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DIELECTRIC FOAM ANTENNA 

Menahem Suliteanu, Palo Alto, Calif., assignor to Syl 
vania Electric Products Inc, a corporation of Delaware 

Filed May 31, 1962, Ser. No. 199,121 
4 Claims. (Cl. 343—872) 

This invention relates to antennas, and in particular 
to large diameter parabolic re?ectors of such antennas 
having structural members composed of plastic and ?brous 
materials. 

It is well known that the gain of an antenna system can 
be increased using large parabolic re?ectors to concen 
trate an electromagnetic signal in the same manner that 
a parabolic searchlight re?ector provides a sharply de 
?ned beam of light. The gain of an antenna is de?ned 
as the ratio of the maximum radiant intensity in a given 
direction to that of a reference antenna with the same 
power input. However, such re?ectors are difficult and 
costly to manufacture because of their bulkiness and mas 
siveness and also because of the accuracy to which their 
re?ecting surfaces must be machined in order to maximize 
antenna performance. As the size and weight of the re 
?ector increase, the manufacturing process is further com 
plicated by the fact that the re?ector must often be fabri 
cated “piece meal,” usually by quadrants, in order that 
normal transport facilities may be used to move the re 
?ector between manufacturing and antenna sites. Also, 
the re?ecting surface of the assembled re?ector is vulner 
able to damage in transit or during assembly in the ?eld. 
In addition, the mass required to rigidize such re?ectors 
limits scanning rates because of the tremendous acceler 
ating and decelerating forces involved. 
A general object of this invention is the provision of a 

rigid, extremely lightweight parabolic re?ector. 
Another object is the provision of a lightweight re?ec 

tor composed substantially entirely of low-density foamed 
plastic materials. 

Others objects are the provision of a lightweight re?ec 
tor which can be fabricated rapidly and at low cost; the 
provision of a re?ector with a streamlined silhouette; the 
provision of an improved method of making a re?ector, 
and the provision of a parabolic antenna in which re 
inforcing dielectric material is used to both rigidize the 
re?ector and to positively support the feed horn on the 
re?ector. 
The objects of the invention are accomplished by the 

provision of a lightweight parabolic re?ector assembly 
composed almost entirely of lightweight, low-density (2 
to 4 pounds per cubic foot) foamed plastic materials. The 
re?ector assembly includes stiffener members located in 
the mouth of the re?ector and extending outwardly from 
the convex re?ector surface parallel to the focal axis. 
These members serve both to increase the rigidity of the 
re?ector body and to support the antenna feed assembly. 
The stiffener members do not seriously degrade the elec 
trical performance of the antenna system. 

For a better understanding of the invention and other 
of its objects, refer to the following speci?cation in con 
junction With the accompanying drawings in which: 
FIGURE 1 is a plan or front view, partially cut-away, 

of an antenna embodying the invention; 
FIGURE 2 is a transverse section taken along line 2-2 

of FIGURE 1; 
FIGURE 3 is an enlarged view of a portion of the re 

?ector assembly of FIGURE 2; 
FIGURE 4 is a front view of a parabolic antenna with 

a modi?ed type of stiffener members; 
FIGURE 5 is a transverse section taken on line 5--5 

of FIGURE 4; 
FIGURES 6 and 7 are enlarged views of portions of 

FIGURE 5; 
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FIGURE 8 is a rear view of another antenna having 

modi?ed stiffener members in the form of truncated cones; 
FIGURE 9 is a transverse section taken on line 9-—9 

of FIGURE 8; 
FIGURE 10 is a front view of another antenna with 

stiffener members in the form of struts; 
FIGURE 11 is a transverse section taken on line 11—11 

of FIGURE 10; 
FIGURE 12 is a block diagram showing the steps and 

the order of processing a foam antenna; 
FIGURE 13 is a perspective view of elements being 

formed into stiffener members; 
FIGURE 14 is a plan view of a cantilever-type foam 

cutting machine in operating position over the front of an 
antenna; and 
FIGURE 15 is a transverse section taken on line 15 

15 of FIGURE 14. 
An antenna system embodying the invention includes a 

re?ector, a feed assembly and a support assembly and is 
used to transmit electromagnetic waves into space when 
used in conjunction with a transmitter or may be em 
ployed in a reciprocal fashion for use with a receiver. 
In such applications, energy emanates from or is directed 
towards a centrally located feed assembly by means of a 
precisely formed re?ector. In the description which fol 
lows, such re?ectors are referred to as parabolic ?gures 
of revolution, but let it be understood that this term is in 
tended to include re?ectors which are segments of parab 
oloids or of the parabolic family typi?ed by the follow 
ing non-inclusive listing: parabolic cylindrical re?ectors, 
truncated paraboloidal re?ectors, and offset paraboloidal 
re?ectors (orange-peel paraboloids). 

