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MILLIMETER WAVE ANTENNA SYSTEM

The present invention relates generally to millimeter
wave antenna systems particularly adapted for use in outer spacc.
There is a possibility of use of the antenna systoem on NINBUS
and/or DRSS.

Reference is made to Figure 2 whercin there is illustrated
an antenna system including millimeter wave feeds 22 and 24
respectively employed for narrow and wide beam transmissions.
The narrow beam transmission includes a Cassegrain antenna com-
prising hyperbolic subreflector 23, mounted on supporting structure
26, as well as parabolic reflector 21. The wide beam antenna
includes a parabolic reflector 25 mounted on the back surface
of supporting structure 26. Feed 24 is mechanically supporcted
only by waveguides 31-34 extending between the periphery of
parabolic antenna 21 and feed 24. To prevent bYev1n4 of the
parabolic antenna to millimeter waves, the antenna is fabricated
from laminates of carbon fiber reinforced plastic (CFRP) sheets
between which is sandwiched a honeycomb core. An aluminum thin
film is deposited on a face of one of the laminates to form the
reflector. The waveguides are also fabricated from a sandwich
including the laminates and honeycomb structure.

Novelty is believed to reside in the concept of utilizing
; CFRP sheets to form a parabolic reflector utilized in an outer
space millimeter wave system. Another novel feature is believed
to be the concept of mechanically supporting a feed at the focus
of a parabolic reflecting dish by waveguides extending between
the dish and feed.
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NOTICE N71;é8965‘

The invention disclosed in this document resulted from
research in aeronautical and space activities performed under
programs of the National Aeronautics and Space Administration,
The invention is owned by NASA and is therefore available for
licensing in accordance with the NASA Patent Licensing Regu-
lation (14 Code of Federal Regulations 1245, 200),

To encourage commercial utilization of NASA-owned inven-
tions, it is NASA policy to grant nonexclusive, royalty-free,
revocable licenses to any company or individual desiring to use
the invention while the patent application is pending in the U.S.
Patent Office and within a specified period, presently two years,
after issuance of the patent to NASA., If commercial use of the
invention does not occur during this period, NASA may grant a
limited exclusive, royalty-free license thereby adding an incen-
tive to further encourage commercial development, Any company
desiring to make, use, or sell this invention is encouraged to
obtain a royalty-free license from NASA,

Address inquiries and all requests for licenses to Assistant
General Counsel for Patent Matters, Code GP-1, National

Aeronautics and Space Administration, Washington DC 20546,

NASA-HQ
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: APPLICATION FOR LETTERS PATENT

'TO ALL WHOM IT MAY CONCLRN:

if
i BE IT KNOWN THAT WILLIA® I. GOULD, JR. and JACK EVAXNS,
!
f

i

iCnited States Governmant, and residents of Silver Spring,

citizens of the United States of 2merica, emplovees of the

; Maryland and Raltinore, !arvland, respectively, have inventad

n

‘certain new and useful improvemonts in YILLIMETLR JAVE ANTIUNA

eystity, of vhich thae following is a spacification:-
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ABSTRACT OF THE DISCLOSURE

A millimeter wave antenna mounted on a satellite
includes a parabolic reflector fabricated of carbon fiber ra-

inforced plastic (CFRP) composite material to enable tiho para-

| bolic shape of the reflactor to be maintained to within threoe

percent of a millimeter wave lenyth despite possible teinaerature
variations on the order of 300°F. between portions of the ro-
flector illuminated by the sun and in the umbra. wave rulles,
fabricated from CFRP, for a feed positioned approxinataly at

the focal point of the reflector are the sole mechanical aun-
porting means for the feed. To take advantage of the physical
properties of the carhon fiber reinforced vlastic composite
materials a honeycomb structure is sandwiched between layoers

of the CFRP. The surface of the reflector illuminate’? by the
fead is coated with a thin film of aluminum which functions

as a millineter wave reflector. The waveguide CFRP interior

is coated with a thin film of aluminum to provile the »i1li ntowr

wave conducting surface.
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The invention described herein was made by euployces
of the United States Governnent and mav be manufactured and
used by or for the Government for governuental purposes without
the payment of any royalties thereon or thereflor.

