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FOREWORD 

A r e s e a r c h  study on the development of a potting and encapsulating compound 
and a conformal coating a l l  based principally on inorganic mater ia l s  has  been 
oerforzned under Contract Number NAS-9-8749, Manned Spacecraft Center,  
HOUS~OE,  Texas. 

'Ihe professional personnel associated with the work a r e :  

Paul E.. Rowe 
Kenneth H. Lothrop 
Scott H. Fos ter  

The technical monitor was Mr,  Har ry  Fq. Kline, Materials Technology Branch, 
NASL Manned Spacecraft Center,  Houston, Texas.  
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ABSTRACT 

Four compounds, non- flammable in oxygen, were developed, two 
of which were potting compounds and two were coatings. Of the 
two potting compounds, one i s  completely inorganic, and the other 
about 8070 inorganic. Glass microballoons were incorporated to 
make the products repairable and to reduce density. In both 
formulations, a volatile solvent was found necessary. Removal 
of the solvent by evaporation left a porous structure that required 
a sealer  coat. Some of the electrical properties under conditions 
of high humidity did not meet the requirements of the work 
statement. It was felt that this was due to the porosity. 

A conformal coating based on a brominated polyester was developed 
which was not porous, but which was not a s  readily repairable a s  
the potting compound. It passed the majority of the requirements. 



S E C T I O N  I 

INTRODUCTION 
-- 

Emerson  & Cuming, Inc. was awarded a contract  to conduct a program for  
the development of an  inorganic, non-flammable potting compound and conformal 
coating for  use  inside a manned spacecraft .  Emerson  & Cuming, Inc. present ly 
offers completely inorganic castable ce ramic  encapsulants, and i s  therefore  
not unfamiliar with mater ia l s  of this nature. These products have specific gravity 
around 2. 5, and cannot be removed for the repa i r  or  replacement of a defective 
unit. Low specific gravity and easy  repairabi l i ty  w e r e  among the propert ies  
sought i n  the potting compounds to be  developed. 

P a s t  e x p e r i e ~ c e  had demonstrated that the incorporation of glass  mic ro -  
balloons (Eccospheres)  not only reduced the density of formulations containing 
them, but i n  cer ta in  instances made  these sys tems easily repairable.  A sys tem 
that is completely inorganic i s  ideal f rom the non-flammability point of view- It 
was obvious f rom the s t a r t ,  however, that the rigidity and porosity of such a sys  - 
tern might leave something to be desired.  It was a l so  predicted from i t s  chemical 
nature that adhesion would not be good and i t s  e lectr ical  propert ies  would deter i -  
ora te  i n  humid a i r .  

An organic binder should lead to considerable improvements in  these  l a s t  
two propert ies ,  but might not give acceptable behavior when subjected to  the 
oxygen flammability test. 

The program was divided into two main  sections: a) development of potting 
compounds and conformal coating, and b) the preparation of t e s t  samples  and 
execution of the specified tests.  Two potting compounds have been developed 
that can be used without undue difficulties: one of these i s  an  a l l  inorganic 
system, the other i s  largely inorganic,  but contains an organlc binder. A 
coating was required to sea l  the porosity of both of these potting compounds. 
Approx-mately thir ty  (30) observations and tes t s  of widely varying complexity 
w e r e  required on each potting compound and on the conformal coating. 



S E C T I O N  I I  

SUMMARY 

Work was done to  develop a potting compound with part icular  emphasis on 
mater ia l s  that a r e  non-flammable i n  oxygen. 

Two approches w e r e  c a r r i e d  out: one, a totally inorganic composition, the 
other an  inorganic ma te r i a l  bonded together with a sma l l  amount of organic  
polymer. The former  i s  based on a technology disclosed in  U. S. Patent 2, 914,413 
and already being used at Emerson  & Cuming, Inc. under l icense from Pennsalt  
6he:mical Company. F o r  the la t te r  approach the u s e  of a fluorinated elastomer 
was irrves tigated. The formulation included glass  microballoons to provide low 
density and repairabili ty,  and asbestos  fiber to provide s t rength and a path for 
s u2.ver;t re lease ,  and to  reduce shrinkage. Several combinations w e r e  investigated 
to balance strength and shrinkage, a ~ d  to ekiminate voids i n  the cured mater ial .  
This required the right balance of glass  microballoons and asbestos  fiber,  as 
well. a s  solvent system and resin.  

Because both the completely inorganic potting compound, and that based on a 
fluoroelastomer were  porous a f te r  cure ,  i t  was necessary  that they be  sealed. 
Taking advantage of what was learned in  developing the potting compound, a 
sea le r  coat was prepared based on a solvent solution of a fluoroelastomer to- 
gether wixh an  alumina filler. Several coats were  required w ~ t h  a p r imer  applied 
before each coat. 

The conformal coatixg was a highly filled brominated polyester containing no 
solvent o r  unreactive mater ial .  In o rde r  to avoid possible porosity, it was de- 
cided to avoid a solvent system. An epoxy system with a low enough viscosity to 
perrnir 75v0to 80% fi l ler is well know?. But the highly bromlnated f i r e  retardant  
sys tems a r e  much too high in viscosity. Some a r e  solids. 



CONCLUSIONS - 

No co~mpletely sat isfactory potting compound that passed all requirements  
of the contract was developed during this work. 

The conformal coating developed in  this work is considered acceptable in  
:most respects ,  but does not meet  all the requirements  as se t  forth in the 
contract. 

With the o rga r i c  binders that a r e  readily available, and that can be formulated 
to yield non-flammable composit-,ions, most  a r e  solids o r  very  viscous 
liquids. In order  to incorporate high percentages of inorganic f i l lers ,  it is 
necessary  to apply the binders a s  solutions. After curing a porous enmpsu-  
lant resu l t s ,  which requires  a sea le r  coat to keep out moisture.  - 

Although polytet.ra fluor oethylene will burn in  oxygen, a s  will fluorinated 
el*sto:mers, the flammability of the l a f  e r  can be dramatically reduced 
by usee of a high content of inorganic filler. 

A highly filled brominated epoxy burns vigorously under the s a m e  condi- 
tions rhat fluorinated elastomers  do not burn. 

A completely inorganic encapsulant which re l ies  on the gelling of a s i l ica  
so l  to bond the inorganic par t ic les  together resul ts  in  a porous s t ruc tu re  
being formed, since water  mus t  be eliminated. 

The totally inorganic composition, QC-l5$ has poorer  e lectr ical  propert ies  
then the sys tern consis tipg of inorgan; c solids bonded together with fluoro- 
e lastomer--  f o r x ~ ~ l a t i o n  1015. All e lectr ical  tes t s  except for dielectr ic  constact, 
power factor a:cd diebectrlc s t r e ~ g t h  were  ca r r i ed  out on samples that had 
three sea ler  coats. 

The physical character is t ics  of the potting compounds and conformal coating 
a r e  generally a s  required by the work statement of the contract. 

Of, the two potting compounds, the lOl5 formulation i s  superior  to the 
totally inorganic QC-15 formulation. 

Many of the electr ical  failures a r e  due to mois ture  passing through the 
sea le r  coat. 

Both potting compounds failed ir, propert ies  which one might expect to be 
affected by the porosity and/or  low density of the compounds. These 
propertees iycluded moi stu-re resis tance,  die1 eo:tr l c  strength,  and tensi le  
propert5 es. 
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SECTION IV 

RECOMMENDATIONS 

1. It i s  recommended that any further work on the development 
of potting compounds that a r e  largely inorganic be concentrated 
on the use of fluoroelastomers a s  the binder. 

2. It i s  further recommended that the substitution of a reinforc- 
ing filler for some of the glass microballoons be made to im- 
prove the deficient mechanical properties. 

3. If: i s  also recommended that further work on the fluoroelastomer 
based potting compounds explore ways of improving moisture 
resistance of the sealer  coat. 

4. It is recommended that no further consideration be given to 
the completely inorganic system based on the technology used 
i.n this work. 



EXPERIMENTAL RESULTS 

A. MATERIALS FORMULATION 

1. Survey of Materials 

]in order  to achieve non-flammability in oxygen of the potting com- 
pound, mater ia l s  can be used that do not burn in  oxygen. Inorganic 
oxides, s i l icates ,  g lasses  and most  minera ls ,  for example, fall  into 
this category. The technology used in  cer tain of the Eccoceram prod- 
ucts offered by Emerson  & Cuming, Inc. provides a means of curing 
inorganic mater ia l s  to rigid solids. This technology i s  descr ibed in  
IJ. S. Patent 2, 914,413, Nov. 24,1959, assigned to Pennsalt  Chemicals 
Corp. and available under license. (Ref. 1). In essence a sma l l  amount 
of powdered sodium si l icate  i s  mixed with a finely divided ine r t  mate- 
rial. A sil ica sol, such a s  DuPont's Ludox, i s  mixed in  to give a m a s s  
of paste-like consistency. This can be  poured o r  formed,  depending on 
the amount of Ludox used, and allowed to stand a t  room tempera ture  to 
set .  In the presence of the sma l l  amount of sodium sil icate,  the Ludox 
gels and thereby binds the m a s s  together somewhat like the setting of 
cement. After this occurs ,  heat  can be applied to remove water.  

Since the products of this technology would probably not mee t  some  
of the requirements for the potting compound, the use of cer tain organ- 
i c  binders was indicated. Most polymers that might s e r v e  a s  binders,  
however, a r e  flamm-able in a i r ,  a s  well a s  oxygen. 

Ideally a potting compound i s  made from a low viscosity ma te r i a l  
",a', can be polymerized by a n  addition reaction to a thermoset  mate-  
rial .  Epoxies, polyesters,  urethanes,  and some silicones a r e  among 
the c lasses  that could be used. Of the epoxies, polyesters,  urethanes,  
anu sil icones,  many have f i r e  retardant  propert ies ,  usually produced 
by the addition of a halogen, preferably bromine, to the molecule. Such 
mater ia l s  will burn when exposed to a flame in a i r ,  but will not of them- 
selves support combustioii in a i r  for m o r e  than a few seconds. Probably 
a l l  would burn vigorously in oxygen. 

Besides the non-flammable character is t ic ,  a maximum allowable 

cure  temperature of 150°F i s  required for protection of encapsulated 
components. (See Paragraph B. 1 3. 3.4 of this report .  ) This requi re-  
ment eliminated some possible candidates. 



One eowiderat ion in  selectlng mater ia l s  was that they be readrly 
available a t  reasonable cost. Carboxy nitroso rubber  was developed by 
Thiokol Chemicals Corporation (Ref. 2, & Ref, 34, and is offered Sn both 
liq-id and solid forms. The liquid 6NR cared  wlth dScyclopentadiene di- 
oxide curing ageni; is suggested as a potting compound. Cost of the liquid 
is $1,025. per  pound. 

Work was done for the Air F o r c e  by Hooker Chemical Company on a 
 on-flammable perfluoroalkylene triazine. (Ref. 4). The cured ma te r i a l  
is said not to  burn even jn 30 ps i  oxygem Cure i s  effected with a te t ra -  
phenyl t in  catalyst ,  but c u r e  temperatures  substantially above 150" F a r e  
r eq..ir ed. 

Celanese Chemical Company has done some work OE, a polybenzimidazol 
polymer that does not burn in 6 ps i  oxygen. Their work was concerned 
w;th the p r o d ~ c t : m  of a fiber.  After sp~nn ing  the fiber i t  mus t  be cured in  
the ~ & o " F  - 600°F range. A telephone discussion with a member  of the 
C;elarsese techr-lcal staff working on the project failed to revea l  any way of 
rnaklng a pott'ng compound f rom this mater ia l  that could be  cured a t  150°F. 

Skybond 700 produced by Monsanto Company (Ref. 6) is a poIyirni.de. 
3 is  usefbl for  coating, but a l so  requires  a high tempera ture  cure.  

Owens - Illinois Glass Company offers a product called Glass Resin 
which is alleged to be non-flammable in oxygen. A coating of Glass Resin 
wrth dn asbestos fLller on a 1015 substrate  was ignited with a Teflon coated 
w.ke in 16. 5 psia oxygen, and burned with a bright flame. 

Horizons, 4nc. developed a mater ia l  derived from phospho~i t r i l i c  
clzlorEde that does not burn in  oxygen. (Ref. 5). Coatlngs based on this 
polymer rnig3.t be useful, but none was available with which to experiment 
irr the t e m e  ava'lable. Work on slrnllar polymers was sponsored by the 
U. S. Air  F o r c e  at W. 8. Grace in 1963 and 1964 (Ref. 6). 

A se r i e s  of f.lnoroel.astomers offered by E. :8,. Dupont de Nemours 
~ ~ l n d e r  the name Viton and by the 3 3.4 Company under the name Flu,orel 
offered some advantages. A variety of polymers essentially identical 
chemically, but of different rnolec.ular weights, a r e  available commer-  
cially in  the $10 - $15 per  pound range. They can be cured a t  150°F with 
al.:i.phatic polyamines such a s  dieth.ylene triarnine (DETA). 



The She3  Chemical C o m ~ a ~ x y  offers a material ,  tradenamed Eposand, 
wh'eh ;LE based on aa-n epoxy res-r.  Tbe exact composition i s  pro-prierary, 
bat the basqc Edea appeared - to offer possibilities for making a non-fla:m- 
rndble pot?,:-xg c,airnpourd, Two s 3lvert so!t*tEozis a r e  supplied and prior  to 
use are mixed lls a 1 : I racio. A iiller may be mixed in a t  this pair: i n  a n  
a.~mc_.;%-~: s iff;:,ier-: ttl give a material  w'xlz a putty-like co.nslster~_cy. One 
sola_;tksri e o ~ t a l s s  a 2  epoxy res17', and rhe other a2  amine hardener. The 
c ,ver_ t  m i x ~ u r e  used 2s such thdt a s  the hardener and epoxy res in  react,  
the prod-ct becomes Exsoluble the solvent mix acd plates out er, the 
r-3- - 
I A - ~ c ~ ,  As farther  czre *akes place, the fil ler particles a r e  bo2ded to- 
gether EE sp3t,e of the fact that; solvent i s  presems, The solid composlce so  
formed can be heated o r  vacuum treated to remove solvent. A system such 
a s  this, contaE~s a very high proportLon of inorgar-ic fil ler,  and can be 
cured a t  rcom temperature. It appeared that this approach could be applied 
to a brcminated epoxy and r e s ~ l t  i n  a non-flammable composite. 

W:rh the materials  ava:Labls from which to make a potting and eracapsu- 
lating compourid that would 123% burn iir, oxygen, i t  appeared that a solvent 
or volat5ie c a r r i e r  w o ~ l d  have to be used. Although potting compounds 
idealiy co~ta-?n no volatile ?nater_als, tkere seemed to be no other way. The 
izi : lus;~n of a volatile material  In the potting compound meant that, after 
r emqval of this consi-ltuert , the potting compound would be porous. In order  
tf3 prc?ect the encapsulated part from the inztr;lsion of moisture, a sea ler  
c;dt was required for the p o t t i ~ g  compound and this, too, had to bc oon- 
flammable (3 oxyger). 

Two other requirements of the contract - namely, a maximizrn specific 
gravity of 1.1, and the ability to dig out the potting compound for repair  
wc.sk - strongly indicated the desirabllLty of using Eccospheres -, glass 
rnL,roballoons - a s  a dL1ler. 

2. For rn~ la t lon  of Potting Compounds 

a.  Epssand - 
Eposand sokutions were  obtaired from Shell a s  a two par t  system. 

Equal parts  of. each were  mixed, and 525 ,mesh silica added in t;he following 
proporf:ors: 

20 grams Pa r t  A Eposand 
20 grams P a r t  B Eposand 

120 grams 325 ~ n c s h  silica 

Th;s mix was allowed tci stand overxigbt to set  to a rigid composite. The 
solvect, was then removed by heat i-g ixi a i r  a t  150°F, and finally in vacuum 
a r  150 " F. 

A pre l iminary  check of. flammability was carried out :n a i r  with a 
gas-oxygen f 3 a - m e .  The saimple burned acd did not sxtingulsh on removal 
of the flame. 



The Shell Chetsnical Company was approached and agreed to p r e p a r e  
an  Eposand sys te~m based on a bra-minated epoxy. In the inter im,  before 
thLs ma te r i a l  a r r lved ,  efforts w e r e  made without sirecess a t  Emerson  & 
Curnieg, k c s  to prepare  a sys tem of t'zis type usLng a n  epoxy re s in  based 
on te t rabrom bispbenol A. The brominated epoxy from the Shell Chemical 
Co~mpany contained 15% brornfne. The Eposard c:asti%g prepared a s  shown 
above a l so  b ~ i r n e d  i.1 a i r  wker exposed to a gas-oxygen flame. A sample 
was c a s t  in a n  aluminum d:sk wkh a piece of etched 20 gage Teflon coated 
c2pper wl re  embedded Lzl_ it.. After curing and evaporating a11 solvect, this 
was cested 5n a 16. 5 psi  oxygen atmosphere.  Lt burs t  into f lame w h e ~  the 
TeEoq czoaeed w:re was electr ical ly  overloaded. Fur ther  work with this 
forma1at:on was therefore dis co2ttrzued. 

b. Fluoroelas tomer s 

Of the camrner cial4y available polymers that have essentially no 
h y d r o g e ~ ,  the fluoroelastomers - Fluorel  f rom 3 M Company and %ton 
frcrn E. T. Dupont de Nemours & Go. , Inc . ,  offer cer tain advantages. U n -  
like Teflo.1 they a r e  easily soluble in ketones and e s t e r s  and can be c r o s s -  
linked a t  a relativezy Low temperature with polyamines. 

I t  was aeces  s a r y  to make the potting compound somewhat, thixotropic 
to prevent separat ion of the f i l lers  f rom the liquid during potting. The 
?_zse of vLbratLon to pack the mater ia l  in  place was found to be ve ry  h e 1 ~ -  
f21. Since, a f te r  curing the mater ia l  would be porous,  i t  was decided to 
use  asbestos  fibers not only to  produce a thixotropic mix,  and keep the 
f i l le rs  evenly dispersed but a l so  50 add s t rength to the cured piece and aid 
.in_ solverit remova!. 

One of the major  problems encoun2ered 312 the developmer,t of the 
formulation was the formation of voids or bubbles within the casting 
dur2ng cure.  Several factors were  found to contribute to this problem. 

A cornphrison was made betwee-? Fluorel  No. 2141 and Viton A a s  tbe 
b i ~ d o r  3 1  the formulatL~3a. 'The bubble formation was about the s a m e  with 
each resin, b u ~  shrinkage was l e s s  with Fluorel  than with the s a m e  formu-- 
lation of Yltcjn A. On this basis  F l ~ o r e l  was selected for further experi-  
m entatior . 

F o r  the removal of solvent from a casting, k~ was felt that acetone 
would be the best  cho:ce, slnce It. i s  a ketone with the lowest boiljng 
polnt, However, it. proved to be s o  volatile, that a skin formed rapidly 
on the surface of a casting preventing a i r  bubbles f rom e s c a p h g  a t  the 
s ~ r f a c e .  A m;xture 04. methyl ethyl ketore (MEK) and methyl isobratyl 
ketone (fJTIRK) was selected, The MIBK was found to r e t a rd  evaporatjcn 
sc t h a t  air bubbles c,ould r i se  m o r e  readlly to  the top of the casting and 
esr_ape .  



TABLE 1 
EXPERIMENTAL POTTING COMPOUND FORMULATIONS 

Parr,s by Weight 
Formulation No. 

2070 FFLuorel 2143. i n  MEK 
2070 Fluore l  2141 in W B K  
2570 DETA i n  MEK 
Asbestos  (Powminco Grade 

25 PM) 
Eccospheres  R 
Oncor 23 A 
MgO 

113 pouring these formulations into a cavity, it i s  advantageous to vibrate 
the potting compound into it. Tapping the container on a bench top, or  
the u s e  of a Syntron Vibrator attached to a wooden platform a r e  effective. 
Obviously the la t te r  is prefer red .  The vibration a s s i s t s  in  keeping the 
pottlng compound fluid enough s o  that a i r  bubbles that a r e  trapped in the 
material. during pouring can r i s e  to the surface.  

