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Foreword

This Final Progress Report covers the activities performed from
June 1977 through July 1978, under contract N66001-77-0139 WJC.

The program was conducted within the Advanced Manufacturing
Technology Laboratory at the Pomona Division of General Dynamics.
The cognizant responsibility is under Dr. Marvin C. Abrams, Chief
of Advanced Manufacturing Technology. Mr. William L. MacTurk is
the program director and principal investigator.

The work has been authorized by the Naval Sea Systems Command,
Manufacturing Technology Code SEA 035, Mr. Harry Byron. The
contract is being monitored and technical direction provided
by the Naval Ocean Systems Center, Code 9243, Mr. John Markall.
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ABSTRACT

The work contained in this report details the activities
accomplished from June of 1977 to July of 1978 by the Advanced
Manufacturing Technology Section at General Dynamics, Pomona
Division, on the manufacturing process development of a 40"
diameter foam-filled fiberalass radome.

This program, sponsored by Naval Qcean Systems Center, San Diego,
California, under contract N66001-77-C-0139 WJIC, enabled the
transition from a development phase to a production-ready
manutfacturing process whereby low-cost, lightweight radomes with
excellent desian advantages could be fabricated in normal
production environments for deployment on both landbased and
shipboard installations,

The Navy Phalanx Ship/Gun System now under production at General
Dynamics Pomona, which utilizes a 40" diameter hemispherical
radome window as the enclosure for the search antenna unit, has
adopted the fabrication process demonstrated in this program.

This final report also contains the test plan and results on the
testing of this radome as concurred by NOSC, San Diego, and
Manufacturing Technoloay, General Dynamics, Pomona. Test results
‘ appear as appendices at the end of report with the appropriate
organization aroup that conducted the tests desianated.

A Development Process Specification (D.P.S.) detailing the
manufacturing steps pursued in the construction of the radome is

3 also appended to this final report along with vendor intormation
as to the materials employed in the foam/fiberglass construction
L of this radome window.
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1.0 OBJECTIVE
To establish, demonstrate, and document a manufacturing

process for fabricating foam filled fiberglass radomes in
accordance with appropriate military specifications.

S —

The resultant radomes are suitable for use with land and
sea based military radar systems and exhibit a substantial
decrease in production costs (20:1) over conventional honeycomb
structures coupled with a higher degree of reliability and
reproducibility of design.

Superior design performance has also been attained with
these radomes in the areas of surface finish, anti-ice formation,
thermal insulation, acoustic attenuation, and weight when
compared with conventional honeycomb structures. RF transmission
loss in foam radomes is greatly reduced from that of honeycomb
structures.
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2.0 INTRODUCTION

Based on the initial success demonstrated with a fiberglass
search and tracking antenna developed by the Advanced Manufacturing
Technology area at General Dynamics and now in production on the
Navy Phalanx Close-In-Weapon-System, interest was generated in
expanding this technology concept into radome development and the
consequent production of these radomes as enclosures for these
antennas in the Phalanx CIWS.

This has been accomplished with radome production now underway.

Radomes used in conjunction with ship borne and land based
radar systems for gun control, target acquisition or the like, are
commonly fabricated from honeycomb structures to provide high
tensile strength with adequate weight reduction.

Due to the nature of their construction these honeycomb
structures require heavy capital outlay such as autoclaves, vacuum
systems, and bonding presses along with attendant high tooling and
material costs.

In comparison with the 40 inch diameter foam filled polyester
glass radome of hemispherical construction contained in this report,
which requires no capital outlay or costly tooling, savings of over
20:1 have been realized over conventional honeycomb structures of
similar size and geometry.

Although the principal benefit of this program is cost
reduction and excellent production capability ease, other factors
pertaining to engineering and environmental considerations should
be discussed.

Honeycomb structures are prone to delamination due to the
bonding area being somewhat less than 30% of the total surface area
of the radome. This edge contact bonding in a corrosive atmosphere,
high vibrational or thermal stress environment inhibits good
bonding integrity and enhances delamination of the facings from
the honeycomb substrate.

I
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Surface finish is also poor due to "bleeding" of the
honeycomb structure through the facings and the difficulty during
manufacture of providing a homogeneous smooth surface for the

sphericity required.

This rough and porous surface allows condensation and
retention of water vapor which in polar climates allows for
rapid ice formation and subsequent attenuation of microwave
energy from enclosed radiating elements.

The body of this report will show that the foam filled
fiberglass radome prevents ice retention on the exterior surface
due to a surface finish of less than 10 micro inches RMS; has
excellent RF transmission loss charactsristics; will withstand
compressive forces of over 5000 1bs/ft¢; has superior thermal
insulation; and is impervious to corrosion or fungus nutrients.
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3.0 ENGINEERING APPROACH AND RESULTS

The initial action taken under the conduct of the program
was a task, schedule, and budget review between the Navy Program
Monitor and the principal investigator and program manager at
General Dynamics. The basic task-schedule plan, as summarized
in Figure 3-1, was reaffirmed at that time, but due to tooling
f mold delays at the vendor facility caused by heavy Spring rains an
extension of two months was granted to complete the program.

