl ()ptim~al[v-designeld conical feed hornl

0 ,2 0 1 .7 4 ,A r a d ja n ., ( 1 3

K ing{ (1950) lP roc , M Et ', M ih249-25 1.

21

.... [ 
"IH CI-I-....... III I .. ... . .. liN



where )l is thlt sitznl wavelength. Equation (133) is valio i the i!aLrmeti plane of

thle horn.1 and is not quite corr'et inl tile electii planle.

It' %% combine Fqs. (MI) and (IQ), along with thlt .,iiiirihei of' Sa ohtairl

2 1 F I) -,

inajlllV. LnSitf iLl. (113) toI e(re I T in il t1115 ofC ) %k ge

tat -01/2(15

Equation (135) expresses th itiiininn oossrhle hlockaiti' Iaiilitre

anr-gile "stiltetli(0l at tilt, tIoS iV the wain rt!lektot ti(.Itid 'it a1I)LfIO C suli-

teiled- at the lee) i)v thet sniiretle)-tor (or the( -as cl IhIt) C iieio dL!

illumtinttion is -20 MO3. %\,e also) not( thit onf - anld C)at chosenl thle SUblhrectorj

eccentricitV. e, tollow S itortieliatelv %-a

sill~-K + o)

e sin ( -C)(8

Also, once C) is specified Ihe diamleter, (I )t the f'eed hlorn is, nien bv Eq. (103.

The AN! 11C -97 A has a foal leni-,th of* approximialtl 3. 2 ft. a welnhA

of 2. 5 1 in. an)d It -- G. si nQ heso vt-tltes %k - obtain the result s shiown i n Table BE1

FLdh B 1.

2 d2
C) (degrees) 1) (ft) I (ft) e (Q)i -~----

20 1.4-3 1. 04 1.6 1. 81 10. 35

3 0 1.4 1 0. G,5 2. 5 1. 11 4 . 6z

01 1.40 0. -52 1 3.7 0.752 2. 6

50) 1 . .11 0.1.417 ii. 81 8o.541 1.8

G0 I 14 0. 348 25r. 3 . 40 1. 16

I rote lheill 'I abl lit. I% Sol. thM O n 11111 t1111m po55-ihIii subiiitlector. iartoter,1

is apprhoximiti'v 1. 4 feet. lIbhs rntis 1-cllt i% ely is stve to Owt Stihritlector

eccentricitV, e. Iron Illt last two -ounilsl ilIl t e lb. 3 11) ot lia thetit

...................................



distance, 6, from the feed to the subreflector is generally less than (2 ( 2 ,/A),

so that the subreflector is not quite in the Fraunhof'er zone of the feed. It is most

nearly in the Fraunhofer zone when the feed is close (high eccentricity to the sub-

reflecter, as is evident from Table 131).

At this point we shall calculate the efrect of the subreflector blockage on the

radiation pattern of the main reflector, for the case when the main reflector has

a -20 dli edge taper. This result is shown in Figure B2. We observe from this

figure that the reed blockage (caused by the hyperboloidal subretlector) produces

near-in sidelobes which are greater than -30 di, although the far-out (angles

greater than 9.7 ) sidelobes are below' -40 (1.

0

-tO
LaOCKAGE INCLUDED

. - -- WITHOUT BLOCKAGE

S -20
Z

- 05 0. 015 0.2 0.25 013 0.36 0.4 0.45 a5

0 ) 0.5 O.f 05 02 02 t :5 04 04 .

ANGLE (RADLANS)

Figure B2. AN/TRC-97A Radiation Pattern With Mlinimull Blockage
Cassegrain Feed and -20 dl Edge Taper

One might ask if we do any better by 'backing-off" to a -14 dl1 edge taper,

rather than a -20 d1B taper. In this case Eq. (B3) is replaced by 0 13 - 1.4 A/dd

and we then find that the minimum possible subreflector diameter is 1) 1 1. 19 feel.
H-owever, when we calculate the radiation pattern of the AN/TRC-97A reflector

with this blockage and a -14 d13 edge illumi mn we again get near-in sidelobes

greater than -30 dli (in fact the l'irst sidel . s roughly -22 d13), as is evident

from Figure I:1.
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-102

z-20

Q-30-

40

-40_

0 0.05 0.1 05 0.2 -0.25 0.3 0.35 0.4 0.45 0.5
ANGLE (RACXANS)

Figure 133. AN!'I'fC-97A Rladiation Pa:ttern W iih Alinimiiii lWokat,,
('assegrain F'tl(ci and -14 (111 Edge 'au

B2. (:ONc:I,t;SION ANI) I{ECOMIE:NIJA' I(ON

Be(cause of ~b~retL blockage it doe, not ZlJpe)011'I )O.sihi)t, lo 1(..jfl :1

Las~('rau -~f)1L'iC~4aJ m(dific~itiofl to tile AN, 'IW-('iA o hich \kill \'iell

sk~st'i rad(iai ont paitternf with .1lt Sielobe, les 4 tietti -301)11. 11' lhis iieitoi111:i,

is itt'5itt~allit otflSet fid svsteii 5t'ei'1 to tho tile Simplest :1tT etat i..

1t2.1 o eigif the Co icHal I'ieil H orn

t.osig(n, as shiown hektow il Vigilteo tH.



2c {- L d-

CIRCULARj
WAVEGULVE

CONICAL
HORN

Figure 14.

I. we desire only the TEll mode in the waveguide feeding the horn we must chooseo

a" such that

2.61a <A <3.41a (B7)

because the cutoff wavelength A of the TE is 3. 4 la and that of the next mnode

(TM01) is 2. 61a. If we choose .3a A we have

2A (2. 51) 22a 2 1.67 inch. I

The dimensions I. and are determined from the equations given by King (1.50)

Proc. IRE, 38:249-51. These are

0 0. 3 d

-y :0.3 [ (1110)

and the horn an(le s d tcrminod via

cos 4,

I) . A [,- ( • 1 B12)

i0



As an example. consider the design for the case when v - 6. H8 in Table BI.

In this case (Id I - I. !9 so tha t
12)

'o5~ 0. 7 '8,

4, .73.

and

( p) 0. !36.

112.2 Example of Hvperlmsloial Sijbrefiector IDesign

The hyperboloid is (esigne( as shown in Figure B5.

HYPERO LOID SATISFYING

X2 (Y 2+Z2)(FC)2

e2 - I 2e

FEED

a
x~

FOCAL
PCWT
OF
MAIN
REFLECTOR
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In Figure 15. a (F /2e) 6 = (F'c /2)-+ a and

CC

)i~ 4) I

If we choose to ,design thie systen in 'T'able B1 for which . 6. 85 we have

F 0. 946 ft, 1) - 1.41 I't, a - 0.0687 ft. 6 = 0.541 ft, and 0. 124 f, t.
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