FIRST EMBODIMENT (FIGURES 1-3) 

In FIGURES 1 and 2, the invention is illustrated as an 
antenna 10 comprising a parabolic re?ector 11 having an 
axis of symmetry A (hereinafter referred to as the focal 
axis), a feed horn 12 located at the focal point 13 oppo 
site the antenna aperture 14, and stiffener assembly 15 
located between re?ector 11 and feed horn 12. 

Re?ector 11 is a composite structure having base 17, 
an inner layer 18, and a metallic re?ecting skin 16 (FIG 
URE 3) between the base and inner layer. This re?ector 
is formed so that skin 16 is parabolically shaped and has 
a focal point 13 located on axis A. Skin 16 may be metal 
foil ?lm or wire mesh. Base 17 is a load bearing member 
of su?icient thickness for this purpose and optionally pro— 
vided with reinforcing rods 19 for additional strength and 
rigidity. A circumferentially extending ?ange 22 on the 
front edge of base 17 additionally strengthens the struc 
ture. Mounting plate 24 mechanically secures the re?ec 
tor to a support pedestal (not shown) and is located sym 
metrically about axis A and is ?rmly attached to the back 
side of base 17. The support pedestal is omitted from 
the drawing in the interest of clarity. 
The main body of base 17 and inner layer 18 are 

formed of a commercially available, low-density light 
weight polyurethane plastic foam material sold under the 
trademarks Polycel Urethane or Lockfoam. Such foam 
material is characterized by an abundance of voids (en 
trapped air) and may be formed by mixing a polyether, 
epoxy or other resin with an organic isocyanate such as 
toluene diisocyanate. The resultant cellular structure 
has a low density (2 to 4 pounds per cubic foot), and does 
not substantially adversely affect electromagnetic waves 
passing through it. 

In the form of the antenna shown in FIGURES 1 and 
2, the stiffner assembly 15 resembles an egg crate and 
comprises a plurality of plane sheets 25 of dielectric foam 
material which extend parallel to each other in a ?rst 
direction across the re?ector and which are spaced apart 
in a second direction transversely of the ?rst direction. 



3,167,776 

The sheets 25 extend out from the re?ector parallel to the 
focal axis and each is permanently secured along its inner 
edge 26 to the inner layer 18 of the re?ector, see FIG 
URE 1. 

Spacers 27 similar to sheets 25 extend between and 
normal to the sheets in parallel rows extending in the 
second direction and each spacer 27 is permanently se 
cured along its inner edge 28 to the inner layer 18 of the 
re?ector and to the sheets 25 it abuts. The outer edges 
29 of the sheets and outer edges 30 of the spacers pref 
erably are convexly curved so that these edges of all the 
sheets and spacers lie in an imaginary curved surface. 
A thin skin or cover 33, preferably made of polyure 

thane foam reinforced between ?brous-glass cloth, as ex 
plained hereinafter, is secured to the outer edges 29 and 
30 of the sheets and spacers, respectively, and to ?ange 
22 to enclose the front of the antenna. Sheets 25 and 
spacers 27 preferably are formed from expanded poly 
styrene foam sold under the trademark Styrofoam and 
having low density and exceptional perviousness to micro 
waves. Styrofoam, for example, having a density of 2 
pounds per cubic foot has a loss tangent of 0.0002 and a 
dielectric constant of 1.05. 
Feed horn 12, shown as a pyramidal horn, is supported 

symmetricaly of the focal axis at focal point 13 by a di 
electric housing 35 secured to the outer central parts of 
the sheets and spacers closest to the focal axis. The horn 
axis is coincident with the focal axis so that electromag 
netic waves emanating from the horn uniformly illumi 
nate the re?ector. The housing 35 ?rmly supports the 
horn on the stiffener assembly so that the position of the 
horn relative to the re?ector is ?xed. 
The use of polystyrene and/ or polyurethane rigid foam 