The basic approach to the development of this type of
radome suitable for large production yields was to spin form two
aluminum hemispheres built to the outer and inner diameter of the
radome dimensions. These hemispheres would serve as master tooling
in constructing the fiberglass molds from which the 40" diameter
foam filled/fiberalass radome could be produced.

3.1 Spin Forming of Quter Aluminum Hemisphere

Figure 3-2 depicts a sketch of the spin forming operations
being performed on one hemisphere. A 60" circular plate of 5/8"
thick 6061 aluminum was cut and annealed from the T6 condition to
allow easier forming. A center plug on the face of the plate mounts
the plate to a hemispherical steel mandrel attached to the head
stock of the spin forming lathe. The plate and steel mandrel are
then rotated while a constant pressure exerted by a hydraulic ram
connected to the tail stock assures firm contact of the aluminum
plate to the hemispherical steel mandrel. During rotation of the
aluminum plate a circular wheel or roller 12" in diameter and
attached to the hydraulic ram applies pressure to the aluminum
plate which is being heated with an acetylene torch. Tallow is also
hand applied during this operation and provides lubrication to the
roller but mainly affords to keep the aluminum plate within
temperature limits. Since the tallow burns at a temperature in
excess of 700°F removal of the heating torch during tallow
ignition keeps the aluminum plate forming between 700° and 800°F.
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Ram roller pressure during forming varies and can be as
high in this application as 1000 psi during the initial steps of
the forming operation and as the final forming steps are completed
as low as 10 psi.

Figure 3-3 shows the flat 60" diameter 5/8" thick aluminum
plate after annealing and ready for spin forming. Figqures 3-4,
3-5, 3-6, and 3-7 illustrate the successive hemispherical forming
of the flat aluminum plate.

3.2 Spin Forming Inner Aluminum Hemisphere

As in the outer aluminum hemisphere a 60" diameter circular
flat plate, 5/8" thick was formed over the steel mandrel which
had been reduced in diameter by 1/2" to facilitate spinning the
inner hemisphere to a reduced radius. All operations were
identical to those conducted on the outer aluminum hemisphere.

3.3 Attachment of Base Plates to Outer and Inner Aluminum
Hemispheres

Both aluminum hemispheres were then conditioned to a T4
hardness before aluminum circular base plates 1.5" thick were
welded to each hemisphere. After these operations a center hole
2" in diameter was drilled and tapped through each base to
facilitate mounting of each hemisphere to the cutting lathe which
would bring each hemisphere to its finished dimension after both
had been hardened to a T6 condition.

3.4 Machining of Aluminum Hemispheres

Two cutting templates were provided to the vendor by
Advanced Manufacturing Technology to accomplish this task. This
would give the outer aluminum hemisphere a diameter of 40.000"+.030"
and the inner aluminum hemisphere a diameter of 39.472"+.030".
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3.4.1 Sanding and Buffing Operations

The inner aluminum hemisphere on arrival at this facility
was then in conjunction with the outer aluminum hemisphere sanded,
polished and buffed to a surface finish of less than 10 micro-
inches RMS. Both aluminum hemispheres as received from the vendor
had a surface finish of [J62.

3.4.2 Dimensioning of Aluminum Hemispheres

Measurements were then taken on both hemispheres for trueness,
diameter, height, and arc. The 40" diameter hemisphere, diameter
as measured with an outside caliper read 40.003", and the 39.472"
inner hemisphere diameter as measured read 39.479". Since both
hemispheres are flat 4.5" above their bases, arc measurement was
taken 4.5" up from the base of each radome and was computed from
s =1r0

where s = arc (inches)
r = radius (inches)
0 = radians = 1.57

Measurements were done using two templates cut to the arcs
required for each hemisphere, the templates fitting into respective
center holes at the apex of each hemisphere.

The outer hemisphere measured 31.390" and since s = r 0 =
20 x 1.57 = 31.4" shows a trueness within .005" and an arc dimension
within .010". Height tolerance was within .010" over the 24.5"
dimension and measured 24.493".

Inner hemisphere diameter measured 39.479" and was within
.007" of the 39.472" correct diameter. Arc dimension as measured
read 30.992" and was within .007" of the computed measurements of
s =r8=19.736 x 1.57 = 30.985". Height *nlerance was within
.005" and measured 24.240".
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Figure 3-8 shows the outer aluminum hemisphere being measured
for diameter with an outside caliper, and Figure 3-9 depicts
this same measurement on the inner hemisphere. Figure 3-10
illustrates the dimensioning of the arc of the 40" hemisphere
from a measuring tool fabricated by Advanced Manufacturina
Technology. Figure 3-11 shows the two aluminum hemispheres
polished to a 5 micro inch finish. Figure 3-12 illustrates a
40" diameter foam/fiberglass radome of the type which will be
taken from the two aluminum masters after mold fabrication has
been completed.