The ease  of elimination of bubbles depends on the amount of a sbes -  
tos fiber present. Formula 207 had la rge  bubbles that were  not ek1rn.l- 
nated under vibraEon, due to the relatively high percentage of asbestos  
fiber. Formula 0021 with no asbestos  fiber had virtually no bubbles, but 
was s o  weak a s  to be useless .  Formula 1015 was selected a s  the best  
cornpromis e. 

Vlton C-10, another of the groap of fluoroelastomers from E. 1 Du- 
pont de Ncmours, h.c., was evaluated i3 place of the Fluorel 2141 in 
the 1015 Formulatiosa_, and found to be superior  with respec:% to the ease  
with which bubbles. were  eliminated. Its shrinkage was a l i t t le grea ter  
than Flnorel in  the 1015 Formulation, but not a s  g rea t  a s  Viton A. The 
final formulation was the re fa re  made with Viton C-10 i n  place of Fluore1 
2141 2~s shown in the following table. 

TABLE 2 
FINAL FORMULATION, 1015A O F  POTTING 

COMPOU.ND BASED ON A FLUOROELASTOMER 

2070 Viton C-10 in MEK 48 
20% Vlton (5-10 in MlBK 12 
25% DETA In MEK 2. 5 
Asbestos f ibers  10 

(Powrnircrj Grade 25 PM) 
Eccospheres R 15 
Oncor 23.A 5 

Mg 0 2 



Procedure  for  Preparat ion of Formulation - 1015 -- Materials Used 

A 20% so1u:fon of V4ton 6-10 in  methyl ethyl ketone o r  methyl 5sobutyb 
ketolze can be made ;lp by allowing 20 par t s  of Viton C-10 to stand Ln a 
bottle wEr,h 80  arts of MEK, whLle occasrisrrally shaking the bottle. The 
use of a Warirrg blender will  aecornpLlsh the s a m e  resaaLt faster .  

PowmZlzco Asbestos Grade 25PM from Powhatan Mining Go. 
Maglete Y Magnesturn Oxide f rom Merck & Company 
Oncor 23 a Ant,Lmony Oxide frtjm Natlona1 Lead Company 
Eccospheres  R - glass  microballoons 

To make 100 parts  by weight of potting compound 1015, the following 
procedure i s  recommended. 

Mix 52 par t s  of the 209'0 hU3K solution of Viton C-10 with 12 pa r t s  of 
the 2070 J o B K  solution of Viton C-10. Using a power s t i r r e r ,  add 11 par t s  
of the asbestos  fiber,  5. 5 par t s  of Oncor 23 A and 2. 2 par t s  of Maglite Y. 
Stir  until the solids a r e  thoroughly wet out. When the asbestos  and magne- 
sium oxide a r e  added to the liquid par t  of the system, the sur face  of the 
solid does not become wet  instantaneously with the liquid. St i r r ing of the 
mlx for  a shor t  period of t?me Qolze minute for 200 g of mix) insures  that 
+he sollds become thoroughly wet. Then add 16. 5 par t s  of Eccosphexes R, 
and stLs a t  a slow speed until a smooth mix is obtained. 

The Eccospheres  can be increased o r  decreased  plus or  minus 2070 
to adjust  the viscosity of the mix  to  any des i red  level. High shea r  mix- 
k g  a t  this stage should be avoided. Otherwise, some Eccospheres may  
be broker .  

P r i o r  to use,  mix  in 2 .  7 par t s  of a 2570 solution of DETA i n  MEK to 
100 par t s  of the 1015 forrnc~latior. 

c. Ceramic Potting Compound 

E m e r s o n  & Cuming, IQC. has offered totally inorganic composi- 
tions for  potting for severa l  years  now. Eccoceram QC i s  based on a 
t e e h ~ o l o g y  disclosed in U. S. Patent 2, 914,413 assigned to Pennsalt  
Ghemi cals  CorporatLm-. 

Using this technology, a  omp position was made up of Eccospheres  
R, 325 mesh  s i l ica  and sodium si l icate  powder SS-65 from Pennsalt  
Chemical Go. -After :mixing together crudely, the powder was passed 
tkrough a 20 m e s h  screen.  Any Lumps of powder were  broken up with a 
brush-4.511 they passed through the s c r e e r ~ .  Asbestos fibers were  then 
added, and the mixture blended thoro~ghly .  The powder was mixed with 
Ludox, a 30% solids sil ica aquasol produced by E. I. Dupons de Nemours,  
Inc . ,  and then cast into a mold. The mold is preferably enclosed, for 
exa-mple, i x ~  a polyethyleqe bag to prevent water  evaporation from the 
surface.  W f ~ h i n  24 hours the ent i re  m a s s s e t s t o  a rigid solid. The mold 
was  removed from the polyetlzylene bag and the water  allowed to evaporate. 



The use  o i  Eceospheses was d,c+a%ed by the requirement that the 
encapsulation should be repairable.  Pn a comparison of Eccospheres  R 
and Eccospheres  SI, the fo rmer  were  found to give a s t ronger  piece. 

8rLgkal:y r,o asbestos  f,ber was used, but the need for improved 
s ~ r e n g t h  dic.z,szed its USE;. Again a compromise 03 the amount of asbes tos  
was necessary.  Large  a-mozlrts of asbestos  gave gs2d strength, but p re -  
veQ+,ed bribble release.  

TABLE 3 
QC - 15 FORMULATION 

P a r t s  by weight 
Asbestos Fiber  10 
Eccospheres R 20 
Silica (-325 mesh)  3 0 
Sodium St!? cate SS-6 5 

Powder 4 
Ludox AS 60 - 100 

The amount of Ludox AS depends on how pourable the mix  mus t  be. 

Procedure  for  the Preparat ion of Formulation QC - 15 --  Materials Used - 
Powminco~Asbestos F iber  Grade 25 P M  from Powhatap Mining Go. 
Eccospheres  R from E m e r s o a  & Curning, Inc. 
Silica(- 325 mesh)  from Whittaker, Clark and Daniels, Igc. 
Sodium Silicate Powder SS-65 f rom Pennsalt  Chemical 60. 
Ludox AS(sifica aquasol) f rom E. 9. Dupont de Nemours 

Twenty par t s  of Eccospheres R., 30 pa r t s  of silica(-325 mesh)  and 
4 par t s  of ground soEu-m sil izate SS-65 a r e  mixed together. The mixture 
is then passed through a 20 m e s h  sereel?, to make s u r e  that no lumps of 
sodium sil icate or ~ c c 2 s ~ h e r e s  a r e  present,  Add to the screened mix,  10 
par t s  by weLgkt of asbestos  fiber. This i s  then thoroughly blended to a 
homogezeous mix. 

When ready fo r  use,  add Ludox to the des i red  consistency. If the 
mix  i s  too pasty, s a n e  difficulty will be exper ie lced  in e l i m l n a t i o ~  of a i r  
bubbles. 

.> e a.  Sealer  Goat FTA-3 

Since both the-1015 and QC-15 potting compouad formuJatioa7.s resul ted 
:n porous c a s t h g s  a f te r  curing, due to the i ~ s e  of a volatile liquid, a 
sea le r  coat was required. The coating was to be on the surface of the 
casting, and was tc, exclude moisture  from the cast i lg .  Because F lus r  e l  
2141 forms a higher v i s~osb ty  solution in  ketones than does Viton A or  
@-I0 a t  the s a m e  solids level,  it was selected. In addition, work perforrn- 
ed ea r l i e r  had demonstrated that the fluoroelastomers could be formulated 
.lot to  burn with a flame in oxygen. 



A 2070 Fluorel  solixtion i n  methyl ethyl ketone was made  up, and to  
this was added magar~siu-m oxide and tabular alumina, i n  the amounts 
shown bel&: 

TABLE 4 
FORMULATION O F  SEALER GOAT FTA-3 

lngredteot P a r t s  by weight 
2070 solut.lon<f Fluor €1 2141 in  MEK 20 0 
MgO Maglfte Y from Merck and Go. 7 
Tabular alum?oa(-325 mesh)irom Aleoa Co. 140 

These mater ia l s  a r e  ball  milled together for  1 - 2 hours.  The mix 
i s  then ready for  packag i~g .  Pri3r to use,  2. 5 par t s  of a 2570 solution of 
diethylene t r iamine i n  MEK axe added to 100 par t s  of the coating mater ial .  

After  cure,  the c o a t h g  consists of 2270 cross-linked fluoroelastomer 
and 7 8% inorganic solids. 

In the development of the coatings, samples were  made  in  which the 
amorlct of tabular alumina was varied. Cakes of the 1015 formulation wlth 
the Teflon coated wi re  embedded in them were  coated and tested i n  the 
oxygeE atmosphere. Sn this s e r i e s ,  the inorganic solids were  8870, 8470, 
7870 a ~ d  7470 of the total. The f i r s t  th ree  of these did not ignite i~ the 
oxygen atmosphere,  w E l e  the one with 747'0 inorganic solids did burn. 
Since the 78% sample had the lowest viscosity of those that did not ignite, 
it was  selected. 

P r i o r  to application of the sea le r  coat over the 1015 or QC-15 formu- 
l a t h n s ,  or  over itself, a p r imer  coat of Ghemlok 607 (produced by 
Hughson Ckem.:i;al Go. ) was app1;ed. 

Studies were  ca r r i ed  out usir-g the insulation res i s tance  tes t s  to 
determine the number of coatings that should be applied. A predetermined 
number of coatings was applied to  the potting compound in a n  insulation 
res i s tance  box. After cure  the krsulation resis tance was measured. The 
sample was then placed in a 9570 RH chamber for 48 hours ,  af ter  which 
the insulation resis tance was measured. I t  was determcned that to  get a 
satLsfactory resul t  a t  l eas t  th ree  coatings had to be applied. Three  coats 
were  la te r  applied to the tes t  samples  fo r  many of the electr ical  measure -  
ments ,  a s  noted i n  :he text. 

Because the potting compounds a r e  porous, the sea ler  coat is necessary,  
The sea le r  coat l ~ s e l f ,  however, contains a solvent, which can penetrate 
Lnt o the p o t t i ~ g  co-mpaund. In the course of removing these solvents, paths 
may  be created through which moisture  can penetrate This may partially 
explain some of the unsatisfactory reesukts that were  obtained la te r  when the 
mois ture  r e s l s t a rce  tests  were  run w;th temperature and hurnidjty cycling. 



b. Conformal Coating - MRTA-5 

It was felt, xhat the conformal coating should not be a solvent 
solut'_on, because of the possibility of porosity. A low viscosity 100% 
react ive syste-m that had f i r e  re ta rdaa t  propert ies  was found in  a product 
Srom the Marco Division of W. R. Grace C o m p a ~ y ,  namely a brominated 
polyester MR-670. The company w m l d  not disclose the percent  bromine. 
Th; s system will  cGre at roo-m ternperaxure when catalyzed with MEK 
peroxide and a cobalt n a p h t h e ~ a t e  accelerator .  

Profitting by *he experience on the sea le r  coat, tabular alumina was 
used a s  the filler. The viscosity of the polyester i s  770 centipoise at room 
te-mperature, s o  that a very  high loading of f i l ler  can be added while s t i l l  
anaintaicing flowabilicy. A s e r i e s  of experiments were  run, which demon- 
s t ra ted  that at a f i l ler  loadi2g of about 7770 o r  above, the coating would 
not burr_ in a n  oxygen atmosphere.  Tes ts  were  made on d iscs  measuring 
6 c m  in diameter  by one c:m thick with a Teflon coated 20 gage wi re  em- 
bedded in it a s  an  igrzition source.  Ignition of the wi re  was made with the 
Teflon coated wi res  under the sample. 

The conformal Coating i s  made up a s  follows: 

100 par t s  of MR-670 
340 pa r t s  of -325 mesh  tabular alumina (Alcoa) 
0. 1 par t s  of cobalt napfithenate 670 

To 100 par t s  MR-670, add 340 par t s  of -325 mesh  tabular alumina 
and 0.1 par t  of cobalt naphtheratc, and mix  on a Hobart or  s imi lar  mixer  
for  10 minutes. P r i o r  to use,  1 gram of MEK peroxide is mixed in  to give 
a 3~*nifar.n blend. This will have a usable pot l ife of about one hour. 



13. TESTING 

On the following pages a r e  presented the resu l t s  of the tests  and 
observations run  on the potting compounds and the conformal 
coating. To preclude the necessity of re fer r ing  back and for th to the 
work s tatement  in  Appendix 1. We have l is ted the t e s t  name, t e s t  
number and the specified performance requirement.  If the r eade r  
wishes m o r e  detail  on the tes t ,  he will  find i t  in Appendix 1. 

NOTE: . The paragraph nu-mbers correspond to those used i n  the 
work statement.  

1. Potting Compounds - Physical Character is t ics  

3. 3. 1 Appearance 

The as-poured and cured compounds shall  be homogen- 
eous and f ree  from lumps and coa r se  particles and 
voids. 

The mater ia l s  a s  received from the vendor may have some 
tendency for the fi l ler to sett le.  Before use,  the container con- 
tents should be s t i r r e d  to d isperse  the fi l ler homogeneously 
throughout the mix. There  a r e  no coa r se  grit ty particles.  In 
some formulations there a r e  asbestos  f ibers ,  which could be r e -  
garded a s  coarse.  These,  however, a r e  intended to be i n  the 
formulation. 

3. 3. 2 Application - 

Potting and encapsulating compounds shall  be capable 
of being readily applied by an  injection or extrusion 
gun. 

Formulations 1015 and QC-15 a r e  both capable of application 
through a hypodermic syringe, or  caulking gun. 

The sea le r  coat can be applied by brush  or  dip. It cannot be 
applied by spray.  

The compound shall  be suitable for application for a 
minimum of 60 minutes.  

Formulation 1015 ha.s an application life of severa l  hours ,  if 
kept  covered. Formulation QC-15 has an application life of a t  
leas t  one hour. 

The sea le r  coat has an application life of severa l  hours,  i f  
kept covered. 



3 .  3.4 Curing Time 

The cu re  t ime to obtain optimum propert ies  sha l l  not 
exceed 7 days a t  room temperature and 50% humidity. 
Elevated tempera tures  up to  150°F may be used to  
acce lera te  the cu re  time. 

The curing t ime for both encapsulants and the sea ler  coat a r e  
well  within the seven days. Temperatures  up to 150°F a r e  bene- 
ficial  not only for  speeding this up, but a l so  for removing solvent. 

3. 3 ,  5 - Storage Life 

The uncured compounds shal l  be capable of meeting 
the requirements of this s ta tement  of work for  6 months 
when s tored  below 70°F. 

All  mater ia l s  prepared and submitted under this contract have 
s torage l ives of a t  l e a s t  s i x  months when s tored  a t  7 0 ° F  o r  below 
i n  unopened containers. The precaution mentioned ea r l i e r  of 
mixing the contents of the container to a uniform consistency be- 
fore  catalyzing must  be  observed. 

3. 3.6 Repair and Rework 

The cured compounds must  be capable of being removed 
either mechanically o r  chemically, without damaging 
wiring, solder joints, o r  electronic components. 

The potting compounds, 1015 azid QC-15, were  formulated to be 
mechanically removed. Even with severa l  s ea le r  coats they can 
be  c u t  off, o r  dug out f rom a casting. 

In applying a patch to the 1015, a p r imer  coat of Chernlok 607 i s  
necessary.  The QC-15 should be painted with Ludox AS immedi-  
a tely pr ior  to applying a patch. 

2 .  Potting Compounds - Performance  Character is t ics  

3. 3. 7 Temperature Rating 

The compounds shal l  re tain useful physical and e lec t r i -  
cal  propert ies  f rom O ° F  to t250°F,  a s  verified by the 
insulatioe resis tance.  

Insulation res i s tance  shall  be measured a t  0 ° F  and 250 O F .  

NOTE: Paragraph 4 .4 ,  3. 5 of Appendix CS calls for 
insulation resis tance a t  room temperature and 
100 " C.  



Insulation res i s tance  tests were  run  a t  room tempera ture ,  
then O 0 F ,  then 250°F and finally on these s a m e  samples  a t  
room tempera ture  again. The 1015 and QC-15 formulations 
were  given three  sea l e r  coats before running these tes ts .  

The th ree  samples  of 1015 gave the following insulation 
res i s tance  readings: 

TABLE 5 

Insulation Resis tance on Three  Samples of 1015 Potting Compound 

Sample Tes t  Spec. Insulation Resistance,  ohms 
- 

No. Temp. Minimum-ohms No. 1 No. 2 No. 3 - 
1 7 2 ° F  1x10 3. 0x10" 4. 6x10 l1 6. 0x10 11 11 

2 7 2 ° F  1x10" 2. Ox10 l2 2. Ox10 l2 2. 5x10 12 

3 7 2 ° F  1x10'~ 0. 9x10~' 1. 0 x 1 0 ~ ~  0. 6x10 
12 

Average 1. 06x1012 1.15x1012 1. 23x1012 

1 0 " F none given 1. 5 x 1 0 ~  1. 4 x 1 0 ~  2 . 0 ~ 1 0 ~  
2 0 ° F  none given 1. 5x10lo 4. 0 x 1 0 ~  0. 7x10lo 
3 0 " F  none given 2. 0xl0l0 2 . 0 ~ 1 0 ~ ~  1 . 0 ~ 1 0  10 

Average 1. 22x101° 0. 82x101° 0. 6 3 x 1 0 ~ ~  

1 250°F 7. 5x10~'" 2. 5 x 1 0 ~  4. 0x10 4. Ox10 6 

2 250°F 7 . 5 ~ 1 0 ~  7,  0 x 1 0 ~  6. Ox10 8 . 0 ~ 1 0  8 

3 250°F 7. 5x10' 7. 0 x 1 0 ~  8. 0 x 1 0 ~  5. 0 x 1 0 ~  
Average 2. 58x108 2. 28x108 2. 85x10 8 

3 7 2 ° F  1 x 1 0 ~ ~  
Average 

8 'k Specification minimum i s  7. 5x10 ohms a t  200°F. 

The second 7 2 ° F  measurements  a r e  essentially the s a m e  a s  
those obtained before exposure to 0 ° F  and 250°F. 

The three  samples  of QC-15 gave the following insulation 
res i s tance  values with measurements  a t  each tempera ture  
in  the order  shown. 



TABLE 6 

Insulation Res i s tance  of T h r e e  Samples  of QCS-15 - Potting - Compound 

Sample  T e s t  Spec. Insulation Res i s  t ance  
No Temp.  Minimum-ohms No. 1 No. 2 - No. 3 

1x10 11 2 . 0 ~ 1 0 ~ ~  1. 3x10 lo  5. Ox10 10 1 7 2 ° F  
2 7 2 ° F  4 . 0 ~ 1 0 ~ ~  1.ZxlO lo 4,OxlO 10 

3 7 2 ° F  2. 2x10lo 2 . 3 ~  10 l1 4. Ox10 10 
2 . 7 ~ 1 0 ~ ~  l .  2 x 1 0 ~ ~  4 . 7 ~ 1 0  10 A v e r a g e  

5. ox107 1. 3x10 2 . 0 ~ 1 0  
7 

1 250 O F  none given 
2 250°F  none given 10. 0 x 1 0 ~  0 . 9 ~ 1 0  2 . 0 ~ 1 0  8 

3 250°F  none given 3 . 0 ~ 1 0 ~  3. 5x108 6 . 0 ~ 1 0  7 

A v e r a g e  6 . 0 ~ 1 0 ~  1 . 9 ~ 1 0  0 . 9 ~ 1 0  8 

l 2  0. 5x10 
12 

1 0 ° F  7. 5 x 1 0 ~  4.  0x1012 1 . 5 ~ 1 0  
0 ° F  7. 5 x 1 0 ~  4. 0x1012 0 . 7 ~ 1 0  l 2  0 . 6 ~ 1 0  

12 
2 

1. 2x1012 0 . 9 ~ 1 0  l 2  0 . 4 ~ 1 0  
12 

3 0 ° F  7. 5 x 1 0 ~  
3. 1x1012 1 . 0 ~ 1 0  l 2  0. 5x10 12 Ave rage  

11 11 11 
1 7 2 ° F  1 x 1 0 ~  l 4 . 0 ~ 1 0  0. 8x1011 0. 95x1011 
2 1x10 11 11 7 2" F 1. 5x10 5. 0x1Ol1 0. 7x101 
3 7 2 ° F  l x l O l l  0. 7x10 10. O x l O l l  2 . 0 ~ 1 0  

11 

2. 1x10" 5. 3x10 1 . 2 ~ 1 0  
11 

Ave rage  

3. 3. 8 Hardness  Rating 

No s ta ted  l imi t s .  