plastic material for the antenna structure greatly reduces 
weight without loss of mechanical stability and rigidity. 
While the structural strength of dielectric foam is sub 
stantially less than that of steel or aluminum on the 
classical pound per square inch basis, a foam antenna con 
structed in accordance with the invention is extraordi 
narily rigid and is capable of supporting itself even in rela 
tively large structures. For purposes of comparison, a 
re?ector having a diameter of 18 feet and composed of 
dielectric foam having an average density of 4 pounds per 
cubic foot has been fabricated and weighs 530 pounds. 
A conventional aluminum re?ector having the same con 
?guration would weigh approximately 2000 pounds. In 
addition, dielectric foam is practically unresponsive to 
temperature changes due to its low thermal conductivity, 
and it is readily cut and easily formed. 

SECOND EMBODIMENT (FIGURES 4-7) 

The stiffener assembly in the antenna of FIGURES 1 
and 2 is assembled and formed relatively easily but it 
may introduce a slight phase error in waves that travel 
through thet full depth of the sheets 25 and spacers 27 
parallel to the focal axis A. In order to minimize this 
phase error, the antenna shown in FIGURES 4 and 5 is 
provided with a modi?ed stiffener assembly 1511 arranged 
so that the effective length of travel of electromagnetic 
waves in the dielectric foam is greatly reduced. Stiffener 
assembly 15a is made up of a ?rst series of ?at dielectric 
foam sheets 38 arranged in parallel planes P1 which are 
inclined relative to the focal axis A, and a second series 
of such sheets 39 disposed in parallel planes P2 which 
intersect the planes of sheets 38 at right angles. The 
sheets 38 and 39 extend in one direction, vertically as 
viewed in FIGURE 4, across the re?ector 11a and are 
permanently secured to the re?ector as explained later in 
the description of the method of assembly. 
Each junction of sheets 38 and 39 is formed with an 

elongated bar 42, see FIGURE 7, extending the length 
of the sheets. Bar 42 preferably has a rectangular cross 
section and the junction edges 40 and 41 of the sheets 
have V-shaped recesses which ?t over the corners of the 
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bar, as shown. A suitable adhesive is used to make the 
junction permanent. 

Sheets 38 and 39 may have a laminated construction 
as shown in FIGURES 6 and 7 in order to increase their 
strength and to decrease their weight. The body 43 of 
each laminated sheet preferably is an extremely light 
weight dielectric foam and is reinforced by thinner outer 
layers 44 and 45, such as ?brous-glass cloth, having high 
mechanical strength. 

In other respects, the antenna shown in FIGURES 4 
and 5 is substantially the same as the antenna of FIG 
URES l and 2, and like or corresponding parts are identi 
?ed by like reference numbers followed by the suffix “a.” 

THIRD EMBODIMENT (FIGURES 8—9) 

A third embodiment of the invention shown in FIG 
URES 8 and 9 is particularly well adapted for parabolic 
antennas having aperture diameters of 75 feet or greater. 
Re?ector 11b comprises base 1717 having axially spaced 
metallic hub plates 47 and 48, preferably made of 
aluminum, secured to the central rear portion of the base 
concentrically of the focal axis A. Plates 47 and 48 
serve to anchor the re?ector to a pedestal, not shown. A 
plurality of dielectric arms 49 are secured to the hub 
plates by bolts 50 and extend radially therefrom and 
slightly forwardly to connection with an annular rein 
forced dielectric backing ?ange 51 at the peripheral por 
tion of the re?ector. Flange 51 abuts and is secured to 
circumferential ?ange 22b. The arms 49 and ?ange 51 
follow a generally parabolic contour and rigidly support 
the metallic re?ecting skin 16b and inner dielectric layer 
18b. Arms 59 and ?ange 51 preferably are laminated 
polyurethane foam and are reinforced with resin-im 
pregnated ?brous-glass cloth as described previously. 
The stiffener assembly 15b comprises continuous di 