3.4.3 Mold Construction - Outer Concave Mold Assembly

The 40" diameter aluminum hemispherical plug was waxed and
polished before a spray coat (.015" nominal thickness) was applied
over the plug. This gel coat was black in color and provides a
close visual inspection of the mold for flaws and irreqularities
on removal of the aluminum plug. Figure 3-13 illustrates the
application of the black gel coat.

After cure of the gel coat (room temperature-minimum 4 hours)
a hand lay-up of 1 oz. mat and polyester resin (2 layers) was
applied in quadrants over the outer radome plug and after air
removal from the resin/glass cloth matrix by teflon rollers the
lay-up was allowed to cure for 24 hours at room temperature. This
step adds additional strength to the mold and would enhance the
durability of the mold in a production mode.

Successive applications of sprayed fiberqlass chop were then
added to the radome to an overall thickness of 3/4", each
application being approximately 1/8" to 3/16" thick and being allowed
to cure for a minimum of 24 hours before the next application.
This is done to prevent large exothermic reactions taking place
during polymerization of the resin which could distort the mold
if not controlled. Also during this period two layers of 1 oz
glass mat were hand applied to the base of the chopped glass mold
to ensure further structural integrity of the mold on removal of
the aluminum plug, and also to eliminate the possibility of non-
sphericity during this operation. Figures 3-14, 3-15, and 3-16
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depict the application of the chopped fiberglass and base lay-up
of 1 oz mat and also show the removal of air and excess resin by
hand rolling with steel and teflon rollers.

3.4.3.1 Supporting Structure

After completion of the fiberglass mold operations over the
aluminum plug, a supporting structure consisting of a wooden table,
legs, braces, and 5" diameter caster wheels was mounted to the
hemispherical radome mold containing the aluminum plug. Figure 3-17
illustrates the fiberglass mold being "glassed in" to the table top
before the addition of the braces, legs, and casters to complete the
outer mold structure. This was done after it was assured that the
fiberglass dome structure containing the outer aluminum hemisphere
was perpendicular to the table surface. Figure 3-18 shows the
supporting structure which will accept the table top and
fiberglassed outer aluminum hemisphere.

Before removal of the aluminum hemisphere the protruding lip
of the fiberglass mold was further strengthened with glass as was
the top side of the table. This gave a total thickness of 1" to
the peripheral base of the outer mold assembly. Figure 3-19
illustrates this condition and also shows the aluminum hemisphere
connected to a 1/2 ton manual hoist. At the right of the figure
the circular wooden section is shown which was cut from table top
center before installation and glassing of the fiberglass mold
encasing the aluminum hemisphere.

3.4.3.2 QOven Cure of Outer Mold Assembly

To assure a complete cure of the fiberglass structure
encasing the outer aluminum hemisphere and to prevent out of
tolerance conditions arising at a future date due to fiberglass
shrinkage, the assembly was cured in a large walk in oven for
8 hours at 160°F before being removed from the oven and allowed
to cool to room temperature before further assembly operations
were conducted.
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3.4.3.3 Removal of Aluminum Hemisphere from Outer Mold Assembly

Utilizing an upward force exerted by the manual hoist and a
series of air nozzles directing compressed air (100 psi) between
the mold assembly, the aluminum hemisphere was removed from the
mold assembly. Figures 3-20 and 3-21 show this operation.

As can be observed from Figure 3-21 the outer aluminum
hemisphere has an excellent surface finish which is imparted to
the inner surface of the outer mold assembly.

3.4.3.4 Enclosing Outer Mold Assembly with Aluminum Sheeting

After examination of the inner surface of the outer mold
assembly for gel coating irregularities the mold was enclosed
on four sides with aluminum sheeting which had been painted navy
grey. The table top was also covered with .060" thick aluminum
sheeting. This is shown in a later figure.

3.4.3.5 Diameter and Height Measurements of Quter Mold Assembly

Using a large caliper, the diameter of the inner surface of
the outer mold assembly was measured at 45° spacings and read as
follows, 39.993", 39.993", 40.001" and 40.003", which gave a
tolerance from the nominal dimension of 40.000" of +.003 -.007.
Height measurement taken from a steel rod placed exactly at the
center of the apex of the hemisphere and perpendicular to it
measured 24.491" which was .002" under that measured on the
height of the outer aluminum hemisphere. These excellent results
show the feasibility of this manufacturing process.

