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~vy Phalanx Ship/Gun System now under production at General Dynamics, Pomona, which

utilizes “ iarneter hemispherical radome window as the enclosure for the search Antenna unit , has adopted
the fabrica ion process demonstrated in this program.
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so designated.
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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 wi thin 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.

F The work has been authori zed by the Naval Sea Systems Conmand ,
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.

PRE PARED BY : ~~~~~~ ‘— ~~~ ~~~~~~ -

W. L. MacTu rk
Senior Manufacturing Development Specialist
Advanced Manufacturing Technology

AP PROVED BY: /~7 (~ 
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M. C. Abrams , Chief

- . Advanced Manufacturing Technology
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The work ¼on (  a i ned n this t -epot - t de t a i l s  the act  i v~ tie sac comp I f shed fi -o m June o ~ I ~ 7 7 to July of 1978 by the Advanced
Ma nutact un tin Technol o~~- Sect ion at Genera Dynamics Pomona

• D lv i  s ion , on the man utac t un nq rocoss development of a 40”
di ame t or fo am — t i l l e d  f I born 1 ass radonie

Tb I p onram , sponsore d by Nava l Ocean Sy ~ t ems (on t o n • San Di e~ o
Ca i t  torn i a , tinde r cont ract N6t’O0 1— ‘ 7 —  (—0 13 ’ ) W JC , enabled the
t rans i t  ion I rom a dove loprnent phase to a product ion— reads-
mann fact un n..~ process whereby lo w — c o s t  11 qhtwe I qht radome s w i t h
05 c r ’ 11 out d~ s i ~n advan t anos coul d be t abri cat r ’d in nonna 1
pn~duc t ion en’s I ronmen ts to t -  ~iep 1 ovii~’n t on hot t i 1 ,indhased and
sh ipboa rd ins ta l  lat ions

Thi ’ Na~~ Phal ans Sh ip ‘Gun 5~ - s  tern now tinder product ion at General
lt vnami cs romon.~ , which ut I l  i :os a 40 ’ di ~meter herni spheri cal
radome w indow as the enc los nrc to t -  the search antenna unit ,
adopted the t abni cat ion process demonstrated in th Is proQra ’ -

Th is  1 na 1 report a 1 so c ont a i ns  the t e s t  plan and ,-e~~ti1 t ~ Ofl ¶ 
~~‘

tos t inn of t h i s  radome as concurred h~ NOSC San Di eno , and
Manufa ~ t ui- i tin T ’chtio 1 on~ • Gene r,~ 1 o~ c~ • ronk~na - T e s t  i-os ul t ~appear as appendices at the end of report w i t h  th e appropriate
om an i:~mt ion nroup that conduct ed the tests ~lr’s I anat ed.

A Peve I opniont Process Spec i t  I cat  ion , p. r _ S.  ‘

~ ~et a iii n~ the
mantit act ut- i fl~) s to p s  purs nod in the cons t muct ion of - t h~ radome Is
a 1 so appended to th is  t i na l  report a I onn w i t h  vendo r i ntorn~it ion
as to  the mat ot . I a Is emp 1 ove d in the oain ‘ t i be t - ni a s s  cons t i•tii t ion
ot t hi c t-adome wi Ii~1OW .
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1.0 J E t T V

To e s t a bl i s h , demonstrate , and document a manufacturing
process for fabricating foam f i l led fi berg lass radomes in
accordance with appropriate military specifications.

The resul tant 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
st ructures coupled with a higher degree of re liability and
reproducibility of design.

Superior design performance has also been attained with
these radomes in the areas of surface finish , anti- ice formation ,
therma l i nsu l a ti on , acous tic attenuation , and weight when
compared with conventional honeycomb structures. RF transmis sion
loss in foam radomes is greatly reduced from that of honeycomb
struc tures .

I
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2.0 INTRODUCTION

Based on the initial success demonstrated with a fiberglass
search an d tracking antenna developed by the Advanced Manufacturing
Technology area at Genera l Dynamics and now in production on the
Ndvy 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
an tennas in the Phalanx CIWS .

This has been accomplished wi th radome production now underway .

Radomes used in conj unction wi th  ship borne and land based
radar systems for gun control , target acquisition or the like , are
commonl y fabricated from honeycomb structures to provide high
tens ile strength with adequate weight reduction .

Due to t he na ture o f the ir const ruc ti on these honeycom b
structures require heavy cap i tal outlay such as autoclaves , vacuum
systems , and bondina presses along with attendant high tooling and
material costs.

In comparison wi th the 40 inch diameter foam f i l led polyester
glass radome of hemispherical construction contained in this report ,
which requires no capital outlay or costly tooling, sav in gs of over
20:1 have been realized over conventional honeycomb structures of
similar size and geometry .

Al though the principal benefit of this program is cost
reduction and excellent production capabi l i ty ease , other factors
pertaining to engineering and enviro nmental considerations should
be discussed.

Honeycomb structures are prone to delamination due to the
bon di n g area bein g somewhat less than 3O~- of the total sur face  area
of the radome . This edge contact bonding in a corrosive atmosphere ,
high vibrational or therma l stress environment inhibits good
bonding integrity and enhances del amin ation of the facings from
the honeycomb substrate .

2
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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 requi red.

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 mi crowave
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 characteristics ; will wi thstand
compressive forces of over 5000 lbs/ft’; has superior thermal
insulation ; and is impervious to corrosion or fungus nutri ents .

1 1.:
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3.0 rN(; INEERI NG APPROACH AND RESULTS

The initial action taken unde r the conduct of the program
was a task , s c h e d u l e , and budge t review between the Navy Program
Mon i tor and the principa l investigato r and program manager at
General Dynamics. The basic task-schedule p lan , as s ummar i zed
in Fi gure 3-1, was reaff i rmed at that  ti me , b u t due to tool i ng
mold de l ays a t  the vendor facility caused by heavy Spring rains an
extens ion of two m onths was granted to complete the program.

The bas ic approach to the development of this type of
radome suitable for large production yields was to spin foiin two
aluminum hemisphe res bui l t  to the oute r an d inner  d i ame ter of the
radome dimensions. These hemisphe res would serve as master tooling
in constructing the tibergiass molds from which the 40” diameter
foam f i l led/ f iber g lass radome could he produced.

3. 1 Sp in F ormi ny of Ou ter A lm .m~in ~mi Hemis phere

Fiqure 3 -2 depicts a sketch of the spin fomni inq operations
being performed on one hemisphe re . A 60” circular plate ol 5/ 8 ”
thick 606 1 aluminum was cut and annealed from the T6 condi t ion to
al low easier formin~ . A center plug on the face of the p1 ate mounts
the plate to a hemispherical steel mandre l attached to the head
stock of the spin fo rming lathe. The p la te and steel man drel are
then rotated whi le a constant pressure exerted by a hydraulic rain
connected to the ta i l  stock ass ur e s ~ i mm cent act of the a I unil num
plate to the hem ispherical stee l mandrel. During rotation of the
al umi n um plate a ci rc u 1 a r wheel or ro 11 em 12” 1 n di ame t or and
attached to the hydraulic i-am applies pressure to the aluminum
p late wh i ch i s be i n g hea ted wi th an acetylene torc h . Tallow is also
hand applied durinq this operation and provides lubric ation to the
roller but mainly affords to keep the aluminum plate within
temperature limits. Since the ta l low burns at a temperature in
excess of 700°F removal of the heating torch durin g tallow
ignition keeps the aluminum plate forming between 7000 and 800°F.

•
1

4 1
~~~~~~~~~ ~~~~~~~~~~~~ ~ 

- - 2...
- -—-~~--.--.--- - - --~~ 

-----— -5- - 



-- - - - - 5 -- - — - 5 -- - - — - 5- 5-

CDRL AOO3
Code Ident 9243
M-24-6--678

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. Figures 3-4,
3-5 , 3-6, and 3-7 illustrate the successive hemispherical forming
of the f l a t  a lum i num p la te .

3.2 ~pjp Foniiing Inner Aluminum Hemisphere

As in the outer a lum i num hemisphere a 60” d iame ter c i r c u l a r
f l a t  p late , 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
i dentical to those conducted on the outer aluminum hemisphere .

3.3 Attachment_of Base Pla tes to Outer and Inner Aluminum
-

-

—---5---—- 

Both aluminum hemisphere s were then conditioned to a T4
hardness before alumi num 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 cut ting lathe which
would bring each hemisphere to its finished dimension after both
had been hardened to a T6 cond ition.

3.4 M a c h i n i n g of_A l u m i n u m ~~~~ s~~~res

Two cutting templates were provi ded to the vendor by
Advanced Manufacturing Technology to accomp l ish this task. This
would give the outer aluminum hemisphe re a di ameter of 4O.OOO ”~ .O3O ”
and the inner a luminum hemisphe re a diameter of 39.472” t .030” .

5
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3.4 . 1 San din1 and B uff i n~ Opera~~ons

The inner aluminum hemisphere on arrival at this facility
was then in conjunction wi th the outer alu m mil num hemisphere sanded ,
polished arid buffed to a surface f in ish of less than 10 micro -
i nches  RMS . Both aluminum hemispheres as received from the vendo r
had a surface finish of ~~ 2.

3.4.2 Dimens ionin~ of Al uminum Hemisp heres

Measuremen ts were then taken on both hemisphere s for trueness ,
diameter , height , an d arc . The 40” diameter hemisphere , di ameter
as measured with an outs ide caliper read 40 .003” , and the 39 .47 2 ”
inner hemisphere diame ter as measure d read 39.479” . Since both
hemis pheres are flat 4.5” above the ir bases , arc measurement wa s
taken 4 .5” up from the base of each ra dome and was computed f rom
S = r P

where s arc (inche s)
r = radius (inches)
9 = radians 1.57

Measurements were done us int i  two templates cut to the am -cs
t-eq u i red for each hem i sphere , the temp 1 at es f i t t I nq in t o me spec t i ye
cent er holes at the apex of each hemisphere .

The outer heum i sphere measured 31.390” and since s = m - P
20 x 1.51 31.4” shows a trueness w i th in  .005” and an arc dimension
within .010’ . Height tolerance was wi thin .010 ’ over the .‘L~ ’
dimension and measured 24. 493 ” .

Inner hemisphe re diameter measured 39.479” and was w i t hi n
.007” o f the 39 .472” correct diame ter . Arc dimension as measured
read 30.992” and was within .007” of the computed measurements of
s r 9 19.736 x 1.57 = 30.985”. Hei ght ‘n iera n ce was w i th i n
.005” and measured 24.240” .

-
~~~~ 6 1 ’
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Figure 3-8 s hows the outer aluminum hemisphe re being measured
for diameter with an outside calipe r, and Figure 3-9 dep ic t s
th is same measurement on the inner hemisphere . Figure 3- 10
illustrates the dimensioning of the arc of the 40” hemisphere
from a measurin g tool fabricated by Advanced Manufacturin g
Technology. Figure 3-11 shows the two aluminum hemisphere s
po lished to a 5 micro inch finish. Figure 3-12 illustrates a
40” diame ter foam/fiberg lass radome of the type which will hek taken from the two aluminum masters after mold fabrication has
been completed.

3.4 .3  old Co uct i n - ca~~~Mo ld Assem b ly

The 40” diameter aluminum hemispherical plug was waxed and
polished befo re a spray coat (.015” nominal thickness ) was applied
ove r the p lug. This gel coat was black in color and provides a
close visua l inspection of the mold for flaws and i rregularities
on removal of the aluminum p lug. Figure 3-13 illustrates the
application of the black gel coat.

Afte r cure of the gel coat (room temperature-minimum 4 hours )
a hand l ay-up of 1 oz. mat and polyester resin (2 l ayers ) was
applied in quadrants over the outer radome plug and after air
remova l from the resin/glass cloth matri x 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 fiberglass 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 nex t application .
This is done to prevent large exothermic reactions taking place
during po lymerization of the resin which could distort the mold
if not controlled. Also during this period two l ayers of I 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 a lum i num p lu g, and also to el iminate the possibility of non-
sphericity dur ing this operation . rigures 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 ma t and also show the removal of air and excess resin by
hand rol l ing wi th stee l and teflon rollers .

3.4.3. 1 S upp~rt in~ Struc ture

Af ter completion of the fiberglass mold operations over the
alum inum plug , a supporting structure consisting of a wooden table ,
legs , braces , and 5” diameter caster wheels was moun ted to t he
hemispherica l radome mold containing the aluminum plug . Figure 3-17
illustrates the fiberglass m old being glassed in ” to the table top
before the addition of the braces , ~~~~ and casters to complete the
outer mold structure . This was done after it was assured that the
fiberglass dome structure containing the outer a lum i num hemisphere
was perpendicular to the table surface . Figure 3-18 shows the
supporting structure which will accept the table top and
f ibe rglassed outer aluminum hemisphere ,

Before removal of the aluminum hemisphere the prot rudinq l ip
ot the fiberglass mold was further strengthened with glass as was
the to p s i de of the ta b le .  Th i s gave a total thickness of 1” to
the periphera l base of the outer mold assembly. Figure 3-19
illus trates 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 glassiny of the fiberglass mold
encasin g the aluminum hemisphere .

3.4. 3.2 Oven Cur e of Outer Mol d Assembl y

To assure a complete cure of the f ib er g lass  s t ruc ture
encasing the outer aluminum hemisphe re and to prevent out of
tolerance conditions arising at a future date due to fiberglass
shrinkage , the assembly was cured in a lar ge walk in oven for
8 hours at 160°F before being removed from the oven and al lowe d
to cool to room temperature before further assembly operations
were conducted. H1

I
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3.4 .3 .3  Removal of Aluminum Hem 1~p~~re from Ou ter Mold Assemb ly

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
mol d assembly. Figure s 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  ~~ Jp~ip~ t r  Mold Assembly wi th Al uniinum Sheet in~
After examination of the inner surface of the outer mold

assembly for gel coating i rregularities the mold was enclosed
on four sides with aluminum sheeting which had been painted navy
grey. The tab le top was also covered with .060” th i ck a lum i num
sheeting. This is shown in a later figure .

3.4.3.5 Di ame ter and He i~~t Measure ments of O r  Mold Assembl y

Us i n g a l a r ge cal ip er , the diameter of the inner surface of
the ou ter mol d assem b l y was measured at 450 spac i ngs an d read as
fo llows , 39.993” , 39.993’ , 40.001” an d 40 .003” , wh i ch gave a
tolerance from the nominal dimension of 40.000” of + .003 - .00 ’.
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 ” un der that  measure d on the
height of the outer aluminum hemisphere . These excellent results
show the feasibility of this manufacturing process.

3. 4.4 Inner Mo l d As semb~1

Simultaneous ope rations were conducted on the inner aluminum
hemispherica l plug (39 .472 ” diameter) during the outer mold
construction as is shown on some of the f ig ures ex p la i ne d i n the
construction of the outer mold assembly. r
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Previousl y, in the second quarterly report , it had been
stated that the inner alum inum p lu g woul d be use d as a mold , and
that direct lay-up of the inner facing of the finished radome
would be taken from this a luminum plug. This , although feasible ,
woul d mnean that the inner aluminum plug would be exposed to
damage (scratches , abrasions , etc.) during handling and facing
lay-up operations , and i t  was decided t h a t  a fiberglass mold
identical in shape and dimensio n to the inner alumi num hemisp here
woul d he constructed and would serve as the inner mold. The inner
and outer alum inum hemispheres would then he retained as masters
from which future f iberglass molds could he drawn when requ i red for
large production needs .

3 . 4 . 4 .  1 Di ameter and HeiIht Measurement of I n n e r  Mold  Assemb ly

Af ter removal of the i nner aluminum hemisphere from the inner
mold assembly in steps i dentical to those exp l a ined  on the ou te r
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” , g iving a tolerance of

- .014 from the measured dimension of 39.479” of the inner
alum inum hemisphe re.

Hei ght measurement read 24.~ 35 and was .005” under the he i gh t
measurement of the  aluminum hemisphere .

3. 4. 5 Inner Pl~~ Fabri cation

After waxin g and buffing the concave interio i- of the i nner
fiberg lass mold , a spray coa ting of black gel coat was applied to
t h i s  s u r f a c e  to a thickness of .010” to .015” and a l lowe d to cure
at room temperature  from 2 to 4 hours . This was fo l lowe d w it h a
hand lay up of 2 layers of 6 oz glass cloth and an additional 2
layers of 1 oz mat , each layer being resine d and allowed to
polymerize , after aim and excess resin had been removed by rollers
and squeegees . Successive l ayers of chopped glass were then applied
over this surface to a thickness of 1!.~” , each app l icat ion being
approximately 1/8” t h i c k  and allowed to cure for 24 hours before
the nex t la yer was “chop ped ” on . Again as in the outer mo ld

10
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assemb ly this was done to prevent high exother mic reaction of the
resin distorting the mold syninetry .

3.4.5. 1 StrenIthenini of Jnner Fiber~j ass Phi1

Into the interior of the plug wooden braces (2 x 4’s) were
“glassed in ” with 1 oz mat and resin and allowed to cure at room
temperature. Over this and around the periphery of the ~,se a
circular wooden frame approximately 38.9” in diameter , 1/2” thick
and 6” in width was bonded wi th glass mat and resin to the inner
surface of the fiberg l ass plug . This operation was allowed a 24
hour room ten~era ture cure .

3 .4 .5 .2  Eye Bol t  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 an d lowe r the inner plug assembly mating wi th the outer mo ld
assembly.

3.4.5.3 Oven Cure of_Inner Plug Assembjy

Aga in as was done in the outer mold assembly containin g 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 Plus

Di ameter measurements taken at 450 spac ings read 39.465” ,
39 .463 ” , 39.460” , and 39.458 we ll within the ‘ .030 ” tolerance
al lowed on the diameter of the i nn er p lug .

11
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Height measurement read 24.228 ” and was only .008’ from the
nom inal dimension of 24.236” and .012” unde r the measured height
of the inner aluminum hemisphe re of 24.240”.

19” Diameter Radome Window

Also during this period of inner mold assembly a 19”
di ameter 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 Pha l a n x  Sh ip/Gun System .

The 19” ra dome , identical in construction with the 40”
di amete r radome i n i ts fac i n gs an d foam core , has f ac in g th i cknesses
of .035” an d a fo rm core o f .200 ” .

It was stated in a previous quarterly report that this
smaller radome window would be crushed in a tensilometer to
determ i ne t he compress i ve buckl i n g force an d the resul ts
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
an d wh i ch assure s that  a 40” diameter radome could accept a
loading force of 500 lbs/ft 2 does not determine the isostatic
force wh ich would be a mo re precise condition . Consequently this
test w i l l  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 interior of the dome will be reduced fromii 1 a tmos phere to
6.7 l bs/in ’ wh i ch w ill impress an isostatic force of 1152 lbs/ft 2
(8 psi) to the exterior of the radome . This would be an ample p

indica tion that the radome ~ould w ithstand the C.I.W.S. (Phalanx)
specification of 500 lbs/ft .

12
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Figure 3-23 depicts the 19” diameter foam f i l led fiberglass
radome with a surface finish of less than 5 micro-inch RMS. As
exp la ined in previous reports Advanced Manufacturing Technology
had striven for this excellent nonporous finish to inhibit ice
forma tion on the surface of the dome during operation in polar
regions.

3.5 Inner a nd Outer~~b l d As sem b l~
Fioure 3-24 i l lust rates the method of joining the inner plug

and outer mol d 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 bol te d. This assure s a seal between the i nner p lu g an d
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 guide pins which
prevent the top inner plug from latera l movement during its
closure into the concave outer mold. The concave outer mold is
held stationary by having the wheel casters locked by a brakin o
m e c h a n i s m . Also spaced around the top of the outer mold assembl y
i s  a ser ies  of 12 clamps which when locked over the steel ring
of the inner plug prevent mo vement of the inner plug during the
foaming operation .

The inner plug and outer mold shown provide not only the foam
assembly tool but also the molds from which the outer and inne r skin
facings are l ayed up. Figure 3-24 does not show the o u t e r  and  i n n e r
facings l ayed up over the appropriate oute r concave mold assembly
and inner convex plug assembly.

3.5.1 Te~pl te Oesi~ p for 61 Cl th Lay U2

To provide a sound method of construction both structural ly
and to effect an identical part each time , a method was devised to
provide cutting the g lass cloth in quadrants wi th some overlap to
each quadrant during layup . This was accomplished by fabricating
two f lat templates.
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The two temp l ates were cons truc ted f rom .06.;’ ” th ick al umi n u m
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 temp late would consist of a quarter of a f lattened
hemispherical tr iang le cut to the dimensions required and al lowing
for some overlap as the glass cloth was layed up wi th resi n ov er
the hemispheri ca l mold. In addit ion the top of the aluminum
template would have a circular cut out to a llow for the add ition
of the cap piece f i t t ing over the dome and cut from the second
template .

The second circular template would consist of a 20 ” diameter
fla t pi ece of a l u m i n u m  .062” thick. This also a l lowed for some
overl ap where it met the four pieces of glass cloth l ayed up in
quadrants.

The cloth in question is 4oz. glass cloth and consists of
a resined double l ayer 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 i l lustrat ion of the foam fiberg lass
radonie . Length of the arc from the apex of the dome to the base
of the hemisphere would be

S = r 9 (9 in radians)
- 90 -- X 5-T-

~ 
-

Since a flat portion 4.5” in height extends below the hemisphere ,
the total length of the arc plus the stra i ght portion would he
35.9” . Al lowing for some overl ap this dimension was increased to
36. 25 ’ .

14
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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 r r 9
= 36.25 x 37 .95 ’

Figure 3-27 llustrates the flattened quadrant template with
the apex generating a 9’ radius cut from the template . Again
al lowing for overlap when the cloth was layed up Figure 3-28 shows
the circular template cut on a 10” radi us .

F i g u r e s  3-29 and 3-30 show respectively the actua l alum inum ii
templates used for the glass cloth/resin lay up of the constructed
radome s .