The ha rdnes s  of the 1015 formulat ion with t h r e e  s e a l e r  
coats  i s  30 t o  35 Sh0re.D. The ha rdnes s  of the  QC-15 
formulat ion with t h r e e  s e a l e r  coats  i s  65  Shore  D. 

3.4. 1 F lammabi l i ty  

Candidate potting m a t e r i a l s  and encapsulating 
compounds sha l l  be  se l f -  extinguishing i m m  ediate ly  
a f t e r  w i r e  fusion,  with no fu r the r  evidence of 
degradat ion by combustion i n  a 6. 2 ps ia  oxygen o r  
16. 5 ps ia  oxygen when subjected to T e s t  No. 5, 
SN-P-0003 of Appenaix A in  work  s ta tement .  See 
Appendix 1. 



Three  Bendix pygmy plugs were  potted with the 1015 formulation, and 
each given three  sea le r  coats. These w e r e  tested for flammability in  
16. 5 psia  oxygen according to  Tes t  Yo. 5, SN-P-0003, Appeadix A. 
The w i r e  ignited i n  each c a s e  and bcrned down to the coating on the 
plug, and then went out. No fur ther  burning o r  glowing occurred,  

The s a m e  formulation with no coating will burn  with a glow, although 
there  i s  no flame. 

Similarly,  th ree  Bend-ix plugs w e r e  potted with the a@-15 formulation, 
and then given three sea le r  coats. When tested for  flammability in 
16. 5 psia ,  the Teflon coated wi re  ignited, and burned down to the 
coating, and then went out. No fur ther  burning o r  glowing occurred. 

3 . 4 .  2 Outgassing 

As  a screening test ,  the total organics expressed a s  pentane 
equivalents evolved f rom any of the candidate potting, coating 
or  encapsulating mater ia l s  shal l  not exceed 100 micrograms pe r  
gram of sample,  when tested a t  5.0 psia  oxygen and 200°F in 
accordance with Tes t  No. 7,  Appendix A. Outgassed carbon 
monoxide shal l  not exceed 25 micrograms per  gram when tested 
in  accordance with the same  test .  Quantification of outgassed 
products and accura te  weight loss  data in  5 psia oxygen a r e  
required p r io r  to final MSG acceptance of candidate mater ia l s .  
MSG acceptance shal l  be predicated upon the requirements that 
none of the outgassed products shal l  constitute a toxic hazard  to 
the crew (from Exhibit A, Page 4 of Work Statement). 

The specification l imits  for total organics expressed a s  pentane 
equivalents i s  100 micrograms per  g ram of tes t  sample. 

Carbon monoxide shal l  not exceed 25 micrograms per  gram of 
sample. 

The outgassing was run a t  White Sands on Formulation 1015 with three  
sea le r  coats,  and Formulation QC-15 with 3 sea le r  coats. The 
following resul ts  were  obtained. 

The total  organics and carbon monoxide for Formulation 1015 was 
10 micrograms per  g ram,  which i s  well within the specification l imits .  
An infrared scan  of the gases  showed ethylene and T F  Freon. The only 
sources of organic ma te r i a l  in the 1015 formulation i s  the Viton C-10, 
methyl ethyl ketone and methyl isobueyl ketone used a s  solvents. One 
might speculate on the origin of the ethylene, but i t  i s  certainly not 
formed by any very  straightforward mechanism. The presence of T F  
Freon i s  even more  difficult to explain, since T F  Freon contains 
chlorine. The carbon monoxide was 5.4 micrograms per gram a lso  
well within the specification l imits .  



The QC-15 sample coated with the same  sea le r  coating as used 
on'the 1015 samples  show 81 micrograms per  g ram of total  
organics,  and 1.6 micreagra-MS per gram of carbon monoxide. 
An infrared scan detected methanol, ethylene and methyl ethyl 
ketone. The ketone is one of the solvents used in  the sea le r  
coat, but there  is no straightforward explanation fo r  the presence 
of either methanol o r  ethylene. 

3.4. 3 Odor 

The average odor rating of a l l  candidate mater ia l s  must  
not exceed 2.0, when tested at. 5.0 psia oxygen and 200 "F 
i n  accordance with Tes t  No. 6, Appendix A (from Exhibit 
A, Page 5 of Work Statement). 

The s a m e  samples  used i n  the preceding t e s t  for  outgassing were  
tested at White Sands with the following resul ts .  

With no dilution the 1015 sample was rated 1. 7, which is within the 
specification. 

The QC-55 sample was not tested for  odor because the total  organics 
over the sample was 2,152 ppm. Since the QC-15 without the sea le r  
coat i s  completely inorganic,  i t  i s  concluded that all of the organics 
come from the sea le r  coat. Why this high concentration of organic 
vapors was found with the QC-15, but not with the 1015 sample is 
not explained. Both samples  have the same  sea le r  coat. 

3.4.4 Vacuum Volatility 

The r a t e  of weight loss  in 1 x l o m 4  t o r r  a t  250°F shall  
stabilize within 6 hours ,  and the continuing r a t e  of weight 
loss  shal l  not exceed 0.02 percent pe r  hour when measured 
continuously in vacuum with an in-situ m i c r o b a l a ~ c e .  The 

?-me. r a t e  of weight loss  shal l  continue to dec rease  with t.l 

There  shal l  be no visible condensate deposited on a glass 
slide maintained a t  leas t  100°F below the t e s t  tempera ture  
and located in  close proximity to the tes t  specirneta within 
the vacuum chamber.  The total weight loss  for the inirial 
24 hour period shall  not exceed 1. 0 percent.  

An additional vacuum volatility t e s t  specimen sha l l  be 
prepared per  MSFC-SPEC-202A, Paragraph 4 .4 ,  3.  11 
( see  Appeldrx C )  for potting compourtds, Upon completion 
of 24 hour vacuum t e s t i ~ g ,  there shall  be no apparent 
visual degradatlon, and the compounds shal l  w!.ths tand 
the required 200 megohm moisture res i s tance  tes t s  of 
Paragraph 3.4.7,  Appendix C ,  for  potting compounds 
(from Exhibit A ,  Page 5 of the Work Statement. ) 



Tests  were  run  a t  NASA Manned Spacecraft  Center In Houston, 
except that the insulation res i s tance  samples  were  returned to 
Emerson  & Cuming, Inc. for the moisture  resis tance test .  
These samples  w e r e  subjected to the moisture  resis taxce test  
of Paragraph 3.4.7 a t  Associated Testing Laborator ies ,  Inc. 
Insulation res i s tance  was measured  a t  Emerson  & Cuming, Pnc. 
and at Associated Testieg Laborator ies ,  Inc. before exposure 
to the mois ture  resis tance test .  After exposure,  insulation 
res i s tance  was measured  ax Associated Testing Laborator ies ,  
Inc. Each sample had three sea le r  coats on the top surface.  

Insulation res i s tance  tes t s  run  a t  7 5 ° F  a t  Emerson  & Cuming, 
Inc. a f te r  exposure to vacuum of a t  25OoF, and before 
exposure to the mois ture  res i s tance  test ,  and a t  Associated 
Testing Laborator ies ,  Inc. before and af te r  exposure to high 
humidity a r e  shown in Table 7 .  The s a m e  samples  were  a l so  
run  at 212OF a t  Associated Testing Laborator ies ,  Inc. pr ior  to 
exposure to mois ture  res i s tance  tests .  The resu l t s  of these 
tes t s  a r e  shown in Table 7 .  

The we'ght lo s s  of the 1015 potting compound formulation a t  -4 1 x 10 t o r r  and 250" F was 0. 59% in  s ix  hours.  The weight 
loss  during the seventh hour was .0150/0 and l e s s  per  hour there  
af ter .  This is within the specification l imit  of . 02%. 

The weight loss  of the QC-15 potting compound under the same  
t e s t  conditions was 0.426% in  the f i r s t  s ix  hours. The weight 
loss  during the seventh hour was . 027%. Not until the ninth 
hour did the r a t e  of weight loss  go below 0. 0270. 

No condensation from the above mater ia l s  was apparent  on the 
g lass  slide installed In the system. 

Copies of the weight loss  tables and graphs from the NASA 
White Sands Tes t  Facil.ity a r e  shown in Appendix 2. 



TABLE 7 

- 4 
Insulation Resistance of Sample exposed to 10 t o r r .  

Material  Before* After%k Tes t  Temp. Tes t  Station 

QC-15 6. 5x10 
8 

1. 8x10 8 

1 . 4 ~ 1 0  9 

Average 7. 4x108 

24°C Emerson  & Cuming 
24" C; I i i i 

24°C I I I I 

1 . 5 d 0 9  4 1 . 0 ~ 1 0  
6 
6 

24°C Associated Testing Lab. 
3. 1x10 < 1. 0x10 24°C I I I I I I 

I. 1x10 
6 

< 1 . 0 ~ 1 0 ~  24°C 1 1  1 1  I I 

Average 5. O g l O  ( 1. Ox10 

6 
3. 8xlo5 ,( 1. O x l O 6  100" C Associated Testing Lab 
3 .  7x10 . ( 1 . 0 ~ 1 0 ~  100°C I I I I I I 

4. 6 x 1 0 ~  4 1. Oxlob 100°C t  I I I I t  

Average 4. Ox10 ~ 1 . 0 ~ 1 0  

1015 5. Ox10 24°C Emerson  & Cuming 11 

3. OxlOll 24" C 1 1  1 1  

3, ox10 11 24" C I I I I 

Average 3. 7x10 11 

5. 5x10 10 7. 8x10 
6 
6 

24°C Associated Testing Lab  
3. 9x10 10 5. 2x106 24°C I I I I 1 1  

3. 0x10 10 3. 6 x 1 0 ~  24" C I I t  I 1 1  

Average 4. 1 x 1 0 ~ ~  5. 5x10 

1. 9x10 8 1. 6x10 
6 

100°C I I I I $ 1  

1. 3x10 8 1. 3x10 6 
100°C I I 1 1  I I 

1. 6x10 8 3. 7x10 
6 

100°C I I 1 1  I I 

Average 1, 6 x 1 0 ~  2. 2x10 
6 

Insulation res i s tance  in ohms before and a f t e r  exposure to high humidity. 

Both mater ials  failed the vacuum volatility tes t ,  because both mater ia l s  
failed to pass the moisture  resis tance portion of the test .  

3,4.  7 Moisture Resistance 

The insulation resis tance of specimens prepared a s  
specified in  4. 3. 3. 5 shal l  be 200 megohms or  2 x 10 

8 

ohms minimum when tested a s  specified in 4.4.  3. 11 
(from Appendix C ,  Page 5 of Work Statement). 

These tes t s  were  car r ied  out by Associated Testing Laborat,ories,  
Iric. Three  samples  of Formulation 1015 each with three sea le r  
coats ,  and three  samples of QC-15 formulation each with three  
sea le r  coats were  tested. Tes t  resul ts  a r e  shown in Table VI.. 



TABLE 8 

Insulation resistance in ohms of 1015 and QC-15 after 5 temperature and 
humidity cycles. 

Material Sample No. Position A Position B Position C - 

1 6. 6x10 7 1. 6x10 8 1, 7x10 
7 

1015 
2 7. Ox10 8 8. Ox10 8 8. 5x10 

8 

8 8 1. 2x10 
8 

3 2. 9x10 2 .4~10  
3. 5x10 8 4 . 0 ~ 1 0  

8 
3,  3x10 

8 
Average 

5 
1. 8x10 

5 
1. 7x10 

5 
QC-15 4 2. 5x10 

5 No readi g 5. Ox10 5 5 
!? 5 

1. 7x105 
6 1. 8x10 7 . 4 ~ 1 0  3. Ox10 

Average 2. 1x10 5 4. 7x10 
5 

2. 1x10 
5 

The 1015 samples a r e  on the average just acceptable. The QC-15 samples 
fail to pass the minimum specification in all cases. 

4.4. 3 .  1 Dielectric Constant and Power Factor 

Specification Limits: K '  5. 0 pf 0. 09. The dielectric 
constant and power factor of Formulation 1015 were  determined 
a t  1 MHz. 

TABLE 9 

Dielectric Constant and Power Factor of Potting Compounds 

Material Sample No. K ' P f 



The values for  both dielectr ic  constant and power factor a r e  
well within the specification l imits.  If it appears  desirable  in  
o rde r  to enhance some other property,  the density of each of 
these mater ia l s  can be significantly increased without exceed- 
ing t h e  specification li-mits for  dielectr ic  constant and power 
factor. 

4.4. 3. 2 Dielectric Strength 

Specification Limit: 500 vol ts /mil  of thickness 
minimum. 

Five discs  each of Formulations 1015 and QC-15 were  pre-  
pared for  the determination of dielectr ic  strength a t  environ- 
mental  Testing Corporation. 

All  samples  were  50 mi ls  thick. The following values were  
obtained for  breakdown voltage i n  volts /mil. 

TABLE 11 

Dielectric Strength of Potting Compounds. 

Sample No. 1 160 v / m i l  Sample No. 1 20 
Sample No. 2 120 Sample No. 2 20 
Sample No. 3 100 Sample No. 3 20 
Sample No. 4 100 Sample No. 4 20 
Sample No. 5 100 Sample No. 5 20 

No samples reached the required level of dielectr ic  strength.  

4.4. 3. 3 Volume and Surface Resistivity 

Specification Limits: Pv - 1 x 1012 ohms-cm 

12 1 x 10 ohms-cm 

The volume and sur face  resis t ivi t ies  of Formulation 1015 and 
QC-15 were  determined. The 1015 and QC-15 had three  sea le r  
coats,  since in  use  they will  have the sea le r  coat. 



TABLE 12 

Volume and Surface Resistivities of Potting Compounds. 

Formulation 1015 

s .  
12 

Sample No. 1 1.79 x 10'' ohm-cm 3.81 x lol1 ohm-cm 
Sample No. 2 4.78 x 1012 ohm-cm 3.85 x P O l  ohm-cm 
Sample No. 3 1.64 x 1012 ohm-cm 3.89 x 10 ohm-cm 

Formulation QC-15 

Sample No. 1 8.67 x lo1' ohm-cm & 8.92 x 10 ohm-cm 
Sample No. 2 9. 51 x lo lo  ohm-cm 8. 11 x lo1' ohm-cm 
Sample No. 3 8.78 x lo lo  ohm-cm 1.45 x lo lo  ohm-cm 

Formulation 1015 meets the requirements set  for volume and surface resistivities. 
Formulation QC-15 fails in both properties. 

4.4. 3.4 Arc  Resistance 
- 

Specification Limit: 45 seconds minimum. 

Arc  resistance of 1015 and QC-15 each with three sealer  coats was measured a t  
Electrical Testing Laboratories in New York City. 

The following results were obtained with Formulations 1015 and QC-15. 

TABLE 13 

Are Resistance of Potting Compounds. 

1015 QC-15 
Sample No. 1 124 s e c o n d s  Sample No. 1 133 seconds 
Sample No. 2 122 seconds Sample No. 2 129 seconds 
Sample No. 3 123 seconds Sample No. 3 129 seconds 

Both materials meet reqwirements of the specification. 



4.4. 3. 6 High Potential 
The specification l imit  i s  no breakdown, 

Three samples of Formulation 1015 each with three sea ler  
coats, and three samples of QC-15 each with 3 sea ler  coats 
were  subjected to the high potential test  by Associated Test- 
ing Laboratories,  Inc. 

There were  no breakdowns. 

4.4. 3. 7 Low Temperature Flexibility 

It was agreed that this tes t  would not be run. 

4.4. 3.8 Temperature Resistance 

The volume resistivity shall  be determined in 
accordance with Paragraph 4.4.3. 3, except the 
testing shall be conducted a t  l o o t  1°C after a 
conditioning period of 30 minutes a t  the test  
temperature to determine conformance to 3. 5 
(from Appendix C, Page 9 of Work Statement). 

9 Specification Limits: 1 x 10 ohm-cm minimum. 

Three samples of Formulation 1015 each with three sea ler  
coats and three samples of QC-15 each with three sea ler  
coats, were  tested for temperature resistance a t  100 "C. 

TABLE 14 
Temperature Resistance of Potting Compounds a s  Indicated 

by Volume Resistivity a t  100°C. 

Formulation 1015 

Volume Resistivity - pv  

Sample No. 1 1,16 x 10" ohm-cm 
Sample NO. 2 0.96 x l o l o  ohm-cm 
Sample No. 3 1. 13 x 10" ohm-cm 

Formulation Q6-15 

Volume Resistivitv - Pv 

Sample No. 1 2, 35 x l o l o  ohm-crn 
Sample No. 2 1.74 x 10" ohrn-cm 
Sampd eNo. 3 2 . 6 5  x lo1' ohrn-cm 

Both the 1015 and QC-15 samples exceeded the minimum require- 
ments called for. 



4.4. 3. 9 Fungus Resistance 

Specification Limit: No evidence of support of fungus 
growth. 

Samples of Formulakion 1015 and Formulation QC-159 and the 
sealer  coat on 1015 and QC-15 were tested for support s f  
fungus a t  Associated Testing Laboratories, Inc. These  tests  
showed no sign of either potting compound supporting fungus 
growth. The sealer  coat, however, exhibited a smal l  amount 
of fungus growth. There i s  no obvious explanation for this,  
since the 1015 potting compound and the sealer  coat a r e  both 
based on a fluoroelastomer cured with DETA. 

4.4. 3. 10 Tear Strength 

It  was agreed that this test would not be performed. 

4.4. 3. 11 Moisture Resistance 

This was covered under Paragraph 3.4.7. 

4.4. 3. 12 Tensile Strength or  Elongation 

Specification Limit: 2500 psi Min. 

The tensile strength of the 1015 formulation was run onuncoated 
samples with the following results : 

TABLE 15 

Tensile Strength of Potting Compound 1015 Formulation 

Tensile, psi 
Sample No. 1 90. 0 
Sample No. 2 70. 9 
Sample No. 3 85.4 
Sample No. 4 74. 8  
Sample No. 5 8 6 .  9 
Average 81. 6  



The QC-15 samples could not be measured, because they a r e  
so  brittle that they broke in the tensile machine clamp. 

The tensile strength i s  far  below the specified minimum. With 
this type of system, some improvement in tensile strength 
might be expected through addittonal study. In our opinion, 
however, such an improved product would stil l  be an order of 
magnitude below the prescribed minimum . 
It. should be pointed out, however, that there a re  materials ,  
whieh a r e  used for encapsulating electronic components, and 
which will withstand very high G forces, but which have tensile 
strengths in the 100 - 200 psi range. 

4; 4. 3. 13 Shrinkage 

Specification Limi" 370 Max. 

The shrinkage was determined on Formulation 1015 and on 
Formulation QC-15 without the sealer  coat. 

7'0 Shrinkage of 1015 = 7. 3Yo 

yo Shrinkage of QC-15 .: 9. 30Jo 

4.4. 3. 14 Compression Set 

It  was agreed that this test  would not be . run. 

4.4, 3 - 1 5  Resistance to Ozone 

It was agreed that this test  would not be performed. 

4.4.4. 1 Non-Volatile Content 

The non-volatile content of 1015 has been found to be 47. 870. 
The non-volatile content of QC-15 will vary somewhat with the 
mixture, but will be about 6570. Essentially a l l  of the volatile 
material  in QC-15 i s  the water contained in the Ludox that i s  
used. 



4.4.4. 2 Viscosity 

Specification Limits:  100 - 450 poises 

Viscosit ies were  measured  with a Brookfield viscometer at 
10 RPM with No. 7 spindle. 

Viscosity a t  24" C of Formulation 1015 af te r  addition of catalyst  
is 45 poises. Viscosity of Formulation QC-15 a t  24°C var ies  
depending on the amount of Ludox that i s  added. The range is 
15 - 20 poises. 

4.4.4.  3 Specific Gravity 

The specific gravity of cured Formulation 1015 i s  0. 36. The 
specific gravity of QC-15 i s  0. 81. 

4.4.4.6.  1 Adhesion to Metal 

Specification Limit: 15 lbs. /inch minimum 

Samples of Formulation 1015 were  prepared using a p r imer  
coat of Chemlok 607 on the metal. The samples  prepared 
with Formulation QC-15 required that the canvas be soaked 
in Ludox prior  to application of the QC-15. 