PIELD OF INVEHTIO!N

The present invention relates yencrally to antennas
and, more particularly, to a millimeter wave antenna systen:
mounted on a spacecrafct.

BACKGROUND OF INVENTION

The advantages of utilizing milliseter waves in data
relay and tracking systems have hean appreciated. A problem in
the use of millimeter waves in conjunction with apacecraft systeny

employing antennas having relatively large paravolic reflectors

ing dish, e.q., a truly parabelic shape of the reflaector dish,

The difficulty occurs becauss of the severe terperature variation

When it is considered that the tyvical size of a milliweter wave
parabolic reflector is on the order of five feet in diameter,

it ies appreciated that these severe tewperature diffarences tend
to establish nonisotropic heating patterns on the reflector dish

surface, with a tendency for nonuniform evpansion. sJonuniform
changes in the shape of the antenna beam, and frecquently results
With a loss in directivity, the usefulness of the antenna for

tracking, and possibly high gain data transnission, is frequently

seriously curtailed. Typically, the permissible tolerance on

concerns the 4ifficulty in maintaining a true conic section reflz¢

e.g. 300°F., which may exist between the portions of the reflectof

that are illuminated by the sun and those portions which are shadp?

expansion of the reflector dish surface resnlts in Jdisadvantageoys

in a loss of directivity of a parabolic antenna reflecting svated.

the surface of a parabolic reflector is %3 percent of a wavelengfh
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kf the electromagnetic energy exciting the antenna systen. Tor

fpillimeter waves, this requirement ieans that the surface of the
arabolic reflector must be stabilized to between approxitately

0.1- 0.5 millineters.

Parabolic reflectors excited hy energy in the milli-

meter wave region and designed to be placed on spacecraft have

has a very high thermal coefficient of exransion so that satellite
reflector dishes fabricated from it are usually subject to the

problems of surface ghape distortion. In the nrior art to overcona
reflector surface distortion, it has generallv been the procedure

to equalize, as closely as possible; the te.ocerature gradient
utilizing heat pipes, while a second has involved coverina the

tially transparent to millineter wave eneray. The disadvantaqge

of heat pipes is that they increase the weisht of thes antenna

the antenna weight, it frequently introduces a substantial attenun
tion, on the order of 2 db, to the rilli-cter waves trans-ittel
from or received by the antenna.

In accordance with the present invention, a ndlli-eter
wave antenna for spacecraft use includes a conic section reflector

having a supporting structure fabricate] from a carbon fiber rein-

described in detail in two articles dated dovaerber 18, 1963, and
November 25, 1968, of Aviation UWeek, is particularly well saited
for spacecraft use as the supporting structure of a coniec section
reflector excited by nillimeter waves hecause it has virtually

a gero temperature coefficient of expansion. In addition, it has

a high modulus of elasticitv, has relatively areat tensile

in the past generally been fabricated froo aluminunm sheets. Aluminfe

across the parabolic reflector surface. One toachnique has involwvaf

package substantially, While a shroud dons not substantially chanop

forced plastic (CPRF) composite rmaterial, This corposite nateriall,

reflecting surface with a shroud opacque to solar eneragv and substah-

i
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strength, is lijhtweight and has a relatively hioh heat dearadatidn
factor. CFRP is derived from polyacrvlonitrile plastic filarents
that are combined with a polyester resin, as described in the

is fabkricatael in

o

[#2]

Aviation Week articles. The composite materiz

]

relatively thin sheets, with the fibers alimed in
Typical laminate layups consist of alternating plies in specific
directions. Yo produce laminates with approximately aqual propervt
ties in all directions (pseudo-isotronic) the plies typically are
directed at (¥45°), (ot45°, 90°) in a clockwise reference, To

provide strength in two directions at right anjiles to each other

sinle Adirecgion.

in substantially the same plane, a pair of sheets are joined toankhn-

d

er by suitable bonding means, such as epoxv resin, with the fibor

of the two sheats running orthogonallv to each other.

thile the CFRP composite sheot saterials have consilerkh

strength in the direction of fiber orientation, they arc quite
susceptible to hending in a plane extendiny at risht ancles to
the surface of the sheet. To provide strensth in the plane at
right angles to the sheet, a honevconb alumninum structure is sandhk
wiched between layers of the CFRP sheets. The aluminum honeyeonlh
iz bonded to the CFRP sheets by epoxy resgin while the parabolic
surface is formed on a mandrel.