3.4.4 Inner Mold Assembly

Simultaneous operations were conducted on the inner aluminum
hemispherical plug (39.472" diameter) during the outer mold
construction as is shown on some of the figures explained in the
construction of the outer mold assembly.
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Previously, in the second quarterly report, it had been
stated that the inner aluminum plug would be used as a mold, and
that direct lay-up of the inner facing of the finished radome
would be taken from this aluminum plug. This, although feasible,
would mean that the inner aluminum plug would be exposed to
damage (scratches, abrasions, etc.) during handling and facing
lay-up operations, and it was decided that a fiberglass mold
identical in shape and dimension to the inner aluminum hemisphere
would be constructed and would serve as the inner mold. The inner
and outer aluminum hemispheres would then be retained as masters
from which future fiberglass molds could be drawn when required for
large production needs.

3.4.4.1 Diameter and Height Measurement of Inner Mold Assembly

After removal of the inner aluminum hemisphere from the inner
mold assembly in steps identical to those explained on the outer
mold assembly measurements were taken as to the diameter of the
inner mold assembly at its base. At 450 spacings readings were
39.470", 39.474", 39.465", and 39.466", giving a tolerance of
+.005 -.014 from the measured dimension of 39.479" of the inner
aluminum hemisphere.

Height measurement read 24.235 and was .005" under the height
measurement of the aluminum hemisphere.

3.4.5 Inner Plug Fabrication

After waxing and buffing the concave interior of the inner
fiberglass mold, a spray coating of black gel coat was applied to
this surface to a thickness of .010" to .015" and allowed to cure
at room temperature from 2 to 4 hours. This was followed with a
hand lay up of 2 layers of 6 oz glass cloth and an additional 2
layers of 1 oz mat, each layer being resined and allowed to
polymerize, after air and excess resin had been removed by rollers
and squeegees. Successive layers of chopped glass were then applied
over this surface to a thickness of 1/2", each application being
approximately 1/8" thick and allowed to cure for 24 hours before
the next layer was "chopped" on. Again as in the outer mold

[ ———
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assembly this was done to prevent high exothermic reaction of the
resin distorting the mold symmetry.

3.4.5.1 Strengthening of Inner Fiberglass Plug

Into the interior of the plug wooden braces (2 x 4's) were
"glassed in" with 1 0z mat and resin and allowed to cure at room
temperature. OQOver this and around the periphery of the base a
circular wooden frame approximately 38.9" in diameter, 1/2" thick
and 6" in width was bonded with glass mat and resin to the inner
surface of the fiberglass plug. This operation was allowed a 24
hour room temperature cure.

3.4.5.2 Eye Bolt Insertion

The wooden braces were then drilled to accept 2-3/8" ID eye
bolts which when connected to steel guy wires to the hoist would
raise and lower the inner plug assembly mating with the outer mold
assembly.

3.4.5.3 Oven Cure of Inner Plug Assembly

Again as was done in the outer mold assembly containing the
outer aluminum hemisphere, the inner mold assembly containing the
inner plug assembly was cured in a large oven for 8 hours at 1600F,
to prevent future shrinkage and mold distortion of the inner plug.
Upon removal from the oven the two assemblies were allowed to cool
to ambient temperature before the inner plug was removed from the
inner mold as similarly shown in Figures 3-19, 3-20, and 3-21
where the outer aluminum hemisphere was removed from the outer
mold assembly.

Figure 3-22 shows the inner fiberglass plug being removed from
the inner mold assembly and the excellent surface finish obtained.

3.4.5.4 Diameter and Height Measurement of Inner Plug

Diameter measurements taken at 45° spacings read 39.465",
39.463", 39.460", and 39.458 well within the +.030" tolerance
allowed on the diameter of the inner plug.
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Height measurement read 24.228" and was only .008" from the
nominal dimension of 24.236" and .012" under the measured height
of the inner aluminum hemisphere of 24.240".

19" Diameter Radome Window

Also during this period of inner mold assembly a 19"
diameter hemispherical foam/fiberglass radome window was
manufactured from tooling constructed by Advanced Manufacturing
Technology for initial tests on this type of radome structure
for the Phalanx Ship/Gun System.

The 19" radome, identical in construction with the 40"
diameter radome in its facings and foam core, has facing thicknesses
of .035" and a form core of =.200".

It was stated in a previous guarterly report that this
smaller radome window would be crushed in a tensilometer to
determine the compressive buckling force and the results
extrapolated (force vs deflection) to that of a 40" dia. radome.

Advanced Manufacturing Technology during the initial
development of the Phalanx radome window had conducted this test
which was accepted by the Phalanx Program Office as valid. This
test which gives a close indication of structural integrity
and which assures that a 40! diameter radome could accept a
loading force of 500 1bs/ft2 does not determine the isostatic
force which would be a more precise condition. Consequently this
test will not be run on the 19" radome but a 40" diameter radome
will be tested in the following manner.