3.5 .1.1 Inner Fac in~ Fabr i ca ti on

Using the templates previously described 4oz. glass cloth was
cut  to p rov i de 8 glass  c lo t h quadrants  an d 2 g lass clo th c i rcles
which would fit over the apex of the inner radome convex plug . H

The inner plug was spray gel coated wi th a .010” thick white
gel coat after the plug had been waxed and polished. Af ter
polymerization of the gel coat the glass cloth quadrants were
layed up ove r the plug wi th brush applied polyester resin and
overlapped. A second set of quadrants were then laye d up an d
resined , being off set 1/2” from the original 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 r e s in  appearing over the edge of the
plug during lay up was trin~’ned from the periphery of the plug wi th
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 + .11j0 - .005 ” .

15
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3.5.1.2 Oute r Facin q 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 polymerizat ion of the gel coat ,
the glass c loth was applied ove r 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
carry ino han dles and also the latch mounts connecting the radome
to the servo structure , a ser ies of holes 1/8” in diameter were
dril led through the outer concave mold at the required locations.

3.5. 2.1 Tef 1on~~pacer Attachn ient

Af ter lay up and cure of the outer glass facing in the
concave mold, the holes  in  the mo l d we re use d to dr i l l  through the
facing for attachment of .190 ” thick teflon spacers by means of
1/8” diameter dowel pins.

The curve d tef lon  spacers serve two i mportan t func ti ons:
(1) provide concentricity between the inner and outer molds
c o n t a i n i n g  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 !
mil led fiber compound which bonds to the inner and outer facing
to form strong attachment points. After teflon p lacement, the
inner plug and outer mold now containing the inner and outer glass
facings were ready for the foam i ng operat i on .

3.5.3 F n ~ Operation

Into the cqncave outer mol d containing the outer facing,
6 l bs of 2 lb/ft~ free rise foam (polyurethane) were poured.(Computations showed that approximate ly 3 l bs of foam woul d be
require d 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 i nner 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 160°F in a large convection

oven the 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 pressuri
zed 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 rin g, 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 Complet~d dOme~~i~~D~

Figure 3-32 shows the completed foam-filled 
40” diameter

naval search radome . The teflon spacers have been removed and 
the

voids fille d wi th a fiberglass/resin 
mix bonding the i nner and

outer facings of the radome. After cure , the holes were enlarged

to the proper dimensionS for latch and 
handl e attachment . A tn i n

l ayer of a polyurethane elastome r was also 
brush coated along the

base of the naval search hemisphere to provide 
a seal to the foam

interface . Al though the fo am is of a c losed cell structure , the

addition of the elastomer prevents any wick in g  of moisture at the

base of the radome .

3.7 Vendor HO IeYCO!T!P Radorne W indow

Figure 3-33 illustrates the vendor honeycomb 
design , with

handles and latches in place . It shows peelin g of the Tedlar

coat ing encas ing th e outer surface of the ra dome and wou ld be a

source of water vap o r retention and absorpt ion at these points .

The hemispheri cal geometry is greatly i rregular and the honeycomb

structure has “bled through” the epoxy glass facings . In the past

removal of ice fro m t h i s  rado me in a col d en vironment could not be

accomplished wi thout serious damage to the radome
. Also , since
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epoxy q~ as ’ -. facings support fungus growth , the conip lete inner
surface of the radome and the outer portions where thy Tedlar
coating is removed would be susceptible to fungus contamination .

3.8 Foam Machine

A foam machine with a flow capac ity of 60 lbs/ m inute has been
purchased from a vendor and is now in operation at this facility .
The purchase of this foam machine has assured a smooth product ion

— flow on the radomes of the Phalan \ C . l . W . S .

The present method of mixing with a pressurized ai r st irrer
the A and B components of the 3 lb/f t~ free rise polyether foam
in a bucket , and pouring the 6 lbs of foatti over the inner su r fac e
of the oute r facing of the outer radome mold before closure of
the i nn er p lu g i s not con duc i ve to production needs . Alt hough
t h i s  method has produced exce llent search radomes, a time factor
i s cr 1 ti cal in perform i ng the operat ions requi red bet ore cream
t ime  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.

W ith a 15 second foam mix , cream time occurs 30 seconds
la ter. This means that pour time , plus mold closure , plus
clamping , can have a duration of only 30 seconds . Lower ing the
250 lb Inner plug conta ining the inner facing by uti l i :in q t h e
1/2 ton manua l hoist mus t be ac colup Ii shed rap t dly and w i th
prec is ion . 1’) amp I ng of - the mo 1 ds together mu st then take  place .

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

Ut iii i nq a foam machine foam can be injected through I he
apex of the Inner plug and facing wi th the molds in a clamped and
closed position. The foam machine w i l l  also meter the amount of

— 
foam injected so that the proper restra i ned dens ity required can
be ach i eved each t i me .

18
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I low rate cart be calculated as follows :

Flow Rate (lbs /min ~ Mold Volume (ft3) x Molded Foam
- 

Density (lbs/ft )
Cream Ti ne (mi n)

Since the foam machtne in question has a cream time of .25
minutes using the 2 lb/ft~ free rise foam , flow rate -far the navalsearch radonte would be , - - _

Flow Rate .293 x 8 .6 10 lbs / mm
.25

The foam machine purchased wh ich can meter and pump 60 lbs/
minute of 2 lb/ft~ foam gives adequate mix and pour  time s before
cream r i s e  takes place.

3. 9 Cost An a l ys i s

At tached to the followin g sheets i s  a comprehensive list of
material and labor costs for the tooling on the naval search
radome , alon g with the material and labor costs for the fabrication
of the naval search radome .

Cost of the vendor honeycomb radome was $5~93-,~QO against the
foam core radome of $307.85, a cost reduction of nearP~—2.Q:1.Tooling costs for the naval search radome was also less
a fi gure of $15,424.13 compared with the vendor too linq cost ~~~~~$~~ ,350 .00.

_
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TA B LL 3- 1

Cost Estimates - Naval Search Radome --

Tool in9
*Material Labor- Total

~~rt Cost t~~$J Cost

Outer Al uminum Hemisphere - --  
- 

- - ---  $ 5,540.00
(Vendor Part)

Inner Al uminum Hemisphere -- - --- $ 5,540.00
( Vendo r Part )

Stee l Cutt ing Templates (2 - ) $ 27.00 $ 504 .00 $ 531.00

9~~r~ !IPJ4 ~~~ mb ly 
- 

-

Outer Fiberg lass Mold $231.50 $ 698.OO** $ 929.50
(Vendor)

Table Structure $ 63.18 $ 90.00 $ 153.18 
-

-

-Al uminum Sheeting on Table $ 59.36 $ 36.00 $ 95.36
~~~~~~~~~~ 

S t r u c t u r e  - 
- - 5-

C~ -t~rs (4) 5” Diameter $ 52.00 $ 18.00 $ -?O .OO
Clamp~’-

.-.a,~d Height Blocks (12) $ 9 6 . 0 0  $ - 54 .00 $ 150 .00
Te flon I~i~e.r~ts $ 5.00 $ 72.00 $ 77.00
Guide Pins (4~—~~ $ 8.00 $ 54.00 $ 62.00
Dowel Pins (18) ~~~~~ 

$ 3.95 - - -  $ 3.95
Assorted nuts and boits...~~~ $ 5.25 - - -  $ 5.25

~!!P!Yi J~~~~~P1Y
Inner Fiberglass Mold ~~~~~~~~~~~ 674.00 $ 879 .25 

- 
-

(Vendor)
Table Structure $ 63.18 $ 9O—.-0.Q $ 153.18
Casters (4) 5” Diameter $ 52.00 $ 18.00 5-5- - • $ 70 .00

r-5
-5

~~~~~~~~~~~~~~~~
orted nuts afld bolts $ 4  

~~ 3O8.0o

_ _ _  - . - 
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TABLE 3-I (continued)

Cost Estimates - Naval Search Radome

Too i i n~
Material *Labor Total

Part Cost Cost Cost

Inner Pl~~ Assembl y

Inner Fiberglass Plug $181.55 $ 636 .00 $ 817.55
(Vendor)

Supporting Battens $ 4.00 $ ‘).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 $ --- $ 

- - - 
2 1.50

$425.46 $ 735.00 $ 1, 160.46

*Based on an $18 ./h r rate
**Based on a $20. /hr rate (‘RAND TOTAL $15,424.13

i- - i
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TABLE 3-2

Cost Estimates - Naval Search Radome

Labor Cost
Operation Time (Hr) ($ 18./Hr.)

Buff and wax mo l ds 0.5 $ 9 .00
Gel coat molds 1.0 18.00
Lay up inner and outer facings over molds 3.5 63.00
Trim after cure 0.17 3.00
Sand and clean inner and outer facings 0.6 10.80
Drill and secure teflon spacers (14) 0.6 10.80

with steel dowell pins
Attach steel foamino r i no to i nner  plug 0.2 3.60
Position inner plug ove r outer mold 0.15 2.70
Mix required wei ghts of #6502 A&B

foam components  0 17 3 00Pour foam into outer mold cav i ty  and
ef fect  closure of assembly

Remove radome from molds after oven cure 1.25 22 .50
Drill 18 holes through inner facing 0.33 6.00
Remove teflon inserts and remove foam 1.25 22.50

residue from facings
Tape over too ling holes 0.17 3.00
Pour hardpoints after resin/fiber 1.0 18.00

preparation
Sand fl ush wi th base of radome a fte~’ cure 0.5 9.00
Apply 1.25” wide band of fiberglass to 1.0 18.00

i n n e r  su r face  at base of radome
Redril l t r-~ling holes to drawing 1.25

dimens ions and countersink
Chamfer edge of base of radome 0.75 13.50
Seal base of radonie wi th Polyurethane 0.5 9.00

elas tonier after mix preparation 
-

14.89 $2b7.’~O 
r

22
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TABLE 3-3

Cost Estimates - Naval Search Radonie

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 Elas tomer (1 pint) 6.00

Milled Fibers (1/2 lb.) .32

Foam #6502 (6 lbs) 15.00

Acetone (1 gal) 1.02

Waxes and buffing compounds 3.50

$ 39 .95

Tota l Cos t of Radome $307.85

23
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TABLE 3-4

Metric Conversion Tab le

E j is~~ J i ts ~~t r icJ~j )_Units Conversion Factor

Given To Obtain Multi ply by

Inch (in) Meter (iii) 2.540 x io~Foot (ft) Meter (m) 3.048 x 10

Area

Inch ~ (in ~) Meter~ (m~) 6.452 x 101Foot (ft ) Meter (m ) 9.290 x 10

V

Inch~ (in~ ) Me ter~ (ni~) 1.639 x 10~~Foot (ft ) Meter  (in ) 2.832 x 10~~
Force

Poun d ( l b ) New ton (N)  4 .44 8
Mass

Slu g Kilo gram (Kg) 1.459 x 101

lb/in ~ (psi) Pascal (Pa) 6.895 xlb /f t  4 .882
in of Hg (60°F) Pascal (Pa) 3.377 x 10

in. lb Joule (J) 1.130 x 10
_ i

~‘ /1
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TABLE 3-4 (cont inued )

Metric Conversion Tab le

fls~~~pi~~ 
Met r ILYp~~

S c tp!~ 
Fac tor

Given To Obtain Multipl y by

(IO F - 32)/1.8

Thermal Con ductj v i~j

BTU in/hr
2Ft 2 0F cal~cm/sec-cii1

2.°C 2 .923 x

lb/in ~ 
Kg/m~ 2.768 x 10’~

lb/ft 2 
Kg /m2 

1.602 x 10
oz/yd Kg/rn 3.39 1 x 10~~ 

j i

l2~~~~~~

-. 
lb/ mm Kg/s 7 .560 x 1O~~

1-5
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4.0 RESULTS ANALYSIS - SEARCH RADOME

The conclus i on to this program has yielded excellent results
both from a cost and design reliability standpoint , and are
enumerated bel ow .

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

2. Excellent surface finish ( < 10 ~ inches ) leading to the
prevention of ice formation in colde r regions.

3. Excellent therma l insulation to both heat or cold.
(K factor of foam core = 1.8 BTU/ HR/ FT’/ in/ 0F.)

• 4. Excel lent dimensional integrity combined with good
structura l qualities at minimum weight. 2(Compressive loading force greater than 1200 lbs/ft
Weight of radome = 12 lbs.)

Compared with a 40” diameter vendo r honeycomb radome , RF
transm ission loss , surface finish , therma l i n s u l a t i on , hard
point construction , and weight of the foam/fi berg lass naval
radome gave superior results .

I-
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APPENDIX A

TEST PLAN

MANUFACTURING TECHNOLOGY PROGRAM

FOR

I FOA M F ILLE D FIB ERGL ASS RADOMES

CO NTRACT N66O ll—77C- 01 39
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Addendum to the Test Plan

Contained within this final report is the original Test Plan submitted
to NOSC under Contract N660l1—77-C-0l39. The time schedule under
authority of NOSC was extended to 15 August 1978 due to tooling delays
caused by inclement weather where fiberglass operations had to be
curt ailed .

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

Accompanying photographs of testing procedures where applicable will
a lso appear in the appendices containing the test results.
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Introduction

Th i s test p lan is be i ng su bmi t ted in  com p l i ance w i t h  the requ i reme n ts
of Con tract N66001-77-C-0139 , “Manufac tu r ing  Technolo gy Program Fo,-
Foam Filled Fiberglass Radomes. ” The test p lan de fi nes t he scope of
the tes ts requ i red to i nsure that  the hardware p ro duce d by the
demonstra ted m a n u f a c t u r i n g  process meets a l l  a ppl i ca b le tec hn i cal ,
operational , and performance criteria. It presents details as to
which tests are to be performed , what procedures will be used to
c—n duct the tests , what const itutes the criteria for test results
acce p tance , who has the responsibility for conduct ing the tests ,
and the sche dule  for accom p l i sh i n g the tes ts .

To fabricate a 40 in. diameter foam filled fiberglass radome , to the
d i mens i ons specif i ed by the CI WS en gi neer i n g draw i ng and to the
fabri cation process specifications established in this program , for
the purpose of performing acceptance qualification tests. To forniu-
late and document a test plan and procedures to determine the
s t ructura l , electr ical , an d env i ronmenta l  proper ti es of the radome am 1
to verify that they meet all specifications consistent with the CIWS
system requ i rements . A l l test data s to be documented and submitted
as part of the final report alonq with a complete description of the
corresponding manufacturing process.

PREPARED BY: W L /~/c~.~~/~ .,-,iç - -  - -
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Program Director
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1. Testing Requirements for 40” Diameter Hemispherical
Radome of Foam/Fiberglass Construction

a. Struct ural Integrity - Compressive Buckling Force .
b. R.  F.  Transmission Loss - Insertion Loss.
c. Surface Finish.
d. Therma l Transmission - Solar Radiation .
e. Ice Retention on Radome .
f. Acoustic Isolation - Insertion Loss.
g. Static Properties of Foam Core/ Facings.
h. Dimensional Constraints.
i. Environmental Testing at Temperature Extremes.
j . Fungus Resistance of Foam Substrate .
k. Dielectri c Constant and Dissipation Factors of

Foam/Facings .
1. Weight of Radome .
m. Torsion Requirements on Hard Points of Radome .
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2. Test Procedures on 40” Diameter Hem i sp~~~i cal Radorne
Window of Fo~~/ Fiberglass_Construct ion

(a) Struc tura l Integrity - Comp~~ssive  Buck ling Force

A 40” diameter radome wi ndow to the dimensions required will
be mounted on a vacuum table and a partial vacuum impressed
on the interior of the dome . Pressure to the interior of the
dome will ~e reduced from 1 atmosphere (14.7 lbs/in ?) to
6.7 lbs /i n t which will impress a force of 8 psi to the
exterior of the radome .

Since the radgme should be able to withstand a load i ng force
of 500 l bs/ft’ (3.47 psi) a force of 2.3 times this figure
should be adequate to determine the structural integrity of
the radome window .

Deflection transducers mounted to the exterior of the radome
will be used to measure deflection versus force and will be
recorded on an XV plotter . Strain gages w ill also he mounted
to the interior and exterior of the radome .

(b) R.F. Transmission Loss — Insertion Loss

R.F. transmission through the radome and the loss incurred
will be measured on the antenna range at the GD/Pomona
facility .

A search antenna will be illuminated and horesiqhted for
proper azimuth and elevation and the gain recorded . The
radome will then be placed over the search antenna and the
lower gain then recorded . Maximum RF transmission loss shall
be no greater than 0. 75 db between 13 and 15 GHz.

(c) Surface Finish of Radome Window

Surface finish of the radome wi l l  he measured on a direct
reading calibrated orofilometer. Surface finish shall he no
greater than 20p inches RMS . Measurements conducted in the
past on a 40” diameter radome of identical facinqs and foam
construction have shown readings as low as 5 to 6~ inches
RMS . (See GD/ PD MTR 77/ 055 .)
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(d\ Therma l Transmission - S o l a r  R a d i a t i o n

Experiments conducted in the past have shown the large therma l
insulation afforded by this type of radome construction when
exposed to direct sunlight over a duty cycle o 38 hours . Due
to the low therma l conductivity of the 2 lb/ft- pol yurethane
foam used (.18 BTU/HR/FT2/IN°F) a large temperature differ-
ential exists between the ambient temperature and the interior
of the radome . This test w i l l  not he re-run but data and
graphs extracted from GD/PD MTR 77/055 wi l l be furnished with
the test report.

(e )  Ice Retention to Exterior Surface of Radome

Previous tests the proceed ing year have shown that ice reten-
tion and buildup do not impose a problem on this type of
radome when the gel coated surface has a finish bel8w 10
inches . Ice build up at temperatures as low as -40 F is
easily removed with gentle tapping with no de-icinq capa-
bilities of this type of radome .

( f )  Ac o ust ic  Loss Versus Freq~iençy

A sample foam panel with facings and foam of i dentica l thick-
ness and construction to the 40” diameter hemispherical radome
w ill he tested in an acoustic chamber. Acoustic pressures of
145 dh will he impressed on one side of the flat polyester
glass/foam panel and the acoustic loss measured on the oppos-
ing side . T h i s  will he examined at frequencies between 20 H:
to 2 KHz and the data recorded . Acoustic insertion loss shal l
be no less than 25 db over the measured frequency band.

(g) Static opert ies f Foam CoreJFacin~s

These tests have already been conducted by Dr . 0. Anderson
of the Structura l Analysis Group of GD/Pomona and will he
subm itted with the test procedures and report. These tests
compri se ,

1. Core Tension
2. Core Compression
3. Core Shear

C 4. Facing Tension
5. Facing Compression
6. SandwIch Flexure and Fatigue Properties

t A -5
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All  tests conducted were on 2 lb density free rise foam and
facing thicknesses of ± .035” , and conformed to the facing
thickness and foam used on the construction of the 40”
d iameter hemispherical radome to be tested .

(h) Dimensional Constraints of Radonie

Trueness, height, diameter , and thickness of the radome will
be measured with standard tool shop instruments such as
micrometers , height verniers , and calipers . No dimension
measured shall exceed a tolerance of .030” .

( i )  Environmental Test~~~~at Te~p~~~~ re Extremes

Radome samples will be temperature cycled betveen -40°F to
1600F in a cal ibrated thermal chamber for 10 cycles at temper-
ature durations called out on Mil-Std. 2020. Samples will be
examined at the conclusion of the environmental cycling for
f issuring or crac king of the radome facings and/or delamina-
tion of the facing/foam adhesion .

No fai lure permitted in either of the above .

( j )  F y~~~s Resi stance of Foam Subs tra te

Since the foam is encapsulated between the polyester glass
facings of the radome and the base of the radome sealed with
a non nutrient po lyurthane elastome r (PRC 1660) no fungus
resistance tests will be conducted. A lab report from
Products Research and Chemical Corp . will be submitted which
shows the sealing elastomer (P RC 1660) has been tested to
Mi l-Std 8108 - Fungus Resistance and is non nutrient.

(k) Dielectric Constant pation Factors of Foarnj Fac in~s

The dielectric constant C c ) of the foam substrate and poly-
ester glass facings will be tested by Advanced Manufacturing
Technology to verity the vendors specific ation sheets for
this value . This will also be done for the loss tangent of
the foam to also verify the vendor ’s specification for this
va lue . In addition to the individual constituent values the
compos ite s t ruc tu r e  v a l u e  wi ll be determined as a verification
of the end product.

Method of testing will be submitted with the test results.

A-6
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( 1) Weight of Radome

Wei ght of radome shall be no greater than 15.8 lbs.
This will be measured on a calibrated Ohaus Solution
Balance - 20 Kg capacity .

(m) Torsion Requirements on Hard Points of Radome

A #10 screw and nut will be torqued at each hard point
to a force of 27 in /lbs with a calibrated torque wrench.
This will be done with latch attachments in  place . No
cracking of facing or facing delamination from hard points
allowed.

3. Criteria for Successful Test Determi nation

Where applicable all tests conducted will meet the requirements
specified in the Design Instruction Environment (433-BE-086B )
Phalanx (CIWS) Shi p Gun System. This embraces the following tests.

a. Structural Integri ty - Compressive Buckling Force
Radome must withstand a wave loading force of 500 lbs/ft2.

f. Acoustic Isolation - Insertion Loss.

Insertion loss must be greater than 25 db across the
measured frequency band.

Item (b) R.F. Transmission Loss is taken from drawing 3161017 and
tested to M-223-9. 8-89”A” . Maximum insertion loss
across the band is 0.75 db.

Since this new concept in radome design replaces the
or ig inal Phalanx radome which consisted of a honeycomb
design wi th epoxy glass facings other tests have been
added which are not incorporated in the original Design
Instruction . These additional tests were imposed to
ensure design reliability. Such items are listed under
“Testing Requirements ” heading and include ,

c. Surface Finish of Radome
e. Ice Retention
g. Static Properties of Foam Core/Facings
1. Environmental Testing at Temperature Extremes

A-7 
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Item (c) was not defined in the orig inal Phalanx radome .