These samples were  sent  to Acton Environmental Testing 
Laboratory, The following i s  a quotation f rom their  repor t  
"the 3 samples  were  prepared for  adhesion testing . . . 
However, two samples crumbled too badly to gr ip properly,  
and the t h i r d  separated from the meta l  base  during prepara-  
tion for testing". 

Since this tes t  was designed to be run on a flexible mater ia l  
and both 1015 and QC-15 a r e  rigid; i t  i s  not surpris ing that 
a l l  attempts a t  running this t e s t  were  unsuccessful. 

In o rde r  to obtain adhesion to meta l  data on 1015 and QC-15 
it was decided to t e s t  the lap shear  strength according to 
ASTM 1002. The lap shea r  s t rength of 1015 was found to be 110 
psi  on a l l  samples  run. Attempts to make lap shea r  samples  
using Q6-15 were  unsuccessful. 



3.4. 5. 3 Bond Strength to Etched Wire 

The bond strength to etched Teflon coated wire  of Formula- 
tion 1015, Formulation QC-15 and the conformal coating was 
determined with the following results: 

1015 7. 06 lbs. 
QC-15 8. 56 lbs. 
MRTA-15 8. 50 lbs. 

3.4. 5.4 Patch Potting Adherence 

8 The specification minimum i s  2. 0 x 10 ohms. 

Samples of Formulacion 1015 and QC-15 were  dug out partially 
from the insulation resis tance box. The 1015 was primed with 
Chemlok 607, and then repotted with freshly mixed 1015 over 
the cured material.  The QC-15 sample was similarly dug out. 
The surface was painted with Ludox, and freshly mixed QC-15 
vibrated into the cavity. 

After curing these samples, three sealer  coats were  applied 
to each sample curing each before applying the next one. The 
moisture resistance test  and insulation resistance w e r e  run 
a t  Associated Testing Laboratories,  Inc. 

Following a r e  the insulation resistance measurements a t  24 " C 
and a t  100" C. 



TABLE 16 

Insula t ion Res i s t ance  of Pott ing Compounds a f t e r  Pa t ch  Potting. 

Formula t ion  1015 

Sample  No. 10 8 9 . 0 ~ 1 0 ~ .  5 . 2 ~ 1 0 ~ -  1 . 2 ~ 1 0  ohms  
Sample  No. 11 

5 
8. 0 x lo5; 3 .  8 x lo5: 2. 1 x 10 ohms  

Sample  No. 12 4 . 1 x 1 0 6 ;  7 . 6 ~ 1 0  
6' 6 

1 .4  x 10 ohms  
Ave rage  3 .2  lo7 2. 0 lo7 4 . 1  lo7 

Fo rmu la t i on  QC-15 

Sample  No. 13 
5 1 . 1 ~ 1 0 ~ ;  2 . 7 ~ 1 0 ~ -  10 ohms  

Sample  No. 14 
5 

1. 6 x lo5; 1.4 x lo5: 10 ohms  
Sample  No. 15  

5 
1. 0 x lo5- 1. 6 x lo5: 1. 5 x 10 ohms  

Ave rage  1 x l o 5  1. 9 x 10 5' 1 . 0 ~ 1 0  5 

Formula t ion  1015 

Sample  No. 10 
7 1 . 4 ~ 1 0 ~ .  1 . 4 ~ 1 0 ~ -  2 . 1 ~ 1 0  ohms  

Sample  No. 1 I 1. 8 x lo6; 9. 0 x lo5: 1. 3 x 10 6 ohms  
Sample  No. 12 1 . 9 ~ 1 0 ~ ;  Z .6x107:  3 . 0 ~ 1 0  7 ohms  

Ave rage  l . l x l o 7  1 . 4 ~ 1 0  7' 1 . 7 ~ 1 0  7 ohms 

Formula t ion  QC-15 

5 
Sample  No. 13 1. 5 x lo5- 1. 6 x lo5. 1. 3 x 10 ohms  
Sample  No. 14 2. 1 x 105; 2. 0 x 10 5 ; 1. 9 x 10 5 ohms  
Sample  No. 15 1. 5 x lo5; 1. 1 x lo5- 2. 3 r 10 5 ohms  

Ave rage  1 . 7 ~ 1 0 ~  1 . 6 ~ 1 0  5 y  1. 8 x 10 5 ohms 

Nei ther  Formula t ion  1015 n o t  QC-15 wi th  t h r e e  s e a l e r  coats  m e e t s  t he  
min imum specificat lon,  although the  1015 formulat ion is considerably  
be t t e r  than the  QC-15 ma te r i a l .  



3. Conformal Coating - Physical Character is t ics  (as  descr ibed in 
Exhibit A of the 
Work Statement) 

3 .  3. 1 Appearance. 

The as-poured arid cured compound shal l  be homogeneous 
and f r e e  from lumps and coa r se  particles and voids. 

The conformal coating will  have some tendency for  the f i l ler  to  
sett le.  This must  be s t i r r e d  back i n  to give a uniform mix  pr ior  
to use. 

3.  3. 2 Application 

Conformal coatings shal l  be  capable of being applied by 
b r u s h ,  spray,  dipping, o r  thin casting temperature.  

The conformal coating can be applied by brush o r  dip. It cannot 
be sprayed. 

3. 3. 3 Application Life 

The compound shal l  be suitable for application for a 
maximum of 60 minutes. 

The conformal coating has  a n  application life of about 60 minutes. 
This i s  controlled by the amount of accelerator  used. The .material 
a s  supplied has 0. 1% cobalt naphthenate acce lera tor ,  which is the 
amount required to give a 60 minute pot life af ter  addition of 
catalyst. 

3- 3.4 Curing Time 

The curing time to obtain optimum properties shal l  not 
exceed 7 days a t  room temperature and 50 percent maxi- 
mum humidity. Elevated temperatures  up to 150 O F  may 
be used to acce lera te  the cu re  time. 

The conformal coating can be cured in  6 - 8 hours a t  room tempera-  
ture.  

3. 3, 5 Storage Life 

The uncured compounds shal l  be capable of meeting che 
requirements of this statement of work for 6 months when 
s tored  below 70°F.  

The s torage l i fe  of the conformal coating i s  6 months a t  7 0 ° F  in 
unopened containers. Mixing immediately pr ior  to use i s  necessary.  

3 0 



3. 3.6 Repair and Rework 

The cured compounds must be capable of being re -  
moved, either mechanically or  chemically, without 
damagiog wiring, solder joints, or electronic corn - 
po~en t s .  The adherence of patch poteng to previously 
applied potting must be adequate to withstand the 200 
megohm maisture resistance tests  of Paragraph 
3.4. 5.4. 

The conformal coat2ng contains no Eccospheres to provide 
easier  removability. It, therefore, mus t be chemically str ip-  
ped. Eccostrip 93 or  Eccostrip 94 a s  supplied by Emerson & 
Cuming, Inc. have beep shown to attack the coating. It i s  rrot a t  
a l l  practical, however, to t r y  to s t r ip  the resin out of an insu- 
lation. resistance box. As a coating i t  can be repaired, but i t  
cannot be repaired if there i s  any appreciable depth to dig 
through. 

4. Conformal Coating - Performance Characteristics 
(see Exhibit A and Appendix D of Work Statement) 

3 .  3. 7 Temperature Rating 

The compounds shall retain useful physical and electri- 
cal properties from 0 ° F  to t250 O F ,  a s  verified by the 
insulation resistance. 

Thy $~r~:.lation resistance was run a t  room temperature O ° F ,  
250°F, and finally a t  room temperature again. The specifica- 

8 tion limit i s  1 x lo1 a t  room temperature and 7. 5 x 10 a t  100" C. 

TABLE 17 

Insulation Resistance of Conformal Coating 

MRTA-5 a t  Room Temperature and Elevated Temperature 

Sample Insulation Resistance (ohms) a t  
NO. 72°F  250" F 0" P 7 2 ° F  -- 



3. 3 .  8 H a r d ~ e s s  Rating: 

The hardness  of fully cured compounds sha l l  be mea-  
su red  and submitted for  NASA-MSC approval. 

The hardness  of the c o ~ f o r r n a l  coating i s  85 to 90 Shore D. The 
specification lcmits a r e  80 to 90 Shore A. 

3 . 4 .  1 Flammability- 

Candidate conformal coatings shal l  be self-extisguish- 
ing immediately a f te r  w i re  fusion, with no fur ther  

la oxy- evidence of degradation by combustion in  6. 2 ps" 
gen o r  16. 5 psia  oxygen when subjected to the e lec t r i -  
ca l  overload T e s t  No. 1, Appendix B. 

Three  samples of the conformal coating on a n  eight lug t e rmi -  
na l  block were  tested for  flammability in 16. 5 psia  oxygen. 
The Teflon insulakion on the lead wi res  ignited, burned down to 
the coating, and went out without igniting the coating in all cases .  

3 .4 .  2 Outgassing 

The total orga-ics expressed a s  pentane equivalents 
shal l  not exceed 100 micrograms per  gram of sample.  
Outgassed @O shal l  not exceed 25 micrograms per  
gram of sample. 

The outgassing tes t s  w e r e  run on a casting of the MRTA-5 
coating. 

The outgassed carbon monoxide was 2 .4  micrograms per  gram. 
The total organics outgassed was 7 . 5  micrograms per  grasn. 
Both of these values a r e  within acceptable l imits .  

3.4. 3 Odor 

The average odor rating of a l l  candidate mater ia l s  
must  not exceed 2. 0, when tested a t  5. 0 psia oxygen 
and 200°F in accordance with Tes t  No. 6, Appeadix A. 

The samples used in the outgassing tests  were  a l s o  tested a t  
White Sands for odor with the following resul ts :  

The odor rating with no dilution was 1. 7 which i s  within the 
specificatS.on limits. 



3.4.4 Vacuum Volatility 

The rare of weight loss in 1 x to r r  a t  250°F shall 
stabilize within 6 hours, and the continuing ra te  of 
weight loss shall not exceed 0.02 percent per hour 
when measured continuously in vacuum with in in-situ 
microbalance. The ra te  of weight loss shall continue 
to decrease with time. 

There shall be no visible condensate deposited o n  a 
glass slide maintained a t  least  100°F below the tes t  
temperature and located in  close proximity to the test  
specimen within the cavuum chamber. The total weight 
loss for the initial 24 hour period shall not exceed 1. 0 
percent. 

An addi~ional vacaum volatility test  specimen shall be 
prepared per MSFC-SPEC-393A, Paragraph 4.5.2.10 
(see Appendix D) for conformal coatings. Upon com- 
pletion of 24 hour vacuum testing, there shall be no 
apparent visual degradation, and the compounds shall 
withstand the required 200 megohm moisture res is  - 
tance tests of Paragraph 3 . 4 . 6 ,  Appendix D, for con- 
formal coatings. 

Tests were run a t  the Manned Spacecraft Center in Houston 
except that the insulation resistance samples were returned to 
Emerson & Cuming, Inc. for the moisture resistance test.  

Insulation resistance measurements were  conducted a t  Asso- 
ciated Testing Laboratories, Inc. before and after exposure to 
the condition of the moisture resistance test. 



TABLE 18 

Insulation res i s tance  of zhe conformal coating MRTA- 5 as 
it is affected by exposnre of the ma te r i a l  to high vac=am. 

Before exposure, and tested a t  24°C : 

1 r 10 l ?  L 9 
1.5 x 10 7.0 x 10 1.0 x 10 Ave. = 1 . 0 7 ~  10 ohms 

Before exposure, and tested a t  100°C : 

7.0 x 101° 5.0 x lo10 6.5  x 10 lo A v e . = 6 . 1 7 x 1 0 ~ ~ o h m s  

After exposure, arzd tested at 24" C : 

2 . 3  x 10 6 1.1 x 10 6 2. 6 x 10 6 6 Ave.= 2.0 x 10 ohms 

After exposure, and tested at, 100°C : 

1.0 x 10" 1.2 x 10 8 1.2 x 10 7 Ave.= 8. 3 x 10 ohms 

The weight loss  of the MRTA-5 conformal, c o a t i ~ g  exposed to 
a vacuum of 1 x t o r r  a t  250°F for  25 hours was . 09070. 

No condensation from the above mater ia l s  was apparent on the 
glass slide installed in the system. 

Copies of the weight Loss tables and graphs from the NASA 
Whi t e  Sands Tes t  Fa-ikity a r e  shown in Appendix 2. 

3.4. 5 Fungus Resistance 
and 

4. 5. 2.8 The coA-npcu-d shal l  show EO evidence of de ter iora-  
tion when s ~ b j e c t e d  to fungas growth a s  encountered. 
in tropical cl.imates. 

Fungus r e s  istar-ce tes t s  run 02 MRTA-5 by Associated Testing 
Laboratories,  E ~ c .  indi cd te  t h a t t h i s  mater ia l  will support 
fungus growth. The basic resLn 1s a brominated polyester, but 
the sapplier would not disclose anything m o r e  about the conski- 
tnltlon of the mater ial .  It i s ,  therefore,  not possible to cornmerit 
on what c o n s t i t ~ e n t  is supporting the fungus growth. Growth was 
slight, but was p r e s e ~ t  on the tes t  sample:. 



3.4.6 Moisture Resistance 

When tested a s  specified in 4. 5. 2.10, the insulation 
resistance of specimens prepared a s  specified in  
4. 5. 2. 5 shall be 200 megohms minimum. 
(2 x lo8 ohms) 

Three samples of the co~forsnal  coating were tested, a t  
Associated Testing Laboratories, Inc., after 5 cycles to 
71°C and 95% relative humidity, with the following results: 

TABLE 19 

Effect of moisture on the insulation resistance of the 
conformal coating- 

Sample No. 1 8. 3 x lo7 . 8. 5 x lo7 9.4 x lo7 ohms 
Sample No. 2 6 ' 6 5.5 x lo6 6.0 x 10 ; 9.9 x 10 ohms 
Sample No. 3 1, 9 x lolo; 1. 9 x lo lo  ; 1.8 x 10" ohms 

Sample No. 1 
7 1 . 3 ~ 1 0 ~  ; 1 . 3 ~ 1 0  ; 6 . 6  x107 ohms 

Sample No. 2 
10 1 . 9 ~ 1 0 ~ ~ ;  2 . 0 ~ 1 0  ; 2.4x101° ohms 

Sample No. 3 2. 2 1o1O ; 2.4 x lo lo  ; 2. 6 x lolo ohms 

Of the three samples tested, one passed this tes t  when mea- 
sured a t  24OC and two passed w h e ~  measured a t  100°C. 

The tests on the following pages a r e  called for by the specifi- 
cation and a r e  described in Appendix D of the Work Statement. 

4. 5. 2. 1 Dielectric Constant and Dissipation Factor 

Specification Limits: K ' =  5. 0 Max. pf = 0. 09 Max. 

The dielectric constant and power factor of the conformal coat- 
ing MRTA-5 were measured a t  1 MHz. 

TABLE 20 

Dielectric constant and power factor of conformal coating. 

K s  P f 
Sample A 4. 94 0.0088 
Sample B 4.72 0. 0077 
Sample C 4. 71 0. 0074 



4. 5. 2, 2 Dielectric Strength 

Specification Limit: 500 volts /mil  of thickness 

Five discs,  50 mils thick, were  prepared for measurement a t  
Acton Environmental Testing Corporation. Three samples with- 
stood 20 kv; one failed a t  20 kv, another failed a t  18 kv. 

4. 5. 2. 3 Volume and Surface Resistivity 

Specification Limits: = 1012 ohm-cm Minimum 

s := 10l2 ohm-cm Minimum 

The volume a ~ d  surface resistivities of the conformal coating 
MRTA-5 were determined: 

TABLE 21 

Volume and surface resistivity of conformal coating. 

Sample No. 1 5. 59 1014 8.10 x l0l4 
Sample No. 2 4. 28 l0l4 2. 03 xl0l4 
Sample No. 3 4. 39 x 10 14 2. 03 x 10 14 

The conformal coating is  well within the specification limits.  

4. 5. 2.4 Arc Resistance 

Specification Limit: 45 seconds Minimum 

The a r c  resistance of the confor.ma1 coating was measured a t  
Electrical Testing Laboratories,  Inc. Three samples were  
tested with the followi.ng results : 

TABLE 22 

Are  resistance of conformal coating. 

MRTA- 5 Sample Time to Track 

No. 7 
No. 8 
No. 9 

212 seconds 
214 seconds 
215 seconds 

The a r e  resistance of the material  is  excellent and is weli 
above the specification mir.i.cnum. 



4.4. 3. 5 Insulation Resistance 

The insulat,ton resistance of the conformal coat- 
ing was determixed a s  described previously uader 
moisture resistance. 

Specification Lirnics: 1. 0 x 1011 ohms a t  24O G 
7.5 x lo8 ohms a t  120°@ 

TABLE 2 3  

Insulation resistance of conformal coating at 24" C 
and 120" C. 

Sample No. 1 5. 5 x 1011 4. 5 x 1011 2.0 x 10 11 ohms 
Sample No. 2 1. 6 x loL2 1.4 x 10 12 1.4 x 1012 ohms 
Sample No. 3 0. 7 x 1012 1.0 x 10 12 1 .4  x 10'' ohms 

Sample No. I 6. 0 x lo9  5. 0 lo9  6.0 x 10 9 ohms 
Sample No. 2 4. 0 109 5. 5 x 10 9 6.0 x 10 9 ohms 
Sample No. 3 4 . 5  lo9 4 .5  lo9 5. 0 lo9  ohms 

The insulation resistance i s  above the specification minimum. 

4. 5. 2. 6 High Potential 

Specification Limit: no breakdown 

Three samples of the conformal coating were  subjected to the 
high p o t e ~ t i a l  test  by Associated Testing Laboratories,  Inc. 

There were  no breakdowns. 

4. 5. 2.7 Temperature Resistance 

The volume resistivity shall be determined after 
a conditioning period of 30 minutes a t  121" 1 " C .  

Specification Limit: 10 ohm - cm Minimum 

Three samples of MRTA-5 were  tested for temperature res i s -  
tance as  described. 



TABLE 24 

Volume resis t ivi ty  of the conformal coating a t  121°C. 

Volume Resistivity 

Sample No. 1 6. 23 x 1013 ohm-cm 
Sample No. 2 3. 77 x 1013 ohm-cm 
Sample No. 3 6. 56 x 1012 ohm-cm 

The vol-carne resis t ivi ty  is substantially above the specification 
minimum. 

4. 5. 2. 9 See comments under t ea r  s t rength for the potting 
compounds. 

4. 5. 2. 10 The mols tu te  resis tance - s e e  Page 35. 

4. 5. 2. 1 1 Tensile Strength o r  Elongation 

The tensile strength shal l  be 1400 psi Minimum. 

The tensile strength of the conformal coating MRTA-5 was de- 
termined with the following results:  

Sample No. 1 3179 psi  
Sample No. 2 4157 psi  
Sample No. 3 2647 psi  

Obviously anything of the nature of MRTA- 5 will have es  sen- 
tially no elongation. 

4. 5. 2. 12 Shrinkage 

Specification Limit: 37'0 Maximum 

%I Shrinkage of MRTA-5 = 4.47'0 

4. 5. 2. 13 Compression Set 

It was agreed  that this tes t  would not be run. 

Viscosity 

The viscosity of the conformal coating MRTA-5 a t  24'6 i s  1440 
poises. 

Specification Limit: 250 poises Maxi.murn 

The material. exceed the specification maximum for viscosity. 



4. 5. 3. 5. 1 Adhesion to Metal 

Specification Limit: 15 lbs. /inch 

This test  was designed for use on a flexible material and, there- 
fore, attempts to apply i t  to MRTA-5 were unsuccessful. In order 
to obtain adhesion to metal data it was decided to run lap shear 
strength according to ASTM 1002, however MRTA-5 i s  too brittle 
to successfully make and cut the necessary samples. 

4. 5. 3. 2 Specific Gravity 

The test specimen shall be tested in accordance with 
Method 14011 of Standard FED-STD-601 to determine 
conformance to 3. 5. 

Specification Limit: 1.  2 Maximum 

Specific gravity of cured MRTA-5 i s  2. 53. 