It might appear that a problen oxists in utilizing
an epoxy resin to bond the CPRP sheets to each other and the
honeycomb structure bhecause of the relatively hiagh temperature
coefficient of expansion of the resin and alusninun nmaterial in
the honeyconb structure. This prohlern is not sisnificant,
howevar, because the resin and honevcorl structure have a
tendency to expand only in a2 direction transverse to the plane
of the CFRP sheets, rather than in the planc of the ghests. it

hag been found that distortion at right ansles to the plana of
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the sheets can be tolerated in a parabolic reflactor because
there is only a relatively small noverent of the reflector
surface, without effecting the basic reflector shape. ‘love-
ment at right angles to the CFRP sheets is relatively srall in
the plane transverse to the shect becausse the length of material
in that direction is comparatively short and expangion is a
direct function of material lenoth. ¥n contrast, in the plane
of the sheet, there is a sgubstantial amount of naterial which
can result in considerable expansion of different portions of
the reflector relative to each other. Zinace there is a rela
tively snall amount of aluminun honeyeorh gstructure in a Jirec-
tion parallel to the plane of the CPDP sheets, that material has
a relatively insignificant effect on possilb:la eloncation of the
sheats. Decause the mass of the CFRD sheats is considerably
greater than that of the epoxv resin boniing the sheects tonethar,

the sheets, rather than the resin, contrel surface dicensions.,

4

e vdllieter

M
‘-‘-

7o provide a reflectins surface fo

&

electromagnetic waves, the CFRP sheet illiminated hy the clectro-
magnatic energy is coated with a thin fil of aluminunm. Alumi-
num is deposited on the CFRP? sheet to a thickness on the ordoer
of 4,000 angstrons utilizing conventional vacuum vavor denosi-
tion techniques. The mass of the aluminut thin filn is so swall
as to have virtually no effect on the asupansion properties of

the CFPRP sheet to which it is deposited. 7o »rovide further

stabilization for the surface of the parabolic reflector as

a function of temperature, a cilicon oxide film iz deposited

‘on the thin film of aluminuws.. The silicon oxide, which is

preferably silicon nonoxide, is also depositel utilzing vanor
vacuun deposition techniques and functions to reduce the possible

tamperature qgradient over the reflactor surface.
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A further feature of the invention is that a feed
positioned approximately at the focal point of the paraholic
reflector is supported golely by wavequidies coupling millineter
wave electromagnetic energy to the feed. The waveguides are
fabricated from an aluminum honeyconmh or laminate structure formes
as a shaft having a hollow center in cross section. “7hen using
honeyceomb, the inner and outer peripheries of the structure are
layers of CPRP sheets. The inner sheet has a conductins aluminue
layer which may be a deposited £iln or a thin shell upon which
the laminate is laid. Preferably, the wavesuide surface and

shaft have a rectanqgular cross section so that thevy provide a

ninimur hlocking arca for the reflector aperture. In one confiruga-

tion, the feed located approxirately at the focus of a main parahq
ic reflector illuminates a small subreflector located intermediatd
of the main reflector and the feed. In this confiijuration, the
area of the struts ls sufficiently small in the direction of

wave propagation to congiderably reduce scatteriny of the wide
beam pattern associated with the small dish or reflector.

It is, accordingly, an object of the present invention
to provide a new and improved antenna systen particularly adapted
for millimeter waves on spacecraft.

Another object of the present invantion is to provide
a new and improved millineter wave reflector dish atilized on
gpacecrafts, wherein the shape of the reflector ig maintained
to within *¥3 percent of the millimeter wave excitation despite
differential sun heating and shading of the reflector surface.