The radome will be mounted on a vacuum table and sealed, and
a partial vacuum impressed on the interior of the radome. Pressure
to the intsrior of the dome will be reduced from 1 atmosphere to
6.7 1bs/in¢ which will impress an isostatic force of 1152 1bs/ft2

(8 psi) to the exterior of the radome. This would be an ample
indication that the radome 50u1d withstand the C.I.W.S. (Phalanx)
specification of 500 1bs/ftc.
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Figure 3-23 depicts the 19" diameter foam filled fiberglass
radome with a surface finish of less than 5 micro-inch RMS. As
explained in previous reports Advanced Manufacturing Technology
had striven for this excellent nonporous finish to inhibit ice
formation on the surface of the dome during operation in polar
regions.

3.5 Inner and Outer M1d Assembly

Fiqure 3-24 illustrates the method of joining the inner plug
and outer mold during the fabrication of the naval search radome.
A hooking eye fastened to the convex inner mold is attached to a
1/2 ton manual hoist. Over the inner mold a circular steel ring
has been bolted. This assures a seal between the inner plug and
outer mold during foaming. It also contains a series of 1/8"
diameter holes equally spaced through the ring which provide
escape of the foam and gases during foaming of the assembly.
Bolted to the table top are four equally spaced gquide pins which
prevent the top inner plug from lateral movement during its
closure into the concave outer mold. The concave outer mold is
held stationary by having the wheel casters locked by a braking
mechanism. Also spaced around the top of the outer mold assembly
is a series of 12 clamps which when locked over the steel ring
of the inner plug prevent movement of the inner plug during the
foaming operation.

The inner plug and cuter mold shown provide not only the foam
assembly tool but also the molds from which the outer and inner skin
facings are layed up. Figure 3-24 does not show the outer and inner
facings layed up over the appropriate outer concave mold assembly
and inner convex plug assembly.

3.5.1 Template Design for Glass Cloth Lay Up

T

To provide a sound method of construction both structurally
and to effect an identical part each time, a method was devised to
provide cutting the glass cloth in quadrants with some overlap to
each quadrant during layup. This was accomplished by fabricating
two flat templates.

13
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The two templates were constructed from .062" thick aluminum
flat stock and would be utilized to cut both the inner and outer
glass cloth for the inner and outer facings of the search radome.

One template would consist of a quarter of a flattened
hemispherical triangle cut to the dimensions required and allowing
for some overlap as the glass cloth was layed up with resin over
the hemispherical mold. In addition the top of the aluminum
template would have a circular cut out to allow for the addition
of the cap piece fitting over the dome and cut from the second
template.

The second circular template would consist of a 20" diameter
flat piece of aluminum .062" thick. This also allowed for some
overlap where it met the four pieces of glass cloth layed up in
quadrants.

The cloth in question is 4 0z. glass cloth and consists of
a resined double layer of cloth, the two cap pieces fitting over
the apex of the dome and 8 pieces (1 for each quadrant) off set
from each other forming the major portion of the dome.

Figure 3-25 shows an illustration of the foam fiberglass
radome. Length of the arc from the apex of the dome to the base
of the hemisphere would be

S=1r08 (0 in radians)

8 90 . "
= 20 x £7.3 31.4

Since a flat portion 4.5" in height extends below the hemisphere,
the total length of the arc plus the straight portion would be
35.9". Allowing for some overlap this dimension was increased to
J6:E5" .
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Figure 3-26 shows three cords which are radii generated at
each of the vertices of the flattened spherical triangle (1
quadrant). Again from Figure 3-26 the flattened arc would have
to be

S=rae
60 "
36.25 x **57:3 = 37.95

"

Figure 3-27 illustrates the flattened quadrant template with
the apex generating a 9" radius cut from the template. Again
allowing for overlap when the cloth was layed up Figure 3-28 shows
the circular template cut on a 10" radius.

Figures 3-29 and 3-30 show respectively the actual aluminum
“templates used for the glass cloth/resin lay up of the constructed
radomes.

3.5.1.1 Inner Facing Fabrication

Using the templates previously described 4 0z. glass cloth was
cut to provide 8 glass clcth quadrants and 2 glass cloth circles
which would fit over the apex of the inner radome convex plug.

The inner plug was spray gel coated with a .010" thick white
gel coat after the plug had been waxed and polished. After
polymerization of the gel coat the glass cloth quadrants were
layed up over the plug with brush applied polyester resin and
overlapped. A second set of quadrants were then layed up and
resined, being off set 1/2" from the orioinal glass cloth quadrants.
The cap pieces were then applied and brush coated with resin before
the whole glass cloth/resin assembly had excess resin removed by
squeegee. Excess glass and resin appearing over the edge of the
plug during lay up was trimmed from the periphery of the plug with
a box knife before complete cure of the inner facing was effected.
Total thickness of facing including gel coat was approximately
.035" and had a tolerance on this dimension of +.010 -.005".