TABLE 25 summarizes the results of the tests run on the 
two potting compounds with the sealer coat, as  well as  the 
test runs on the conformal coating. When a material fails a 
given test,  we have given a number to indicate the extent of 
the failure. If the reader i s  interested in more detail, he 
should refer to the text. 

TABLE 25 

Summary of Tests -- on Potting Compound with Sealer Coat --- 
and - on Conformal Coating 

QC-15 1015- MRTA - 5 

3. 3. 1 Appearance 

3. 3. 2 Application 

3. 3. 3  Application Life 

3. 3 . 4  Curing Time 

3.  3. 5 Storage Life 

3. 3.6  Repair & rework 

3. 3. 7 Temp. rating 

4 . 4 .  3.  5 Insulation resist.  

3 . 3 . 8  Hardness 

3 . 4 .  2 Outgassing 

3 . 4 . 3  Odor 

3 . 4 . 4  Vacuum volatility 

3.4. 7 Moisture resist.  

4 . 4 .  13. 1 Dielectric const. & 
power factor 

4 . 4 .  3.  2 Dielectric strength 

4 . 4 .  3. 3 Volume & resistivity 

Pass Pass Pass  

Pass  Pass Pas s  

Pass  Pass  Pass  

Pass  Pass Pas s  

Pass  Pass Pas s  

Pass  Pass Pass  

Fail 1 Fail 1 Pass  

Pass Pass Pass  

Pass Pass ? 

Pass Pass Pass  

Pass  Pas s Pass  

Fail 3 Pass Pass  

Fail 3  Fail 3  Fail 3 

Fail 3  Pass Fail 1 

Pass Pass Pass  

Fail 3 Fail 3 Fail I 

Fail 2 Pass Pass 



QC-15 1015- MRTA- 5 - - 
4.4. 3.4 Arc Resist. Pass Pass Pass  

4.4. 3.6 High Potential Pass Pass  Pass  

4.4. 3. 7 Low temp. flexibility NA NA NA 

4.4. 3.8 Temp. resistance 

4.4. 3.9 Fungus Resistance 

4.4. 3. 10 Tear strength 

4.4. 3. 12 Tensile strength 

4.4. 3. 13 Shrinkage 

4.4. 3. 14 Compression set  

4.4. 3. 15 Ozone resist.  

Pass  Pass Pass  

Pass Pass Fail  1 

NA NA NA 

Fail 3 Fail 3 Pass  

Fail 2 Fail  2 Fail 1 

NA NA NA 

NA NA NA 

4.4.4. 1 Non vol. content Determined Determined 

4.4.4. 2 Viscosity 

4.4.4. 3 SP. gravity 

Determined Determined Determined 

Pass Pass Fail  2 

4.4.4.6. 1 Adhesion to metal Fail 3 Fail 3 Fail 3 

3.4. 5. 3 Bond strength to ethed wr. Fail 2 Fail 2 

3.4. 5.4 Patch Potting adhesive Fail 3 Fail 1 

Notes 

1. ) N. A. - Not applicable 

2. ) Where materials failed, the degree of failure is  indicated 
by the number following the word "fail's 1 = almost passed 

2 = definite failure 
3 - failed by wide margin 

For further details, see text of report. 



SECTION VI 

INSTRUCTIONS FOR USE OF MATERIALS 

A. INSTRUCTIONS FOR THE USE O F  POTTING COMPOUND 1015 

CAUTION: Use in well ventilated a r ea  and avoid flame, this 
material  contains flammable solvents. 

1. Thoroughly mix P a r t  A in i t s  original container. Use a lifting 
motion a s  well as. s t i r r ing  motion to insure complete mixing of 
the ent ire  contents. 

2. Weigh out the required quantity of P a r t  A. Add 2.7 parts of Pa r t  
B per  100 parts of Pa r t  A. (by weight); Mix thoroughly. Unused 
portions of both P a r t  A and P a r t  B should be covered immed-i- 
ately to prevent loss  of solvent. Also mixed material  should be 
covered when not in  use. As stated on P 13, the application 
life after addition of catalyst i s  several  hours. 

3 .  The material  can be applied by pouring, caulking gun or hypo- 
dermic syringe depending on the size and configuration of the 
mold. Regardless of the application technique, vibration will be 
necessary to remove a i r  and improve the flow of the potting 
compound. After application i s  complete, vibration should be 
continued a s  long a s  a i r  bubbles r i se  to the surface. Do not 
attempt to use vacuum to remove a i r  bubbles, this will resul t  in 
large voids created by solvent vapor. 

4. Castings should be cured overnight a t  120°F (49°C) and then 24 
hours in vacuum oven a t  135 " F  (58" C) to be su re  a l l  of the solvent 
has been removed. For  very large castings, longer time, partic- 
ularly under vacuum, may be necessary. The precise procedure 
must be determined by experiment. 

5. Castings of this material  should be sealed with the sealer coat. 



Be INSTRUCTIONS FOR THE USE O F  POTTING COMPOUND QC-15 

1. If Part A i s  lumpy, the lumps must be broken up* This can be 
accomplished by pushing the powder through a 20 mesh screen 
with a paint brpsh. After a l l  the lumps a r e  broken up, the a s -  
bestos fibers left on the screen should be returned to the mix.-, 
ture. * 

2. Weigh out the required amount of P a r t  A and add P a r t  B 
(100 - 160 parts  of parts  of P a r t  B to 100 parts of P a r t  A). 120 
parts  of Pa r t  B per 100 parts of P a r t  A i s  usually optimum. 
Mix thoroughly. The consistency of the mixture should be such 
that i t  will flow under vibration and can readily be spread with 
a spatula. It should not flow readilywithout vibration. Too much 
P a r t  I3 increases shrinkage and cracking; too little makes i t  
difficult to remove trapped a i r .  

3. This potting compound can be applied by pouring, caulking gun 
o r  hypodermic syringe depending on the size and configuration 
of the mold. Vibration i s  necessary during application to make 
the potting compound flow and to remove trapped a i r .  Vibration 
should continue a s  long a s  a i r  bubbles r i se  to the surface. 

4. Cure for a t  least  24 hours a t  room temperature in a sealed 
container such a s  a plastic bag. Remove from the container 
and allow to dry for a t  leas t  24 hours a t  room temperature and 
24 hours a t  150°F. Drying of QC-15 should not be rushed too 
much a s  this will cause the castings to crack. Large sized 
castings may require a slower drying cycle. No problems would 
be expected in volumes of 2OOcc or  less .  If trouble i s  encountered 
in the setting and drying times, these periods should be lengthec- 
ed. Experimentation will be necessary to determine how great  
an  increase in time is  required to give acceptable properties.  

5. All castings of QC-15 should be coated with sealer  coat. 



6. INSTRUCTIONS FOR THE USE O F  ,SEAL COAT FTA-3 

Sealer coat should be used a s  a moisture ba r r i e r  on a l l  castings 
made with either potting compound 1015 or  potting compound QC-15. 

CAUTION: Use in well ventilated a r ea  and avoid flame. This mater-  
ia l  contains flammable solvents. 

1.  For  best resul ts ,  when coating either potting compound, large 
flat a r ea s  should f i r s t  be abraded with coarse sandpaper. In any 
case, the surface should be primed with Chemlok 607 (Hughson 
Chemical Co. ). A coat of Chemlok 607 i s  applied and allowed 
to dry  (ca. 30 minutes a t  room temperature or 10 minutes a t  
150" F). 

Caution: Ghemlok 607 contains methanol, exercise reasonable 
ca re  to avoid skin and eye contact; avoid prolonged o r  
repeated inhalation of vapors and avoid ingestion. Keep 
away from flame. 

2. Thoroughly mix Pa r t  A in i ts  original container. Weigh out the 
desired quantity of P a r t  A. Add 2. 5 parts of P a r t  B to 100 parts  
of P a r t  A. 

3. The sealer  coat may be applied by brushing or dipping. As much 
material  should be applied with each coat a s  possible without 
running . 

4. After applying a coat of sea ler ,  the part  should be left a t  room 
temperature for about an hour, then cured a t  120°F (49°C) for  a t  
leas t  4 hours before the next coat i s  applied. 

5. At least  three coats of sealer  a r e  recommended for  use with 1015 
and QC-15. It is  necessary to prime with Chemlok 607 before 
each coat of sealer .  More than three coats may be used where 
required. 

6. After the final coat, cure overnight a t  120°F (49°C) and then in 
the vacuum oven a t  150°F for 24 hours to be su re  al l  solvent has 
been removed. 



D. INSTRUCTIONS FOR THE USE O F  MRTA-5 COATING COMPOUND 

1. Completely mix the entire contents of the shipping container. 
Power mix until a smooth mixture of uniform consistency is 
obtained, High shear power mixing i s  permissible. 

2. Weigh out the required amount of MRTA-5 and add Catalyst 7 - 
0. 23 parts of Catalyst 7 to 100 parts of MRTA-5. If it i s  rrot 
convenient to weigh out the Catalyst 7 ,  approximately 40 drops 
equals 1 gram, a dropper may be calibrated for greater 
accuracy. Again mix thoroughly. 

3. MRTA-5 is best applied by troweling under vibration. The vibra- 
tion should be cont i~ued until a smooth surface is  obtained and 
no more  a i r  bubbles r i s e  to the surface. 

4. This material will have a usable pot life of about 60 minutes and 
will cure within 5 hours a t  room temperature. 

5. The cure time of MRTA-5 can be reduced by addition of up to 
0.15% cobalt naphthenate to the mix. However, i t  should be 
remembered that this will also greatly reduce the pot life. 
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APPENDIX 1 

Statement of work a2d pertinent test methods 
for development of a nonflammable spacecraft 
potting and encapsulating compound, and a 
conformal coatifig compound. 
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1. 0 Introduction 

The presently available polymeric potting, encapsulating, and con- 

formal coating compounds, although suited to their conventional applications 

in ambient a i r ,  do not provide adequate flame safety for use in the cabin 

oxygen environment of m a ~ n e d  spacecraft. The primary flame propagation 

hazard is associated with the relatively large surface areas  of conformal 

coatings which a r e  required to provide dielectric protection and moisture- 

proof terminations for spacecraft wire harnesses a t  terminal strips and 

circuit breaker p a ~ e l s  . Only slightly less  serious is the combustibility 

of p r e s e ~ t  electrical connector potting compounds used in the pure oxygen 

atmosphere. Encapsulating compounds may be classed a s  less  critical,  

since they are normally used in sealed components and a r e  protected from 

direct contact with ambient oxygen. 

The flammability of these presegt compounds requires that they be 

encapsulated with relatively thick layers of inorganic coatings which may 

be brittle, tend to flake and crack, add substantial weight, and hamper 

any wiring rework required. 

2. 0 Objectives 

It i s  required that new potting, coating, and encapsulating compounds 

be developed which will not sustain flame when subjected to the special 

oxygen flammability tests descrtbed in this statement of work. These 

compounds must not evolve toxic gases a t  elevated temperatures, and the 

toxicity of pyrolysis products must be minimal. They must exhibit low 

volatility a t  operating temperatures in both 5 psia nominal oxygen atmos- 

phere and vacuum. See requirements of paragraph 3.4. 



Additional requirements described in this statement of work include 

the usual s tringent electrical and physical properties,  high bond strength 

to etched Teflon and Kapton wire,  and ease of repair  and rework. 

A desirable goal i s  to obtain a clear  o r  transparent potting and 

coating compound to allow post-fqbrication inspection. 

3.0 Technical Requirements 

3. 1 Approach 

The requirements of nonflammability, low volatility, and low 

toxicity of pyrolysis products may be achieved by any of the standardized 

techniques, by unique and hit herto unproven methods, or  by any combination 

thereof. The study should include investigation of conventional flame 

inhibition techniques such a s  addit-ion of halogen bearing compounds singly 

o r  in  synergistic combination with other components such a s  antimony 

trioxide, with special emphasis on anticipated volatility/ toxicity problems. 

The use of nontoxic inorganic fil lers a s  flame retardant "heat sinks, " and 

organometallic curing agents should also be considered. 

3. 2 Materials 

3.  2. 1 Basic Compounds - Any materials inherently possessing 

adequate electrical aod physical properties may be considered. A detailed 

l i terature search and compilation of state-of-the-art test  data is required 

to justify the proposed ultimate choice or choices a s  a starting point 

for the development program. 

3.  2. 2 P r ime r s  %- The use of a primer for potting, encapsulating, 

and/or  conformal coatings, to improve the adhesion to the base structure is 

permitted, provided the composite primer and basic compound successfu$ly 

pass a l l  tests of paragraph 3.4. 



3. 2. 3 Toxicity - Any potentially toxic materials associated 

with the processi~.g or  handling of the compounds shall be identified, 

and appropriate safety precautions shall be recommended. 

3. 2.4 Clarity - It i s  desirable for the cured product to be 

a s  transparent a s  possible to allow post-fabrication inspection for 

bubbles or voids., No special pigments or  color additives shall be used. 

3 .  3. Performance and Product Characteristics 

3 . 3 . 1  Appearance - The as-poured and cured compounds shall be 

homogenous and free from lumps and coarse particles and voids. 

3. 3. 2 Application - Potting and encapsulating compounds shall 

be capable of being readily applied by an  injection or extrusion gun. 

Conformal coatings shall be capable of being applied by brush, spray, 

dipping, or thin casting temperature. 

3. 3. 3 Application Life - The compound shall be suitable for - 
appfication for a minimum of 60 minutes. 

3. 3 , 4  Curing Time - The curing ti-me to obtain optimum 

properties shall not exceed 7 days at  room temperature and 50 percent 

maximum humidity. Elevated temperatures up to 150°F may be used to 

accelerate the cure time. 

.3. 3. 5 Storage Life - The uncured compounds shall be capable of 

meeting the requkements of this statement of work for 6 months when 

stored below 70°F. 

3. 3.6 Repair and Rework - The cured compounds must be capable 

of being re-moved, elther mechanically or chemically, without damaging 

wZring, solder joints, or  electronic components. The adherence of patch 



potting to previously applied potting must  be adequate to withstand the 

200 megohm moisture resgstance tests  of paragraph 3 . 4 .  5.4. 

3 .  3.7 Temperature Rating - The compounds shall  retain. useful 

physical and electrical properties from 0 ° F  to +2505F, a s  verified by 

the insulat209 resis tance and low temperature flexibility tests  of 

paragraph 3.4. 5. 

3 . 3 . 8  Hardness Rating - The hardness of fully cured compounds 

shall be measured and submitted for NASA-MSC approval. 

3.4 Propert ies  and Test  Requirements 

3 . 4 .  1 Flammability - Caadidate potting materials and encapsu- 

lating compounds shall  be self-extLnguisking immediately af ter  wire  fusion, 

with no further evidence of degradation by combustion in a 6.2 psia oxygen 

o r  16. 5 psia oxygen when subjected to Tes t  No. 5, SN-P-0003 (Appendix A ) .  

Calzdidate conformal coatings shall  be self-extinguishing immediately af ter  

wire fusion, with no further evidence of degradation by combustion i n  6. 2 

psia oxygen o r  16. 5 psia oxygen when subjected to the electrical overload 

Test No. 1, Appendix B. 

Quantitative and qualitative analyses of chamber products 

evolved during pyrolysis a r e  required, using the techniques of Test  No. 6,  

Appendix A, a s  a mi~imulm. 

3.4. 2 Outgassing - As a screening test,  the total organics 

expressed a s  pentane equivalents evolved from any of the candidate potting, 

coating, or encapsulating materials shall not exceed 100 micrograms per 

gram of sample, when tested at  5. 0 psia oxygen and 200°F in accordance 

with Test  No. 7 ,  Appendix A. Outgassed carbon monoxide shall not exceed 



25 micrograms per  gram when tested in. accordance with the same  test .  

Quantification of outgassed products and accura te  weight loss  data in 

5 psia oxygen a r e  required pr ior  to final MSC acceptance of candidate 

mater ia l s .  MSC acceptance sha l l  be predicated upon the requirement that 

none of the outgassed products sha l l  constitute a toxic hazard  to the crew.  

3.4. 3 Odor - The average odor rating of a l l  candidate mater ia l s  - - 

must  not exceed 2.0,  when tested a t  5 .0  psia oxygen and 200°F in  accordance 

with Tes t  No. 6 ,  Appendix A. 

3.4.4 Vacuum Volatility - The ra t e  of weight loss  i n  1 ~ 1 0 - ~  T o r r  

a t  250°F shal l  stabilize within 6 hours ,  and the continuing r a t e  of weight 

loss  shal l  not exceed 0.02 percent pe r  hour when measured  continuously 

in vacuum with a n  in-situ microbalance. The ra te  of weight loss  sha l l  

continue to dec rease  with t ime. 

There  sha l l  be no visible condensate deposited on a g lass  

slide maintained a t  leas t  100°F below the test  temperature and located in 

close proximity to the test: specimen within the vacuum chamber.  The 

total weight loss  for  the initial 24-hour period shal l  not exceed 1. 0 pe r -  

cent. 

An additional vacuum volatility tes t  specimen shal l  be 

prepared  pe r  MSPC-SPEC-20ZA, paragraph 4 .4 .  3 .  11 (See Appendix C )  

for  potting compounds, and per  MSFC-SPEC-393A, paragraph 4. 5. 2 ,  10 

(See Appendix D) for conformal coatings. Upon completion of 24-hour 

vacuum testing, there  shal l  be no apparent visual degradation, and the 

compounds shall withstand the reqcrired 200 megohm moisture resistanct,  



tes t s  of paragraph 3.4.7, Appendix C, for potting compounds, and para-  
graph 3.4.  6 ,  Appendix D, for conformal coatings. 

3,4. 5 Physical a2d Electr ical  Propert ies  

3.4. 5. 1 Potting and Encapsulating (5ompounds - Gazdidate 

potting and encapsulating compounds shall  be tested i n  accordance with 

the requirements for Type 111 compounds per  MSFG-SPEC-202A, paragraphs 

3.4. 5 - 3. 5 (See Appendix C), except the adhesive bond strength require-  

ments to PVC and N e o p r e ~ e  a r e  deleted. Testing procedures a r e  in a c c o r d z c e  

with paragraph 4-4 .  , Appendix CE, except delete paragraphs 4.4.4.6. 2 and 

4.4.4.6.  3. .Test  resul ts  shal l  be submitted for NASA-MSC review and 

final approval. 

3-4. 5. 2 Conformal Coatings - Candidate conformal coatings 

shal l  be tested i n  accordance with the requirements for  Type I compounds 

per  MSFC-SPEC-393A, paragraphs 3.4. 5 - 3.5 (See Appendix D). 'I'estizg 

procedures a r e  in  accordance with paragraph 4. 5, Appendix D. Test: r e s s l t s  

shal l  be  submitted for NASA-MSC review and approval. 

3.4. 5. 3 Bond Strength to Etched Wire - The bond strength 

of both potting and conformal coating compounds to etched Teflon and 

Kapton wire  must  exceed ten (10) pounds pull-out, and the failure must  be 

cohesive (in the compound) ra ther  than adhesive (at  the wire-compound 

interface) ,  when tested per Tes t  No. 2, Appendix B. 

3.4. 5.4 Patch Potting Adherence - The adherence of 

patch potting o r  coaking mater ia l  to previously applied compounds must  

be adequate to withstand the 200 rnegohm moisture resis tance tests  of 

paragraph 3.4.7,  Appendix C ,  for potting compounds, and paragraph '3 .4.6,  



Appendix D, for conformal coatings. The test  samples shall be prepared 

with the required electrodes encapsulated by the applicable candidate 

corngo~nd. The upper portion of ?he cured compound shall be -n"ernovrsd 

to a depth of a t  leas t  one inch (1. OO"), exposing both electrodes, to  

demonstrate compkiance with paragraph 3 . 3 . 6 .  Patch potting or coating 

shall then be applied to replace the original compound, in accordance 

w i ~ h  the recommended process. The moisture resistance test shall be 

conducted on the "repaired" speci.men to demonstrate dielectric integriry 

of the repair. 
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1.0 PURPOSE 6, , ,  

This test evaluates the flammability characteristics of spacecraft potting 
compounds in a spzcific gas atmosphere envircnment. It i s  designed to 
simulate a short circuit or dielectric breakdown on current cartying wires, or 
connector contacts within the potting used to environmentaly seal electrical 
connectors. 

2.0 TEST CONDrTfONS - PRESSURES AND ATMOSPHERE 

The test pressure and gas mixture conditions for the pertinent materials category 
shall he designated by the requirements for each program. 