A further object of the invention is to provide a
new and improved millimeter wave reflector for use on spacecraft,

which reflector has a gstable surface without the use of heat

pipes or sun shrouds.

1~
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Another object of the invention is to provide a new
and improved millineter wave reflecting dish to be utilized on
spacecraft, which reflector has a stable surface independent
of temperature without adding weiqht to the gsatellite or raducing
the transmission properties of the antenna svsten with which
the reflecting dish is associated.

Another object of the presgent invention is to providie
a new and improved nillirmeter wave reflecting dish for use on
spacecraft, wvhich reflecting dish is fabricated from a material
that exhibits substantially zero thermal coefficient of
expansion.

££ill a further ohject of the invention is to provide
& new and improved millimeter wave antanna systen including a
reflecting dish with a feed located approxiaately at its focus
and wherein structural and slectrical connections between the
reflecting dish and feed have substantially no effect on tho
pattern of the antenna systemn.

Another object of the invention is to provide a new
and irproved millimeter wave antenna systen wherein wavequide
elenents extending between a reflectina dish and a feedl are
the sole supporting elements connecting the feed to the reflector.

The above and still further objects, features and
advantages of the present invention will become apparent upon i
consideration of the following detailel description of several
specific embodiments thereof, especially when taken in con-

Junction with the accompanying drawinas.

BRIZF DESCRIPTION OF THII DRATINGS

Figure 1 is a pictoral view of the envirvonment with

which the present invention is to be employel;
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Fisure 2 is a side view of an antenna systei: in
accordance with the present invention;

ricure 3 is a&an end view of a portion of the antenna
systen of Fisure 2;

Fisure 4 is an exploded view illustrating the relative
orientation of a pair of CFRP sheets eswploved in the reflector
dish of the prgesent invention;

Picure 5 is a silde view, with great magnification
of certain elewents, of the reflector dish illustrated in
Pigure 2;

Picure & is an enlarged view of a portion of the
raflector of Yigqure 2:

riqure 7 is a sectional view taken through the line
7-7, TFTigure 4§;

Pigure 8 is a side view of a further antenna systen
in accordance with the presant invention; and

Pigure 9 is an end view of the antenna systenm

illustrated in Figure 8.

DETAILYED DESCRIPTION OF Tiik INVERTION

Reference 1s now made to Figure 1 of the drawings
wherein there is pictorally illustrated a pair of earth orbiting
spacecrafts or satellites 12 and 13, positioned either in
synchronous or low orbit above the surface of the earth 14.
Satellites 12 and 13 include substantially identical wmillimeterxr
wave antenna syvsteus 15 and 16, respectively. TFach of antenna
systers 15 and 16 includes a relatively large parabolic reflectiny
dish for data transnission and precision tracking purposes, as
well as a widie beam dish for tracking acguisition purposes. The
reflecting dishes of antenna systens 15 and 16 are susceptible

to severe temperature gradients because a portion of the dishes
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may bhe exposed to direct fllumination freom the sun 17, while
a different portion of the Jdighes aay be in the umbra. The
temperature difference bhetween the portions of the dishes ex-
posed and not exposed to solar radiation may be on the order
of 300°7, The severe temperature gradient across different
portions of the reflector has a tendencv to distort the re-
flector surface and therehby adverselyv change the beam width
of the antenna systeo.

2ide and end views of one enbodiment of an antenna
systen of the type that can be enployed on satellites 12 and
13 are respectively illustrated in TPigqures 2 and 3. The antenna
syaten includes a parabolic reflector 21 having a dianeter
on the order of sixtv inches in a typical narrow beam millimcter
wave data transmission and tarcet tracking system. Tarabolic
reflector 21 is illuninated in response to millimeter waves
propadating between the reflector and millineter wave feed
22 via a hyperbolic subreflector 23, typically having a six
inch lenght. The feed 22 is centrally locatesd on reflector
21 to form, in conjunction with reflectors 21 and 23, a CasseqraiT
systen. Feed 22 is affectively, although not physically,
located at the focal point of reflector 21 to enable a narrow
bean, high gain pattern to bhe achieved.