electric foam support members 53, 54 and 55 formed into 
forwardly opening truncated cones of progressively in 
creasing diameters arranged coaxially about the focal axis 
A. The inner edges 53a, 54a and 55a of these members 
abut and are cemented to the inner surface of the re?ector 
and their outer edges 53b, 54b and 55b are formed to 
support a concavely-shaped dielectric cover 33b. The 
conical members 53, 54 and 55 are spaced apart by and 
are laterally braced against peripheral ?ange 22b through 
annular spacers 57, 58, 59 and 60, the latter also serving 
to support a feed horn 62 described below. These spacers 
are cut from dielectric foam sheets in either monolayer 
or laminar form, and preferably lie in the plane of the 
antenna aperture approximately midway re?ector 11 and 
cover 3317. 

In order to illuminate the re?ector, feed horn 62 is 
supported coaxially of the re?ector on center spacer 60 
with its aperture facing outwardly from the re?ector. 
The horn is connected to transmission lines 63 extending 
through plates 47 and 48 to a microwave energy source, 
not shown. A secondary convex re?ector 64 axially 
spaced from the horn is illuminated by it and redirects the 
microwaves toward re?ector 11b in such a manner that 
the microwaves are again re?ected outwardly in a plane 
wavefront. Secondary re?ector 64 is suitably supported 
by a dielectric foam frame 65 on the outer portion of 
center conical member 53. This type of feed system is 
used in Cassegranian antennas described in “Antenna 
Engineering Handbook,” Henry Jasik, McGraw-Hill, 
1961, Chapter 25, pages 11-14, and is particularly use 
ful and advantageous with large diameter antennas hav 
ing large focal lengths as an alternative to supporting the 
feed horn at the focal point. 
The divergent shape of conical stiffener members 53, 

54 and 55 minimizes phase error in microwaves passing 
through them, and additionally insure rigidity of the en< 
tire structure by directing wind loading forces toward 
central support plates 47 and 48 and the pedestal which 
supports the re?ector. 
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FOURTH EMBODIMENT (FIGURES 10-11) 
FIGURES 10 and 11 illustrate another embodiment 

of the invention which has less dielectric foam material 
in the stiffener assembly 150. In other respects the 
antenna shown in FIGURES 10 and 11 is similar to the 
antenna of FIGURES l and 2 and like or similar parts are 
designated by like reference numbers combined with the 
su?ix “c.” 

Stiffener assembly 150 is a modi?cation of sti?ener 
assembly 15b shown in FIGURES 8 and 9 in that the 
truncated conical members 53, 54 and 55 are replaced 
by three annular series of divergent struts 67, 68 and 69 
which are essentially slant height elements of truncated 
cones. The struts are secured in place by axially spaced 
dielectric plates 70 and 71, see FIGURE 11, which extend 
across the face of the re?ector and are secured thereto 
along their peripheral edges. The struts extend through 
and are secured in preformed openings in plates 70 and 
71, and the opposite ends of each strut abut re?ector 11c 
and the dielectric cover 330, respectively. Feed horn 
120 is secured in a suitable dielectric housing or frame 
35c supported by a frame 73. 
The reduced mass of the sti?ener assembly 150 through 

use of struts 67, 68 and 69 not only decrease the weight, 
but also simpli?es fabrication and assembly of the 
antenna. 

Method 

The method of making the antenna shown in FIG 
URES 1 and 2 will now be described with reference to 
FIGURES 12 through 15. Referring to the flow diagram 
of FIGURE 12, the principal fabrication and assembly 
steps and the order of their performance are: 
(1) Assembling preformed stiffener components into a 

rigid double convex structure so that the adjacent edges 
at one end lie in an imaginary approximately parab 
oloidal convex surface, and the end edges at the op 
posite end lie in an imaginary generally convex surface; 

(2) Applying a layer of polyurethane foam material to 
the convex surface formed by a plastic covering placed 
over the assembly to a substantially uniform depth; 

(3) Accurately machining the convex surface of the foam 
layer to form a precisely accurate parabolic surface 
which has the desired focal length; 

(4) Applying a metallic ?lm to the machined surface of 
the foam; 

(5) Forming a protective foam layer on the convex sur 
face of the metallic ?lm; 

(6) Fabricating a laminated cover or skin using the back 
surface of the re?ector as a forming mold; 

(7) Attaching the formed front cover to exposed stiffener 
ends; 

(8) And attaching a feed assembly on the focal axis of 
the assembly. 