3.0 TEST DISCIPLIrIE -- 

3.1 Each test shall be directed by the cognizant Test Engineer or his 
appointed alternate. 

L 

3.2 Approval of the test shall be indicated at the end of the test procedure by 
the signatures of the responsible Test Engineer. Entires transcribed to 
the test data sheets wi l l  also be verified by the Test Engineer. 

4.0 CRlTERIA OF ACCEPTABILITY 

Connector potting material shall not be capable of sustaining combustion in the 
designated test atmosphere following removal of the ignition source with current 
overloads up to the melting point of the electrical wire conductor. 

A ,  
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I \ 5,s TEST EQUiPi'dEMI 

< .  di 

5.1 Test c hambe; - Yestfchambei shall have suKicient vohlme t o  ensure 
complete combustic)n af the potLing compound specimen and shall be suitably 
constructed and,pr~tected lo ensure safe operation: A windaw or  
viewing port for liiSuat obsewatirrns shaf i be provided .. A test chamber 
shall contain i@Pets for vacuum, source of power fsr wire overioad, air, 
oxygen, and gps mixture. A horizontal sarripIe holderdnd a central connector 
Inount shat 1 bd included and positioned within the test chamber. See Figure 1. 

. 
I 

5.2 Pressure Gauge - The pressure gauge shall be capable o i  measuring absolute 
pressure with an accuracy of + 0 . 1  "Tour. 

5.3 Gas Supply - The gas shall be cornkiettially available conforming to 
appropriate specifications. 

5.4 Sarfiple Hoider and Connector Mount - The sample holder shall consist 
of  two horizontally mounted electrical connections (bolt with knurled 
nuts) spaced 12 inches apart, The electrical terminals shall be 
connected to the ignition power source. A central connector . 
consisting of a vertical panel dril led to receive a horizontal Bendix P T 0 7  
Jam Nut Receptacle or equivalent sliall be provided. 

5.5 Ignition Source - A n  external power s ~ ~ p p l y  shall be provided which is  
capable of providing. a large s t e ~ d y  DC current so that a very high 
temperature w i i l  be achieved quici<ly. The power source must be - 
capable of supplying 100 amperes o f  current through a 18 AWG fourteen 
inch long wire. 

6.0 SAMPLE PREPARATION 

6.1 Prepare three (3) samples for each candidate pottiny compound per 
paragraphs 6.2 througl~ 6 . 8  below. 

6 .2  Verify material identifications as one of the items below: 

6.2.1 Manufacturer's Certification 
I 

6.2 .2  NASA Certification 

6.2.3 Contractor Certification 

6.2.4 Definite Identification not available 
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lr .3 A f u ~ i r l i ~ ~ i ~  i11cl1 (14") Ic.ilcri.ir of AW@ 18 ~ h i t ~  t ~ f i a n  rttsulatced wins - 
iM lL  -W-l  :,ti /:I, t ylj f i  i , tli' MIL -W-.22 1'3% TIYIIC MfS2.tcl85) 
4 1 . t  I l be pr~jtared a<, fol lows: 

6.3.1 Forin a "U" bend in  the rniddle of the wire and etch 
the center 4 inch per MSC Specification 4-3. 

6.3.2 Strip one half inch insulation from each end. B 
i 

6.3.3 Cut the wire in half such that two inches of etched insuiation 3 
remains on the unstripped end of each seven inch length. 

6.4 Obtain a Bendix Pygmy P T 0 6 C P - 1 8 - L I P  Straight Plug or equivalent. i 
Strip 1 /4"  from the end of each 7" wire prepared per 6.3. Crimp one 
7" wire to contact i< and the second 7" wire to adjacent contact L. 

F s 
6.5 Crimp nine ( 9 )  etched white AWG 20 Teflon insulated wires, each 3" s 

long, in the remaining contacts. , 

6 -6 Place the potting boot on the connector and f i l l  with the candidate i 
potting compound, per the manufacturer's instructions. Ensure that the . 

i 

potting compound is within recommended shelf l ife. Ensure that a l l  i 
! 

steps are followed exactly as they would be in fl ight hardware, including r 
cleaning and priming of connector rear insert for bondability, degassing 
potting compound, proper humidity control, etc. B 

I i 
\-A 6 . 7  Cure per applicable user's procedure or manufacturer's recommended 4 

time/temperature for optimum properties. 1 
S 
I 

6.8 Remove potting boot. . i t  
' 1 

7.0 CENTRAL CONNECTOR PREPARATION - 1  
, %  .. 1 

7.1 Prepare three ( 3 )  Central Connectors per paragraphs 7.2 through 7.5 below. ., f .. I " 4 .  ji 
7 .2  Obtain a Bendix Pygmy PTO7CP-18-11s Jam Nut Receptacle or equiv- : I 

i 'i 
alent. Crimp a short AWG 16 Teflon insulated jumper between contact . . 4 

B 
I< aiid cclntaat L.  : ' 8  , [  

7.3 Piace the potting boot on the connector and f i l t  with the compound to be ' r  

tested. $ 1  
.! 

7.4 Cure per manufacturer's instruction. I 

7.5 Renlove potting boot. 
, I  

$ 4  
r i  : I 

i 
. _i 4 
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8-0 TEST PROCEDURE 
.-' 

The procedure si-iall be carried out in the following sequences: 

8.1 The samp?e prepared per Paragraph 6.0 shaIl be moqnted in the 
sample holder by locking the PT06CP plug to the PT07CP 
receptacle which has been piaced in the vertical panel provided for 
it, and fastened with a threaded locknut. The stripped ends of the 
7 inch lengths of wire crimped into the plug shall be fastened 
tb the current supply termifials of the sample holder. 

8.2 The test chamber shail be evacuated to a pressure of 1 Torr and 
repressrr~ized t o  the test pressure with oxygefi. AItow the chamber t o  
stand for one minute. A leak is  indicated if an increase in  test 
chamber pressure of  Z Torr i s  observed during one minute after the 
vacuum pump is  closed off from the system. The system slxil i be 
brought to atmospheric pressure and the leak corrected before any 
additional tests are carried out. Repeat the above procedure. 

8.3 After the test chamber has been stabilized a t  the test pressure, soak the 
specimens ten minutes. Apply a current of 55 amperes to the wire. 
i f  igflition or considerable degradation is not obtained in one minute, 
&he current shall be increased by 5 amperes (i.e., from 55 to 60 and 
60 to 65, etc.) until such time as the wire fa i ls  or ignition occurs. 
I f  the wire fails, voltage shall remain applied to the open wire unti l  it is  positively 
establisfted that current does not flow by bridging the gap to adjacent conductors. 

J 
8 - 4  Three samples of each potting compound shall be tested. The failure of 

any one san~pie to meet the criteria of  Paragraph 3.0 shall be cause 
for rejection of that compound. 

9.0 REPORT 

The following test data and pertinent information concerning the materials 
shall be reported: 







TEST MO. 6 

DETERMINATleBN OF ORGANIC OFFGASSBNG PRODUCTS 

AND CARBON MONOXIDE 

NOTE: Tnis test wi l i  not be conducted prior to appiicabie fiammabiiity tests nor 
w i l l  it be conducted on materials which have faded a flammability test unless 
specificaily requested, 

L - O  PURPOSE 

This procedure establishes the criteria for a screening test, which wi l i  
determine the st~itability of nonmetallic materials for use in the space 
vehicle crew eompa&men& environments. The criteria is established with 
respect to production by out-gassing of potentially t ~ x i c  or objectionable 
volati tes, The volatiles are sewrated into two categories: Carbon Monoxide 
and T o h i  Organics. 

2.0 TEST CONDITIONS - PRESSURES P ATMOSPHERE 

The test pressure and gas rnixture conditions for the pe&inent materials category 
shall be designated by the requirements for each program. 

3.0 CRITERiA OF ACCEPTABILITY 
k. 

3.1 The reporting laboratories shall report total organics as micrograms 
per gram (~ -g /g )  of saniple material using methane as a standard. 

3.2 The inaximum allowable level of total organics in the tested 
configuration shall not exceed 100 micrograms of total organics 
per gram of sample, 

- 
3 .3  Carbon monoxide shall be reported as the number of micrograms 

produced by one gram of sample material. 

. - I 

& 



3 ,4  The m;zxri,iuii1 ai lowable Ievei OF carbon monoxide in the iesred con- 
f tguratron shai i not exceed 25 rnicrogranls of carboni monoxide per 

--' 

gram of sampte. 

4 TEST DlSClPLlME 

4 , l  Each test shall he directed by the cognizant test engineer or his 
appointed alternate, 

4 - 2  Approval of the test shall be indicated at the end of the test pro- 
cedure by the signatilres of the responsible testeengineer. Entries 
trailscribed to the test data sheets wif l  be also verified by the test 
engineer. 

5.0  TEST EQUIPMENT 

5.1 Test Chamber - The test chamber shalt have a ii~inimum main chamber 
volume of two liters. It shall have a corifigurarion and, be fabricated 
of materials which allow ready cleaning, A thermometer or iher- 
inocouple and pressure gauge For temperature anc! pressure determination, 
respectively, shali be included in the test chamber. The chamber shall 
be connected to a manifold system to permit evacuation, pressure 
readings, gas ii~troduciiotii, ana sample withdraws t , An alternate 
system would be to connect the chamber directly ta a gas chromato- 
graph and/or I-tiass spectrometer For the gas analyses. 

5 , 2  Heating Source - The oven shall maintain constant temperature control 
over the lest c f ~ a ~ ~ b e r  to ~ k 5 ~ F ,  The temperature during sample 2 

exposures shall be recorded, 

5,3 Vacuum Pump - The vacuum pump shal i be capabfe of producing a 
vacuum less than one Vorr, 

5.4 Analytical Equiprrient - The analytical equipment shall cdnsist of the 
foilowincy types cf equipment and any other instruments which the tester 
desires to use eff ic ientfy to evaluate off gassing products. 
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5.4. P Gas Chaomatogta.ap"nystem - Recorder, thermal conductivity 
and hydrogen fiame ionization detectors. The coiumns shaII have 
the capabil it-y of separating i ight organic and inorganic gases, 
organic sulfides and mercaptau?~, halogenated hydrocarbons, 
representative ai i&atic and aromatic hydrocarbons incikrdir~g 
aldehydes, ketones, aicohols, and esters. f he hydrogen flame 
ionization detector has greater sensit iv i ty to organic materials. 
Conversely, because o f  the flame ionization detector's lack of 
sensitivity to the inoryanic coapounds fisted above, the thermal 
conductivity detector i s  used for their identification. . ' 

5-4-22 Recording Infrared Spectrophotometer capable of analyzing I 
3 microliters ( 3 - ~ 2 )  or less o f l i qu id  with accessories which 
include an infrared gas cel l  with POm path length. 

5.4.3 Mass Spectrometer 

5.4 -4  Electron Capture Detector 

5.4 -5  Trapping System suitable for trapping and transfer of micro1 iter 
quantities of licjaid from the gas chromatograph to the infrared 
spectrophotometer or mass spectrometer, A direct G. C. mass 
spectrometer connection can replace the trapping system i f  desired. 

5.4 .kt Gas SampE ing System suitable for transfer of measured volumes 
.- of gas samples from the test chamber to the gas chromatograph. 

5.4.7' Calibration Gas Samples as required to quantify detector 
sensitivity and readout. These may be bought from a manufacturer 
or made up in  the laboratory. 

6.0 PREPARAIIOiVOFTESTEQUlPMENT 

6.1 Prior to loading of sample into a container, the container shalt be loaded to 

test pressure with test atmosphere, heated at  155O rt 5' F for 24 hours, 
and the gas analyzed for total organics and carbon monoxide. The container 
shai l be certif ied clean for use i f  the total organics value i s  5 ppm by volume 
methane or less over the lest  atmosphere and the carbon monoxide value i s  
5 ppm by volume or less. After use, the container shall be reused without 
cleaning i f  the sample values are equal to or less than the above. I f  not, 
the container shall be heated and purged with air or nitrogen by some conven- 
ient method, such as a heat gun with blower, loaded to test pressure with 
test atmospheref and tested to the above ;pecifications . 

6.2 l e a k  Check - The test system shall not increase in pressure more than one 
Torr. while remaining a t  a reduced pressure of one Torr for a time period 
of one hour. 
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7 , O  PRETEST PROCEBQRE 
J 

7 - 1 Verify material identification as  one of the fot lowing: 

7 .  l . % Manufacturer" ce&ification 

7.3. -2  NASA ce r t i f i ca t i~n  

7.9.3 Contractor certif ication 

7. % .4 Definite identification not available 

0 TEST SPECIMENS 

8.1 At  i the materials tested i n  the program shat l be classified into four 
categories; surface, vojume, weight, or speciat ised items. 

8.2 Samples based on Surface 

I h  is  classification i s  defined as  a l l  those materials that are essentially 
two-dimensional. This would include films, fabrics,coatings, finishes, inks, 
primers, adhesives, thin film lubricants, tapes, and etectrical insulating 
material . 
The sample tested shall have a surface area bf 46.5 rl: 2.5 square inches 
per l i ter of test conbi l ler.  Coatings, t-inishings, etc. shall be coated on 
clean alumit~u~n substrate of 0.020 f 0.01 inch thickness. Material -2 

thickness, curing process, and method of application shati be in accordance 
with the manufacturer's recommendations. Material may be coated on both 
sides of the aiuminum panel. Tapes and other similar materiafs with an 
adhesive surface shall be fastened to  a similar aluminum panel. In a l l  
cases, only the outer surface of a material on the aiuminum panel i s  
counted in the surface area determinations. Films, fabrics, and similar 
materials shall be cut to give 46,5 -b 2.5 square inches surface area. 
Since these materiafs are two-surfaced in use, both the top and bottom surface 
shall he counted in determining total surface area. Heat shrinkable tubing 
shall be applied and shrunk to simulate actual use configuration. 

5.3 Samples based on Volume 

This classification is  defined as al l  those materials having an indefinite 
volume but having a large real surface area due to surface convolutions or 
matting. These shall include foams and other blown or foamed materials 
and insulation padding. 
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Sampies of these rf lateria!~ shat! be cut  to a thickness of 0.50 Jr. Q .05 
inches uniess h e  existing thickness is less than 0.40 inches, in this 
case, the existing thickness shaEE be used, The materkal sha19 be 6uk to  
such a size as to give 9 , f  5 f -75 squae inches sf kobt  surkce per l i ter  
of test  conhinet  volume, A! t surfacee, tops, bottoms, and sides shall be 
used to compute total surface area. I n  cases.whee the natural thickness 
i s  such ripat the material cut would be too i a g e  to be ppfaced into khe con- 
tainer, two or more pieces may k cut as  rang as the t o ~ 1  surface area 
requiement i s  met. 

8.4 Samples based on Weight 

This classification is  defined as aHf those materiais having a definite 
bulk  and not falfing i~zto the vealume classification. This shafl include 
pozing cosnpor~nds, molding compounds, cast or formed objects, solid 
wires, and thick plastics. Liquids that are not used or applied as coatings 
or thin films shall be Included. 

The samples shafl be used as much as possible in the supplied configurn 
t ion and cut  to give 5.0 Jr 0 -25 grams per l i ter o f  test container. Potted 
or molded materials shall he prepared and cured per manufacturer's d i ~ c t i o n  
and cut  to weight. Liquids shall be placed in  an aiuminum dish 2.25 f 
0.25 inches in diameter, Sample weight shall be 5.0 zk 0.25 grams per 
I i ter . 

8,5 Speciaiized Items 

It rn~lst  be recognized that some materials wiS1 not meet the above classif ica- 
tions and must be specially handled, This w i l l  most often occur with non- 
homogeneous materials. These eases wi l l  be tested in the manner designated 
by the Test Engineer, The manner of testing and sample preparation shall 
be fui i y reported, 

9.0 PROCEDURE 

9 , l  Purge the test chatnber until the minimum test atmosphere concentration i s  
95 percent and begin heating. Bring the chamber to 155' i: 5°F and ad- 
just the chamber pressure to test pressure. 

9.2 After twenty-four hours, check the test gas for contaminants with the gas 
chromatograph, Proceed to 9.3 i f  the total contamination is less than 
5.6 ppm by vo Itr~ue over the test atmosphere. I f  the contamination exceeds 
the above value, the test chamber shai6 be flushed and rechecked after an 
additional twenty-four hours. This procedure shall be continued until the 
contamination is  below the specific level of 5 ppm. I f  the gassing contam- 
ination continues indefinitely, revision of the test chamber i s  indicated, 



9 -3 Place a cfeavr weighed specimen prepaahd per SecQi~rt 8,0 nn the test 
chamber, - 

"33.1 The chamber shall be evacuated through a liqti id nitrogen trap 
to  belotzr one Tor:, The chamber .;i:all then be closed off a::dthe 
test yas,fiikered titrough a 5X Molecttlar Sieve,bled into the 
chanrbeb Lo te2t pressure. The conditions of exposure are held 
a t  155 rk 5 F for a total period of 72 hours. Following the 
designated exposure pefiod, the chamber i s  brought to room 
tempemture. Aftec the f i n d  gas samples are taken, the test 
specimen is-removed from the chamber and weighed. The 
gases are then analyzed for the foilowing: 

9.3,1 .P Total organics expressed as methane equivalents. 

9.3.1.2 Outgassing components exceeding 1 O ~ g / g  including 
but not l imited to the following: HCN, Benzene, 
Xylene, MEK, Chioroform, n-Butanol , 
Dich loromethane, b -4 Dioxane, Formaldehyde, 
Trichloroethylene, HCL, Ammonia, Hydrogen 
Fluoride, Carbonyl Fluoride and Sil icon Tetra- 
fluoride, Condensates in the cold trap may be 
recovered as.gas and likewise anat yzed and 
plotted. 

9 -3.1.3 Quantity o f  carbon mornoxide evolved. 

9 - 4  Determ ination of Total Organics - The gas chromatograph with the proper 
columns, Beckman Total Hydrocarbon Analyzer or an eq~rivalent instrument 
may be used for the determination. 

9.5 Outgassing components, inclrrding those l isted in  9.3.1.2, that exceed 
k O ~ c g / g  shafI be identified and recorded in  the reporting format. 

9 - 6  Detem ination o f  Carbon Monoxide - The carbon monoxide content of the 
evolved gases shall be determined under Section 9,4 above by 
ut i l iz ing an appropriate separation and analytical technique having the 
sensit iv i ty to detect within 0.5 u g / g  C O .  





TES"B"0. 7 --- 
ODOR TEST 

0 PURPOSE 

These procedures are designed to eliminate trnsuiQble materials From use in the 
hahieable aEa  sf  spacecraft, A material that h i i s  these requirements shaii nut be 
used. 

2.0 TEST CONDITIONS - PRESSURES AND ATMOSPHERE 

The test pressure and gas atmosphere conditions for the pe&inent materials 
category shall be designated by the requirements For each program. 

3.0 ODOR CRITERIA 

4.8 Selection of Test Panel for Odor Evaluation - The test conductor shall 
estab! ish a pool of qualified persorrnel . 
3. P .1 Members of the pool shall be male and each member be 

capable of detecting seven basic odors from the following 
solertions: 

Amount Dilution in Water 

E"r-reueaE 1, 2 - dichoroethane 0.4 mi  in 580 ml 
\i.. 

Camphomceous 1, 8 - cineole 5pll in 500 ml 

Musky 215 - hydroxypenladecanoic 1 mg in 1,000 mt 
acid lactone 

Fior3l I - methyl-f +thyl-2- 0.075 ml in 5 0 0  m l  
phenyl propanol-1 

fW inky nlenthone (dl) 2.4 in 333 ml 

Purlgent formic acid 25 ml of 90 percent 
so l~~ t i on  in 5 0 0  mi 

Putrid emethyl disulphide) methyl dithiomethane M I  in 10,505 ml 

3. % ,2 Members of the pool shall be given three odorless solutions 
along with the seven primary standards for the detection OF 
odor. 

3.1 .3  The sottttions shall be freshly prepared once a month or as needed. 

3 .1 .4  The establ Eshed pool fof odor evaluation shall be requai ified every 
three months a 

3 .% .5 A panel of five or ten rnernbers shall be selected from the pool for 
odor evaluabions, In the event that the test panel consists o f  five 
memkers, each rneinber shal9 evaluate each s a ~ p l e  twice for odor. 
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3 a t  -6 ador panel rnembers shsuid, veceive a nose and throat 
exatr~irlalion by a medical staff prior to, and after, each odor 
test session. 