15
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3.5.1.2 OQuter Facing Fabrication

The outer facing or shell was accomplished by spray coating
the highly polished waxed surface of the outer concave mold with a
.010" thick white gel coat. After polymerization of the gel coat,
the glass cloth was applied over this surface in identical
operations as to the inner facing fabrication.

3.5.2 Hard Point Fabrication

To provide hard points to the finished radome for mounting
carrying handles and also the latch mounts connecting the radome
to the servo structure, a series of holes 1/8" in diameter were
drilled through the outer concave mold at the required locations.

3.5.2.1 Teflon Spacer Attachment

After lay up and cure of the outer glass facing in the
concave mold, the holes in the mold were used to drill through the
facing for attachment of .190" thick teflon spacers by means of
1/8" diameter dowel pins.

The curved teflon spacers serve two important functions:
(1) provide concentricity between the inner and outer molds
containing the glass facings during closure of the molds and
(2) provide the hard points for the radome. These teflon spacers
are removed after foaming, the voids being filled with a resin/
milled fiber compound which bonds to the inner and outer facing
to form strong attachment points. After teflon placement, the
inner plug and outer mold now containing the inner and outer glass
facings were ready for the foaming operation.

3.5.3 Foaming Operation

Into the cgncave outer mold containing the outer facing,
6 1bs of 2 1b/ft° free rise foam (polyurethane) were poured.
(Computations showed that apgroximate]y 3 1bs of foam would be
required to fill the .193 ft° of volume when mold closure was

achieved. Excess foam would appear and be vented through the vent
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holes provided.) After foam pour, the inner plug containing the
inner facing was lowered by hoist into the outer mold and clamped

in place with a series of clamps spaced around the periphery of

the outer mold. After a 4 hour cure at 1609F in a large convection
oven tne assembly was removed and allowed to cool to room temperature
before the inner plug and radome were removed from the outer mold
assembly with pressurized air. The foam filled radome is then
removed from the inner plug with pressurized air.

Figure 3-31 shows the mold assembly after curing of the foam.
The excess foam from the vent holes has been removed prior to
removal of the steel ring, and the removal of the inner mold and
radome from the outer mold assembly, by means of the hoist and a
high pressure air gun.

3.6 Completed Radome Window

Figure 3-32 shows the completed foam-filled 40" diameter
naval search radome. The teflon spacers have been removed and the
voids filled with a fiberglass/resin mix bonding the inner and
outer facings of the radome. After cure, the holes were enlarged
to the proper dimensions for latch and handle attachment. A tnin
layer of a polyurethane elastomer was also brush coated along the
base of the naval search hemisphere to provide a seal to the foam
interface. Although the foam is of a closed cell structure, the
addition of the elastomer prevents any wicking of moisture at the
bace of the radome.

3.7 Vendor Honeycomb Radome Window

Figure 3-33 illustrates the vendor honeycomb design, with
handles and latches in place. It shows peeling of the Tedlar
coating encasing the outer surface of the radome and would be a
source of water vapor retention and absorption at these points.
The hemispherical geometry is greatly irregular and the honeycomb
structure has "bled through" the epoxy glass facings. In the past

removal of ice from this radome 1n a cold environment could not be
accomplished without serious damage to the radome. Also, since

17
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epoxy glass facings support funqus growth, the complete inner
surface of the radome and the outer portions where the Tedlar
coating is removed would be susceptible to fungus contamination.

3.8  Foam Machine

A foam machine with a flow capacity of 60 1bs/minute has been
purchased from a vendor and is now in operation at this facility.
The purchase of this foam machine has assured a smooth production
flow on the radomes of the Phalanx C.1.W.S.

The present method of mixing wigh a pressurized air stirrer
the A and B components of the 3 1b/ftY free rise polyether toam
in a bucket, and pouring the 6 1bs of foam over the inner surface
of the outer facing of the outer radome mold before closure of
the inner plug is not conducive to production needs. Although
this method has produced excellent search radomes, a time factor
is critical in performing the operations required before cream
time of the foam takes place. (Cream time is the time it takes
after mix for foam expansion to occur.) At this time foam
injection must cease.

With a 15 second foam mix, cream time occurs 30 seconds
later. This means that pour time, plus mold closure, plus
clamping, can have a duration of only 30 seconds. Lowering the
250 1b inner plug containing the inner facing by utilizing the
1/2 ton manual hoist must be accomplished rapidly and with
precision. Clamping of. the molds together must then take place.

Since pour time takes 4 seconds, mold closure 12 seconds
and clamping 5 seconds, this leaves only 9 seconds until cream
time occurs.

Utilizing a foam machine, foam can be injected through the
apex of the inner plug and facing with the molds in a clamped and
closed position. The foam machine will also meter the amount of
foam injected so that the proper restrained density required can
be achieved each time.