Each of these steps will now be discussed in greater 
detail. 

STEP 1 

The formation of stiffener assembly 15 shown in FIG 
URES 1 and 2 illustrates the ?rst step of the process. 
Sheet members 25 are sawed to proper lengths from rigid 
polystyrene foam boards of differing widths. The lengths 
to which these sheets are cut correspond to the lengths 
of parallel laterally spaced chords of the circular antenna 
aperture. 

After preforming, the sheets 25 are arranged in parallel 
laterally spaced relation symmetrically about transverse 
axis B and with the longitudinal edges 26 and 29 lying in 
imaginary convex surfaces and with end edges 74 lying in 
an imaginary cylindrical surface. Spacer members 27, 
typically shown in FIGURE 13, are next cut to proper 
lengths from rigid foam boards of varying widths and 
inserted between and normal to adjacent sheet members. 
The members 27 are aligned in parallel rows spaced apart 
transversely of axis B and have ends 28 and 30 lying in 
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an imaginary convex surface. Opposite ends 75 are per 
manently bonded to the sheets with urethane foam as the 
adhesive. The sheet and spacer members form a rigid 
unitary structure having external dimensions approximat 
ing those of the completed antenna. 
The stiffener assemblies 15a, 15b and 15c shown in 

FIGURES 5, 9 and 11, respectively, are also assembled 
from pre-cut and preformed dielectric foam components 
to form a rigid frame-like structure having the same ex 
ternal contours and dimensions. In assembly 15a of 
FIGURE 5 sheets 38 and 39 are cut to proper size, are 
V-notched on their longitudinal edges and are cemented 
to transverse junction bars 42. In assembly 15b in FIG 
URE 9, each truncated cone is formed using a preformed 
mold of the proper dimensions. Thereafter the outer 
cone having the largest diameter is cemented to spacers 
58 and 59, and the inner cone is cemented to spacers 59 
and 60. In assembly 150 of FIGURE 11, plates 70 and 
71 of predetermined diameters are formed with appro 
priately inclined strut openings, and are axially spaced and 
appropriately angularly oriented relative to each other. 
Struts 67, 68 and 69, cut to proper length, are then ce 
mented in the plate openings and the assembly is 
complete. 

Edges 26 and 28 of sheet and spacer members 25 and 
27, respectively, are next machined to form a convex 
?gure of revolution by a shaping machine 77 shown in 
FIGURES 14 and 15. This machine 77 comprises a 
horizontal base 78, a vertical pivot shaft 79, and a cutter 
arm 80 pivotably connected at its end 81 to the top of 
shaft 79. The base 78 is in the form of the spider having 
arms 82, see FIGURE 14-, removably connected at their 
inner ends to and extending radially from center plate 83 
and terminated adjacent to circular ring 84. The vertical 
axis C of shaft 79 is coincident with the axis of ring 84. 
Arm 80 has a central portion 87 which extends radial 

ly and slightly downwardly from shaft 79 with a con 
cavely-shaped undersurface 87a, and a vertical outer end 
portion 88 supported on and movable relative to ring 84. 
The lower end of outer arm portion 88 has motor-driven 
rollers attached to housing 86 for engagement with the 
ring. A plurality of individually robotable cutters 91 are 
attached to the underside 87a of central arm portion 87 
and are individually adjustable. 
With cutter arm 80 dismounted from the shaft, the 

preformed stiffener assembly 15 is placed on foam blocks 
92 on the base 78 concentrically of shaft 93. Arm 80 is 
then mounted on the shaft and ring 84. Cutters 91 driven 
by suitable motors are individually rotated while arm 80 
is rotated by its rollers 89 about shaft 79. In this manner 
the upper ends (as viewed in FIGURE 15), of the sheet 
and spacer members comprising the stiffener assembly are 
accurately machined to lie in a‘ paraboloidal surface. 

STEP 2 

Polyurethane foam is next applied to a thin plastic 
membrane stretched over the machined ends of the sheet. 
Preferably the foam in a ?uid state is blown by air under 
pressure onto the surface of the membrane to a depth 
of approximately 2 to 4 inches. The applied foam dries 
and hardens in approximately 15 minutes and is ready to 
be machined in approximately 8 hours. Note that the 
membrane and hardened foam comprise layer 18 of the 
re?ector, see FIGURE 3. 