Item (e) Ice Retention , in consequence of Item (c) removes the
problem of de-icing requirements specified in the Design Instruction
for the Phalanx CIWS .

Item (c) Surface Finish will be measured on the foam/fiberg lass radorne
and wil l meet the surface finish requirements of < l0~ inches  RMS .

Item (e) Ice Retention Test wi l l  not be re-run as mentioned in the
“Test Procedures ” par agraph but data taken previously on th is test w i l l
be submi tted . Ice build up should have a bonding force on the radome
of no greater than 5 psi.

Item (g) Static Properties of Foam Core / Facings wi l l  be conducted by
the Structural Dynamics group at this facility and will show that the
foam core and gel coated pol yester glass facings of type of radome
structure wil l  adequately meet the Desi gn Instruction Environments
of the Phalanx CIWS (Dl433-BE-086(-87).

Item ( i )  Environmental Testing at Temperature Extreme s w i l l  determine
the abil ity of the foam core/facings of th i s radome to wi th s t and  the
temperature extremes of -40°F to 160°F without fissuring of the facings
or delamination of the facings from the foam substrate .

Item (k) will be required to meet the following dielectric constant
and dissipation factor values specified in vendor physical and electri-
cal data sheets .

* Polyester/Facings Tan g

Koppers 1061 -5 Polyester Resin 4.1 ‘ .1 .025 max

Foam (2 lb/ft 3 Free Rise ) 1.18 .1 0.6 x 10~~(9 lb/ft 3 restrained density ) 
~.l ~ l0~~

Tests on dielectric constant and loss tangent wi l l  also be conducted on
the gel coated 4 oz glass cloth facings used on the radome and also on
the complete sandwich of fiberglass facings and foam core . These
values at present are unknown . -r
* Th i s refers to the dielectric constant of the pol yester resin when
used as a laminate. Laminate uti l izes a 181 glass c loth specif ied
under Mil-C-9084C.
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4. Test Re~ppnsibility

A. Testing of i tems (a) (f) and (g) will he conducted by
Structural Dynamics . Eng i neering Group 348 under the
direction of Mr . 0. A. linderh ill . an d all data and results
submitted wi th the final test report.

B. Testing of item (h) R.F. Transmission Loss wi l l  he
conducted by Engineering Group 223 (Antennas & Microwave)
under the direction of Mr. Peter Johnson .

C. Testing of items (c ) and (h) wil l  he conducted by the
Quality Assurance Group Dept. 27 under the supervision
of Mr. H. J. Harrel.

D. Testing of i tem (i) Environmental Integrity at Temperature
Extremes wi l l  he done by Dept 24-6 Advanced Manufacturin g
Technology under the direction of Dr. M. C. Abrams .

E. Item (k) will he tested by Dept 24-6 Advanced Manufacturing
Technology under the direction of Dr. M . C. Abrams .

F. Items (1) and (m) will he tested by Dept 24-6 Advanced
Manufacturing Technology under the direction of
Dr. M. C. Abrams .

- t .
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5. Ti me Schedule May/June 1978

TASK MAY 
— 

JUNE

1. Testin g of Structural Integrity of
Radome

2. Testing of R.F. Transmission Loss
3. Testing of Acoustic Insertion Loss - 

—

4. Dimensional Testing of Radome and
Surface Finish

5. Environmenta l Testing at Temperature 
_______Extremes

6. Dielectri c Constant & Dissipat ion
Factor Tests on Foam/ Facings —

7. Final Report _________

A- b .
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TM 6—348—62 .57-2
Page 1 of 3

SUMMARY

In support of a Navy Radome Development Program a test was performed

on a radotne provided by Department 24. The radome was a 40 inch diameter

hemisphere with a 4 a  inch cylindrical section at the base. The radome

was of sandwich construction with polyester resin-glass cloth facings

and a rigid urethane foam core. Total thickness was 0.264 inches nominal

with 0.190 inch core. The urethane foam used has a nominal free rise

density of 2 lbs/ft3. The test imposed a uniform radial load on the

radome by pulling a partial vacuum on the interior. The required limit

load was 500 lbs/ft
2 
(3.47 psi). Maximum test load was 1166 lbs/ft2

(8. 10 psi)  or 233’~. of the limit load . Post test examination showed no

damage was sustained by the test specimen . The minimum test factor of

safety is then 2.33.

TEST PROCEDURE

The test specimen was placed on an aluminum base plate. Attachment

to the plate was made by pressing the edge of the radome in a bead of

duct seal. The lower 3/4 inches of the radome was restrained radially

by a plywood ring. The radome was loaded by pulling a partial vacuum

on the interior of the radome. A mercury manometer was used to measure F
the vacuum achieved . Eight type BAE—13—2SOBB—120 strain gages were used

to measure strain in the radome. The vacuum was increased in increments

of 2 .0 inch of mercury . The st rain was read at each increment . Figure 1

shows the test set-up and instrumentation .

TEST RESULTS

Table 1 gives t he strain vs load data obtained during the t e s t .
Post test examination of the test specimen revealed no s ign of damage to
the rado me . Table 2 lists the strain gages , their orientation and

location.

8-2
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TM 6- 348-62 .57-2
Page 2

TABLE 1

STRAIN (MICROINCHES) VS LOAD (IN. Eq & LB/ IN2)

LOAD GAGE

Hq. in. lb/in 2 1 2 3 4 5 6 7 8

0 0 0 0 0 0 0 0 0 0

2 .98 -50 -90 -130 -80 0 -70 -240 -30

4 1.96 -160 -190 -270 -170 -40 -150 -410 -40

6 2.95 -260 -290 -430 -240 -80 -230 -620 -80

8 3.93 -350 —390 -600 -290 —140 —310 —770 -120

10 4.91 —430 —480 -750 -350 —190 —390 —900 —170

12 5.89 -510 -~70 -900 -400 -240 -460 -1080 -240

14 6.87 —590 —660 -1070 —460 -290 -540 —1215 —285

16.5 8.10 -670 —760 -1250 -520 —360 -630 -1400 -350

TABLE 2
STRAIN GAGE ORIENTATION AND LOCATION

GAGE ORIENTATION LOCATION

1 Normal to Meridian Inside, 5” from apex

2 Along Meridian “ “ “

3 Normal to Meridian Inside, 6” from bottom

4 Along Meridian “ “ “
5 Normal to Meridian Outside , 5” from apex

6 Along Meridian “ “

7 Normal to Meridian Outside, 6” from bottom

8 Alon g Meridian “ “ I ’

8-3
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DISC USS ION

Tests on coupons cut from skins of a CIWS Track Radome which were

fabricated in the same manner as those of the test specime n gave the
following propert ies  (Re f .  TN 6—34 8- 62 .57-1 , Pi lotl ine Tra ck Rado me-
Structural Test Repor t ) .

12000 psi 
~ ~tu ~ 

18000 psi

0.8 x io 6 psi ~~ E ~ 1,2 x 106 psi

From this data and measured strain at 233Z ~f limit load the maximum

measured stress in the test is

f • i_~~
2 ((

3 +,~/ )

[ -1400+(.12)(_350)J -1748 psi (compression )

where Poisson ’s ratio ,u is assumed t o  he .12

Since no material or stability failure was ‘bserved the minimum test

factor of safety is 2.33.
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The radial deflection of the Navy Development Radome under external

pressure has been c a l c u l a t e d  from data  obtained during the s t ruc tura l

test program , see TM 6-348-62.57-2 Radome Structural Test Report. The

calculated radial deflection was -0.185 inches with an ex te r na l p r e s s u r e

of 8.10 psi (233% of limit load).

The calculation was performed using the following equation .

~, ~~~~~~~~~~~~~~~~~~~~~~~~~~ h(’/- ~E~)J

where :

radius of curvature of outer radome surface
under external p ressure

radius of curvature of unloaded outer radome
surface.

ii = radome sandwich thickness

= strain under load along meridian on externa l
surface

= strain under load along meridian on internal
surface.

From the test reported in TM-6-348-62.57-2 the following value s

were obtained :

P 8.10 psi external pressure

~
E’ 20.0 inches

L 

ii — 0.264 inches

= -0.00063 inches/inch

= -O .0007tj  inches/inch

... ~ = 1’~.815 inches and ~~~ ~~~~
- ~~ ~~~ 1 S s  inches

~~- r i v .~t i o n  of  t h e  ~o v c r n in g  i’quat i on s  is  g i v e n  ~‘e 1o~- - .
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M6-223-3.8-31

SUMMARY
In support of a Navy Radome Development Program an RF insertion

test was performed on a radome provided by Advanced Manufacturin g

Technology, Dept. 24. The radotne was of “A” sandwich construction
with polyester resin-glass skins and a rigid urethane foam core. The
radome shape was basically a 40 inch diameter similar to the Phalanx
search radozne now in production . The RF insertion loss using a Pha lanx
search ante nna was less than the specification of 0.75 dB.

TEST PROCEDURE
The radotne was placed on a Phalanx servo structural so that the

-radome and search antenna were in proper relative postion . An illuminating

source placed 400 feet away radiated the search antenna , ini tially ,

without the radome for a reference level then the radome was mounted

in place and the tes t repeated . The difference in received signa l level

represented the insertion loss.

1~EST RESULTS
The attached data sheet shows the measured’ and spec i f ica t ion loss

da ta taken over the 6~ operating bandwidth .
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_ _ _ _ _ _ _ _
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10 l~~ RODUCT10N

1.1 This memorandum ..ta bli.h.s thi teat procedur. to chick tna•rtifra
loss of the Phalanx Track and Search ftadomes, Drawing. 2923532 sad
3161017 respectfully .

2.0 ~ts’r ~~~~~~~~~~~~~~~~~

2.1 The folI~~ ing tes t equ ipment er equivalent may be used t
IT

Tes t Fixtures c,D .f P S~~23-O8l064 and
8K223-081.065

ivr Hugl ea 1177~fEn-001
Isolator E & 14 Ezz—OU0 LI

Di’ecttonal Coupler (2) H.P. P752 D
R,F. Generator R.P. $690A., $6954
VS1~( Indicator H.P. 415’

Frequency Meter H.P. P532 A

WIG ‘lerminatton H.P. P914 A

Precision Attenua tor H.P. P382 A
V/C to Ccix Adapter B.?. P281 1
Pattern Recorder Scientific At lanta SA 1.520
Graph Paper Scientific Atlanta 128

1o1one~er PRD 627-A

Track Antenna C D ,fP ~923332
Search Antenna C.D./P 3161017

2.2 The tes t will be p.r fc rmed on the antenna test rung..

3.0 T~8T PROCEDt1~!

3.1 Connect the Ante nna (Search or Track) per Figure 1..

3.2 Utilizi ng th. patter n recorder as an aid , position the antenna
for the optimum peak aignal level at Boresight for both Azimuth cud
Elevation plan.. at FL (Refe ren ce a)

c-s
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Page 2

3.3 Ad lua t the precision attenuator for a coav.ni.nt refsr.a.. aignal
level ind ica t ion on the II? 615 and note both attenuator and meter
settings.

3.4 Install the proper Radome over the Antenn a being used in the test
set up in Figure 1.

3.5 Adjust the .ignal level indication on the HP 415 up to the
reference established in 3.3 by adjusting the precision attenuator.
Determine the Insertion La s by calculating the difference between
reference setti ng noted in 3.3 and the new letting on the precision
attenuator. Record the Insertion Loss on the data sheet.

3.6 Repeat 3.2 thron~h 3.5 for F0 and (Reference a). “A”

4.0 DATA PREPARATION

4.1 Data sheets will be provided . Make ill entries in ink .
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APPENDIX D

SURFACE FINISH OF RADOME
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CEftT IFICATE OF COMPLIANCE

DATIs 27 June 1978

TO’ W. L. MacTurk Dept. 24-6

IT IS HEREBY CERTIFIED THAT THE MATERIAL DESCRIBED HEREIN HAS BEEN
INSPECTED FOR SUR FACE FINISH REQUIRE HE NT ONLY .

Radome was checked on Bendix Profilometer Model #4, micro finish
reads from 3 to 6, the required is 20 micro finish. Calibration
on equipment is not due until 3 February 1979.
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40” Diameter Naval Hemispherical Radome
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APPENDIX E

THERMA L TRANSMISSION - SOLAR RADIATION
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SOLA R RAD I ATI ON TESTS

In determine Interior temperature dit Iet- ences between a
vendor f i be rg lass honeycomb de si gn and the f iberg lass- foam
de~:tgn when exposed to direc t sunlight , one hem i spher ica l
radomo of each des ign was p l ac ed i n d i r e ct sunl i gh t and the
temperature monitored with a di gital thermometer over a
pe riod ol 38 hours.

i~ thermocouple was placed in the interior of each dome

~.S ” up f rom each base and at the center of ori g in of each
dome. A t h i r d  thermocoup le was p laced on the outs ide of one
dome at the’ apex and monitored the outside t empera tu re . The
three thermocouples were connected to a dig i tal th ermome ter
and temperature readings taken every half hour beg i nning  a t
7:00 am and continuing through a 38-hour period of ~ :30 pm
the follow i ng ni ght. Due to the low therma l conductivit y of
the foam , the fiberg la ss / f oam rad ome r ecorded the l owes t
temperature readings and at 1:00  pm of each day when the
hig h st outside tempera~ ures were recorde d read as fo l lows~
outside temperature 118 F; fihi~rgIass honeycomb design loq e

F;
and f i berg la ss / f o am  d çstgn i~ j~ F. For the second day these
temperatures read ll8~ F, 114°F and 110°F respectivel y .
A~erage day  l i ght temperature di fference’ between domes w a s
S F. During night time the dome cooled rapidl y , the honeycomb
loosing heat faster thin the foam radome . At the lowest out-
side temperaturS of 52 F recorded a t  •~~: 10 am. . the honeycomb
interior was 54 F and the foam radome ~ 7 F. At b~~i0 am al l
thre e temper atu res  were i den ti ca l  and reco rd ed 6l~ F.

To insulate the base el each radome f r o m  th~ amb i ent
temperature eac h radome base was encased in a so l id  c i r cu la r
foam structure , the f oam be i ng gr ooved to accep t t he iO”
diame ter radomes. Thermocouple leads ran through holes
drilled through the edges of the foam bases and up into the
inter ior of the radomes.

[- ‘I
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Figure 1 shows a gr aph of the temperature conditions in
the interior of each radome and the ambient temperature over
the 18 hour period that monitoring took place. The thin foam
cross section of the polyester glass radome (average thickness
.200” ) although superior to the vendor honeycomb as a cooler
temperature shield inhibits the large temperature difference
one would expect when comparing the therma l conductivity of
foam versus honeycomb.

At the hottest p~rt of the day where solar radiation
generates 93 wa t t s / f t  over the surface of the radome Q
the quantity of heat flow in BID’s/Hr from the foam radome
would be 28g .

From the basic heat flow equation , the temperature difference
b etween  a m b i e n t  and the interior of the radome would be ,

dt dx

- 
— 

289 
— 

. 200 - 15°F
0. 18 -

~ 21, 4

where dt — Temperature di f ference (t .~ - t 1~
°F

Q — Qu a n t i t y  of heat flow BTU/HR/FT2/1N/ OF

K — Thermal conductivit y of core — .18
A • Area of surface (ft2~ radome

dx - Thickness of foam core of radome (inches~

As the equation shows the thickness of the radome becomes
significant In providing a cooler radome interior. One proposal
on a new search radome for an upcoming program is to increase the
thickness of the foam core to a half-wavelength ~.SSO”~ . This would
provide a temperature difference from ambient of .

dt _ Q dx
KA

— 1 8°F

and would be a significant decrease in interior radome temperature in
equatorial climates or conversely a means of providing thermal
Insulation in polar regions.
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I CE ~ RETENT ION ON RADOM E