3 1,7 Men~bers of  the pool .hall not participate or! the pme l  
if their sense of smell i s  affected i n  any manrfer. 

3 . l ,8  A t  least one of the seven basic odors shall be presented to the 
panel members as a standard for sensing odor prior to 
evaluation of odors from any sample materia!. 

3.1.9 Panel members shall not be pemitted to  see the material or to know the 
gas sample being evaluated for odor, nor to see the ratings of the other 
panelists. 

3.1,10 Odor evaluations on sample materials shalt be performed in  
a suitable room, free from extraneous odors. ' 

3 .I.  11 Odor evaluations shall be performed on every new bottle 
of oxygen or gas used for the tests. 

3 . 3  Odor E v a l ~ a t i o n  - Each panel member shall evaluate the odor of a 
sample according to the fo!lowiny scale: 

yembers Rating Test  Conductor's Rat' 

Undetectable 0 

Barely detectable P -' 

Easi ly  detectable 2 

Objectionable 3 

l r r ib t ing  4 

3.3 -1 A total score of 25 or less, for the sum of ten odor 
evaluations of any sample material by the panel members, 
signifies the material passes the odor test. A total score 
above 25 a t  any dilution signifies tirat the material fai9s. 

400 TEST DISCIPLlNE -- 

4 , k  A i l  materials shall have been tested for carbon monoxide content and total 
organics before being subjected to the odor test, BF a material has over 
25 micrograr;~s/gram of carbon monoxide, or over 3.00 micrograms/gram 
o f  total organics, no odor test shall be performed. t f  the offgassing products 
above 1 O ~ g / g  are analyzed and are judged by the appropriate space medicine 
division La be noxious, this fact shall be coked on the test report, and no 
odor. test need be performed. 

4.2 Each test sha I I  be directed by the cognizar?t lest  engineer or his appointed 
alternate, 
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4,3 Approval OF the test shal l  be indicated at the end of the test  procedure 
by the signature of the respoi~sible Test Engineer. Enbies banscribed 
to the test data sheets wi!! also be verifier! by the Test  Engineer. 

5.0 TEST EQUIPMENT 

5.3. Test Chambe; - The test cl~amber shall be made of pyrex glass and i ts  
internai voi~tme shat i be two l i ters min imnm.  The test chamber shalt 
have the fof lowing: 

5.1 * 9. A gas tight removable cover. 

5.1.2 Asampl ingvalve,  

5 . 9  - 3  A sampling port capable o f  being sealed with a septum. 

A iaboratory vacuum dessicatov may be ut i l ized as a test chamber. 

5.2 Oven - The oven shall he capable o f  providing a cotrstant temperature of 200°F. 

5.3 Test Gas St~pply - The test gas shall be commercially available & conform to 
the appropriate specifications. Suitable equipment for transferring gas to 
test chamber shali be used. 

5.4 Sample -fransfer Equipment - Glass syringes, of 30 cc minimum capacity, shall be 
used for measuring and transferring the sample atmospheres from the les t  
chambers to panet members face mask. 

5.5 Pressure Gauge - The pressure gauge shall be capable of measuring absolute 
pressures to within -f 0.1 Tocr accuracy. 

5.6 Olfactometer - The olfactometer shall consist of a mask made of odorless 
flexible niate,ial which can be applied to a panel member's face. 

5 -7 A l l  odor testing equipment shall be nonproducers of odor and carbon monoxide, 
under test conditions set forth under Section 8 , 0 .  

6 .0  PRETEST PROCEDURE 

6 .  k Verify matei3ial identification as one of the items below: 

6,L. S Ma!lufacturer's certif ication 

6 .  E ,2 NASA cert i  f icac~on 

6.1.3 Contractor certif ication 

6. L ,4 Bef.it3ite identification not avaiiahie 
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7 -0  TEST SPECOi"ii1EP45 - PREPARATION 
d 

7 .I AII the materials tested shill![ he classified into four calagories; surface, votume, 
weight, or specialized items + 

7 -2  

This cfassification i s  defined as a l i  those materials that are essentiaily 
~a-dimensional .  This would include films, fabrics, coatings, finishes, inks, 
primers, acihesives, t5in film lubricants, tapes, and electrical insulating 
materiai . 
"he sample tested shalt have a surface area of  46.5 1 2.5 square inches per 
l iter ef test container. Coatings, finishings, etc . shall be coated on clean 
alufnitiiunl substrate of 0 .a20 4 0 . O f .  inch thict<ness. Material thickness, 
curing ptocess, and method of apptication shall be in  accordance with 
the manufacturer's recommendations. Material may be coated on both sides 
of the aiui~tinurn panel. Tapes and other similar materials with an 
adhesive surface shall be fastened to a sirnilar alumin~im panel. I n  a l l  cases, 
only the outer surface of a materiai on tiie'aluminum panel is  counted in  the 
surface area determinations. Films, fabrics, and similar materials shalf be 
ctit to y ive 46.5 i 2 -5  square inches surface area. Since these materials 
are two-surfaced in use, both the top and bottom surface shall be counted in 
determining total surface area. Heat shrinkable tubing shall be applied and 
shrunk to simulate actual use configuration. 

7.3 Samples based on Volume 
i 

This classification is defined as a l l  those materials having a definite 
volume but having a large real surface area due to surface convolutions or 
matting. These shall include foams and other blown or foamed materials 
and insulatiorr padding. 

Samples of these materials shall be cut to a thickness of 0.50 4 0.05 
inches unless the existing thickness is  less than 0.40 inches. In this 
case, the existing thickness shafl be used, The material shall be cut to 
such a size as to give 7 .75 + 0.75 square inches of total surface per 
l iter of test container volume, AJI surface, tops, bottoms, and sides shall 
be used to compute total surface area, In cases where the natural thickness. 
is  such that the material cut wo i~ ld  be too large to be placed into the con- 
tainer, two or more pieces may be cut as long as the total surface area 
requirement is met. 
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This  classificatiot? is defined as wel l  as a l l  Bhose materiais having a 
definite bulk and not fali ing into the votume classification. This shall 
include potting compoundsi molding compounds, cast or fomed objects, 
solid wires, and dtick plastics. Liquids that are not used or apptied as 
coatings or thin films shall be included. 

The samples shalt be used as much as possible in the supplied configurntion 
and c u t t o  give 5-O I 0.25 grams per I i k r  of test container. Potted ar 
molded materials shal i be prepared and cured per manufacturer's directions 
and cut to weight. Liquids shalt be placed in an alumin~lm dish 2.25 k 
8.25 inches in diameter. Sample weight shatl be 5.0 1 0.25 grams per 
l iter, 

7 * 5  Specialized items 

at must be recognized that some materials w i l l  not meet the above 
ciassifications and must be specially handled. This w i l l  most often occur 
wi th not?-homogeneous rnateriais, These cases v ~ i l i  be tested i n  the manner 
desiqoaled by the iest engineer in  charge. The manner of testing and 
'saicpie preparation shal! be fu l ly  reported. 

8.0 PEST CQNDITIONS 

8.3, The atmosphere and pressure in the test chamber a t  the start of exposure 
-- shall be that specified far each program. 

8,2  The sample materials shall be heated a t  test temperature of L55" f 5°F 
for a test duration of a t  least 72 hours. 

one Tour. while rem 
of one hour. 

8.4 Odor evaluations sh 

of extraneous odors. 

9 ,O TEST PROCEDURE 
The procedure shalli be conducted in  the following order, 

9.1 Sample materials shall be prepared according to the conditions out1 ined 
urrcier sample preparation in Section 7 '0. 
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'- r J , L  AZrcv plat;tr,g the sample ~na~cuial is1 tiic test chamber, the chai~lbcr 
:,l,ali be evacuated l o  one Tort, or l ess .  The test cllamber shall thctl be 
prcssurizeci to test pressure and les t  atfirosphere. 

- 
9.3 r he test chamber shalf be exposed to a tempetature of P55 I 5°F in 

an oven for a time period of a t  least 72 hours, allowing time for in i t ia l  
warn1 -up. 

9,4 Following the isothermal exposure, the test chamber shali be removed 
from the oven and allowed t~ ret i i r t~ to room temperature. 

9 - 5  The prcssum in the test chamber shali be measured and recorded. 

'2.6 Cabsewation of dist i i lable residues on interior chamber wal ls shall be made 
and recorded. . 

9.7 -[he test chamber shali be presscirized to one atmosphere with test gas 
and a sampling septum instal led. 

9,8 Odoc Test - Known volumes of sampie atmosphere shall be extracted 
fro111 the tesL chamber by means o f  a syringe and diluted with fresh gas 
iri the follovhling proportions: 

9 ,8  -1 One part of sample atmosphere to 29 parts o f  test gas. 

3,8 - 2  One part of sample atmosphere to 9 parts of test gas. 

9.8 - 3  No dilution, or as drawn from the flasl<. 

9.8.4 A material that fai ls the criterion a t  any of the above dilutions shall 
terminate additioriai testing. Testing shall begin with the greatest 
dilution and progress toward no dilution. 

10,0 R E P O R l l N G  
.*-- 

Unless otherwise specified, the following test data and pertinent information 
concerning the materials shall be reported. 

LO. 1 Name and positive identification (para. 6 .0 )  of material. 

10.2 Vendor designation and vendor. 

3.0,3 Total fating i~unibeus detertnined by the panel ~nembers. 

L O  "4 Defirrition of the odor as interpreted by each panel member. 

$0 -5 Status of the material as a result of the test. 

L0,6 Narne and number of. the test procedure, 





SUPPLEMENTARY TEST NO, 17  

1 *0 

This procedure describes the method for determining the eombustioo characteristics, 
pa&icuiariiy the propagation rate, of a number of different size and areas of 
nanmetaIlIc materials of simlfav or different types which make up a functionat 
assemhi y, subsystem or system in  the spacecraft, The sizes and areas of the 
rtateriats are such that the materials fa l l  into Category B of the Nonmetallic . 

Materials Selection Guidelines and Test Requirements. 

(Each item usuaOly req~~ i res  a specifically developed procedure. Guidelines for 
establ islaing the parameters of the test follow .I 

2,0  OBJECTIVE 

The objective af fire tests on assemblies is  to  determine the behavior of the 
assembly under the paukic-ular test corrditl3ns, and at the same time to  furnish 
data which can be basis for the fovr~~utation of generalized fire models for the 
simulat ioi~ of many different Five situations. In this fashion, a limited number 
of  wel l  instuun~ented fire tests on assemblies can lead to the abi l i ty to predict fire 
hazard situations for asszmblies under a variety of conditions. The 
generation of this type of abi l i ty would simplify the problem of designing and 
assessing the rel iabi l i ty of manned spacecraft t o  a large extent, Each test, then, 
staould be designed to be complete not only of itself, but also as a part of the 
overail picture of a model of the potential fire situation in the entire spacecraft. 

3 -0 TEST GUIDELINES - 
Bn general, two modes of ignition must be considered: 

P, !yiqitian firorra an i~sternal source, i .e., wire over$oad or ~ h o r i  circuit .  

2 , lgnitiorr from an exE.ernal source, i .e., a flame or f i re propagated From 
xnotl-tcr nearby burning entity, 

Malrlrdtiy, the effects of burning of the assembly must be considered in light of its 
influence on the spacecraft external to the assembly, as wel l  as the 
ef fects sf the tire inteinai to the assembly. 



The infon~etion desired as a resu3"eclf t k  fire tests is: 

A. Ternperdure distribution within the assembiy. 

Eb, Lnitial point of ignition. 

C . To&! heat generated. 

D. increase in pressure i n  the cbmber. 

E. Flame propagation paths within the assembly. 

F. Heat transpavt paths away from the assembly. 

G. Plume c haracteristics (temperature, sine, s hapel. 

H . Characteristics of burning (sparks, burning mte, drips, etc .I . 

I . Quantity and composition of combustion pvoduct gases. 

The steps i n  the overall test program to  obtain this information are as follows: 

A. Define or select the test assembly. This should be a portion of the 
spacecraft which is  a meaningful and convenient package for f ire 
hazard testing and analysis. The polZion selected shall be that definable 
area vulnerable to a potential Fire. 

B. Perform a fire hazard analysis on the test assembly. 

1 
A. Material inventory . 

2. Configuration analysis 

3. % hermal analysis 

C .  Design the fire test to produce the required information. The experiment 
design w i l l  be based on the fire hazard analysis. 

5. Write detailed test procedure, 

E, Conduct the test. 

F . Report and evaluate the resu its. 

6 .  Make recommendat ions. 
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2,2 Specific Guidelines 

A, Test Conditions 

1 . Configuration and materials of the test assembly w i l l  duplicate exact! y 
the FIi$t a&iefe, 

2. Test assembly (combustion element) wi i i  be oriented in the t e  
as it w i l l  be in the opeua&ional spacecraft at launch. 

3.  The test chamber volume w i l l  be sufficient to akcomodate the 
largest assembly to be tested wi th adequate space around 
assembly to allow observation of the extent of projection o 
burning pieces due to sputtering and expansion of gases int 
nal to the burning mass. 

4. For checking out an assembly mounted in  a compfeted spa 
the test assembly must be identical to  the one in the spacecraff . 
However, to demonstrate the feasibility of overcoating the fl ight 
assembly with a fire retardant compound and, thereby, render a 
retrofit unnecessary, the test assembly must be coated wi th the 
same fire retardant material and then tested for compliance wi th 
the f lammab"r lity gequ irements . 

5. The test assembly w i l l  be operational prior to  and during the test and 
w i l l  be tested For operation after the test. 

a. The worst case, mode of operation, determined by the fire 
hazard analysis, w i l l  be selected. 

4. The test assembly w i l l  be in  operation prior to  the test unti l 
steady state conditions are reached. 

6 .  For assembi ies containing substitute material s or new des igns , the 
test configuration need not be operational unless economically 
feasible. Only the nonmetallic materials shall be configured as in the 
fl ight article. Expensive components may be simulated, but the 
basic material, geometry and mass of the components musf be the 
same as in the fl ight assenlbly . 

7. Ail thermal interfaces w i l l  be simulated 

.a. Cold plates 

b . Structuve 

c,  Convection due to the cabin fan 

d, Cabin radiation characteristics 

7 9  H i 3  





d. Detemioe quantity and cwpQslt ion of combustion gas genemted. 
Suggest GC, mass swctrometuy methods, 

B. Pvocedure 

P. Test procedues or plans w i l l  be written and documented prior 
to  each test. 

2.  Each test procedure wi l l  receive the approval of cognizant 
NASA/MSC personnel prior to test. 

3 ,  lgnition 
, 

lgnition w i l l  be accompl ished a t  appropriate sites (determined by 
combustion hazard analysis) and w i l l  simulate the foilowing fire 
conditions depending on most f i kely ignition means determined 
by the hazard analysis. 

a. Momentary heat source 

b. ignition source with continuous heat input (internail 

c. External heat input 

A rationale justifying selection of ignition point and means 
w i l l  accompany each test report. 

C .  lnstrument Cal ibration 

1. Standards 

Secondary reference standards w i l t  be certified against primary 
reference standards maintained by the NBS. The type ol 
standard and frequency of calibration shall be approved by the 
RASP0 section. 

2. Cal ibration Frequency 

Test chamber control and indicating instrumentat ion shall 
normally be calibrated monthly against secondary standai*ds. 
Test item measuring instrumentation shall be cat ibrated against 
secondary stat~dards prior to any test. 

8 1 
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This test is  d e s i ~ e d  to  evaluate the bondability of? the can(1idst.z potting. 
encagsalat;fng, eula c o n f m d  crssti~g 6 & $0 etch& !WE T~:iZon wf rft 

': , instn2atiotl mcP FEP TefXon asmarim-r: 
, . apton W e  insultstion. 

2.0 : 

e s i n  she= at no lase thtw. $en (10) pstada Lo+'19 
ap8uhe;P;ing is sa jkc ted  Le a s t a n W d % ~ e d  tsr.sd,ls 

t e s t ,  bhdllesive fd%urers; ~ ( J w *  %he $iu%re -60 p a  mt of the co~npc:und %rc 
fnacakigfo of inadequakd atslb*~, a d  sequ?iase retesting, 

. . .. . " 

3 -0 

J,3. Tensi:.e Tebsesu, InsP;Pon, or equal, 

3.2 Samp:,e HoLder, per F i w e  $, 

4 .O 

4.1 The :olsawing wire inaUP;2ons shdX be ise i l  i n  $(.sting r:ackr c wnpc~~rrrl:: 

4 J . 1  Three (3) smles of TPE Tefl.on iasulated AWC 20 hooku t w l r * . ,  
.per ptgg%-W-%m59, w e  W 2195.  &h swplc s h a l l  cort.i%sS, 01' 
five (5) wires, 24" long, 

4.z.2 Three (3)  smpxe TefLogt wrcoaked insuLate& A#@ a 
hookup wire, per s b a l  consist 
of f i v e  (5) wires, 

4.2 The wiring specciens of 4.1 s h U  be etched per EBC-SPEb-Q-3 (Appendix 33). 

4.3 The etched specimens s h a  be ed in the. gipmp1e. hold -.r of . 
mg the cadidate  , me s e e s  shaU t e  cwedt, 
nded cure t h e / t e  cycle. 

5 -0 

5 & l  Pllsert a pin tbowh the hole in Ulc b s t t a  of the ample ho:'.tler mi1 
attach to (31 clevfLs rsk the awes croarshewjrcl of %he tentrile tc!s ,cr, 

5.2 At4 wgt %be wires rsnder te@L %c* a Lw p r d d d  8% the uppw u ' -snhf?d. 
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MSFC-SPEC-282A 
December 11, 1964 

- The f o l l o w i n g  documents form a  p a r t  of 
t e n t  s p e c i f i e d  h e r e i n ,  U n l e s s  o t h e r w i s e  

i n d i c a t e d ,  t h e  i s s u e  i n  e f f e c t  on d a t e  o f  i n v i t a t i o n  f o r  b i d s  or r e q u e s t  
fo r  p r o p o s a l s  s h a l l  a p p l y ,  

Dl49 D i e l e c t r i c  Breakdown Volragc and 
Dielectric S t r c n g t h  of E l ( * c t r i c a l  
l n s u l a  t i n g  Ma t e r  i a  1s at: Conmeucia l 
Power Frequenc ics, 

Dl50 A-C C a p a c i t a n c e ,  D i e l e c t r i c  cons tan^, 
and Loss  C h a r a c t e r i s t i c s  o f  
E l e c t r i c a l  I n s u l a t i n g  M a t c ~ r i a l s ,  

D257 E l e c t r i c a l  R e s i s t a n c e  of I n s u l a t i n g  
Ha t e r i a l s .  

D395 Compression S e t  of  Vu1canizc.d Rubber,  

D49 5 High-Voltage,  Low-Current A r c  R e s i s t a n c e  
of  S c l i d  E l e c t r i c a l  I n s u l  j t i n g  
M a t e r i a l s .  