18
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Flow rate can be calculated as follows:

Flow Rate (1bs/min) = Mold Volume (ft3) x Molded Foam 3
g DENS ity (10s/€t)
Cream Time (min)
Since the foam mach&ne in question has a cream time of .25
minutes using the 2 1b/ftJ free rise foam, flow rate far the naval
search radome would be, Sl

Flow Rate = ,293 x 8.6 = 10 1bs/min =

The foam maghine purchased which can meter and pump 60 1bs/
minute of 2 1b/ftY foam gives adequate mix and pour times before
cream rise takes place.

3.9 Cost Analysis

Attached to the following sheets is a comprehensive list of
material and labor costs for the tooling on the naval search
radome, along with the material and labor costs for the fabrication
of the naval search radome.

Cost of the vendor honeycomb radome was $5993.00 against the
foam core radome of $307.85, a cost reduction of nearlTy~20:1.
Tooling costs for the naval search radome was also less an d
a figure of $15,424.13 compared with the vendor toolina cost of B
$22,350.00. e
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TABLE 3-1
Cost Estimates - Naval Search Radome
Tooling
Material ‘Labon—' Total
Part Cost Cost (%) Cost
Outer Aluminum Hemiéphere —.- e $ 5,540.00
(Vendor Part) )
Inner Aluminum Hemisphere = --- $ 5,540.00
(Vendor Part) ; ‘
Steel Cutting Templates (2)  § 27.00 $ 504.00 $ 531.00
Outer Mold Assembly
Outer Fiberglass Mold $231.50 $ 698.00%* § 929.50
(Vendor)
oo Table Structure "~ $ 63.18 $ 90.00 $ 153.18
~Aluminum Sheeting on Table $-59.36 $ 36.00 $ 95. 36
Structure . 5
ers (4) 5" Diameter $ 52.00 - § 18.00 $ ..70.00
Clamp3~and Height Blocks (12) $ 96.00 $ - 54.00 $ 150.00
Teflon Inderts $ 5.00 $ 72.00 $ 77.00
Guide Pins ( $ 8.00 W T R $ 62.00
Dowel Pins (18) $ 3.95 - $ 3.95
Assorted nuts and bo $ 5.25 --- $ 5.25
™
Inner Mold Assembly \\\\\\\\\
Inner Fiberglass Mold $205.26 >~ § 674.00 $ 879.25
(Vendor) e
Table Structure $ 63.18 $ 9000 $ 153.18
Casters (4) 5" Diameter $ 52.00 $ 18.00 ~~._% 70.00
Assorted nuts and bolts § 4.00 - $4.00
$875.67 $2,308.00 $14,263.67
\\\~
\_\\
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TABLE 3-1 (continued)

Cost Estimates - Naval Search Radome

Tooling
Material *Labor Total
Part _Cost Cost Cost
Inner Plug Assembly
Inner Fiberglass Plug $181.55 $ 636.00 $ 817.55
(Vendor)
Supporting Battens $ 4.00 $ 9.00 $ 13.00
Eye Bolts (4) ! $ 12.00 $ 18.00 $ 30.00
Hoist (1/2 ton manual) $128.00 $ ~-- $ 128.00
Steel Foaming Ring $ 78.41 $ 72.00 $ 150.41
Bolts and Nuts $ 21.50 o N $§ 21.50
$425.46 $ 735.00 $ 1,160.46
*Based on an $18./hr rate
**Based on a $20./hr rate GRAND TOTAL $15,424.13
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TABLE 3-2

Cost Estimates - Naval Search Radome

Operation Time (Hr)

Buff and wax molds

Gel coat molds

Lay up inner and outer facings over molds

Trim after cure

Sand and clean inner and outer facings

Drill and secure teflon spacers (14)
with steel dowell pins

Attach steel foamina rina to inner plug

Position inner plug over outer mold

Mix required weights of #6502 A&B
foam components

Pour foam into outer mold cavity and
effect closure of assembly

Remove radome from molds after oven cure

Drill 18 holes throuagh inner facing

Remove teflon inserts and remove foam
residue from facings

Tape over tooling holes

Pour hardpoints after resin/fiber
preparation

Sand flush with base of radome after cure

Apply 1.25" wide band of fiberglass to
inner surface at base of radome

Redrill teoling holes to drawing
dimensions and countersink

Chamfer edge of base of radome

Seal base of radome with Polyurethane
elastomer after mix preparation

Labor Cost
($18./Hr.)