1.
1~.
I.
I:
[
I • ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~~~~~~ 

- -
~~~~~~~~~~~~~~~~~~

~ -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _

I 
SSNU~~AL DYNAMIc

Pon~~~ DMslon

5 -

1. 24 — 6-773
~OOEL

TECHNICAL MEMORAN DUM Radome

____________________________________________________ 

N66011-77-C-0139

DATEi 11 July 1978

- 
TOi Mr. John Markall , N.0.S.C. San Diego, CA.

FROM, Advanced Manufacturing Technology Dept. 24-6

SUBJECT:
Ice Retention on Rado me

REFERENCE :
GD/PD-MTR75/046

GD/PD-NTR77/055

DISTRIBUTION:
LIBRARY

- - 
PREP A RED SY~ _ 1 ~~t) L..

W. L. MacTurk

PREP A R E D l Y : -r

L 
________________________________RE VI E W ED BY~

APPROVED BY, 3~/~ (~ ((ic~ ~~~~~~~~~~~[ M. C. Abrams
- (DI POmI S.~~~~R

~

. 
_ _ _ _ _ _ _  _ _ _  _ _ _ _ _  

_ _ _ _ _ _ _ _



GSNURAL DYNAMICS
Pomona Division CDRL A002

Code Ident 9243
M- 24-6-678

Ice Formation/Retention Properties of Exterior Facing -

Search Ra dome

An important consideration which must be looked at is the
attenuat ion of microwave energy of the system due to ice build up.
Conventional radome manufacture utilizing hand-laid honeycomb core
and epoxy-g lass f ac ings resul ts in an extreme ly rough and porous
surface , allow ing condensation and retention of water vapor and
subsequent ice formation. To comb-a t this effect , a vac uum
impregnation technique to deposit a low-friction TFE coating to
the radome surface was developed by certain manufacturers and
la ter discarded due to the high cost (1/3 of the total radome
expense) of the material and the equipment to apply it.

With the molded polyester-fiberg lass approach , surface
fin ish is better than 20” inches as removed from the mold.
Subsequen t waxing and polishing further reduces the coefficient
of fric tion , and finishes as low as 5.Ainches have been achieved.
Exper iments conducted by Advanced Manufac turing Technology ~n
spray ing freezing sea-water onto a cold radome surface (-20 F) and
all owing a build up of sea ice to a thickness of 0.4” by repea ted
spray ings showed that the ice could be easil y removed with gen t le
tapp ing and in many cases cou ld be removed by a fore finger.

The first experiment was conducted as follows:

A 19” d iameter hemispherical radome utili zing gel coated
pol yes te r g la ss facings and a rigid foam core to the same thicknesses
as the 40” d iame ter search radome and iden ti cal in ma ter ials  and
construction was placed in a large box insulated with foam and
con ta in ing dry ice.

Sea water taken from the Catalina channel was chilled to
35 F (temperature of most seas in the polar reg ions) and sprayed
onto the exterior of the radotne whose temperature had reached
-20°F. Af ter successive spray ings of sea water until the ice
thickness approximated 0.5 inches , the radome wa~ allowed to
remain in the CO2 box until a temperature of -40 F had been reached .
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The radome was then removed from the CO.., box and gentl y
tapped with a 12 ” wooden ruler , which caused 80~ of the ice
formation to fall from the radome.

Tests conducted for the Program Office (who witnessed this
experiment ’s by engineering group Dept. 2 on a honeycomb radome -•

- - purchased for the Phalanx program could not remove Ice from the U
radom. using dc-icing solutions (alcohol-glycol formulations).
Physical force used to remove the ice led to laceration of the
honeycomb dome and the vendor on contact proposed that a new
program leading to a better finish be instituted .

Department 24- s  Manufacturing rechnologv carrying through
with their proposed foam radome ran two simple tests in 1°77
to determine ice retention capabilities on a conventiona l honeycomb
core with epoxy facings , and a foam core wi th gel coated pol yester
glass facings. Two flat samples 12 x 8” x .5” were prepared , Out ’
sample simulating the honeycomb core epoxy facing and the other
simulating the S Al inch finish of Manufacturing Technology ’s gel-
coated polyester glass/foam radome .

Two blocks of sea ice (4” x 3.1” x 1”) were frozen in a h~ x
of CO., and then bonded with sea water to the surface of the flat
samp t~ s. A cal ibrated Cal Tester was used to shear the sea ice
blocks from the samp les in question and the force required to
remove the ice was recorded . The results were as follows:

Polyester Glass/Foam Sample Epoxy Class Honeycomb S~:mp1e

Temperature — -20°F .~ -20 °F -s
Area of bond - 12.4 in 12.3 in
Force required to shear ice from

sample — 2 7 .6 lbs 180 lbs
Bond strength — 27 .6 — 2 . 2 2  psi 14 .5 2 psi

12. 4
From the above table, it can be seen that a force “ .~~~ times

greater was required to remove the sea ice from the honeycomb
sample than from that of the foam core sample and Is attr ibuted
to the large difference in surface finish between samples.

I - .
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Although this test is valid for the foam core/gel coated
polyester glass samp le it is doubtful that the test is
conclusive for the honeycomb core sample. Here the honeycomb
was bonded to the epoxy glass facings which were laved up
Ove r a smooth aluminum plate and had a finish which could
not be simulated on the rough irregular surface of the
epoxy honeycomb radome surface . Honeycomb “bleed through”
had still not ocurred on the sample and had a smoothness
much finer than the radome .

Al though not conclusive the tests do show that surface
finish and therefore ice retention can pose serious problems
in honeycomb structures built in the conventional manner.
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DATE : 13 June 1978

TO: W~ L. MacTurk - HZ 4-26

FROM: Structural Dynamics - R. Strike

SUBJECT: Sound Transmission Loss Characteristics as Projected
for a 40 inch Diameter Radoine

Measured small panel Insertion loss data and computed transmission
loss trend 1i~tcs are provided for a sandwich radome consisting of two
glass f ibe r re inforced polyester skins fixed to a 9 pound per cubic
foot foam core.

Table 1 lists pertinent boundary conditions and material charac-
teristics for the radoine and the small test panel. Figure 1 shows the
empirical result for a 9.0 inch diameter clamped flat panel with the
low frequency (stiffness cont rolled ) and high frequency (mass con-

• trolled) tre~nd lines for the rademe . The empirical data with one-third
octave frequency resolution are in good agreement with the computed result with
respect to ~he cigenfrequency value ~nd in fair agreement with respect
to transmission loss magnitudes. The fact that the panel provides less
than mass law attenuation at high frequency is consistent with results
for other foam sandwich and honeycomb core panels.

The low frequency trend lines compare closely for the two con-
figurat ions as the t’ouble curvatuie of the lar)er panel more than
compensates for its Increased size and the different boundary conditions.
The empirical results are not considered reliable below 500 Hz due to
flanking paths from source to receiving chambers. However , the com-
puted and measured data  exhibit similar slopes . The empirical trans-
mission loss dip at 1 KHz relative to the stiffness controlled trend
line can be used to estimate modal damping.

The coincidence frequency noted on Figure 1 indicates the frequency
at which a whole panel ulexural wave propagate s at 344 meters per second
(sonic velocity in air). Again, due to relatively high panel damping
the “dip” near the coincidence frequency is not significant .

Prepared by _____________________________
R. Strike

Approved by ~._e . C____-~
_ Ja.J4 u

D. A . Underhill
Section Head
Structural Dynamics

cc: W. H. Terr ill
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APPENDIX H

ST ATIC PROPERT IE:; OF FOAM CORELFACINGS
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Sect ion 1
S UMMARY

Phalanx track radome material , a composite san dwich of fiberglass
fac ings with polyurethan . foam core , is evalua ted by static tes ts and
fatigue testing. Static tests include facing tension, core shear and

compress ion , and composite bending. Results are st~~ arized in Table I.

Failure mode in bending and in fatigue testing is by core shear failure .

Fatigue testing is by bending specimens cut from a track radome,

using a 4-point fixture for sinusoidal loading with stress ratio zero.

Fatigue resu lts are presented in the S/N curve of Figure 7. To esti-

mate fatigue life under acoustic loading, dynamic response is asstaned

to follow that of an alLnui n~~ skin foam core panel as previously measured

in the vicinity of GAU-8 30 s~ firing and reported in Reference 2. Test

panel response is suitably scaled to account for differences in acoustic

pressure , panel compliance , mass , size, and curvature. Such sca ling
introduces considerabl, uncertainties , but approximations are chosen

conservatively. Allowance is also made to account for seawater spray

environment, and a 95~ confidence factor for design. The res ul ting
fatigue life estimate is mcre than 4 times the required life of 240,000 ti
rounds for the track radome , and considerably greater for the search
radome.

11- 3
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Sect ion 2

INTRO D UCTION

The CIWS radomes are subject to acoustic loading over a projected

life of 240,000 rounds fire4 from the Phalanx 20 tan gun. Radome mate-

rial is foam core fiberglass sandwich. Each facing is two layers of

fiberg lass clo th , thickness 0.035” including gel coat. Core is foamed-

in-place rigid polyurethane , of nominal density 5 lb/ft . This densi ty

is obtained using nominal 2 lb/ft
3 

density foaming material in a con-

fined volt~~e, resulting in a rind of increased density at each bond

surfa ce. Overall thickness of the sandwich is 0.62” for the cylindrical

(track) radoine and .30 for the hemispherical (search) radome . Exterior

radius of curvature for both the cylindrical aud hemispherical radomes
j
~ 20 inches.

In order to evaluate radome durability in the acoustic environment ,

fatigue tests in bending were performed on 5” x 13.5” specimens cut

from a cylindrical radome (see Reference 1). The fatigue testing was

preceeded by a series of material property tests. Results of both

static and fatigue testing are reported herein. Fatigue life estimates

for gunfire acoustic loading are determined with reference to previously

measured response of foam core a1t~~intnn skin panels in the vicinity of

the GAU-8 30 (see Reference 2 )
•
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Sec tion 3
MATERIAL PROPERT IES

Reference I describes material test methods and specimens used to
determine selected mechanical properties of the foam core sandwich,

the core, and the facings. Testing methods used were in conformance

with MIL-STD-4OlB. Tests of core tension and shear were performed for

both unbonded (i.e., self adhesion of foamed-in-place core to the

fiberglass facings) and adhesively bonded specimens.

— Results of static testing are st arized in Table 1. Each value
is the average of at least four tests. Overall, tes ting repeatability
had a standard deviation of t7.Ot.

— Typical load-deformation curves are shown for various specimens;

core shear in Figure 1, core compression in Figure 2, and core tension
in Figure 3.

-
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Section 4

STATIC BEND TESTS

Static bend testing was performed on specimens identical to those

used for the (bending) fatigue testing . This testing used the same

fixture as in the fatigue testing. Specimens are cut from a Phalanx

track radome , each specimen 13.5” x 5.0” with the axis of cylindrical

curvature (20” radius) of the radome on the transverse axis. The

central 3.0” ~f the specimens is reduced to 4.7” width , and a 1” x 5”
alumintnn alloy boss is bonded into each end, in place of the foam core ,

to provide compression strength for the end grip region. Figure 4 shows
a specimen under extreme loading in the fixture.

The fixture induces 4-point bend , with 12.5” between fixed end

clamps and 3.0” between moving central clamps.

Figures 3 and 5 show the set-up at the point of maximtmt deflection

where the load reaches ultimate as core shear failure progresses. The

corresponding load-deflection curves are illustrated in Figure 6. The
failure mode is core shear , as predicted by standard laminate stress

analysis. Based on tested core shear strength of 40 psi , ultimate core

shear failure is expected to occur at about 240 lb for the bend speci-

mens. In some cases ultimate strength is lower , probably resul ting

from the stress concentrat ions caused by the fixture.

H-6
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Sec t ion 5

FATIGUE TESTING

Fatigue testing was conducted by the Materials Research group ,

Convair Aerospace , Kearny Mesa, San Diego. Specimens and loading

fixture were the same as used in the static bend testing .

All fatigue testing was with sinusoidal loading a t a stress ratio

R a 0, i.e., minima at nominally zero load. Load frequency was at 30 Hz.

Considerable experimentation was required in order to establish a

reliable failure criterion. The dominant mode of failure is shear

fracture of the foam core , in some cases accompanied by delamination at

a facing. Failure criterion chosen was a threshold compliance , set to

shut off loading on the basis of an extreme deflection .

Using this threshold on excess bending compliance as a failure

criterion, fatigue life was determined far 14 successful tests. On

two of these tests , at high loading (170 and 200 lb) , noticeable
delamination or cracking of the foam core occurred prior to reaching

the compliance threshold. These two points are included on the S -‘N

curve obtained , shown in Figure . The data scatter is no more than

would be expected , considering th. nature of the material.

H- 7
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Section 6

FATIGUE ANALYSIS AND LIFE ESTThIATE

Results of fatigue testing are used to estimate radotne fatigue life

by applying the S/N curve for the radome material to measured panel

response to acoustic blast loading by 30 am gunfire, suitably scaled to

account for the effects described below. Each of these effects requires

certain asst.rnptions , including the validity of scaling over the range

considered. A certain amount of judgement , based upon experience, is

required in selecting appropriate analytical methods. Where choices

exist in approximations, the more conservative selection was used

throughout.

1. Utilize measured strain response of an a1~miint.un skin foam

core test panel exposed to acoustic loading in the vicinity

of 30 am firing. Reference 2 describes 30 nun test results
for various panels. (Used herein, subscript t designates

such test results.) It is asstnned that a flat plate of

radome sandwich material with the same p lanar dimensions as

the test plate would be subject to a linearly scaled value

of the same pressure forcing function and would have the

same strain response except for linear scaling . Figure 8

(adapted from Figure 20 of Reference ~ shows the strain

response spectr~~, a probability distribution of the occur-

rence of strain magnitudes as measured at the most sensitive

location on the facing of the test panel.

2. Reduce response stress to account for the acoustic loading

of a 20 urn instead of a 30 urn gun. Reference 4 shows free

field pressures along the radome location of 1.1 to 0.7 psi

for the 20 am gun and 1.4 to 0.8 psi for the 30 tan gun.

Thus the peak overpressures for the two guns are nearly the

same. However, the blast impulse (calculated from Reference

5) for the 30 nun in this region is greater than the 20 nun

H-8
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by almost a factor of two. For purposes of this analysis, a

factor of 1/2 is chosen for scaling 30 am response to the
equivalent of 20 am environment.

3. Reduce response stress to account for the difference in lo-

cation with respect to the muzzle between the test panel and

the radome. References 4 and 2 show the blast fields . A

factor of 0.35 is chosen to conservatively relate this effect

for the radome to the test panel.

4. Modify test panel results to account for the different re—

sponse of the radome sandwich material due to its different

compliance and mass density. For this parameter , assume

equal planar size and shape for the test panel (aluminum

facings , foam core) and a panel of radome material (fiber-

glass facings , foam core). Reference 6 gives facing stress

response as

G~~~ _ _ _ _ (1)
~1

where : E is facing modulus, C is panel half-thickness , M
is mass area density (lb/in2), a is width (in) , c~.)is natural
frequency, ~ is damping ratio, and 

d
(
~~)) is the spectral

pressure.

Natural frequency is determined by

~~ & ....~~~~~~. (shape factor)
J 4 1

where K is the stiffness constant for the p’late. The ratio
of stiffness of the test panel (altnninuxn facings, foam core)

to that of a panel of radome material (fiberglass facings ,
foam core ) varies from 13.1 to 22 .3 depending upon edge
fixity. The ratio of mass densities is

H -9
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determined by weighing actual specimens. If the damp ing

ratios of both plates are assumed to be the same , and

subject to the same forcing function, a correction factor

of 1.18 is obtained from equation (1), relating stress in

t he facing of a hypothetical p late of radome material to

the stress in the tested panel of the same planar d imensions .

5. Moditv cesults of para gr aph ‘
. above to accoun t for the

actual (track) radome being (a) larger in size and (b)

curved along one axis. Natura l frequency varies in propor-

t ion to

shape factor — +

where a width and b a length. Using the dimensions ot

radome and test panel (a
~ 

— 19.2 , 8r ~~~~ be 
— 37.2,

b
r 

48~~, and since stress varies as the 3/2 power of

natural frequency , a factor of ‘ .33 is obtained relating

stress in the larger ~radome ) panel c ompared to the test-

panel s ize d plate.

To accoun t for radome curvature , the ratio of stress is

curved to flat panels may be approximated (from Reference

~~~ by:

-~~~~~~

- J  
_ _ _ _ _  • * / ,  _ _ _ _  

.

,4~
R1 

~~~~~~ 
R/ , [(..~)!÷ 

~~~

H-lU
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Where radius of curvature R a 20 inches and panel thickness
h .585 inches. This results in a correction factor of

0.301 to account for the cylindrical curvature.

6. Using the approximate factors described in preceding para-

graphs to scale measured strain in gunfire acoustic environ-
ment, fatigue life is estimated for the track radome. Figure

8 shows the distribut ion of strain response levels measured

in the aluminum facing, subject to 30 am firing blast envi-

ronment (Reference 2) . Also shown are two additional abscissa
scales: in terms of the number of standard deviations of the

measured response data , and the equivalent core shear stress

in the radome. The latter scale results from scaling for

the effec ts described above. The same function is the

ordinate of Figure 7, the experimental S/N curve determined

in fatigue testing.

Note that the actual strain response does not follow a
Rayleigh distribution (the curved line on Figure 8, which

peaks at a one sigma value). This indicates considerable

deviation from random noise, particularly at the high levels

(around 3-o ) of stress produced by the blast impingement;

i.e., the relatively high probability of occurrence of the

highest stress peaks is seen by comparison of the test
results with the Rayleigh distribution curve in the 2 ~ to

4a region.

In order to apply the stress peak distribution to the fatigue

life behavior of the material , the ?a lmgren-Minor cumulative
damage law

N~~[ f - ~~~)~~~] (2)

H-il
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is used . F(s) is the probabilit y density at a stress inter-

val (a , si ds), N
i
(s) is the number of cycles to failure at

stress level a , obtained from Figure 7 , and N is the total

number of cycles to failure . The number of rounds fired

is 35/360 of the ntmiber of zero crossings of the measured

strain response. Numerical integration was performed for

equation (2) , us ing Figures 7 and 8.

Adjustment is made to account for the detrimental e f fec ts  of
a seawater spray environment , and to give a 95’~. confidence
level of survival (Figure 7 g ives average life , rather than
95~ confident life), as well as the scaling for eff ects
described above. Resulting fatigue life estimate is

N — 1. 04 x 10~ rounds.

This is more than four times the required weapon life of

240,000 rounds.

H-12
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Ssc tion 7
SEARCH RADOtIE

The search radoine will suffer less fatigue damage than the track

radome . This is because : (1) it will deform less under the same

pressure , and (2) it is located farther from the muzzle and oriented

more favorably with respect to the acoustic pressure waves.

Comparison of lateral pressure instability buckling for the track
(cylindrical) and search (spherical) radomes was made using approxi-
mation methods of References 8 and 9. Shell theory formulas using an

equivalent thickness

for the shell to represent the actual composite (of facing thickness t

and over all thickness h), were applied to both radomes. Composite

sandwich handbook methods were also used . Both methods are only

approx imate, but results show about a factor of 6 greater critical
pressure load for the hemispherical (search) radome.

H-13
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Section 8

CONCLUSIONS

Fatigue life estimates for Phalanx radotnes indicate a life of

more than 4 times the service requirement of 240,000 rounds .

Static testing of the foam filled fiberglass radome composite

specimens does not indicate a significant advantage of adhesively

bonded facings over “naturally” bonded composites. However , some

specimens without adhesive showed regions of poor bonding at the core-

facing interface , and were omitted from the tests.

Failure mode in both static bending and fatigue is by core shear.

This results in excessive compliance and collapse of the composite

shell but no break or tear in the facings. Failure is usually pre-

ceded by cracking or crazing of the gel coat without significant

change in strength being associated .

H-14
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Sect ion 9
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TABLE I

PROPERT Y FOAM CORE FACING
____________________________ 

Unbonded Bonded 
_______

Density (lb/ft 3~ 4.77

Tensile Strength (psi~ 66.3 66.9 14800

Tensile Modulus (ksi) l.4~. 1.92 1050

Compressive Strength (p si~ 33.8

Compressive Modulus (psi) 1496

Shear Strength (psi) 45.4 40.8

Shear Modulus (psi) 520 493

11-16
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Dimensional Constraints of Naval Search R.adome

No height dimension is referenced on drawing number
5188237 Radome - Search Radar.

Maximum height of radome would be the spherical radius
19.736 + .030” = 19.766”. Added to this would be the
maximum thickness of the radome which would be the foam
thickness .190” + .022” added to the facing thicknesse3 of
(.035 + . 010) 2 = .090” giving a maximum height to the dome
of 24.568”. This excludes the polyurethane base sealant.

Since the height measurement of the radome is a good
indication of its trueness when comparing diameter measurements ,
the outer mold assembly would reflect this condition , and this
height measurement was within .009” of 24.5” or 24.991”.

Height measurement of the radome before base coating was
24.516” and reflects the trueness of the dome . Foam expansion
during oven cure of the radome to stabilize the foam causes the
small increase in height noted from the mold d imension. No
dimension is given to the base sealant but the brush application
is within .025”.

The drawing inner diameter of the radome at its base is given
as 39.400” +.040 -.000 and the ID measured read 39.415”. 1.25” above
the base the diameter is given as 39.472” +.076 - .088.

Nominal thickness call out on the drawing is .264”. Over 5
readings the Quality Assurance group read .261” average showing
the excellent concentricity of the radome window and the close
thickness d imensions held on the foam substrate and facings.

Appended is the Certificate of Compliance from Quality
Assurance.

1-2
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HEIGHT: 24.543”
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THICKNESS OVERALL: .261” Avg.
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Sample Testing . on the Foam Corc;Facin~s Comprisin g the
Basic Radome Structure

A test pane l was prepared and test samp les cut at random
from the pane l and the samples run accord ing to The Test Procedure
Plan (fl “Environmental Testing at Temperature Extremes”. The
CIWS Phalanx Specification requires storage temgerature s o~ the
radome t o withstand temperature extremes of -40 F to -f 160 F and
outlined below is the test procedure and test results achieved .

Sample Preparation

An aluminum box mold 24 ” x 24” x .264” with the necessary
vent holes drilled through each side of the mold was constructed .
Two thorough1~’ clean flat sheets of polvester ’glass cloth , gel
coated on one side and representing the facing s of the radome
were layed up. Overall thickness of the facings were .035” and
comprised a .010” thick gel coat bonded to 4 oz glass cloth
t2 1avers~ with polyester resin , again being identical In
construction to the facings of the 40” diameter radome window .
These facings were placed in the aluminum mold (gel coat side
out~~~; one facing placed in the bottom of the mold and the other
attached to the l~ d of the box mold . Into the box mold the required
amount of 2 lb t t  free rise foam was poured after the A&B components p
of the foam had been thoroughly mixed , the lid then clamped to the
box mold , and the foam allowed to expand and vent at the required
hole locations. Since the rSstrained foa~ densit y of the 40’ dia
radome approximates 9 lbs /ft (8.6 lbs ‘ft ‘I the amount o f  f o a m

poured into the mold was calculated to give ’ this density.

w 3
Since  P where P restraIned dens ity (lbs/ft

W = we i ght o f  foam in mold (1bs~
and V volume of mold (ft

Allowing for 0;l lbs sprue of the foam from the vent holes,
0.68 lbs of 2 lb/ft~ foam was poured into the cavi tv. This gave
a restrained density ,

W 0.68-0.1
— 

V 
— 
0 065 ~~~ lbs/ft

J-2
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The aluminum mold containing the pane l was then heated
in an oven for -~ hours at 160 F to stahll i ?e the’ foam at this
temperature extreme .

The pane l on removal from the mold was then cut to afford
8 samp les 6” long by 2 ” wide , each sample being cut at random
from the 24 ” square panel. Figuie 1 shows the test samples in
the therma l chamber.

Since’ the base of the 40” diameter radome is sealed with
a polyurethane elas tome r to prevent moisture absorption and
damage to the foam interface , 4 samples had their edges coated
with this elastomer , and the other 4 samp les left uncoated to
determine if during temperature cycling , moisture absorption
into the foam would affect the foam/facing bond .

Test Procedure

A C0.~ bottle was connected to a calibrated therma l chamber .
the chamh~ r containing an automatic sensor and solenoid contro l
to maintain the low temperatur e extreme required (-40’F~ . The
chamber was also equipped with high temperatuçe controls when
manuall y set to the temperature desired (+l60 t r~ . Also attached
to the chamber with an iron -’constantan th~rmocoup le was a
prec i sio n d ig ital thermometer (+ 2°F. -60’ F to ~ s00°F~ .

Temperature cycling was recorded on a calibrated therma l
graph recorder also attached to the chamber. Testii-t g would
i nvSlve tempe~ature cycling the 8 foam core’~ tacing sample’s from
-4 I~ F to +160 F for 10 cycles in the following manner to the
time durations called out in Mll—Std 202P, Table l0~ — l .

— 40 °F for ~0 minute s
Room Temp for minutes max. / 1o -> t~~~~~~~ C
+160 F for ~0 minutes

0 0
Time to cycle between —40 F and +160 F had a time duration of

less )than 5 minutes and conversel y time duration to cycle between
+l60~F to -40°F was less than minutes. Figure 2 shows the test
set up and Figure 1 a graph of the therma l cycling .

,J- -~
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Th~’ t e’st satup les were’ then e’xam% ned for t 1 atue ’ss • t .ic I
m t  eg r t~ • and t earn fac i ng adhesion h~’ fo r e  being p 1 aced in
the’ chaiuhe’r and the’ test begun. The 10 c v c  l’s Were comp I et t’d
j U OUe ’ d . tv • th~’ t ‘ ~ COflUfle’tit’ I 114 -~ t $ :00 am .ind fIni shing that
n i ght at .ipprox irna t ’ iv $ :00 pm.

l’est Re~ u 1t~

V I sua 1 exami nat i o’i of the S test samp t~’s on i-t’mova I from
the t es t  c hambe’ r s ho~,~’d no de ti f  ment a 1 e ft ec t s t rom the ha rsh
extreme’ temperature ’ cyc ling. t e s t  sample’s had re ta ined he ii
f latness i nd i ca t  I ne~ a~~ t in the uni to t- rn non—st ress cond It ion
o 1 the’ foam core ! I ac i ng adhesion • and i t s .ib t i l t  v to  wi th
stand thermal e’xp~Ins ion  and contract Ion at severe tempe rature
grad Ients. Al  so since no bond i ng adhesIves or t i  lms art ’ use’d
Ill the t ac  i ng ‘ foam adhesion and no e l eva t e’d t empe’ rat nrc’s

requ i red to bond the’ I act ngs to the foam c o t , ’ • no s t r e s s  cond t I o t i s
are’ induced wh i c h  could c ause ’ warping e the’ test sainp h’ or radom,’
. lC  tOm~

)t’r~ltt I ie  e’x t r e ’flk’s. Nf et.’se’t’pi c exarn iflilt j on  of the’ t e s t
samp les j sid I c st  eel no I 1 s su ring o I tht’ gel coat and no c rap I ng o
the’ ic ’s in p tgme’nt . No d c ’ I ami nat on o t the f ac  j ngs from the foam
could h ’ d’ t e’c t ed  or facing bubble ’ s . due to a u -  gas e’xpans ion
from the’ foam suhst u- a t e .
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FUNGUS RESISTANCE OF FOAM SUBSTRATE AND FACINGS
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~~ENU~~AL DYNAMICPomona Division

rM
24— 6— 7 75

IOO!L
Nava l Search Radcsme

TECHNICAL MEMORANDUM
N6601 1- 77-C-0 1 39

DATEs 10 Jul y 1978

Mr. John Markall N.0.S.c.  San Diego , CA.