» wile beam target acouisition systes having a bore-
sight axis coincident with the bhoresisht axis of the Casseqgrain
antenna systenm is formed by millimeter foed 24 and parabolic
reflector 25, positioned in back-to-back relationship with
reflector 23.
structure 26, with the two reflectors being formed on opposite
faces of the supporting structure. Peed 24 is positioned sub-

stantially at a common focal point for reflectors 21 and 25.
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Lach of millineter wave feels 22 and 24 is a four-
horn monopulse feed capabhle of excitation in both circular
polarization rnodes. Feeds 22 and 24 are excited with wmillineter
wave energy by equipnent included in an electronic package 27
mounted on the back face of reflector 21, i.e., the face opposite
from that through which feed 22 erxtends. “avequides, not shown,
extend through reflector 21 to faod 22 for excitation of each
of the four elenents included in feed 24 in response to energiza-
tion of active eleqents included within package 27.

Ixcition of feed 24 is vis four waveguides 31-34, which
are positioned mutually orthogonally to each other and extend
batwaen package 27 and the wide beawm fesd. ne portion of each
of waveqguides 31-34 extends from packace 27 along the surface
of raflector 21 to the periphery of the reflecting dish 21 about
which it is turned. wWaveguides 31-34 extend to four-heorn mono-
pulse feed 24, with which they are electrically and wmechanically

connected. The Ffour waveguides 31-34 thereby fornm struts and

L

provide the sole menas of support for the =nillineter wave feed
packace 24.

Cupporting surface 26 for reflectors 23 and 25 is
bonded by a suitable reans, e.g. epoxy cerent, to the exterior
surfaces of wavequides 31-34 at an intermediate point between
reflector 21 and food 24 where the vertical separation bastween
struts 31 and 32 is approxisately six inches. Wy employing the
same structure to feed millineter waves to feed package 24 as
the nmechanical supporting means for the feed, the millineter
wave beans derived from reflectors 21 an'! 25 are presented with
a mininurm obstruction area.

To provide the dimensional stability required to main-

tain the shape of parabolic reflector 21 to within *3 percent

~10-
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of a millincter wavelength, reflectors 21, 23 and 25 are formaed
on a supporting structure including sheets of UFRP, the proper-
ties of which are described supra in the introduction. CFRD
sheets are fahricate? with isotropizally directed longitudinal
€ibers, i.e., the sheets have a qgrain running in a single
direction, as illustrate:] on sheets 41 andl 42, Figure 4, and

1

typically have a thickness of approxisately twenty mils. %o
provide Jdirmensional stability in two directions as a function
of termerature, a vair of CPRP sheets is bonded to each other
by epoxy so that the grains of the two sheets run orthogonally
to each other.

In one specific erhodiment, illustrated in Fiwsure 5,
laminate 48 is formed by boniling five sheets 43-47 to each
other in lavers so that adjacent sheets have fibers extending
at risht an:les to each other. 2 second laninate 4%, sub-
stantially iflentical to laminate 48, is 21so formed. Sand-
wiched between lacinates 48 and 49 is an aluninum honeyconmb
gtructure 51 havine walls with a thickness on the order of
.8 mil to form loncitudinally extendin: compartments between
laminates 48 and 49. The length of the honeyconmh compartments
is at least ona-half inch to provide sufficient lateral stiff-
ness and strenath to the resulting sandwich structure whereby
the honevcorb forms the core for reflector 21 and supporting
structure 26. Lauinates 48 and 49 are honded to the top and
bottom planar faces of honeycomb structure 51, e.4., by epoxy
cement. The physical properties of the structure illustrated
in Piaqure 5 are ideally suited as a supporting element for a
millisecter wave reflactor of an outer space antenna systen,