STEP 3 

The outer un?nished surface of the layer 18 is then 
accurately formed to a true paraboloid by cutters 91. 
This ?nished surface provides the base for the re?ecting 
layer and therefore must be precisely formed. 

STEP 4 

The metallic re?ecting skin 16 is applied to the ma 
chined surface of layer 18 by conventional metal spray 
ing techniques. Alternatively, a metallic foil or screen 
may be used. 
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STEP 5 

To the convex surface of re?ecting ?lm 16 there is 
next applied a second or base layer 17 of foam to en 
close and protect the metallic skin and to provide a struc 
tural body of sufficient strength to permit attachment to 
the supporting pedestal. This base is therefore thicker 
than layer 18 and is machined on its outer surface to give 
the re?ector a uniform pro?le. During the forming of the 
base layer, additional support means are located within or 
adjacent to this layer. For example, in the embodiment 
shown in FIGURE 2, a ?ange 22 is located at the pe~ 
riphery of layers 17 and 18, and a series of solid metal 
rods 19 radially located between the ?ange and axis are 
buried within the layer to add rigidity to the re?ector. 
In addition, a ?brous-glass skin is cemented to the outer 
surface of the base to additionally reinforce and 
strengthen the structure. 

STEP 6 

Front sandwich skin or cover 33 is next fabricated using 
the machined surface of the base layer 17 as a forming 
mold. To the convexed machined surface there is ap 
plied a releasing agent to allow the skin to be removed 
when completed, followed by a ?brous-glass cloth im 
pregnated with a resin. Polyurethane foam layer is nextly 
applied to the cloth to a thickness which is less than that 
of layer 17 and the convex surface is machined to a 
streamlined silhouette. The assembly is covered with 
an additional ?brous-glass cloth and the completed skin 
removed from the re?ector. A metal plate 24 is then 
cemented to the exposed convex surface of layer 17 to 
provide means for attaching the re?ector to a vertical 
support pedestal (not shown) after which the re?ector 
is removed from the shaping machine, inverted and re 
located thereon so that the unattached ends of the stiffen 
ers are directed upwards when viewed in FIGURE 15. 
Other forms of support equivalent to plate 24 are con 
sidered to be within the scope of this invention. For ex 
ample, a series of radially extending arms 49 shown in 
FIGURE 8 may also be added to add rigidity to the re 
?ector. These arms attach to the concave surface of layer 
18b and have ends in contact with annulus 51 located at 
the periphery of the dish and with central hub plates 47 
and 48. 

STEP 7 

Edges 29 and 30 of the stiifeners are nextly machined 
to an accurate parabolic form having a focal length equal 
to that of the outer surface of layer 17. The front skin 
of similar form is then attached to the stiffener edges using 
a suitable adhesive, such as epoxy resin. Note that 
machining of the ends of the stiffener is unnecessary when 
using the stiffener assembly of FIGURES 10 and 11. 
For this construction, openings rectangular in cross sec 
tion, are cut in the front skin which allow the struts to ' 
protrude through the skin when the latter is attached to 
circumferentially extending ?ange 22. These extensions 
are sawed off ?ush with the surface of the cover and ad 
ditional foam is applied to rigidly ?x the struts in place. 

STEP 8 

After the ?brous-glass skin is attached, a round open 
ing is made in the skin at the point where the cover inter 
cepts axis A of the assembly. A polystyrene foam hous 
ing or truncated conical shell 35 having a square or 
round base with dimensions the same as the opening, is 
then attached to the exposed outer end edges of the cen 
tral sheet and spacer members. Horn 12 is attached to 
the housing 35 so that it is rigidly connected and ?xed 
relative to the re?ector, the foam shaping machine being 
utilized to locate the focal axis and focal plane of the 
structure. The horn 12 is connected by a coaxial line to 
a transmitter or receiver, not shown. 