FROUt Advanced Manufa cturing Technology Dept. 24-6

SU5J(CT&
Fungus Resistance of Foam Substrate and Facings of 40” Naval Search
Ra dome

IREFEREN CES

DISTRIBUTION s

LIBRARY

PREPA ED BYs - 
~~~~ ~~ / ‘ /~ -

~~~. t . Maclurk

P!EPA~ E D I Y s

~ EVI~~W ED SVs _________________

APPROVED SY~ 
/ /  ,/ , L . ~~~~~~ I,
M. C. Abrams

IOI ~~~ S4~~WI
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GENERAL DYNAMICS
Pomona Division 

CDRL A002
Code Ident 924 3
M- 24-6-678

Submitted with this appendix showing the non-nutrient
characterstics of the search radome to fungus growth is
Mil—Std 454 E Group I which characterizes polyester g lass
fiber laminates as fungus inert , the basic structure of the
nava l search radome. Also attached are the vendor
specifications as to resin and glass used , the foam substrate
properties , and the polyurethane elastomer PR166OL used as
the radome base sealant , with reference to the MU Standard s
where applicable. The Phalanx CIWS Design Instruction
DI-444-A-002A submitted under Appendix N deals in paragraph
2.10 Fungus , that the CIWS shall use fungi resistant materials
in accordance with Mil-Std-454, tested to Mil-Std-810.
The Naval Search Radome meets these requirements.

K-2 . 1
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HIL_STD_145~IE

REQIJ IREME NT ~4

FUNGUS—INERT MATERIALS

1. Puroose. This requirement identifies those materials which are acceptable
nonnutrienta of fungus and establishes the conditions or treatments under which
fungus nutrients are acceptable .

2. Documents anolicable to Requirement U:

*5TH G21—70 Determining Resistance of Synthetic Polymeric Materials to Fungi

Code of Federal Regulations , Title 2~ , Chapter XV II , Part 1910

3. Materials

a. For new designs, only inherently fungus—inert materials shall ~e usedexcept that other materials say be used in hermetically sealed assemblies or
other specifically approved items.

b. For reprocured equipment , if it is necessary to use nutrient materials in
other than the above approved applications , they shall be treated by a method
that will render the exposed surface fungus—resistant so that they will pass
the test of 3.2. When materials are compounded with a permanently effective
fungicide in order to pass the fungus test , there shall be no loss of the
original electronic or physical properties required by the basic materials
specification.

3.1 Fungus susceotibilitv. Group I in table U—I lists those materials which
are considered not to be nutrient to fungi in all modified states and grades .
Group II lists materials which are not fungus—inert in all grades and therefore
the fungus resistance of the materials selected shall be confirmed by testing
in accordance with 3.2.

3.2 Fungus testina. Group II and treated materials selected for other than
approved applications (see para 3) shall pass the fungus test specified in ASTM
G21. There shall be no visible growth of fungus arter 28 days . Certification
by a qualified laboratory or by the material producer , based upon test data on
record that the selected material passed the above teat , will be sufficient
evidence of acceptability .

3.2.1 Nonolastic materials. All nonpiastic materials to be tested for
fungus—susceptibility in accordance with 3.2, such as paint , ink, coatings,
adhesives , lu brican ts , rubber , viscous damping fluids , silicone grease , etc ,
shall be prepared in the form of 2—inch squares or circles no more than
1/16—inch thick for testing. Liquid or paste materials shall be prepared by
impregnating to saturation a sterile sanple of glass faoric .

• 3.3 Carcirtocens. Certain chemicals have been identified in the Occupational
Safety and Health Act (OSHA ) as cancer—producing substances (carcinogens).
Berore using any materials which might contain these chemicals , they should be
evaluated in accorcance with the Code of Federal Regulations , Title 29, Chapter
XVII , Part 1910. Consideration of the toxicity of a substance shall be given
prior to material selection .

Supersedes
REQUIREMENT U REQUIREMENT ~4
1 August 1975 25 September 1-~77
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MIL-STD—U5UE

Table U—I. Fungi Susceptibility of Materials

GROUP I
(Fungus—inert in all modified states and grades)

Acrylics .~
/ Polyamide

Acry lonitrile—styrene Polycarbonate
Acrylonitrile—vinyl—chloride Polyester—glass fiber laminates

copolymer Polyethylene , h~gt densityAsbestos (above O.9U0)
Ceramics Polyethylene terept’.thalate
Chlorinated polyether Polyimide
Fluorinated ethylenepropylene Polymonochlorotr~fluoroethylenecopolymer (FEP) Polypropylene
Glass Polystyrene
Metals Polysulfone
Mica Polytetrafluoroethylene
Plastic laminates: Polyvinylidene chloride

Silicone—glass fiber Silicone resin
Phenolic—nylon fiber Siloxane—polyoletin polymer

DiaUyl phthalate Siloxane—polystyrene
Polyacry lonitrile

GROUP II
(Not fungus—resistant In all grades;

fungus—resistance shall be established by test)

ABS (acrylonitrile—butadlene—styrene ) Polyethylene , low an~ mediumAcetal resins density (O.9U0 and below)
Cellulose acetate Polymethyl methacrylate
Cellulose acetate butyrate Polyurethane (the ester types
Epoxy—glass fiber laminates are particularly suscepti ole)
Epoxy—resin Polyricinolestes
Lubricants Polyvinyl chloride
Melamine—formaldehyde Polyvinyl chloride—acetate
Organic poly,ulphides Polyvinyl fluoride
Phenol—formaldehyde Rubbers , natural and synthetic
Polydiohlorostyrene Urea-formaldehyde

j/ Literature shows that under certain conditions polyamides may be attacked
bY selective micro—organisms. However , for military applications t’~ey areconsidered group I.

S..çersedes
REQUIREMENT ~ RE~U IRE ~EN T ~
26 Se2tember 1977 1 August 197~-
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FUN GU S RESISTANCE OF POLYURFTHANF FOAMS

The fungus resistance of polyurethane foams has been investigated
by Bayer, (1) Tropic-proofing tests (Protection against deterio-
ration due to tropical climates) were carried out on two inch
cubes of rigid foam. Snore suspensions of various fungi (species
of which were often found on equipment returned from the tropic.
in a moldy condition) were prepared in Ringer ’s solution (physlol.

• sol. containing Naci, KCl, C8Cl2, Na:~co3, NRH2POSp, dextrose, and1120, These were mixed and sorayed on the surface —f the foam
samples. The samples were then incubated at 30°C and lO0°relative
humidity and were examined weekly for mold growth .

Uninfected control cubes of’ foam were included in these tests as
were pieces of’ cork which were sorayed with the fungi solution.
After one week of incubAtion , funga l growth had started on all
the cork samples but on none of the’ rigid samples.

After four weeks of’ incubation , fungus growth had rapidly pro-
greased on the cork samnies but still was absent from the rigid
foam specimens. Even after twelve weeks of tncubatiøn , the
rigid foam samples were devoid of mold growth.

Reference Polyurethane Chemical and technical , Part II, Page 268

r

L 
‘(-5

IL .... .~~ . . -~~~~~~. . . ~——- -- -—— -  ~~~~~~-~~~ -~~~~~~ -~~-__ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —.• .- - —~~~~-- -_--—— - ~~--_ --~~~~~~ - --~~~~



Producb Research
& chemical Corporation
Western Sales & Manufacturing
5454 San Fernando Road. P0 Box 1800
Glendale . California ~sf 209
(.‘L$~ .~4O 2060 Telex 67 7067

April ~+, 1978

General Dynamics
Post Office Box 2507
Pomona , Cal ifornia 91766

Attention : Mr. Greg Paulitz , Ma i l Zone ~4—26

Gentlemen:

Pursuant to you r request concerning the fungus resistance of PR—1660—L , we
are enclosing a technical data sheet on PR—1660 wh i ch shows that PR—1660 is
non—nu trient per MIL—STD—8 10B .

We have neve r tested PR—1660—L for fungus resistance , however , since it is
basica lly a sol vent let down of PR—1660 we would also expect it to be non—
nutrient to the organism described in MIL— STD—8 lOB .

We hope that the above information will be of some assistance. If we can be
of furthe r service , please let Mr. Jack Dyer , at the above add ress , or us know.

Very tru ly yours ,

PRODUCTS RESEARCH & CHEM I CAL CORPORATI ON

~
1-
~ 

( , ; .i i~#~~ ~~
Roger Cournoye r , Ass ,s tant Manager
Eng in eering Service Depar tment

RC:cp
Enclosure
cc: Jack Dyer
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LABORATORY PRODUCT REPORT
ON

PR-l660

DE S C R I P T ION

This material is a two—part , 1 00% solIds , polyether—base , polyure thane elas tomer desig ned
for potting , molding, adhesive , or sealin g app lications where superior physical properties
and h i gh Shore A hardness are required . PR—1660 contains no MOCA* or MOCA der ivatives.

APPLICATION PROPERTI ES (Typical)

Amber Black
Color Part A Tan so lid  Tan solid

Part B Clear liquid Clear liqui d
Part C — Black paste

M ixing Ratio Part A : Part B Part A: Part B:Part C
By wei ght 11.5:100 11.5 : 100 : 0.56

V i scosity (Mi xed)

At 120° F - l kO°F 10 - 80 poise

App lication L i f e
To 2500 poi se

A t 120°F 30 m m .
At lleO°F 30 m m .

Tack Free Time
At 75° F 3 hrs.

Mold Release Time 2 hrs. @ 180° F or
3 hrs. @ 160°F or
8 hrs . @ 75°F

Cure Ti me
To 90 Shore A 3 hrs . @ 212° F or

12 hrs. @ 180°F or
16 hrs. @ 160°F or
1k days @ 75°F**

*Registered tradename of DuPont fo, k ,1+’—methy lene—b is—(2 —c hloroan i l i ne) .
~~PhysIcal properties of 75°F cured materi al are slig htly less than those obtained with
a heat cure. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PRODUCTS RESEARCH & CHEMICAL CORPORATION baTi ISSUIDSUPIIUDIS CHEMICAL PRODUCTS DIVISION
March 197k 2 9 1 9  £M PI~~t A i C N U C  4 1 0  4 1 6  J CCS( ’ I  A V E N U C  August 1 976

~U~ 9ANP ( C A L I F O R N IA  9150 ‘(.7 ,~~ C ’ l - C I S ~~IC C rt ’ t NtW .it~~st’v 06030

A RIA CoOl 2 1 3  649  3992 A RI CO DI eo . 4 5 6  5700
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PR—It iE- G

PHYSICAL PROPERTIES (Typical)

Color Li ght amber

Spec i fic Gravity 1 . 03

Har dness , Shore A 90

Tens ile Strength (ASTh D 412) 4000 psi

Ul t imate  E longation (ASTM 0 412) 400%

Tear Strength (ASTh 0 624 , Die C) 400 lbs ./in .

Abrasion Resistance (1 Kg/1000 rev.)
Tab er Abras er , CS— 17 Wheel 3 mg l oss

Fungus Res is tance (MIL-STD — 8lOB ) Non—nutrient

ELECTR I CAL PROPERTIES (Typ ical)

Dielectric Strength
Specime n thickness 125 m i ls 400 vol ts/mi l

Insulation Resistance 7At 75°F 3 x 10 megohms

Volume Resistivity
At 75” F 8 x 1 ol 3 ohm—cm
At 1 50° F 2 x 10 12 ohm—cm
At 250°F 6 x 10 10 ohm—cm

Surface Resistivity
At 75” F 1 x lO~~ ohms
At l5 0’F 3 x 10 ohms
At 250’F 1 x l0 l

~ ohms

Dielectric Constant
I KHz~ D 75°F 5.3
I MHz (& 75°F 4.1

Power Factor
1 ‘(Hz (ii) 75°F 0.04
I Mhz @ 75°F 0.06

NOTE : The above app lication and electrical property values are typica l for the material ,
but not intended for use in spec i f i ca t ions  or for acceptance inspect ion c r i t e r i a
because of variations In testing method s , conditions , and con lig urations .

M I X I N G  I NSTRUCT I ONS

PR—1660 is supp l i ed  i n  premeasured kits and should be handled as follows :

K-8 
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PR—l bh O

A. Amber

I. Heat Part B to 120°F.

2. Heat Part A to 200°F unt i l  mater ia l  becomes a c lear , dark amber liqu i d .

3. Add Part A to Part B and mix  i nuiediate ly . Transfer mixed mater i al to metal
container of appro ximately 2 to 3 times the volume of the nai~~ed material and
degas under vacuum . To facilitate degassing, Part B may be vacuum deqassed
at 120° F prior to mix ing  with Part A.

B. B lack
1 . Hea t Part B to 120°F.

2. Add O.5’~. of Par t C by weight (or 0.56 parts of Part C) of total comb i ned contents
ot Part A and Part B to Part B and mi x until homogeneous.

3. Heat Part A to 200” F until material becomes a clear , dark amber 1 quid .

4. Add Part A and mi x i ninediately . Transfer mi xed mat erial to .~ metal co nt ain ci
of approximatel y 2 to 3 time s the vo l ume of the mixed materi a l and deqas under
vacuum. To facilitate degassinq , Part B may be vacuum deqassed at 1205- F prior
to mixing wi th Part A.

CURE
- 

_ 

, , PR—1 660 may be subjected to elevated cure temperatures i t ~ii~edi~~tel~ ~i t ter p our inq or
inj ecting. To obtain maximum physical properties , PR—1660 mu’-.t t ’t ’ 1ur ~ d as follows:

3 hrs . ~~ 2l2 ” F or
12 hrs . I- ’ 1 80”F or
1 6 hrs.  I-i ’ 160” F or
14 days i,,? 7~t F .

Physical properties of 75°F cured material are sl igh t l y  l e s s  th~iri thc tsC obtained with a
hea t cure .

STORAGE LIFE

Storage life of PR—1660 is approx imatel y one year when stured below 80- F l e  the or ig ina l
unopened containers.

PACKAGING INFOR MAT ION

PR—1660 is supplied in 32 fi . o z .  , 128 Il. oz. , and 5— gallon uni ts .

HEALTH PRECAUTI ON

PR—l660 contains no volatile solvents , but should be used wi th adequate ventilation.

The uncured components of PR—l660 w i l l  produce i r r i t a t i o n  f o t l o w i nq contac t wi th sk in.
When handling Parts A and B , avoid all ~. ontac t with the hod-’, , es j ’ ~’~ ~l I y con t ~~ t w i t h

K-9
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PR-1660

open breaks in the skin , or in gestion . Always wash hand s thorouqhl y ~v i th soap and ~.~te ib e f o r e  eatin g or snoking . Obtain medi cal attention in case ot ex tr eint ’ exposure or
i ngestion.
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STATHANE 6500 SERIES

GENERAL: Expanded Rubber and Plastics Stathane 6500 Series
material was specifically developed to t’rovide foam
systcm with low viscosities, low free isocyanate
content to minimize toxicity, low exotherm , exception-
al overall physical ~er~crmance char acter istics,
good mo1dz~hili ty anci excellent thermo conductivity
properties. In ~tddi~ ion , the fc.tm produced from
these systems can he cures at room tcrnperature, arid
reactivity characteristics of the systems are such ,
that the user has amp!s time f o r  processing of the
r~aterials with conventional mixing equipment.

SPECIFiCATi0~ S: The 2 lbs/ft density material., designated as
Stathane 6502 , meets Bureau of Ships ecif .cation
Mi1’~P—2l929.

TYPE OF EASE MAT1?~RIALS : Freon expanded ~olvether—polmeric
~socyanate rigid polyurethanes.

MIXIL~G AND r~OLD:~~G INSTRUCTIONS : Component temperatures should
be held at 65°— 75°F during mixing . ~ icher temper-
atures wi] i cause loss of the ‘bl owing agent4 ’ and ,
thus, cause an increase in density. Average mixing
time is 30 — SO seconds for all standard systems , but
will vary with comr)onent tem~eratures , mixer speed and
environmental conditions . Recommended mold temperature
is 90°— 110°F for metal molds , try to keeo above 75C F
for most ap’31iczttion~~ Our Sales or Technical D~ r~art— —

ments will assist customers in the ~electj orL ~f pro-
por molds, release agents etc., for special appl~.c~ t icns .

CLYRE: Foamed material will be sufficiently cured after 1 - 2 f - I
hours at a~’Lient temDerat urE ~s to be handled , however,
optimum physical ~ro~-erties of the foam can be obtained honly after a minimum of 24 hours cure at aforementioned
conditions. This process can be accelerated by curing
the material for one hour per inch of cross sectional
area at elevated temperatures between 1300_ 160°F.
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If final service temperature is above l8OcF, parts
should be cured 15cF above anticipated maximum
operating temperature. If material is cured at
elevated temperature, parts must be cured in the
mold and should not be demolded prior to cooling
down the part and mold to ambient temperatures.
Recon~nended Max. use temperature is 225

CF.

CAUTION : Part 1 of the systems contains isocyanate, thus
use in well ‘~entilated area.

SUGGESTED APPLICATIONS :

1. General Purpose where fire retardancy required.
2. Flotation
3. Refrigeration Insulation
4. Aircraft structural reinforcement
5. Field Applications
6. Trailer bodies
7. Void filling
8. Sandwich panel construction
9. Molding of specialty items
10. Artistic designs

- -
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PIWSICAL PROPERTIES

SPA NE 6500 SERIES

Note: All results represent averages of various batches of materials run
on free rise core density samples. Samples were obtained from 14” x 14” x 6”
blocks prepared in the laboratory.

System Code 6502 6504 6506 6508 6510 6512 6520

Nominal Density, Lbs/Fl? 2 4 6 8 10 12 20

Compressive Strength, PSI
@ Yield point II to foam
rise 30 80 140 240 315 480 900
@ 77°F

Tensile Strength. PSI, Ult.
@ 77°F, II to foam rise 40 110 155 210 250 310 570

Tensile Modulus, PSI
II to foam ~.ise® 77°F, x l~ 0.5 0.8 1.3 2.2 3.3 5.0 16.0

Shear Strength, PSI
II to foam rise ~ 77

0F 26 58 74 120 160 215 560

Dielectric Constant
at 9.373 }~4C 1.04 1.08 1.12 1.18 1.22 1.26 1.38

Loss Tangent
at 9.373 K~1C,x i0~~ 0.5 0.5 0.6 0.6 0.8 0.9 2.4

K - Factor -
BTU/HR/FTrIN/ F 0.17 0.18 0.19 0.19 0.21 0.23 0.25

Flammability
Per ASTM 1692—67T SB SE SE SB SE SE SE

Volume change after
Humid aging per Mu-
P—21929 ~6% (2 lbs/ft density only)

Change in Compr.
Strength per Mil-P-21929 -5% (2 lbs/ft density only)

The information contained in this literature is to the best of our knowl—
edge, true and accurate. Since conditions of use are beyond our control,
all recommendations and suggestions are made without guarantee. Expanded
Rubber and Plastics Corporation disclaims any liability for the use of
these suggestions or data. Nothing contained herein is a recommendation
to use any product in conflict with the third parties patent rights. All
products should be used only under well ventilated conditions.
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TECHNKAL DATA

APRIL. 1976

KOPPERS POLYESTER RESIN 1063-5 AND 1O73~5*
LOW REACTIVITY , LOW VISCOSITY P OLYESTER RESIN

L 
THIXOTN OP IC OPEN MOLD RR *IN 1

PHYSICAL CHA RACTER I STICS

Monomer Styrene
V~~~051t ~ , 77 F. , poises 4.0 — 6.0
Specific Grav ity , 77 F 1.09 — 1.11
Th ixo trop ic Index , 77 F ., m ini mum 2.5

PERFORMANCE CI4A.RkCTERIST~CS

FIBER WETTING EXCELLENT
SAGGING AND DR AINING MINIMUM
FABRICATIN G METHOD A LL ROOM TE MPERATURE

METHODS

APPLICATION

Koppers Pol yester Res in 1063-5 is a low reac t i v i t y, low exotherm th ixotrop ic pol yester resin desi gned for
good wet out and long tr im t imes in open mold operations . Th~5 resin is ful l y promoted and on ly requires
the add ition of methy l ethyl  ketone perox ide for cure. The outstanding character is t ic  of this resin is its
low exotherm bu ildup during cure . Th 15 resin is app licable in most sproyup operations and is part icularly
suitable for re latively thick sect ions. Trim times ore longer wi th  th is  resin than w ith most full y promoted
open mold resins. Resistance to sagg ing and draining on ve r t ica l  surfaces is excel lent .

koppers Polyester Res in 1073-5 is the non-air inhibited version of 1063-5. 1073-5 conta ins an addi t ive to
assure a tack free surface cure.

T Y P I C A L  P R O P E R T I E S

A. Unfilled Cast~9j 8” Thick

1 . Ph ysical Properties

Borcol Hardness 50
Flexural Strength , 77 ‘F., ps i 1 3,000
Flexural Modulus , 77 F., psi x 10~ 0.64
Flexural Strength , 175 ”F ., psi 4,000
Flexural Modulu s, 175 F., psi x 10~ 0.16

K— 14
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TYPICAL PROPERTIES (Continued)

A. Unfilled Costing 1/8” ThIck

1. Physical Prop.rti.s

Tensile Strength, 77~’F., r’s~ 9,000
Elongation , ¶ 1.9
Water Absorption , %, 24 hours ~ 77 °F 0.11
Heat Distortion Temperature, ~‘F 155
Speci f ic Gravity 1 .20
Shrinkage, °~, by Volume 7.8

B. Gloss Mat Laminate 1/8’ Thick

1. Ph ysical Prop.rti.s

Barcol Hardness 50/55
Flexural Strength, 77°F., psi 27.600
Flexural Modulus, 77”F., psi x 10’ 0.97
Tensile Strength, 77°F., psi 17,900
Elongation, % 2.40
Izod Impact , Ft. Lbs.. Inch, Notched 9.0
Water Absorpt ion, 0~,, 24 hours @ 77°F . 0.13
Glass Content, ° 30.0

C. Typical Gel Times , Minutes, 50 Gram Moss

Gel times are affected primaril y by catal yst concentrat i on , temperature and humidity. Typ ical gel t imes
with temperature and catalyst concentration are shown below. These values should serve onl y as a
guide since sli ght variations between lots of resin and catalyst do occur .

% MEK PeroxIde 65°F. 77°F. 90°F.