To form the sandwich structure couprising laminates

48 and 49 and honevcomb structure 51 into a supporting structure

-}l
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' to conform with the parabolic contour o‘ reflector 21, or the

vapor depositing: nn aluminum thin film layer, having a thickness

. on the order of (9000 angatroms, on an appropriate e:rosed face
‘posited a sillcon;oxida thin filn layer 53,‘haéing a thickness
’oiide layer 53;-ﬁh1ch is preferably sillcon monoxide, raduces

 vtha temperature gradient on the reflecting surface. The

' structure is very strong physidally in a direction perpendicular

strength in a direction between the faces thereof loaded by lami-

structure in the planeis which laminates 48 and 49 lie is

for a parabolic reflector the sandwich is molded on a nandrel
having the desired shape. One face of laninate 48 is placed
ngainit'tha mandrel and the exposed face 6f laninate 49 is depress-
ed by presluri,lppliod therato by a bag. sufficient pressure
is applied to the bag to deform the sanwigh to the shape of
the mandrel to produce the desired shape. |

After the sandwich comprising laminatés 48 and 49, as

wall as honsycanb structure 51, has been apprcpriate$y ghapad

combined hyperbolic and parabolic contours of reflectors 23
and 25, a reflecting surface is dgpositad on surfaces illuminated

by millimeter waves;4 The reflectiaq surface is forned by vacuun

of 1am1nntes 48 and/or 49. On aluminunm lpyar 52 there is de-

on the sams order of magnitude as aluminum layer 52. sSilicon

to the plane of‘thééta 43-47, even though the sheets have a
thickness on the order of only 20 mils and the honeyco:b struc-

ture by itself does not possess appreciable shear strenvgth. i.e.,
nates 48 and 43. -ub:l importantly, the thcrmal stability of the

extremely gxalt. ihn CYRP sheats comprising laminates 48 and
49 have virtually zero tﬁnpdratnrc coefficient of axpansion

in the direction of grtiﬁfaxtcatltion. The honsy¢onb structure,
even though fahriéiidd:tful‘;;uninum, does not expand

-12-
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’appracimbly in the planes parallel to the surfaces of the CFRP
sheets because of the gnall cross-gectional mass thereof,

Reference is now made to Figures 6 and 7 of the draw-
ings wherein there are illustrated enlarge? views of reflector
21 in conbination with waveauide 32. Reflector 21 includes
CPRP lanminates 61 and 62, as described in conjunction with
Figure 5. CFR? laninates 61 and 62 are bonded, preferably by
epoxy, to opposite, substantially parallel faces of honeycomb
aluminum structure €63, having longitudinal sections extending
between the laninates. On the exterior face of laminate 61,
the face of reflector 21 that is illuminated by the millineter
waves derived from feed 22, are deposited successive thin
film layers 64 and €5 of alurminum and silicon monoxide.

viall 66 of rectangular wavaguide 32 is bonded to the
outer face of CFRP laminate 62 by epoxy cerent. Wall 66, as
well as the remnaining exterior walls 67-69 of waveguide 32, are
fabricated from a five-sheet laminate of P3P, as described in
conjunction with Figure 5. To provide a more rigid support
between wall 66 and CFRP laminate 62 of reflector 21, a curved
gection 71 of CFRP laminate is bonded to wall 69 and laminate
62 sc that it is slichtly spaced from the inner section between
the wall and laminate.

viaveguide 32 includes a honeycoanb core 72, having
longitudinally extending sections running generally at right
angles between the inner and outer faces of the waveguide. At
the corners of the waveaguide, the honeycomb structure 72 is bent
g0 that a hollow shaft is formed andl the walls of adjacent
longitudinally extending sections are not necessarily parallel.