In some antennas the electrical and mechanical require 
ments dictate that a Cassegranian feed system be used 
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in order to decrease the width of the antenna as explained 
above. As shown in FIGURES 8 and 9, such a feed 
system is assembled by ?rst locating feed horn 62 adja 
cent to the antenna aperture and then attaching subre 
?ector 64 on the axis A as shown. Feed horn 62 is se 
cured by spacer member 60 while subre?ector 64 is rigidly 
located by means of frame 65 on cone 53. 

It should be understood that this invention in its broad 
est aspects is not limited to the speci?c embodiments or 
methods described above. For example, the stiffener 
assemblies 15—15c of the embodiments listed above may 
be formed into arcuate cylindrical segments in which the 
imaginary concave surface formed by the ends of the 
stiifeners are used to form and support layers 17 through 
19 of the re?ector. An additional foam layer is attached 
to the imaginary convex surface of the unattached stiffen~ 
er ends to ruggedize the assembly and form a mold for 
fabricating cover 33 as described above. The appended 
claims are intended to include all changes and modi?ca 
tions within the spirit and scope of the invention. 
What is claimed is: 
1. In an antenna system, a re?ector having a focal axis 

and comprising 
a plastic foam layer having concave and convex sur 

faces, 
a coaxial peripheral ?ange attached to said foam layer, 
a metallic layer attached to and coextensive with the 

convex surface of said foam layer, 
a plurality of plastic foam stiffener members having 

?rst and second end portions, said ?rst end portions 
being attached to the concave surface of said foam 
layer at spaced locations from said axis, 

said stiffener members comprising a plurality of plane 
sheets extending parallel to each other and to said 
focal axis in a ?rst direction and spaced apart in a 
second direction transversely of said ?rst direction, 
and 

spacer members extending between and attached to said 
sheets in rows parallel to said second direction, and 

a skin member connected to and covering said second 
ends of said stiffener members and connected to said 
?ange of said re?ector. 

2. In an antenna system, a re?ector having a focal axis 
and comprising 

a plastic foam layer having concave and convex sur 
faces, 
coaxial peripheral ?ange attached to said foam layer, 
metallic layer attached to and coextensive with the 
convex surface of said foam layer, 

a plurality of plastic foam stiffener members having 
?rst and second end portions, said ?rst end portions 
being attached to the concave surface of said foam 
layer at spaced locations from said axis, 

said stiffener members comprising a plurality of sheets 
in planes inclined relative to said focal axis in a ?rst 
direction and spaced apart in a second direction trans 
versely of said ?rst direction, and 

spacer members attached to and extending between 
said sheets perpendicular to the planes of said sheets, 
and 

a skin member connected to and covering said second 
ends of said stiffener members and connected to said 
?ange of said re?ector. 

3. In an antenna system, a re?ector having a focal axis 

a: 

O . . 

and comprising 
a plastic foam layer having concave and convex sur 

faces, 
a coaxial peripheral ?ange attached to said foam layer, 
a metallic layer attached to and coextensive with the 

convex surface of said foam layer, 
a plurality of plastic foam stiffener members having 

?rst and second end portions, said ?rst end portions 
being attached to the concave surface of said foam 
layer at spaced locations from said axis, 
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said stiffener members comprising concentric truncated 
cones having successively smaller diameters in a 
plane perpendicular to the focal axis, the diameter 
of each cone at the second end portion being greater 
than ‘the cone diameter ‘at the ?rst end portion, and 

annular axially spaced spacers located between and at 
tached to adjacent cones, and 

a skin member connected to and covering said second 
ends of said sti?ener members and connected to said 
?ange of said re?ector. 

4. In an antenna system, a re?ector having a focal axis 
and comprising 

a plastic foam layer having concave and convex sur 
faces, 

a coaxial peripheral ?ange attached to said foam layer, 
a metallic layer attached to and coextensive with the 

convex surface of said foam layer, 
a plurality of plastic foam stiffener members having 

?rst and second end portions, said ?rst end portions 
being attached to the concave surface of said foam 
layer at spaced locations from said axis, 

said stiffener members comprising elongated struts cir 
cumferentially spaced about and inclined outwardly 
from said focal axis in a direction away from said 
re?ector, and 

10 

15 

20 

25 

10 
axially spaced support elements in planes perpendicular 

to said axis having openings through which said struts 
extend, and 

a skin member connected to and covering said second 
ends of said stiffener members and connected to said 
?ange of said re?ector. 
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