0.50 — 30 15
1 .00 30 17 10
2.00 18 10 —

J X- 13a
IN FORMATION con tain ed ri this bulletin is presen t ed in good fa ith , but i t  is not to be inferred tha t by• 

- publ i cation hereof by Koppers Con-pany . Inc. . nor by the use or empl oyment by the read., of any s ugge s -
t i ans or method contained herei n , that Koppar s Comp any, Inc . has assumed any l i a b i l i t y  for in f r in gem ent
or al leged inf ringemen t of any patent , forei gn or domest i c ,  nor given any w ar ran t y,  ex p reSsed or im pIl ~~ ,
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UNIGLASS BOAT and TOOLING FABRICS

BR EAKING FINISHED
WARP FILLING WEI GHT THICKNESS STRENGTH WEIGHT

STYLE COUNT YARN YARN WEAVE l o s .  s q. y d.) ( in.) (lb. in.) (0.. sq. yd. )

122 24 .22 150 1/2 _ 150 1 2 PLAIN 3.70 - 0.0055 160 a 135 3-60
1000 16* 14 150 4 2 150 4 2 PLAIN 9.66 0.014 450 a 410 9 .40
1033 16* 14 

- 150 3 3 1 5 0 3 3  PLAI N 11.0 0 
- - 0.O!6 455 .400 10.50

1044 2 8 x 1 4  150 4 2 150 4-4 BASKET 2*1 18.00 0.022 
- 

745 • 830 - 17.55
1088 20~ 1Q_ 1 5 0 4 2  - 150 4 4 BASKET 2.) 12.65 0.018 

- - - 12.~ 5
1523 28.20 150 3-2 150 3 PLAIN 11.90 0.014 5~5 .400 11.30 

—1525 30.24 150 1.2 150 1 
— 

PLAIN 4.50 0.006 195 * 155 4.23
1527 17 * 1 7  150 3 3 150 3 PLAIN 12.90 0.015 535 .405 12.00
1534 16 .14  15 0 4  

— 
15 0 3  PLAIN 12.00 0.0 16 460 • 685 11.60

1542 18 • 18 150 3 150 3 PLAIN 8.50 0.0 12 370 • 370 8.48
1548 4 2 * 2 )  _ j~~4 — 150 4 MOCK LENO 20 80 0.028 965 .525 19 .75
1800 16. 14 18 0 18 0 PLAIN 9.66 0.0 )4 450 • 4)0 9.40
2532 16*14 25 1 0 25 1 0 PLAIN 7.50 0.010 335 • 316 7.05
2542 18.18 25 0 23 1 0 PLAIN 8.50 0,0 12 350 • 350 8.48
3000 30.30 7 5 2  4 7 5 2  4 SPECI AL 38.55 0.045 1375 • 1375 37.60
37 22 18 • 18 37 0 37 0 PLAIN 6.00 0.009 250 * 220 5.64
7500 16 • 14 75 2 2  75 2 2  PLAIN 9.66 0.014 450 * 410 

- 
9.40

7522 18 * 18 75 2 75 1 2 — PLAIN 6.00 0.009 250 * 220 5 .64
7532 16. 14 75 1 3 75 1 3 PLAIN 7.50 0,010 335 • 316 7 05
7542 18 * 18 75 1 3 75 1 3 PLAIN 8.50 0.0 12 370 • 370 8.48 -

— 7544 
- 

28 * 14 
- 

75 2 2 75 2 4 BASKET 2*1 18.00 0 .022 745 • 830 17 .55 —

7548 42 * 2 1 
- 75 2 2 75 2 2 MOCK LENO 20.80 0 .028 965 • 525 19.75

7549 30 *28 75 1 2 7 5 1  2 SPECIAL 14,7 0,024 160 • 150 14.0
BULKED BULKED

UNIGLASS WOVEN ROVINOS

[ I I BREAKING
I WEIGHT THICKNESS STRENGTH r

STYLE COUNT ROVING WEAVE (os /s q.  y d.)  ( i n .)  (lb /in.)
[‘ i6 f 5 * 4 7~’. T PLAIN 22.8 0.038 1000 • 800

L~~~
1 

- - ~~~~~~ ~~~~ L PLAIN 180 
- - 

0 032 800 * 500
[ 62 5 • 3 75’. J PLAIN 18.0 0,030 1000 * 200

75 ’ s PLAIN 18.0 0.030 70O~~~~~_

Fabric propsrt i•s or. bau d on lo om at at e (untr .at.d) fabr ic unless ot he rw is. note d , th.y or. .nc lud.d
f or eng ineerin g In format ion onl y, and or. not intended to b. guo ro nt ..d v alues.
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M-24-6—678

APPENDIX L

DIELECTRIC CONSTANT AND DISSIPATION FACTOR

OF FOAM CORE/FACINGS
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TECHNICAL. MEMORANDUM 
Radome

LM66011-77-c-0139

DATEs 11 July 1978

TO, Mr. John Markall N.0.S.C. San Diego , CA.

FROM. Advanced Manufacturing Technology Dept. 24-6

SUBJECTs
Dielectric Constant and Dissipation Factors of Foam Core/Facing s

REFERENCE:

DISTRIBUTION,
LIBRARY

PRIPARED SY, ~A~1) Z_ . ~~~~~~~~~~~~~~~~ f~,W. L . MacTurk

PREPAPE DSYi

_____________________________

A PPftOV~D BYi C ~~~~~~
. C. Abrams

ID) FOAM I~~~ ~ t
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G~~NWRAL DYNAMICS
Pomona Division 

CDRL A002
Code Indent Q2 4 ~~
M-24-6-678

Dielec tric Constant and Dissipation Factor  of
Foamj Fac in&s

To verify the Koppers resin used in the construction of
the polyester/glass cloth facings of the radome as to d ielec tr ic
constant and loss tangent , a sample was p repared us ing a 181
glass cloth specified under Mil-C-9084 layed up as a laminate
and utilizing the 1061-S Koppers resin. Results are shown on
Table 1. Attached to this appendix is also the vendor technical
data sheet which meets Mil-R-216076 and Mil-R-7575C .

The vendor data sheet Stathane 6500 series is also attached
to this appendix , and gives the values for the foam used in
construction of the radome core materials. The 6502 foam (free
rise) use~ in the radome core has a restrained densit y of 8 to
10 lbs/ft and conformed to the e value checked by Manufacturing
Technology . A slight increase was noted in the ~ value checked
by AlIT and is due to formation of a rind at each interface where
the foam action is Impeded . This rind is solid resin in nature -

‘

and causes the slight increase in the dielectric constant from
the vendors figure , who utilizes a free rise foam where no rind
occurs.

No€ or tant~ value s were available on the 4 oz glass cloth u s i n g
the 1061-S polyester resin with or without the gel coat app lic~:tio n. r
Values found by AMT are also shown on Table 1.

Memo M-24-6—755 attached to this appendix explains the
equ ipment and test procedures used and explains the equations
used to derive the electrical proper ties required .

The loss tangent of the foam sample could not he ch~ckt’d at
the vendor frequency of 9.375 C}Iz. Since the foam sample contains
a large amount of air the loss tangent varies greatly with frequency .

r
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~~~•NURAL DYNAMIC S

Pomona Division 
CDRL A002
Code Indent ~24~
M-24-6-678

Computing the copper loss9 of the dielectric constant
checker at 9.375 GHz as 5 x 10 -~~~

— ( inc lud ing sk in e f f e c t)
and taking the measured value of the capacitance of the
foam sample as 2.265 pf then the capacitive reactance ( X c)
at 9 .375 GHz would be

I I
X~ — 6.28 x 9.375 x x 2.265 x 10 12

The Q of the sample would then be

—~~~~~— ~~~~ ioo.005

and Tan 6 - — .00066 a good approx ima t ion of the
vendor value .

The radome value measured on the antenna range for  RF t r ansmiss ion
loss at 13.5 GHz supports this low e lec t r ica l  loss value where readings
of less than 0. 17 db were recorded across the frequency ba nd.

Die lec t r ic  constant of to ta l  composite (foam core/ge l coated g lass
samp le’) measured 1.45 on the dielectric constant checker , and can be
ver i f i ed  from the following calcula t ions :

• 1.15 pf (capacitance of total composite)
picofarads

C
8f 

— 14.24 pf (capacitance of gel coated fiberglass facings~
picofa rads

and Cf — 1.25 pf (capacitance of foam sample)
picofarads

14.24 x 1.25Then C~ = 
14.24 + 1.25 

1.15 pf

and ~ of the total composite would beCtc • 1.15 
~Ca .795

Where Ca — Capacitance of air dielectric .795 pf.

L-3
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GSNERAL DYNAMICS
Pomona Division

CDRL A002
Code Indent  9 243
11-24-6-678

The loss tangent of the composite could not be measured
at  13.5 CHz since the checker can onl y measure values at 1 MHz
and no hi gh frequency equipment was available.

Inspec tion of the dielectric constants low value for the
t o t a l  composite wou ld indicate  a low tanø value and would be less
than .001. This again is indicated by the low insertion value
o f the radome during test for transmission loss where va1’~ es of
less t han 0.17 db were recorded . Maximum allowable insertion
loss is 0 .7 5 db.

I
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Mfg. Tech. 11— 24—6—h”.
October l~62

D IE LECTh IC CON STA~ F CHE CKE R TO ~~AsURF:
HICH FREQUFNCY STR 1 I’I.I NV SITBS’iRATES

In Strip i Inc Technology where electromagnet Ic energy  travels
through the substrate guided by copper conduc Lot - s sandwiched  b e tween
ground p lanes a knowlcd )~e of the s u b s tr a te  d it’lectrl c constant and

loss t an gen t  i~ very important since they directly affect desi gn

parame ters in th i s  fa s t  growing s tr ip i  Inc  f i e l d

Si nce the d i e l e c t r i c  cons tan t  (E) of a m a t e r i a l  is d i r e c t l y  r e la ted
to c apa c i t  ance  and the loss  tangent  d i r e c t l y  r e l at ed  to u s e f u l  energy lost
in a s u bst r at e  th r o u~ l, twa t lug the st’ character 1st 1 cs mus t he read l i v
I dent  1( 1 ed on hoard mate  vial supplied by  a vendor.

Consequent t y  M. ;nut ~i ’  t i n  ~~~ Techno tog~ hut it a die lee t i - i c  cous t an t

checker. (Sec El gur e  I “ . ‘11: is nut  t ha~ a ml c romt’ ter adjustment wh i c h

regtilnt es a moveab i t’ upp er copper p l a t e .  The bo t tom copper p l at e  i~
s t a tI o n a ry  and the who It’ nut t I s cnca sed In a To (Ion block , supper ted

by .in al umi itum plate. The accuracy of thi ~ unit is with in l7~. ilie

dielectr ic coits t a n t  checker Is used in conjunct ion with a 1%oonton Q

Meter. Type ~‘I~O,\ and al l  nlensur ement8 w~’re taken at I MHz.

All d (elect ri es checked were 1” square and approx I m at e l  v I / it’”

th ic k .

The Q tact - er is made to resona Lv’ w i t h  t he  c oi l  and the in t e r n a l

capacitance of t Iso Q meter .  The d i e l e e t  i i  c count ant checker , with t he

specimen inserte d  in the checker , Is  the n measured for  cap . ic l  t anec.

The spec I men i n  removed and w i t h  the same ml c rome t or  adju stment , .me t h e n

capac I t ance measurement  t a k e n .  This gi ve:~ the necessa i v  d a t a  I or

a c c u r a t e  measur ement  of the  spec I men Inc  lutI  t u g  t h e  Jssoc I at  ed c :spae I Lances

and f r i n g e  c ap a cI t an c e  of  the checker .  A se r ies  of sI  nip Ic e q u a t i o n s  I ~

1 -6



Mf g. Tech. 11-24-6- 755
Page 2
24 May 1978

then derived to arrive at the correct dielectric constant. A 1” square ,

1/16” thick Teflon fiberglass laminate with a vendor specification on

the dielectric constant of 2.6 ± .05, was then checked as follows on

the Q meter at 1 MHz to verify the instruments ,accuracy.

C1 93.8 pf — Capacitance of Q Meter at resonance with coil
(P icofar ads)

C2 — 79.7 pf - Capacitance of checker and specimen across the
coil

C3 — 86.7 pf Capacitance of checker without specimen

Consequentl y:

Cd + Cf = C1 - C2 = 14.1 pf Equation 1

And:

Ca + Cf — C1 - C3 — 7.1 pf Equation 2

Where:

Cd = Capacitance of dielectric specimen in picofarads

Cf — Fringe and associated capacitances in p ico far ads
Ca = Air capacitance of dielectric in p ico far ads

Subtracting equation 2 from equation I gives:

Cd - Ca — 7 p f
AND :

Cd 7 p f + C a

Since the air capacitance is taken from the classical formula of:

Ca - .225 x~~~x A

t

Wbere~~ die lectr ic  constant of a i r  (vacuum ) 1

A = area of specimen (square inches) 1 sq. in.
t 

t thickness of specimen (inches) — .052”

Which gives Ca — 4.327

H 1—7
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Mf g. Tech. M-24-6-755
Page 3
24 May 1978

The dielectric constant of the specimen is the capacitance

of the dielectric over that of air which is:

= Cd 7 + 4.327 2.617
Ca 4.327

Since the specimen checked must conform to a specification giving

a dielectric constant of 2.6 with a tolerance of ± .05, this shows the

accuracy of checking the dielectric constants of low loss materials by

the method devised by Manufacturing Technology.

The loss tangent is computed from taking the Q of the specimen
being measured where :

Qi Q2 (Cd )
Qd 

Q3 
(C1 - C2 + C8)

And where the loss tangent

tan6

Figure 2 lists some of the materials checked by Manufacturing Technology

for dielectric constant and loss tangent.

The accuracy of the loss tangent measurements at 1 MHz are within 17..

At high frequencies, (X band) the loss tangent measurcments should be

accomplished by high frequency stnipline techniques using a bridge circuit.

Most vendors check their low loss dielectrics at X band frequencies.

W. L. MacTurk
Advanced Manufacturing Technology
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Mfg. Tech. M-24-6-755
24 May 1978

CATALOG
MATER IAL MEASURED QU~~ED MEASURE D CATALOG

DIELECTRIC DIELE CTRIC LOSS QUOTED
CONSTA NT CONSTANT TANGENT LOSS

TANGENT

Teflon 2.1 ± .02 2.09 .00018 Less than

Rexol ite 1422
(Brand Rex) 2.51 ± .02 2.53 .00011 .00012

Rexol ine S 2 30 0(Bra nd Rex) ± 2 
2.32 .00011 .00004

Polyethylene 2.36 ± .02 2.35 .0001 .00007
7000 (3M)

GB 112T 2.53 ± .02 2.53 .00316 .0015 
-

Continental
Diamond Fiber

FIG URE 2

ELECTRICAL CHARACTERISTICS OF SOME PLASTICS

L-10
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KOPPE RS I TE CH N I CAL D A TA

Polyester Resins I 

M A R C H . 1912

RE SINS QUALIFIED U NDER MILITARY SPE CIFI CATION
MIL=R-21601-B and MIL=R-1515-C

Koppers now has five polyester resins qualified under military specification MIL-R-21607B. These are resins 1000, 2000,
3401, and 3403.

There is no longer a QPL (Qualified Products List.) Qualification and approval are based on preproduct ion testing by the
customer or by an independent, certified testing laboratory. The testing of Koppers ’ pol yester resins was done by CTL.
Dixie , Inc. (formerly the Cincinn ati Testing Laboratories.) A summary of their test results is given in an attachment .

MIL-R-7575C divides polyester resins into two grades: Grade A — normal mechanical properties , and Grade B — improved
mechanical properties. All five of Koppers~ qualified resins meet Grade A specifications and all but 3401 meet Grade B
specifications when given a post cure.

MIL.R-7575C Further classihes polyester resins according to dielectric constant of a laminate. Two of Koppers’ resins
(2000 and 3401) fall into Class 1 (dielectric c o n s t a n t  3.6 to 4.0), and two (1000), fail into Class 2 (dielectric constant
4.0 to 4.2). Koppers resin 3403 meets Class 3 requirement (dielectric c o n s t a n t  4.2 - 4.4).

Koppers Polyester Resin 1000 meets Grade A and B, Class 2, requirements
Koppers Pol yester Resin 2000 meets Grade A and B, Class 1, requirements
Koppers Polyester Resin 3401 meets Grade A, Class 1, requirements
Koppers Polyester Resin 3403 meets Grade A and B, Class 3, requirements

All f ive resin s meet Class 0 requirements.

Resin which is to be certified as meeti ng MIL-R-7575C requirements must be ordered specif icall y as Mu Spec material.
The specifications for the Mil Spec grade res ins  are g iven below:

1000 2000 3401 3403

Monomer Styrene Styrene Styrene Styrene
Vi scosity, 77~F., poises 9-13 9-13 9-13 9-13
Specific Gravity 1.11 .1.13 1.11-1.13 1.25-1.28 1.33.1.37
Acid Number - Solut,on - Mox. 15 15 15 15
Color, APHA .Max. 150 150 li ght straw lig~it straw
SPI Cure Data

Time to gel , minutes 3-5 3-5 3-5 35
Time to pea k, minutes 512.712 5-7 4-6
Peak temperatur e. °F. 365-395 395-430 410-450 410.450

Resins 1000, 2000 and 3403 are also available in open mold ve rs ,o - Md Spec 1060 ~~il Spec 2060, and MIL Spec 3463.M.

L—l 1
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MILITARY SPECIFICATION
Laminates were made in accordance with paragraph 4.3.1 of MIL.R-7575C using 181/S-910 glass fabric certif ied under
MIL-C.9084 . The resins were used at 10-12 poises v iscosi ty and were cata lyze d with 1° bcnzoy l perox ide (100°~ active
basis~. The molding cycle was 10 minutes at 225-235°F. Laminates for Grade B were g iven a one hour post cure at 200”F.

Sp.ci~icotionRequirements CTL.Dixi. Test R.iults °
_______________________________________________ Grade A Grad. B 1000 2000 3401 3403
Property

Flexural strength, f latwise
Ultimate strength , psi 50,000 65,000 77 ,120 73,870 72,530 68,990
Flexural modulus of e last ic i ty ,  psi x 10° 2.7 3.2 3.3 3.2 3.1 3.2

Tensi le  strength , psi 40,000 50,000 50,500 53,030 51,710 50,260
Compressive strength , edgewise , psi 35,000 45,000 48 ,770 59,710 48,860 45 ,450
Flammability, inches per minute 1.0 max. 1.0 max. 0.44 0.42 S.E. S.E.
Water absorption , 24 hr. immers ion, °~ change in wt . ± 0 5  max. ±0.5 max. 0.046 0.042 0.034 0.159
Barcol Hardness 55 55 66 59 68 65
Spe cif ic gravit y no spec no spec 1.782 1 .811 1 ,878 1.901
Resin content no s pec no spec 39.2 37.5 41.6 41.4

T.st.d W.t after 2 hour immersion in Boilin g Wat.,
Flexural strength , f lo tw ise

Ultimate strength , psi 45,000 60,000 78,520 70,370 69,980 67 ,380
Flexura l modulus of elast ici ty,  psi x 10° 2.5 3.1 3.2 3.1 3.1 3.2

Tensi le strength , psi 38,000 48,000 52,760 50,790 48,350 48,920
Compressive strength , edgewise , psi —_______ 30,000 40,000 49 ,820 52,590 46,910 41 ,950

Tested at 70°C. after ~ hour Exposure at 70 °C.
Flexura l strength , f latwise

Ultimate strength , psi 40,000 44,000 58,390 64 ,940 57,390 55,070
Flexuro l modulus o~ elastici ty, psi x 10° 2.3 2.6 2.6 2.8 2.7 2.8

Tøst ed after Immersion in Chemical Fluids
Hydr aulic Fluid

0~ c hange in wei ght 0.2 max. 0.2 max. 0.017 0.030 0.018 0.033
% change in thickness 0.2 max. 0.2 max. 0 0 0 0
Ultimate f lex ura l strength , psi no spec no spec 72 ,250 73,400 73,150 71 ,470

Isopropy l alcohol
% change in wei ght 0.1 max. 0.1 max. 0.018 0.031 0.021 0.021
0 change in thickness 0.1 max. 0.1 max. 0 0 0 0
Ultimate flexural strength , psi no spec no spec 76,780 74 ,720 5,650 67 ,210

Hydrocar bon Test Fluid
O~ c hange in weig ht 0.1 max. 0.1 max. 0.003 0.001 0.011 0.004
°~ change in thickness 0.1 max. 0.1 max. 0 0 0 0
Ultimate f~ex uro l strength , psi  no spec no spec 76,500 73,760 72 ,450 69 ,820

Dielectric Constant
Standard conditions

Class 1 3.6-4.0 3.77 3.77
Class 2 4.0-4.2 4.16
Class 3 4.2.4.4 4.22
Dissipation Factor 0.020 max. 0.008 0.009 0.013 0.015
Immersion conditions Not greater than

5”~ increase over
“as received. ” 4.19 3.81 3.97 4.31

- Dissipation Factor 0.025 max. 0.009 0.011 0.020 0.022 1

MIL-R-21607A Flame Resistance
C lass A — transl ucent laminate

Time to ignition , secon ds 55 m m .  101 61
Burn ing t ime , seconds 125 max. 87 84

Class B — opaque laminate H
Time to ignit ion , second s 70 mn.
Burning time , seconds 65 max.

°Average of the specified number of test samp les.
I N F O RMA TI ON .~~nta ’ ned i n t h i s  buiiet ,n mx prpsented in goo d fa i t h , but it  i s  no t to be i nfe , ,e d tt.iit i~, L 1 .~pubi i , .a im On he reo f by K.op perx Compan y . Inc.. nor  b~ t he  mis C or ern pi oyme nt by th e read ,, of any sugge~

. .
tmon , or method c o ntarn ed ‘e t c i n . th at Kop pe rs Compan y . Inc. ha~ assumed any i ia h~i i t y  i~i, i n f r in g ement
or alleged i nf r ingement of any patent, fo reign or d o mes t i c , nor g iven any warr a nt y .  es p res ied o r • mp i ,ed ,  .~

- -_____________
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PHYSICAL PROPERTIES

STATHANE 6500 SERIES

Note: All results represent averages of various batches of materials run
on free rise core density samples. Samples were obtained from 14” x 14~ x 6”blocks prepared in the laboratory.