A further five-sheet laminate 73 of CFRP is bonded

on the inner periphery of honeycomb structure 72 by epory

-13-
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identical to that illustrated in Figura 5 and possesscs guffi-

across pazabolic refleéting dish 21 thérﬁiis a tendency for

1;minntes. Thtﬁdiftqrential expansion in this direction, however)

|- tablished scross di!!tring yortions of reflector 21 do not
,canlo diffe:antial exptnsion of the reflector along the surfaces

"znhnpo and aoes not have tenacnay tn :kny about the reflector

cenent. On the interior, rectangular peripheral wall of laminate
73, thera is vaguum vapor deposited a thin film or shell 174

of alumiﬁuﬁ to form the cgnducting surface for wavequide 32.

vilm 174 is‘dimansionally very stable, being located interiorly
of the sandwich construction comprising a honeyconh structure
and a pair of C?QP laminates. The wavequide structura also
possasses considerable three-dimensional.strength bacause

of the canbination of the honeycomb'ﬁiéh the pair of lamninates
on the opposite !aces of the honeycomb structure. The cross
section of vavaguide 32 for the portion of the waveruide extend-

ing between the periphery of reflector 21 and feed 24 is

cient strength to carry support structure 26 for refloctors
23 and 25, as W!ll as feed package 24.
Iﬁ retpénle to a temperature gradient beins establishef

ditferential expansion of honeycomb structure 63 and laninates
61 and 62 in & direotion at right angles to the plancs of the

has an insignifiéant eftect on the millimeter wave bheam pattern
derived ftom &1&h 21 becausa the total possible expansion in
this direction rclative to the focal distance is less than one
percent. Because of the very low coefficiant of heat expansion
of the CFRP lauiaatac 61 and 62 along the surfaces of the

sheets comprising tho laninates, the temperature jradient es-

of the lamiaatas. 1het.hy, tht t‘flector retains its parabolic

focal peia%._ sh-w 1‘ virtually completely eliminated so that

~14-
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surface of reflector 21 can be considered as parabolic to within
3 percentvof a_ugvelangth of a millimetér wave, Becausz skew
of pgrébolic raflector 21 is virtually eliminated, a plane wave
is derived from the reflector, enabling a very narrow heaw width
and high gain to be achieved.

Refe:ence:is now made to Pigures 8 and 9 of the draw-
ings wherein there is illustrated a further millimeter wave
antenna systﬁm in accordance with the present invention. In
the system of Pigures 8 and 9, the tracking and data transmission
antenna system is essentially the same as described with regard
to the embodimaﬁt of ﬁigures 2 and 3 and thereby includes a
Cagaagrain’éssambly comprising parabolic refiecting dish 21,
hjpcrbolic lubreflacéor 23 mounted on support structure 26,

_and four-horn monopulse millimeter wavevfeed 22. As in the

6mbodimant of Plgure 2, millimeter waveguides 31-34 extend from
four corners of reflector 21 to a fouréhorﬁ nillimeter wave
monopulse feed acquisition package 171. wWaveguldes 31-34 are

also connectad to supporting structure 26 for reflector 23.

In the system of Figures 8 and 9, however, horns 172 of feed

171 extend throngh apertures provided in s1pportinq structure
26 and snbretlector 23 to illnminata parabolic reflector 21.
The enda of horns 172 are thareby positioned ingide the focal
point for rn!lcctor 21, vhich focal point is defined “v the
intersactlon of unv.guides 31-34. By mbving the ends of horns
172 from the focal rﬂﬁut.ﬁﬂr reflector 21, the beam resulting
from millimeter wave exoitntinn of hnrns 172 is spoiles and
thereby has a greater wldth, tnabling it to be emploved for
acquisition purposes.

In all embodimnnts nhovn, re!lnctox 21, supporting

_ ltzéctﬁtl'zigulad waveguides 3134 are fabticated from a sandwich

comprising lanlnitei of CPFRP and a honeycomb interior structure,
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Also, horns 22 and 172 are made from CPRP. Thereby, disensional
stability to within three percent of a millinmeter wavelen: th
is achieved by the entire antenna assemnbly. Because the wave-
guildes are small, typically 1/8“X1/4" in cross section for
5 millimeter wave frequencies, the use of honeycomb for mo-hers
| 31-34 may be eli&in&tad, The waveguides may then be fabricated
from Q?RP;shaets'only.

" while there have been described and illustrated several
specific embodiments of the invention, it will be clear that
10 || variations in the details of the embodiments specifically illus-
| trated and described may be nade without departing fro. the true
spirit and scope of the invention as defined in the arnended

 claims.
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