$ 9.
18.
63.
S
10.
10.
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TABLE 3-3

Cost Estimates - Naval Search Radome

Material Costs

Part Material Cost
4 oz Glass cloth (9 yards) $ 9.81
Resin (2 quarts) 2.50
MEK Peroxide .10
Gel Coat (2 quarts) 1.70

' Polyurethane Elastomer (1 pint) 6.00
Milled Fibers (1/2 1b.) 32

Foam #6502 (6 1bs) 15.00

Acetone (1 gal) 1.02

Waxes and buffing compounds 350

$ 39.95

Total Cost of Radome $307.85




English Units
Given
Length

Inch (in)
Foot (ft)

Area

2
5)

Inchg (in
)

Foot™ (ft
Volume

Inchg (ing)
Foot™ (ft")

Force

Pound (1b)
Mass

Slug
Pressure

1b/in5 (psi)

1b/ft 0
in of Hg (60°F)

Torque
in. 1b

TABLE 3-4

Metric Conversion Table

Metric (SI) Units

To Obtain

Meter (m)
Meter (m)

Meters (m5)
Meter® (m°)

Meterg (mg)
Meter™ (m")

Newton (N)
Kilogram (Kg)

Pascal (Pa)
Pascal (Pa)

Joule (V)
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Qpnversiqpﬁf@p}gr

Multiply by

-2

2.540 x 107

3.048 x 10

-4

6.452 x 107,

9.290 x 10

-5

1.639 x 107

¢.832 x 10

4.448

1.459 x 10

.895 x 10
.882
377 x 10

w s o

1.130 = 10




TABLE 3-4 (continued)

Metric Conversion Table

English Units Metric (SI) Units
Given To Obtain

Temperature
OF ¢

Thermal Conductivity

BTU in/hrth2 Of cal-cm/sec-cmz.oc
Density
1b/in3 Kg/m3
1b/ft2 K9/m2
oz/yd Kg/m
Flow Rate
‘ 1b/min Kg/s
i
L
(7
2 l‘
b
: ]
4 S
3
b 25
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Conversion Factor

Multiply by

(Tog - 32)/1.8

2.923 x 10°

2.768 x 10?

1.602 x 102,
3.391 x 10

7.560 x 10°°

——————— AR S
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Figure 3-3. Sinty-Inch Diameter o S=inch Thick Alaminum Plate
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Figure 3-6. Spin Forming 60-Inch Diameter Plate
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Application of Chopped Fiberglass to Aluminum Hemisphere
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Figure .
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Removal of Inner Plug From Inner Mold Assembly
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FFigure 3-24. Outer and Inner Mold Assembly
Naval Radome Tooling
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1 QUADRANT HEMISPHERICAL
SEARCH RADOME

OUTER SHELt
030

INNER SHELL
[eR )

e, i

R207493 719

Figure 3-25. Quadrant Hemispherical Search Radome

s e

s ST

R20T487 719

Figure 3-26. Quadrant Template

50

——




3795"
R207492 719

Figure 3-27. Quadrant Template 0. 062" Aluminum

R207458 719

Figure 3-28. Circular Template 0.062" Aluminum
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Figure 3-30. Template for Cutting Glass Cloth for (4

Hemispherical Search Radome [ *
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Figure
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S Naval Radome Mold Assembly After Oven Temperature Cure
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4.0 RESULTS ANALYSIS - SEARCH RADOME

The conclusion to this program has yielded excellent results
both from a cost and design reliability standpoint, and are
enumerated below.

1. R.F. transmission loss of radome is extremely low
(0.1 db ave over Ku band range).

2. Excellent surface finish (<10 uinches) leading to the
prevention of ice formation in colder regions.

3. Excellent thermal insulation to both heat or cold.
(K factor of foam core = 1.8 BTU/HR/FT¢/in/°F.)

4. Excellent dimensional integrity combined with good
structural qualities at minimum weight. 2
(Compressive loading force greater than 1200 1bs/ft“.
Weight of radome = 12 1bs.?

Compared with a 40" diameter vendor honeycomb radome, RF
transmission loss, surface finish, thermal insulation, hard
point construction, and weight of the foam/fiberglass naval
radome gave superior results.
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APPENDIX A

1 TEST PLAN
MANUFACTURING TECHNOLOGY PROGRAM
FOR
FOAM FILLED FIBERGLASS RADOMES

CONTRACT N66011-77C-0139

[ %
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Addendum to the Test Plan

Contained within this final report is the original Test Plan submitted
to NOSC under Contract N66011-77-C-0139. The time schedule under
authority of NOSC was extended to 15 August 1978 due to tooling delays
caused bz inclement weather where fiberglass operations had to be
curtailed.

As explained in the Abstract Section of this final report all test
results will appear as appendices at the end of the report with the
appropriate group conducting the tests. The Development Process
Specification and the Phalanx CIWS Design Instruction will also be
submitted as appendices.

Accompanying photographs of testing procedures where applicable will
also appear in the appendices containing the test results.
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Introduction
This test plan is being submitted in compliance with the requirements
of Contract N66001-77-C-0139, "Manufacturing Technology Program For
Foam Filled Fiberglass Radomes." The test plan defines the scope of
the tests required to insure that the hardware produced by the
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