System Code 6502 6504 6506 6508 6510 6512 6520

Nominal Density, Lbs/Ftp 2 4 6 8 10 12 20

Compressive Strength, PSI
@ Yield point II to foam
rise 30 80 140 240 31.5 480 900
@ 77°?

Tensile Strength, PSI, tilt.
@ 77°F, II to foam rise 40 110 155 210 250 310 570

Tensile Modulus, PSI
II to foam rise

~ 77°?, x 1O~ 0.5 0.8 1.3 2.2 3.3 5.0 16.0

Shear Strength, PSI
II to foam rise @ 77°F 26 58 74 120 160 215 560

Dielectric Constant
at 9.373 }~4C 1.04 1.08 1.12 ,l.18 1.26 1.33

Loss Tangent
at 9.373 KMC,
x 10~~ 0.5 0.5 0.6 0.6 0.8 0.9 2.4

K - FactoX -
BTU/HR/FT~

’IN/ F 0.17 0.18 0.19 0.1.9 0.21 0.23 0.25

Flam.nability
Per ASTM 1692—67T SE SE SE SE SE SE SE

Volume change after
Humid aging per M u—
P—21929 ~6% (2 lbs/ft density only)

Change in Compr.
Strength per Mil—P—21929 —5% (2 lbs/ft density only)

The information contained in this literature is to the best of our knowl—
edge, true and accurate. Since conditions of use are beyond our control,
all recommendations and suqgestions are r~tade without guarantee. Expanded
Rubber and Plastics Corporation disclaims any liability for the use of
these suggestions or data. Nothing contained heroin is a recommendation
to use any product in conflict with the third parties patent rights. All
products should be used only under well ventilated conditions.
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WE IGHT OF NAVAL SEARCH RADOME

Drawing number 518823? de f ines  the max imum wei gh t c~if th~’
radouie as 15.8 lbs.

Coninensurate with structural requirements Manufacturing
Technology has strived to keep th i s we ight below 13.0 lbs the
ori gina l vendor honeycomb design we igh t which  could no t be
met and also to reduce servo structure inertia to the minimum.

Density of the 4 oz glass cloth and polyester resin used
on the present  design ~t a percen tage glass to resin wei ght
of 70:30 is .05 lbs/in . This in a controlled temperathre
environment in the new Phalanx Fiberg lass Fac ilit y now in
produc tion can be easily met.

Computing the weight of the search radome with a foam weighç
of 2.85 1b~ which meets the restrained foam densitv~ of ii lb s/ft

— 

± 3 lbs/ft and a glass/resin density of .05 lb s/1n wou ld give ,

Weight of inner facing V 1d = 2lFt- td

• 6.28 x (19.74Y x .035 x .05 = 4.28 lbs

where V1 Volume of inner facing (in3)

and d density of glass/resin
and t — thickness of facing. (inches)

We ight of outer facing = V ,d ~.28 x (20) x .0l~ x .OS 4.4 lbs

Weight of milled fiber/resin mix in hard points . ~0 lbs. 1;
Weig h t of pol yurethane elastome r seal~m nt .0~ lb s.

Total computed weigh t of radome ll. Q2 lbs .

Wei ght of radoine measure on z1 calibrated 20 Kg Ohaus balance
read 11.875 lbs the difference in weigh t being the enlargement t ’f  J j
the hard point mounting holes from .125 ” to .219” for handle  and
la tch attachment after hard point cure.

r

_ _ _  
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Torque Requirements

Torque requirements on screws attaching both the handles
of the radome and the latch plates were given as 27 in/lbs and
16 in/lbs respectively on a previous honeycomb design from a
vendor. Consequently these requirements were reflected on the foam/
fiberglass Phalanx CIWS search radome P/N 5188237, and the naval radome
tested accordingly since it is of identical construction.

Utilizing a calibrated torque wrench , all handles and
latch plates were installed with screws and lock nuts on the
naval fiberglass radome to the values required.

No delamination of the fiberglass facings from the poured-
in-place hard points was observed on remova l of the handles and
latches. Also no cracking or dimpling of the facings was
evident and it was concluded that a large margin of safety was
inherent in this design with regards to the torque values
required. This was proven by torquing one #10 screw to a value
of 51 in/lbs when the nut threads stripped from the screw with no
deleterious effects occurring to the fiberglass facings or the
polyester/milled fiber construction of the hard point bosses.

Another #10 screw was again torqued to 51 in/lbs at a
handle attachment where the screw snapped at the shank. This
is adequately shown in Figure 1, with no detrimental effect to
the radome hard point.

N-2
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APPENDIX 0

DESIGN INSTRUCTION — PHALANX CLOSE-IN-WEAPON SYSTEM
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IURI’OS t T~ estst1i~ h the environmental requirements for CTW S ptlc’tline equ (pwe~~ sc~~’ i ”l~ e~
un~ ~acka~es. 

and to standard ise the test methods for environmental ~,“ a t i t t . ’ ~

. 1  p ‘1 ot 1 t ;~ ’ ~pcc I f 1~~at ions f~~t- equipment aF er~~1 le,~ and p~ ~
~‘~~~at 1’~I ~ 1t h these environments. (The environment s for purchased ¶~~1 . s ~~~ ;‘‘ t :

.r~ .- L’m atned In DI—433—flE—33 2)

F Thi’ C~W~ Pilotline environments are defined in Paragraphs 1.0 thr o~.-.1, i
’ ..’ .

C -.t r,a’t t.ods for environmental qua l if icat ton are contained in A p1’c~.~ ~
~ .i~ •’.’ tests are in terms of m Ilitar y or industry test methothi. ‘i’ts sli ’ L ~,
t~~’I’ t!~~~ of standard test method s and set -ups *nd reduces testing costs.

“~,n induced environment s are provided for both 2S m and 30 ~~~~~ 
((~A U- tiA ) s~~

gi~ns. in c  31) ri~n environments apply only t o  t h e  o~,i~~’i ,.tr~ icture ~h a rttttc .
electronics enclosure , train platform , and •l~~ ~t ion mount structure). A

ci ~~~i ’t  ~~ ge sr train , ~ ct o n~’t ors and at ~ f t ’.t’ elect ronl ~
~4~~j,t~e~) for the 2 S ‘~n env i ron~nent s.

The al l~ cgtLon of the environments to the various CTWS elements is pro~~1dod
in ?igu re I.. L

1 oad distrihut ions in term s of shear snd bending mornent s t~ue to c.’ ~~~~ 
‘o.~~.

environment s (surviva l) and neat- miss shock are cont~ iued in ~

Table A-t V p rovides a sunisa rv of the t erma l env i ron.~ent s for Cl’c.’S pac kii p’5. ft
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1.0 GENERAL

The CFoIS system will be deployed on board many d ifferent ship clasies.
The geographical deployment of the CTWS and its supporting logistics
will be worldwide and climatic conditions will range from equatoria l
heat and humidity conditions to artic cold. The CIWS must he
capable of effective and continuous operations under realistic
combinations of its own ship environments , the climat ic environments
as specified in MIL-STD--210, the environments that the enemy forces
can be expected to induce and self-generated environments.

The system shall operate with normal performance when performing
under environmental conditions noted under “Normal Service .” In
those cases where “Reduced Operat ing Capability” is noted , the
system shall function but it  is not required that the performance
be within the tolerances specified for “Normal Service .” Reduced
capability may include reduced elevation coverage, kill probability and
altered minimum engagement range. In the cases specifytng ”Withstand ,’
the system is to withstand exposure to the conditions without damage
and recover to normal performance when less severe conditions exist.

The environmental requirement s are organised in accordance with the
primary source of the environment as follows :

a) climatic
b) shipboard
c) CIW S generated
d) threat induced
e) combination loading
f) bench handl ing
g) t ranspor tat ion

2 ,0 CLIMATIC ENVIRONME NTS

2.1 Thermal Air Law Temperature

a) Equip ment s exposed to the elements shall operate with ex tern a l
•ir temperature at -28°C ( - l 9 °F~ cont inuous.
(MU.-STD-2 10B, -,.2.2.2.2).

b) The CIWS equipments shall be able to survive (not operat~ in ’)

a continuous -40°C (-40°F) without permanent damage .
(Mfl.-STD-2103, 3.2.2.2.3) A

2.2 Thermal A ir High Temperature

a) Equipments exposed to the elements shall operat. with external
air high temperatures between 32°C (90°F) and 46°C (114°F)
according to the below daily duty cycle
(MIL—STD-210B, 5.2.2.1.2).

0-2 it
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b) Equipments shall be able to survive a cont inuous air t emperat ure
high between 32°C (+90°F) and 71°C (160°F) according to the
below daily duty cycle.

c) Daily duty cycle

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I s  i S  4 s 1 5  1
Hours

2. 1 Solar Radiat ion

Eq u ipment s exposed to the elements shall operat e when exposed t o
solar rad ia t ion . The solar power will vary from 0 t o  .0 v a t t s / t 1 i
in accor dance with the duty cycle of 2. 2 . This rcqult i’t~”nt sh.~l1he used In con luncti on w i th  2 .2 when comput tn~ sur iac~ t cnpct - .et u*• e- . .

~ ‘ri~os t t t O~ ot ~~~ .i~ ~‘nt ’r~~ Is ‘~l percent i 1rat-~~ . - , • “ ~‘~~ t *

v is ib le , and 4. 3 percent ultraviolet .

? .4 Humidity

The equtpm~nts exposed to the element s sha ll maintain normal
serv ice when operating e ithe r In termit tent ly  or &-ont tnuouslv
at ambient relative hu m idit y from 5,. to  951.. rackaged part s
in sto ra~c shal l withstand any cont inuous relat ive humidity f rom
~~~ to 2~ .

2 .5 Sea Temperature

The C h S  ~ha1l maint sin normal scrv i~~’ when s ea w a ter  at a
t emp~ rature of 38°C (100°F) or 1.’aa is used as the’ basic cool in~
sour ce for any cool ing system.

2 .b L iiid l oad Ing

The CIWS shal l ma in ta in  I t s  normal pertormance in t urbulent 9smooth winds w i th  ve loc i t ies  up to 75 knots (17 pounds per squale
foot on protected areas exposed to the wind). The Cl’.JS shall
withstand without danape, winds having relative velocities ot
100 knots (30 pounds per square foot).

0-3
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2.7 Blowing Particles

The external portions of the equipment including 1W front
panels shall operate when exposed to blowing particles in
accordance with the below schedule:

Snow: .02 to .2 (7.9 x 10~~ to 7.9 x 10~)
diameter

(MIL-STD-210B, 6.9 gln/m’/sec (1.4 lb/ft /sec)
Par a. 5.1.12.1 ,
5.1.12.3) 26 knot wind

-15°C (5°F) 
A

Sand and Dust : .074 to .35 m (2.91 x 10~~ to(MIL-STD -210B , 13.8 ~ iO-3 in) diameter
Para. 5.1.21.3) 1.06 gm/ui3 (6 .61 x 10~~ lb/it

3
)

35 knot wind
21°C (70°F)

2.8 Atmospheric Pressure ‘A

The CIWS shall operate in atmospheric pressures varying
between 12.8 to 15.4 psia (26.06 to 31.35 in •.g). Fa~k~~e.~ parts
in Navy logistics system must survive atmospheric pressures as
low as 1.68 psia (3.42 in Hg, 50,000 ft altitude) during air
transportation .

2.9 Rain

The CIWS shall maintain normal service in rain of up to 4 I~I!’t per
hour. The equipment shall withstand rainfall rates up to 7 in~~ht”~
per hour with an average of 1 inch per hour for a 12 hour period.

2.10 Fungus

The CIWS shall use fungi resistant materials in accordancc with
MIL-STD- 454 , Requirement 4 where possible. F.quipznenr wit~i uot’~-resistant materia ls shall not show deterioration aiter oe~ ng
subjected to MIL-STL)-810, test method 508.1.

2.11 Ice Loading

The CIWS shall be capable of operation under icing condi t ions.  .j
Ice way accumulate at rates up to 1 in/hr on surfaces that do
not utilize ice build—up preven~ Lon techniques. Means shall be 1 9provided for prevention of icing and /or for dc-icing of adjoinir.g
surfaces which are required to move re la t ive  to each other and

0-4
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on surfaces on which accumulations of ice will prevent satisfactory
operation. The CI1JS shall operate normally with all surfaces except
the search and track radar windows , gun, magazine and yoke covered
with 4.5 lb per square foot of ice on all horizontal surfaces and
2.25 lb per square foot on all vertical surfaces. The CIWS shall
survive an ice loading of 6.0 lb per square foot of ice on all
horizontal surfaces and 3.0 lb per square foot on all vert ical
surfaces. (MIL—STD-2103 , Para. 5.2.2.13.3) During system oDer- ‘A
atton under icing conditions , min imum air temperature will be
-18°C (0°F) and maximum wind speed will be 50 knots.

2.12 Salt Fog

The enclosures of equipment shall resist deterioration when sub-
jected to a 3 percent sodiur~i chloride solution for a period of
200 hours. Interior equipmentX shall show no deterioration and
shall maintain normal service when subjected to a 5 percent sodium A
chloride solution for 48 hours. Interior equipment having 2 enclosures
between it and the outside atmosphere shall not be sujected to a salt
fog test.

3.0 SHIPBOARD ENV IRONMENTS

3.1 Shipboard Magnetic Conditions

The CT~.~S sh all oper~”e normally when suh~ect to slc*wl v
fluctuating direct current induced degaussing magnetic fields
up to 20 gauss max . The CIWS shall be capable o returning
to operation as specified within 60 minutes after the dcperming
operation .

3.2 Gun Blast

The CIWS shal l maintain r.ormal service when subject to gun blast
of 7.5 psi with a positive impulse of 10 psi-milliseconds
repeated at 40 times per minute for 10 minutes.

3.3 Ship Motion

3.3.1 Ship Motion Conditions. The cr~s shall be designed for
installation in various classes of ships. Ship motion
characteristics vacy with ship class. For design
purposes the motions described in Table I shall be used ,
combined as follows :

a) Normal Service (Full Operating Capability )

Maximum roll , pitch and yaw positions , velocities ,
or accelerations may occur simultaneously.

b) Reduced Serv ice (Reduced Operating Capability)

Maximum roll , pitch , and yaw rositions , velocities
or accelerations may occur simultaneously.

V Esic.forc4rQ3
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c) Extreme Se rvice (son-O perating , Withstand and Recover)

)taxinum position s , velocities , and accelerations
shall not be assume d to occur simultacebusis . Lh,
maximum position , velocity, or acccleiation a’our a-
one of the axes (for extreme service condition ) shall
be assumed to comSine simultaneously with t~axiz’~r~
positions , velocities and acceleratLons of ti~e r.or~..a1
service condition about the other two axes. ~t’covery
to normal operation shall be automatic and within 1
second after an extreme service condition is retiovcd .

3.3.2 S!itp Ir.clinatiou, Coerate . The group s~~ fl oper~t.~ ~~~~~~

shir continuous inclinations of ~~~ dc~ rco s lisa ~~~~~
and +5 degrees trim (pitch). When sLip incli~ at~~v,, are
combined with ship motions, ship amplitude exrre~es of
Table 1 are the 1i~ its specLficd for op~ r~ t ion.

3.3.3 Ship Inclination , Survive . The CIWS equipment shall
withstand a 60 degree roll when it is in a non-opet~it L- ~, or
stowed condition .

3.3.4 Ship Turning Rate. The group shall operate n ’ ~~~
ship turning rates of 5 dcg,sec for ~i ~~~~~~ -.
The system shall be capable of rcduc d p~ r~ c’rr~~-ce . ‘• -

turning rates of 18 deg/sec for a maxirun of 10 ~~~~~~~~~~~~~~

3.4 Shi p Vibration

The equipment ~ith the exception of the cannon 
(
~~ lAl ) ~~~~~~ ~~~~~~

magazine shall withstand Type 1 vibration requirt~~t~rts is ~r : 1
in MIL-STD-l6 ’B. The vibration levels of Table U are txp ’c~~~±
during vibrattcn qualificat ion per M1L-SrD-l67!~. Equipr .en: i~ to
operate with acceptable performance during tw~’ hours ot ‘.

at the maxir.um l evels indicated along each axis. The ~a~ !.’
v i~~r a L i u a  . .~~ ~ repr~~~nt tcst lt~v~ i s .  -~~~~ ~;L’t ‘~~~r i

1_ s 1 .
operational l eve l s .  Uu~~in~ ~~aneuver~ in rou.~n ~~~~~~~~ •~~ ~

be about half of the table values. During calm ~cas ~~
heading of the ship, the levels will be about one-tenth ci ~
shown.

3.5 ~Yavc Loading

The CIWS top side moun t enclosures shall withstand a wave iced
equivalent to a static load of 1000 pounds n~ r ~~u.’re f~~’t ~‘n
vert Ical protected areas except the radar ‘tv . st ru~ tu t - ‘s ’ ’- ’
shafl wtt~-stan~~an equiva1ent static load of 500 pounds per
square foot.

~~_ ~ ~~.-~~tf l  k’A~ACILCA R~~0-6 ~~~ ~~py ~~~~~~~~~~~~

A
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3.6 Sea St ate

The CIWS shall  maintain normal service in any sea s tate Croci
zero to five (inc lus ive). Maintenance shall not be performed
in a sea state greater than 5. The survival sea stat e is sea
st ate 8.

3.7 Ship Internal Temperature

The LCP s’all operate with air temperature between 0’ and 50’C
(32 and 122’ F).

4.0 clws GENERATED E:;VIR~~ 4ENTS

4.1 Acoustic Enviror.t~ents

The CIWS shall operate normally in its own acoustic enviror—ent
and when in close proximit y to oth er equip-”ent ~ ‘neratln ~ nc”.se .
The free-field peak levels for nearb y jet aircraft and —iss u e
launch can be as high as 160 d3 and 1S4 d3, respectively. ~—e
CIWS shall not generate noise above 95 db ex~ept when firing. Fqui~~- .~nt
in enclcsed areas shailnot generate air~orr.e noise in excess of tnatpermitted for Grade C equipoent in MIL-STD-740.

4.2 Acoust ic tnvironnent for C-rowth ~;uns

The Pilot l ine configurat ion is to be designed to minimize
future str~tctural changes due to the more severe environments
that result from up-gunning . As indicated in Figure 1 ,
the following structural elements are to be designed for ~
30 m growth requirements:

a. Bar bette
b. Electronic enc losure
c. Equipment plat form
d. irain plat form
e. Elevat ion mount

All ot her structure and a1 e ectronic co:?onents are to ~e c~~. -~~~ - 
-~

for a 25 growth gun.

4 .2 .1 25 ..~~~~ Gun Acoustics. 25 ~~ t gun environments are hast- .~ r
based on ear 1~ ~M-7 and caseles~ ar~~unition data i~ c !:~~ ’~~:

Rat e of f Ire : 3000 ~PM
Muzz le position relative to elevation tunnion: 83 iic~~es

Projectile H—~’tic encr~ v: I0n ,03~ Yi -L~
Charge weight: 2~.50 grains

* Sound pressure hyd e in d~ctbt.lg (d~) are refe renced to 0.0002 nes/ C~~ .

- — ——- - — —~~~~~.• ~~~~~~~~~~~~
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The interior acoustic levels for the 25 me gun are
shown In Figure 2 . These are to be applied to equi p-
ment as indicated in Figure 1.

4.2.2 30 me Gun Acoustics. The design for a growth gun is
based on the GALT -SA envirot~~ent. Significant para-
meters for the acou stic env i ronment are:

Rat. of fire: 3000 SPM
Muzzle position relat ive to elevation trunnion :

65 inc hes
Prolec t tie kineti~.- energy: 168 ,200 FT-LK
Charge weight: 2400 grains

Maximum blast i~~.ds Induced by the 30 me growt h gun
on the external structdre and the tiring angles a~ v;ucI,

they occur arc shown in lable III and Figure 3. lhc
reflected blast loads on the electronics enclosure
can he as great as 40 t o  t’O psi t or  -2’~ degrees
elevation and train angles near 165 degrees. L)ue to
the low probahUlt~ of ship installations permitting
this condition to occur , the electronics enclosure
will be designed for the maximum reflected pressure
of 11 psI that occut- s at — 25 degrees eleva~ ion and
+120 t’~ rce5 ra:i . , c  v~’nd +120 dc~~j-ct s ~r Jin , t ‘~
elevat Ion angle must  he inc reased to 0 degrees in
order not to exceed the’ 11 psi design load .

The C1WS external structure shall have a fati~ uc I lt~’
in excess of 2 hours wher exposed to the 10 me
acoust h-al lv tndut- ’d cnv tronment of Figure ~

4.3 2’~ me (:un Vibration

S 
The equi pment shall operate norma1l~- when subjec~ ed to the
approprIate 25 me gun vibration env ironments as specified

• in Vigure S .

Ihe vibrat ion consists oi narrow band run dom and sinusoidal
components at all gun fire harmonies below 1000 I~z and a
predominantl y hroadk’~nd random content above 1000 hz.

Vibration varies with position In the C IWS structure and
according to the mount ing provisions for t he’ various
equipment items. Vibration envelopes given in Figure S

j 
0-8
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are specified at the package side of the designated isolatora.
V ibra t ion levels or omponents within the packages can be
subs tantially higner . Gains of 3 to 10 apply for conventional
lowly dauped packaging while highly damped designs will have
gains from 1.5 to 3. Use of internal vibration isolation
may be warran ted where component s have unusual Sensitivity
to vibrat ion.

4.4 Mount Motion Environment

Equipments housed in the CIWS radome assembly shall be designed
to operate under the loading induced by base motion of the
mount elevation end train axes. These axes have the below slew

F and acceleration capability.
Maximum

Slew Acce leration Slew into
Buffers

a) Elevation 1.6 Rad/i 1.4 ~ad/s 2 
1.6 Rad/s

b) Train 2.2 Red/s 1.4 aadfs2 2.2 Red/s

Mechanical stop is acccsnplished at constant deceleration
(+10.) in S degrees in train and 10 degrees iu elevation .
ihe L.S components must survive this snock .

4.5 Gun Recoil

The growth gun recoil forces shall not exceed :

Recoil force during burst: +15,000 pounds
(Acting through elevation axis) -0 pounds

Counter recoil at end of burst: -8000 pounds

A

4.6 Control led Internal Environments

The CP.4S shall h~.ve the ability to control the temperature
of the electronics housed internal to the system. The syste~t

0-9
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Environmental Control Group (ECC) provides minimum and maximum
temperature control , condensation control and radar waveguide
pressurization. The ~~~unt of temperature control depeuds on
the location within the system. The ECC will control the air
environment to the electronics within the electronics enclosure
l00Z~ of the t ime , except during periods of casua lty and
preventative maintenance. The electronics within the
electronics enclosure shall be required to operate in the
environments specified below and shall also survive the
environment specified in paragraphs 2.1, 2.2, 2.3, and 2.4.

4.6.1 ECG Maximum Air Temperature Operate (Cooling Cycle).
The maximum delivered air temperature from the ECG
shall not exceed 46°C (114°F) dry bulb. The return
air temperature to the ECG shall not exceed 62°C
(144°F).

4.6.2 ECG Minimum Operating Air Temperature (Heating Cycle).

4.6.2.1 With the electronic equipment non-operating, the
minimum delivered air temperatUre shall be maintained
at —12 ±3°C (+10 ±5°F) in climatic conditions
as low as -29°C (-20°F).

4.6.2.2 With the electronic equipment operating, the
minimum delivered air temperature shall be
maintained at 4° ±3°C (+40 ±5°F) in climatic
conditions as low as -29°C (-20°F).

4.6.3 Waveguide Air Pressurization. Waveguide pressure shall be
maintained by the ECC at 3.4 ±2.6 PSIG for a maximum
input flow of 15.0 in3/inin ,. The dew point of the
conditioned air shall not exceed 15’!. relative humidity.

4.6.4 Air Humidity Operate. The humidity of the electronic
enclosure interior shall be controlled such that there
is no condensation .

4.6.5 ECG Air Pressurization. The conditioned air pressure
to the electronics shall not be less than 1.5 inches
water gage and the air flow into the electronics
enclosure shall not be less than 640 cu. ft. mm .

0-10
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4.7 Con trolled Transmitter and Power Supply th~its EnvIro,~~~nt

The CWS us es a liquid-to-liquid heat exchan ger with a heater
to cont rol the radar t ransmitter env i ronment . The transmitte r
shall operate with a maximum coolant (ethylene glycol) return
t emperature’ of +66°C (150°F). The transmitter shall t ransfer
40,t~O0 British Thermal Units per hour (BTU/hr) (11.3 !ZW)
maximum to the coolant . The coolant shall be supplied at
10.0 gal itiUS per minute (gpm ) and 130 PS IC . The coolant
input t emperatur e will he 46°C (+115°F).

4.8 Barhette and Mount Non-Controlled Internal Air Temperature

The equi pmerlt sh a l l  operate in non-control led air env ironment
t hat can reach a maximum of 6b°C (+150°F) , (the peak Is caused
h~ solar ra dtHtloTt and self—generat ed h e a t )  and a minitnts~
of —2 9°C ~—20°F).

4. 9 Radar Servo Structure Assembly Temperature Control

The’ m i n i m u m  temperature is controlled in the radar servo
assemb ! v t hront~h t he use of a heater/blower combt na t ion
I l ie mm i~ am oporat I n~ t empe’rat un’ s ha l l  ~‘c un~uin t ained ~it
40k’ (+4O0,~) . Maximum radome internal air t emperature
shal l  not exceed ti6°t~ (+1 50°F) . 1 he’ radar servo assembly beater
s h a l l  he furred off when t he tnt ernal t emperature exceeds
38°C (100°F).

5.0 I~ I~ L ‘1 1N IflJ CEI ) ENV1RON~U~~f

5.1 Shock Loading

The equipment shall withstand shock loading induced by
subsuir face iI}. warhead det nuat ion of ~rade A , deck—mount i’d.

a s ;  I cqti i ;~;pe nt in ace-ord .uuice w i t h  ~ — S — 90 1 . ~~~ ~:i
.. rest ! tent mount s and t he shock aced ra t  ions seen hv I he ’ s - . ~ t t m

will vary as spec ified in labl e IV .

the neat miss shoe ~ aec e I erat ions o t table IV ate based on t lie ~~~~‘t  ~~ ‘

of NA V~ Ifl I’S 2~~)— ’~.’3— U. I hi’ ‘,ertical and lat er a l ~~~ k acce!i -t ~~t i .
t•e stil t from max I mum v ci oc I v ch~inge s of 9b and ~8 Inc he’s pi’ r
secon d , respect i vet y . S hoe k I oad s I, ave been mit i Rat ed h~
sln~ k tso la to rs  ocated between the deck and the elect ronie
enc I osure’ • the deck and t he b arbet t e equ I p~wnt p1 at fot~ and
t he top of the harket- t p and he menu ’ p in t t orm . the search
and tra ck antennas , enclosure drawers and the elect routes ate

~ I hi at ion I solat ed , ~ —Y13—lu :— 40R de I ines the isolator
clua ract eriut ics and their ratt le~ space r t q u t  t ement a .

DI-444-~ -OO3 defines the chock loads throughout the system for
s t r u c t u r a l design .

o - i i
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6.0 COMB INAT ION LOADING

6.1 Combined Load C)p.ratiug Capability

The CTWS shall operate normally for the combined operational
loads for  wind , ice , gun blast , shtps motton , and gun recoil
of paragraphs 2.6, 2.11, 3.2, 3.3. 1 and 4 .6 , respectivel y.

6.2 Combined Survival Loading

The C IWS shall withstand the combined survival loads for
ice, ships motion , and waves of paragraphs A
2 .11, 3. 3.1 and 3.5 , respectively.

7. 0 BENCH hANDLING

On the package level the equipment will be sub lected to bench
handling shocks as defined in Mfl.-STD-8lOC, Method Slb.2, A
Procedure V and will operate normally after the applied shocks .

8.0 TRANSPORATION

Transpora tton of the CIWS and spares can take place in rucks .
trains and aircraft for long durations. Uhts t ransporation
environment results in a maximtnn of 1.5 g peak v ibrat ion in
all axes. Lifting equtpment and lifting at tach points shall he
designed for S g loads.

0-12
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Table I
Ship Mot ion Character istics for System Design
(Reference: Table 3 of 145 13902D)

A) Shi p Mot i on : M~x amplitude (DE 1040)

Ful l Reduced Withstand
~~~ ahUtty_ c!J~~hUity and recover
Ampi . Period Ampl . Period A~ pI, Period
(Peg ) (See) (beg) (5cc ) (Dc8) (5cc )

Sinusoidal:

Roll ±25 8.5 ±“5 8.5 445
Pi t ch ±~ ±8 7 ±1~ 1
law ±2.5 7 7 

~~~~ 7

B) Ship mot ion : Max acceleration (1.51 1156)

Full Reduced W1th~ t~~ d

~~~~~~~~~ t~~pab1 1~~~L
• ~~“1 . ~cr1otl ~~;i. “er~~ d ~~ c1 .

(hey) (See ) (t’t’g) (Sec tfle~ ) tSec)

Sinusoidal :

Roll ±70 6 430 6 445 6
I’itc h tS 4 48 ±15 4Yaw + 2 . 5  4 +4 4 

~~~ 
4

The above L:T shi p motions can pr~dtit e the’ fnllo~ {ng linear aecejerattonuuat a point 182 feet forward and 12 above the 1.51’ et~n ci- ol gray It v ,

r~1i I ‘~cducc d W I t hat :::~d
Csp~i~ il t t ~~~ ‘. ~au~ t~~L 1t ~ and ret-o~ et-
Ma~ nt enanec

lii ~
, 2 .2 g 1.t’ SAthwa rtslH p 1.0 g 1. 5 g 2.’~ gLongitud inal .4 8 . 1 ~ 1.6 g

* Cr~vity bias not included .

‘ I
0-11
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Table II

System Maximt~~ Responses for MI L-STD- 167B Test

Component Input Response Component Input Response
Axis Curvet Axis Curvet

Barbette , Top X Gun Muzzle X 5
Y 1 Y
Z 4 z

Train Platform X 2 Gun Ball 3 oint X 2
• Y 2 Y 2

• z 2 2 2
Mount, Bottom X 2 Magazine, Front X 2

Y 2 T 2
Z 1  2 2 2

Mount, Top X 2 Barbette Platform X I
Y 2 Edge Y i
2 2 z 6

Track Radome , Bottom X 3 Barbett e Plat fo rm X
Y 3 Center Y
Z 3 z 6

Lower and Upper Track X 3 Electronics End , X
Isolator Support Y 3 Top Y 4

Z 3 2 4
Microwave Receiver , X 3 Double RU, X 4
Trac k Antenna Y 3 (Signal Processor Y 4

Z 3 Z 4
Search Antenna , X 3 Single RU , X 4
Base Y 3 (Signa l Generator Y 4

_ _ _ _ _ _ _ _ _ _  _ _ _  

3 
_ _ _ _ _ _ _ _ _  

2 4

.9X/$ .
~~y.s rcwr

*Response curves are defined on next page.

ij 0-14
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Table III
30 Gun Blast Pressures for Structural Design

Structure Firing Angle Reflected 3last Pressure
Elev. train 30 ~~(Deg) (Deg) (PSI) J

Barbette Panel 0 0, ± 90 3.0
-25 O,+90 8.0
—25 445, ±135 18.0

o -145, ±135 5.0

Electronics End . 0 +120 5.0
0 +135 8.5
0 ±165 11.0

-~~~ ±120 11.0

Mount 0 * 2 ,5
-25 * 8.0

Radar Servo Structure * * 1.9

*Does not vary with angle.

I I ~~Q4’v~4~~)’25.. ,..,

~~~~~~ k— .4rsss

*~~ Blast loads do not applv to the Local Control Panel or Remote
Control Panel .

0-16 j
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~~4i.4i~Ej/7,d94. .~~~~~~IJ ,~~ E 4 ~~~~V7 ,~~~4~~~C-q 7.’~~4..’ .4~47e/x

~~ ~~~~~~~~~

X X X  X X X  X X  X K K X X
X X K X X X K K X X

X X X  X K X X  N X K X
K A A X A’ K A X X X  K

X X X X  K X X K X K K

X X X  K K x K A. X X

A X X X  K X K K K X X

X X X  X K K K K X X  *
K X X X  K A K X X X K

X X X  K X K K K K K K K

X X X K X X A’ X X X  X
x X  K r  K K X X X X  K
X X X  K X X  X K X K

K X X  K X X X
A

K X X X  X X  K K X X  X X X
X X X X  X X  X X  X X X  A X X X
X X  X X  K K X X  K X X  K X X  K

X X X X X X  K K X X K
K X K  X X X  K X K K

K X X  X X X  K X X  K A K

,K X X  K X X  X K X K X
x

X X  X X  X X  X X  K X X  X X X
X X  X X  X X  X X  X X X  X X X
X X  X X  X X  X X  K X X  X X X
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/ (~wr o.)

#Q~~~L’/.e4liEvr~ ~~~~~~~~~ 7~Ot/ M.47-e.-r

~~ / i.’5 .41/3C.

~~~X X  X X  K X x x  K X X

~~X X  K X K X
X X  A’ K K K K K

X X K K K X K K

X X  K X X  K K X

X X  K K K K

X x  K K K A’ K K K

K K X K A’ K X

X X  K K K K A’ K K

X X  X X x A’ K

X
1 K V  K K A’ K X X X

X X  A X  X A’ K X X

X X  K X X  K A ’ K  K A.

A X  K X X  X K K
X A X X  X X K A’

K K X X X  K X X K

K X X  K X X  X X  K A’ K
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Appendix A

ENV IRONMENTAL TEST CONI) 1TIO?~ ANt) TEST ?O THODS

Env ironment al qualificat ion of hardware is to be per formed us ing

militat- v standard tests for all critical items . At the subsystem and

system level some special tests are required in addition to the uiilitarv

st~indard tests. Tables A-I and A-Il provide a list of t he tea t methods

to he used in c*lt (cal item and subsystem specific ations for environmental

qual 1fie~ t ion for the non-operating and operat ing conditions.

l ahie A-TI ! provides the test conditions and test method s [or

performtn~ shock , vibration and acoustic testing. The test conditions

take into account the dynamic environments from all sources. Test

conditions depend on equi pment location and on the presence or

absence of vibration isolators . Table A-Ill Indic ates the appropriate

levels acco~ dtn g to this criteria .

~~‘I e A-I\’ provides a summary of the design temperatures through-

out the system . A
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1.0 SCOPE AND PURPOSE

This Procedure defines a process for the fabr ication m d
tooling requiremen ts of the hemispherical search radome
5188237, using glass reinforced polyester resin , and
polyurethane foam.

2.0 PROCEDURE

Note A: Resin and catalyst mix for the fabrication of Search
Radome (when applyinq resin by brush) must be taken
from the appropriate preset resin and catalyst
dispensers.

Note B: Gel coat and catalyst mix (in applying white gel
coat by brush) must be taken from the appropriate
preset gel coat and catalyst dispensers.

Note C: Pot life of resin/cata l yst mix is approximately 25
minutes at 25°C (77°F).

2.1 Fabrication of Facing Skins

2.1.1 Inner and Outer Radome Facings

2.1.1.1 Wax and polish both inner and outer molds.

2.1.1.2 Gel c-o~st both molds .010 .015 thick. Avoid puddling the
3 white ge 1 coat at bottom of concave outer mold. 

*

2.1.1.3 Allow to cure 3 hours , minimum

2.1.1.4 Lay—up one layer of 4 oz. ~1ass cloth and resin over inno~-and outer molds. See di-awin .~ for lay—up pattern .

2.1.1.5 Use brushed in resin sparincily. Squeegee out excess resin.

2.1.1.6 Apply a second layer of A oz. glass cloth and  resin as in
step 2.1.1.4. Sec drawing for overlap of scams.
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2.1.1.7 Use brushed In resin sparingly. Squeegee out excess resin.

2.1.1.8 Af ter  75% cure of facings tr im edges of molds free of gla ss
cloth with box knife.

2.1.1.9 Cure facings for 2 hours at 140°F +10’ or for 48 houre at
room temperature.

2.1.1.10 Carefully insert a thin putty blade between outer facing and
outer mold an d r un putt y kn i f e  aroun d the per iphery  of the
outer mold. Insert depth of bla.e need cnly be .25.

2.1.1.11 Through exterior of outer mold , drill 18 .125 diameter holes
through outer facing , using holes already provided in the
mold as template.

2.1.1.12 Thoroughly sand inner and outer facings with 160 grit
sandpaper. Wipe facings with chiorothene soaked towels.

2.1.1.13 With .125 diameter dowe l p i n s  (18) locate 14 teflon space is
around periphery of outer mold. Ensure pins are flush with
teflon spacers and do not protrude into foaming cavity. See
drawing for teflon spacer placement.

2.1 .1.14 Attach steel ring to flat surface of inner mold. Locate and
restrain with 6 1/2—13 nuts and washers.

Foam Sandwich Fnca2~ uIation 
*

2.2.1 Heat inner ar.d outer molds , containin g the inner and outet
f a c i n g s , [or 1 hour at 32°.S°C (80°—O , +10°F) to remov )eOfl
temperature chill. 

C

2.2.2 Attach inne r mold , containing inner facing, to the hoist
p r o v i d e d , atta chin-~ hook of hoist chain to eye centered in
the inner mold , see drawing f.-lr assembl y procedure .

2.2.3 Adjust height of inner mold to that r e q u i r e d  f or ease ’ of
pouring foam using fo ist.

2.2.4 Center outer mold , containing outer facing, below inner mold
using guide pins. Lock castet- wheels of outer mold in p1a~ e.

2.2.5 Into 2 containers provided , pour an equal wei.:ht of No. 6502
foam: 3 lbs of co~ poncnt 1 in one container and 3 lbs of
component 2 in the other container.
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2.2.6 Pour container containing cOmponent 1 into container
containing component 2.

2 .2 . 7 N i x  thoroughly both compoiients with a pressurized air motor
attached to a J iffy Mixer , Model PS 21, for 15 i-S -O
seconds.

Caution; Time of mix is extceme 1~1 Important. ~o not allow
foaming action to begin in mixer container.
Immediately pour foam into the bottom of the
concave outer mold , an over the inn er su rf ace
of outer facing .

2.2.8 Immediately lower inner mold attached to hoist into the
cavity of the outer mold unt tl steel ring in inner mold
engages outer mold periphery.

2.2.9 With clamps attached to outer mold immediately lock both
molds together.

Note D: Steps 2.2.6 t t~rough 2.2.9 must be accomplished
within a time frame of 60 seconds.

Note F: Vent holes provided in aluminum ri n g w i l l  remove
approx ima tely  2—1 / 3 lbs of foam , th~ temaindet-
being left in the mixin g containers.

9 Note F: 6 lbs of foam must be mixed in m ixe r containt ’i to 
*provide th~ proper foaming pressure to f i ll the

radome hemisphere.

2.2.10 After 30 minute room temperature cure and afte r removal of
foans (lash , place m9ld a~ sembly 0into ~ven arid cure tot 4
hours minimum at 71 C ± ~ C (160 F + 10 F~

2.3 HemIsphere Removal From Molds

C a u t i o n : Mold assembly must be at room temperature ~~7 7 0

+10°F) before removal of hemisphere.

2.3.1 Release clamps and remove steel ring from inner ~o1d atte r
discoi.necting hois t clamp to inner mold.

2.3.2 Remove 18 dowel pins from exterior -.old .

2.3.3 ~econnect hoist hook to inner mold and hoist inner and outci
molds 3 to 6 inches above floor.
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2.3.4 Between outer mold and outer facing of hemisphere insert a
thin putty blade and place air hose nozzle (80 psi) and
concentrate air jet at this location .

2.3.5 As the inner mold contain ing the foam/fiberglass hemisphere
appears from the outer sisold continue to apply air pressure
around periphery of outer mold and at the same time applying
tension to the hoist and a downward force to the outer mold.

2.3.6 After inner moid and radome have been removed from outer mold
insert a thin putty knife between inner mold and inner facing
of radome and run putty bl3de ataund periphery of the mold.

2.3.7 Place air aose nozzle at the parting line between radome and
mold and apply air pressure (80 pSi) to remove radome from
inner mold.

2.3.8 Drill 18 .125 diameter holes through inner facing by using
tooling holes provided in the exterior f a c i n g  and teflon
spacer.

2.3.9 Carefully remove the ‘4 teflon spacers , and any excess fo3m
from around spacers.

Caution: (,o not cut or rupture facings during step 2.3.9.

2.3.10 Place a piece of t-~pe over each of the 18 tooling holes
prov idec~ in the outer fac ng of the radome .

-0 *2.4 Fanrication of Hard Points in Search Radome Hemisphere

Prepare the following mi xture to be used in casting the
mounting bosses for the hard points in the radome.

100 grams of catalyzed polyester resin
50 grams of milled fibers

Mi x thoroughly ir~ quart container.
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2.4.1 Carefully pour the resin/fibre mix into the 14 cavities
provided around the periphery of the radome, f i l l ing  flush +
to the foam/facing surface. —

Caution: Air voiding should be accomplished by pouring
resin/fibre mix into one corner of the cavity and
allowing the mix , as it fills the cavity , to void
the air from the cavity.

Note G: Air gun and Seaco cartridge may be u~~ d for f illing
boss cavities with resin/fibre mix.

2.4.2 Allow to cure at room temperature for a minimum of 3 hours.

2.4.3 Remove any wax residue with chlorothene O—T—620 1.25 up from
base of hemisphere on inner surface of radome.

2.4.4 To inside of radome, us ing a brush  coa t of polyester res in
appl ied to both bonding surfaces , bond a strip of cured gel
coa ted f i berglass , 1.25 wide to inside surface of the radome
flush with the base and with the gel coated surface exposed .

Allow to set—up 30 minutes before proceeding with step 2.4.5.

NOTE H: 1.25 wide strip of gel coated fiberglass shall
consist of a double layer of 4 oz. glass cloth
impregnated wit .~ polyester resin under a white gel
coat surface with a nominal thickness of .010.

41 2.4.5 Any scratche: or cuts in gel coat during removal of bosses 
*can be touched-up with white gel coat and buffed .

2.4.6 Remove tape from periphery of radome , and re dr i l l  holes to a
diameter of .219 +.005 — .002 with a countersink of 82° x .390
dia on inner facing of radome. See drawing for dimensions
and countersink locations.

2.4.7 Chamfer edga of base of radome. See drawing  fcr dimensions .
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2.5 Sealing The Base of The kadome

2.5.1 Mix 32 grams of B component and 8 grams o A component of PRC
1660L polyurethane elastomer.

2 .5 .2  Evacuate in bell ja r for 3 minutes at 28 In. 11g.

2.5 .3  Us ing a No. 6 a r t ist ’ s b r u s h , coat a th in laye r of elastome r
over exposed edges of foam and also over the cured
res in/fibre bosses.

2 .5 .4  Al low to cure undisturbed for 4 hours.

3. QUALITY_ASSURANCE_PROVISIONS

When surveillance of the process defined in this procedure ,
or inspection of the product Indicates that the stipulat ons
of this procedure have not been comp1l.~d with , acceptance
shall be withheld until Operations and Quality Assurance
Departments concur that the engineering and reliability
requ irements have not been compromised.

4. SAFETY

Comply wi th a l l  Pom na D iv is ion an d OSI3l~ Safety precautions
r e q u i r e d  for use with flammable materials fabricati on .

-0 
*
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