( A p p l i c a t i o n  f o r  c o p i e s  should  be addressed  t o  t h e  American S o c i e t y  f o r  
T e s t i r g  and M a t e r i a l s ,  1916 Race S t r e e t ,  P h i l d e l p h i a  3 ,  Pa . )  

3 ,  REQUIREMENTS 

3.1 Q u a l i f i c a t i o n .  - The compound f u r n i s h e d  under  t h i s  s p e c i f i c a t i o n  
s h a l l  be a  p r o d u c t  t h a t  h a s  been t e s t e d ,  and passed tfic q u a l i l i c a t i o n  
t e s t s  s p e c i f i e d  h e r e i n ,  and h a s  been l i s t e d  on o r  approved f o r  l i s t i n g  
on t h e  a p p l i c a b l e  q u a l i f i e d  p r o d u c t s  l i s t ,  

3.2 Samples.  

3 . 2 . 1  Q u a l i f i c a t i o n  sample ,  - The q u a l i f i c a t i o n  sample slia il meet 
a l l  r t tqui rements  of t h i s  s p e c i f i c a t i o n  ( s e e  5 , 3 ) ,  

1 .2 .2  P r e p r o d u c t i o n  sample.  - The p r e p r o d u c t i o n  sample ,  t h e n  r e q u i r e d ,  
s h a l l  meet a l l  r e q u i r e m e n t s  o f  t h i s  s p e c i f i c a t i o n  ( s e e  6 , 2 ) ,  

3 . 3  M a t e r i a l s .  - The compound covered by t h t s  s p e c i f i c a t i o n  s h a l l  be 
fo rmula ted  from a  chemica Lly c u r i n g ,  synthetic e l a s t o m c r i c  corrpotrnd and 
such  o t h e r  i n g r e d i e n t s  n e c e s s a r y  t o  produce a p r o d u c ~  t o  frigii q u a l i t y  

> 
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s u i t a b l e  f o r  t he  purpose in tended ,  The compound s h a l l  be suppl ied  i n  t w o -  
p a r t  k i t s  o r  premixed, degassed,  and f rozen ,  The compound may be suppl ied  
a s  a  t h r e e  p a r t  k i t  when the  addiLion of a  co lo ran t  i s  r equ i r ed ,  

3.3.1 Primer.  - The use  of a  pr imer,  t o  improve the  adhesion of t h e  
molding compound t o  t h e  base s t r u c t u r e ,  i s  permi t ted ,  The primer s h a l l  be 
from t h e  same manufacturer a s  t he  molding compound wi th  which i t  i s  used 
and s h a l l  be appl ied  i n  s t r i c t  accordance with t h e  manufac turer ' s  
r ecomenda t ions .  

3 . 3 . 2  Toxicity, - The conpound s h a l l  con ta in  no benzene, c h l o r i n a t e d  
s o l v e n t s ,  o r  o the r  h ighly  tox ic  m a t e r i a l s ,  e i t h e r  i n i t i a l l y  o r  a s  a  product  
of t h e  c u r i n g  r e a c t  i on ,  

3 . 3 , 3  Nonvolat i le  con teq t ,  - The minimum nonvo la t i l e  conrent  of t h e  
compound s h a l l  be 99 percent  by weight ,  

3.3.L Color a d d i t i v e s ,  - Colors  may be added if the  e l e c t r i c a l  and 
phys i ca l  p r o p e r t i e s  a r e  no t  reduced below t h e  requirements  of t h i s  
s p e c i f i c a t i o n .  

3 . 4  Performance and product c h a r a c t e r i s i t c s ,  

- The compound s h a l l  be homogeneous and frf  e  from 
l e s ,  A s k i n  i s  permiss ib le  on the  base com1,ound of 

two-part l i i t s ,  but  t he  s k i n  s h a l l  be removed and d iscarded  before  s i ixing,  
There s h a l l  be no sepa ra t ion  of pigment which cannot  be r e a d i l y  di ; ipersed,  

3 .4 .2  Appl ica t ion ,  - The molding compound s h a l l  be capable  of being 
r e a d i l y  appl ied  by an i n j e c t i o n  o r  e x t r u s t i o n  gun a s  spec i f i ed  i n  
Procedure MSFC-PROC-186. 

3 .4 .2 .1  , - The compound s h a l l  be s u i t a b l e  f o r  a p p l i -  
c a t i o n  f o r  a  minimum of 60 minutes .  

3 . 4 , 3  Curing time. - Cure s h a l l  be i n  accordance ~ l i i l l  t l ~ ~  ntariufacttircrs 
ins t ruc t ions ,  except  %e cu r ing  time of t h e  compound a h a l l   no^ exceed 7 d a y s  
maxirrum a t  24 JC 2 degrees Ce l s iu s  (OC), or  16  hours  maximuni aL 8 2  4- 2 ' ~ .  - - 

3 . 4  4  Storage l i f e ,  - The premixed compound s h a l l  be capable of meet- 
ing  the  requirements  of t h i s  s p e c i f i c a t i o n  when s to red  a t  minus 25 + 2 ' ~  
f o r  7 days a f t e r  r e c e i p t .  The two-part compound s h a l l  be capable oT meeting 
the  r e  u  iirements of t h i s  s p e c i f i c a t i o n  f o r  6 months when s to red  bc low 

- B 
25 -i- 2 C. 
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3 , 4 , 5  Low temperature. f l e x i b i l i t y ,  , Tllc compound s l t a i l  n o t  c r a c k  o r  --- .--- 
s e p a r a t e  from tile t e s t  specimen ~ ~ l i e n  s u b j e c t e d  t o  a  eernperature of minus 

r a minrmum o f  4 h o u r s  and t e s t e d  a s  s p e c i f i e d  i n  4 , 4 , 3 , 7 ,  

3 . 4 . 6  Fungus r e s i s t a n c e ,  - The compound s h a l l  show no  ev idence  o f  
s u p p o r t  t o  fungus  growth when subjectred t o  ac t i . t r e ly  growing fungi. 
c u l t u r e s .  

3 , 4 , ?  . - The i n s u l a t i o n  r e s i s t a n c e  of specimens  
pxepared a s  s p e c i f t e d  -in Lr ,3 ,3 ,Wshe l l  be 200 rnegchm;; minimum winen t e s t e d  
a s  s p e c i f i e d  in&,& 3 1 1 ,  

3.4.8 Ozone r e s i s t a n c e ,  - The compound s h a l l  show no ev idence  of  
c r a c k i n g  w h e r e x p o s e d  f o r  7 -days  t o  a n  ozone c o n c e n t r a t i o n  of  50 -4 3 - 
p a r t s  p e r  100 m ~ l l i o n  p a r t s  of a i r  a t  38 + I O C .  - 

3.5  P h y s i c a l  p r o p e r t i e s ,  - The compound s h a l l  meet t h e  r e q u i r e m e n t s  
P 

s p e c i f i e d  'in t a b l e  I when t e s t e d  i n  accorriance w i t h  t h e  a p p l i c a u l e  t e s t  
methods of s e c t  i o n  4 .  

3 , 6  Produc t  mark ing ,  - The compound s h a l l  be  marked a s  s p e c i f i e d  
P 

i n  5.:., 

- QUAI. ITY ASSURANCE PROVTS TONS 

a . 1  The s u p p l i e r  i s  r e s p o n s i b l e  f o r  t h e  performsnce o f  a l l  i n s p e c -  
t i o n  r e q u i r e m e n t s  a s  s p e c i f i e d  h e r e i n .  Except a s  o t h e r w i s e  s p ~ c i f i e d ,  t h e  
s u p p l i e r  may u t i l i z e  h i s  own o r  any o t h e r  i n s p e c t i o n  f a c i l i t i e s  and s e r v i c e s  
a c c e p t a b l e  t o  t h e  p r o c u r i n g  activity, t h a t  a r e  covered by an i r ~ s p e c t i o n  o r  
q u a l i t y  con t  r o l  p l a n  a s  r e q u i r e d  by t h e  a p p l i c a b l e  ?JASA Qua lit:/ BtlbPicatioln 
NPC 2'30..2 o r  NPC 200.3 a s  r e f e r e n c e d  i n  t h e  c o n t r a c t  ( s e e  6 . 2 ) .  Un less  
o t h e r w i s e  s p e c i f i e d ,  t h e  i n s p e c ~ i o n  p l a n  a s  r e q u i r e d  by NASA Q u a l i t y  P u b i i c a -  
t i o n  NPC 200..3 s h a l l  be  submi t t ed  f o r  review w i t h  t h e  5 u p p l i e r ' s  b i d  o r  
p r o p o s a l ,  Inspection a n d  t e s t  r e c o r d s  s h a l l  be k e p t  cornplctrc '2nd upon 
r e q u e s t  made s v a ~ l a b l e  t o  t h e  p r o c u r i n g  a c t i v i t y  o r  i t s  d e s i g n a t e d  r e p r e -  
s e n t a t ~ v e  I n  accordance  w i t h  NASA Q u a l i t y  Publication NPC 2 0 0 - 2 ,  NPC 200-3, 
o r  o t h e r  p r o v i s i c n s  of t h e  c o n t r a c t  o r  procurement document, rl1e p r o c u r i n g  
a c t i v i t y ,  o r  i r s  d e s i g n a t e d  r e p r e s e n t a t i v e ,  r e s e r v e s  t h e  r i g h t  t o  pe r fo rm 
any G r  a l l  of  t h e  i n s p e c t i o n s  s e t  f o r t h  i n  t h e  s p e c i f i c a t i o n  t o  a s s u r e  t h a t  
t h e  cnd i t e m  conforms tro t h e  p r e s c r i b e d  r e q u i r e m e n t s ,  

4.2 Samples ,  -- 
4 , 2 . 1  Q u a l i f r c a r i o n  sample ,  - The q u a 1 i f i c r ; t i o n  sample $ , h a l l  c o n s i s t  -------------- 

of a t  l e a s t  10 twenty ounce k i r s  and 24 s i x  ounce f r o z e n  c a r t - i d g e s  repre-  
s e n t a t i v e  of  t h e  i d e n t i c a l  m a t e r i a l  and rnanufsccrurirzg p r o c e s s  t i t a t  i s  
usec t n  p roduc t  i o n ,  

5 
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4 ,4 ,1  - 2  . - The premixed f r o z e n  c a r t r i d g e s  of 
molding compo f o r  30 minutes  i n  n 49 4- l"6 w a t e r  b a t h  
o r  h e a t i n g  b lock  when taken  from a  s t o r a g e  t empera tu re  ox minus 2 9 " ~  
p r i o r  t o  C e s t i n g .  

4.4,'1..3 a s s i n g .  - \&en t h e  m a t e r i a l  i s  s u p p l i e d  i n  
two p a r t s ,  t h  may p a r t i a l l y  c r y s t a l l i z e .  It i s  p e r m i s s i b l e  
t o  warm tile c u r i n g  a g e n t  i n  accordance w i t h  t h e  manr t fac tu re r ' s  r e c o m e n d a -  
t i o n ,  e x c e p t  the tempera tu re  s h a l l  n o t  exceed 93 -t 2 ' ~  and i h e  c u r i n g  agent  
s h a l l  n o t  r e q u i r e  &ore  t h a n  60 minutes  t o  complec<ly i l q u i f y ,  and b e c m e  
smooth anif uni fo rm t.~ititoul: any c r y s t s i l f i z a & f a n  cibt g r a i n i n e s s  when r e t u r n e d  
t o  24% a f t e r  h e a t i n g ,  P l a c e  t h e  c u r i n g  a g e n t  and t h e  base  compou:id i n  a 
c l e a n  d r y  m e t a l  o r  g l a s s  con ta i r l e r  hav ing  approx imate ly  twice  t h e  vo lu~ne  
of t h e  ma1:erial. Mix t h e  c u r i n g  a g e n t  and t h e  b a s e  compound t h o r o c g h l y  
and degas  a t  a  p r e s s u r e  of l e s s  than  5 m i l l i l i t e r s  of mercury.  The 
m a t e r i a l  ; h a l l  be a g i t a t e d  o r  v i b r a t e d  d u r i n g  d e g a s s i n g  t o  break foam. 
Degas u n t i l  foaming s u b s i d e s .  The t ime r e q u i r e d  t o  degas  a one-pi .~l t  
q u a n t i t y  s h a l l  n o t  exceed twenty minu tes ,  

4 ,4 ,2  Q u a l i f i c a t i o n  t e s t s .  - The q u a l i f i c a t i o n  t e s t s  s h a l l  c r m s l s t  
of a l l  t h s  t e s t s  s p e c i f i e d  h e r e i n ,  

4 . 4 . 3  P r e p r o d u c t i o n  t e s t s .  - Tbe preproducr"ion t e s t s ,  when r q u i r e d ,  
s h a l l  c o n s i s t  of a l l  t h e  accep tance  t e s t s  s p e c i f i e d  h e r e i n  and t h e  fo l low-  
i n g  t e s t s ,  The i t ems  submit ted t o  t h e s e  t e s t s  s h a l l  be cons idered  
u n s e r v i c e a b l e  b u t  may be r e t a i n e d  f o r  examinat ion by t h e  p r o c u r i n g  a c % i v i t y ,  

4 . 4 . 3 . 1  D i e l e c t r i c  c o n s t a n t  a  . - Three d i s c  s , )ecimens,  
2 i n c h e s  i n  d iamete r  and 0 , 1 2 5  i n c h  t h i c k ,  s h a l l  be cured  a t  s t a n d l r d  
c o n d i t i o n s .  T e s t s  s h a l l  be conducted i n  accordance w i t h  ASTM meikijd Dl50, 
The specimen s h a l l  be t e s t e d  a t  l megacycle and a t  the  s t a n d a r d  t e ; t  
c o n d i t i o n s  ( s e e  4 . 4 . 1 )  t o  de te rmine  conforlnance t o  3 . 5 .  

4 . 4 , 3 , 2  D i e l e c t r i c  s t r e n g t h .  - F i v e  d i s c  specimens,  4  i n c h e s  i n  
d iamete r  and 50 rntls  t h i c k ,  s ' t l a ~ T  be prepared a s  s p e c i f  i c d  i r r  & , & , I ,  The 
t e s t  s h a l l  be conducted i n  accordance w i t h  ASTM method D149, 

4.4  - 3 . 3  V o l n m u  and s u r f a c e  r e >  i s t ~ v i t y ,  .- Tliree d i s c  s p c e i m e ~ s ,  -- -.- -....-- -- 
4  i n c h e s  i n  d i a n ~ c t c r  and 0 ,125  inch  t h i c k ,  s h a l l  be p repared  a s  s p e c i f i e d  
i n  4 , 4 . l .  T e s c s  s h a l l  be coriducted iln accordance wirh AS1% niethod D257 
u s i n g  a ( i e n e r a l  Kaclio type  544% b r i d g e ,  o r  e q u i v a l e n t  i.nstrurnent, w i ~ h  a 
t e s t  v o l t a g e  of 500 v o l ~ s .  Readings s h a l l  be ~ ~ . a d e  a f t e r  a p p l l c a l ~  on of  
c u r r e n t ,  C a l c u l a t i o n s  necessa ry  f o r  volume and s u r f a c e  r e s i s e l v i *  y s h a l l  
be made i lsing t h e  approximate  ASYM formulas  i o r  e f f e c t i v e  a r e a s  a id effec-  
t i v e  p e r i m e t e r ,  A l l  specimens s h a l l  conform t o  tile requiremevrts ~f : > , 5 ,  
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4 . 4 . 3 . L  Arc r e c i ~ C a i : ~ ' .  - T!:rt,, t l r  sc s p c c i r ~ c n s ,  h i n c h e s  In .S Lameter --- 
and l /8  i n c h  t h i c k  s h a l i  be i 7 i c p a i r  2 ,;s s p c c i f  i i ~  I n  & , 4 , l ,  l e s t 3  shall 
he cctndtic t ed  i n  accordance. I J L : ~  AS'IM rnetli~i! 11491 a t  a ~ e m p r r a r n r e  of 2 4  + 2"6, 
and 50 + 5  p e s c e n t  r e l a t i v e  i1umiJ"ty Cc. d e t e ~  trnne conformance t o  3 . 5 ,  TKe 
surface--of t h e  t e s t  specimen s h a f  1 be t;i,looth and f ree  from d u s ~  o r  o t h e r  
c o n t a m i n a t i o n ,  

4 . 4  3 .5  I n s u l a r L ~ - \ n  r e s i  :.,iaar:c .- Three t e s t  specimens s h a l l  have --.. -- --- 
dimensiorls  a s  s p e c i '  i ed  i n  f ~ g u r e  1. 'Phe a~3rl i n  which t h e  specimens a r e  
c a s t  s h a i l  p r o v i d e  - o r  t h e  a c c u r a t e  spac ing  of b r a s s  rod e l e c t r o d e s .  The 
e l e c t r o d i ! ~  s h a l l  be 0 ,125  i n c h  i n  diameircr and approx imate ly  3 i n c h e s  long ,  
The e l e c i r o d e s  s h a l l  be i n s e r t e d  a t  t h e  o p p c s l t e  end of t h e  c y l i n d r i c a l  
specimen i n  such a manner t h a t  l , 5 0  inc l i r s  of t h e  l e n g t h  of each p a i r  i s  
embedded i n  cornpound. MeasuremenLs s h a l l  be made 1,y ~ I I C  m c g o l ~ m  b r i d g e  
u s i n g  a  , ) o t e n t i a l  of 500 v o l t s .  E l ~ c t r i  Cicar lon  t ~ n t c  skid 1 l n o t  c1;.cecc! 

2 minute+;.  T e s t s  s h a l l  be ccrnducted ar. 24 and 100 + IOC a f t e r  a c o n i i i l f  on- - 
i n g  p e r i o d  of 30 minu tes  aL t e s t  trenlperature co  d e t e r m i n e  conforrntince to 3 ' 5 ,  I 

4.4 3.6 High p o t e n t i a l ,  -. 'resl: specimens a s  s p c c i l i e d  i n  4.,4,3,5 s h a l l  
be u t i l i z e d  f o r  t h i s  t e s t ,  A p o t e n t i a l  of  1 , 0 0 0  v o l t s  r o o t  mean squa re ,  
60 c y c l e . ;  p e r  second s h a l l  be a p p l i e d  between a l i  c o n t a c t s ,  f o r  a p e r i o d  I 

of 1 m i n t ~ t e ,  The t e s t  v o l t a g e  s h a l l  be  a p p l i e d  g r a d u a l l y  a t  &he l a t e  of I 

500 v o l t ;  each second t o  de te rmine  ~ o n f o r m a n c e  t o  3 - 5 ,  

6 , 4 , 3 , 7  t l l i t y ,  -- - Three  Les t  specimens of  
aluminum a l l o y ,  measur ing 1 by 6 by  0,032 i n c h e s  conforming t o  S p e c i f i -  I 

c a t i o n  Q(J..A-287 w i l l  be used foz  t h e  t e s t ,  The recomqended primer ( s e e  i 
3 . 3 . 1 )  s i i a l l  be a p p l i e d  t o  one s i d e  of t h e  t e s t  specimens, then  a 
q u a n t i t y  of compound s h a l l  be mlxed and a p p l s e d  o v e r  the prlt7vr it-' a 
manner which w i l l  produce cured  c o a t i n g s  w i t h  a t h i c k n e s s  o i  0 ,050  inch 
t o  0.066 i n c h ,  l e a v i n g  1 i n c h  a t  each end of t h e  t t , s r  spec  imens i l r coa ted ,  ! 
The t e s r  specimens  s h a l l  be insert ,et l  i n  a f l t x x ~ b i  ! i t y  j i g  a s  shr )  : i n  
fFgurc.s ,' and 3 ,  so r h a t  tlte uncc1atc.d s i d c  will cc:nrace 111<. c ( , r ~ t c , ,  x b l o c k  I I 

and 1l1c t ~ c i g i i t  w F l 1  c o n t a c t  o n l y  t h e  unctratctl c-oc! oi  lilt t i  < t  : x i a c . i  i m c > ! r s ,  
'rile t 1c.x. bi l  1 t y  j I i: and t e s t  spec  rmtlns d i d  1 1  i ~ i x  i l t t t ,  jc3c.f c I t i  , I  c 018d i Cron.- 
i n g  t emp~>ra t r l r c  of n l l i i t r s  55 3. L"C I $ , I  LI i ~ t i i t r c , ,  A l  zcXr  t ! i i  ' , j ~ i  t I f i r  ( 1  - 
condi: i o n i n g ,  tiic s p e t  i m c l r s  s h a l l  t l l c n  I,<+ !,en t a i'rkincl t l i c ~  t 1 1 ;  I l loir 

I 

o f  t h e  f l c x l b i i i l y  lresr j t g  by relc',351og t i l i t  i a s t t ~ n r i ~ g  h iwk ,  l ' i t .  ( r l s t  
specimen; s h a l  l he   moved and examined t o  dc r  c rmine cotrl o r n ~ a ~ i c c ~  i i~ 3 - 5 ,  

& , 4  . 3 , 8  'Tcnipcrai ilre r e L , i s t a n c  :, .. The  vcllurnt* r e s i  51  lvi t y  iii, I 1  be 
------, -..--------- - 

de~er1nin.d i n  accordant  e wiLh paragraph 4 , / 1 , 3 . 3 ,  exc c-pt r i l c  ~ e s l  L ~ I Z  shaL1 
be conciu:ted a t  100 3. I'C a f ~ c r  a c:ontlrt ictnirig perir!cl o i  30 m r n u i  ,s a t  

e 

t h e  t e s t  t empera tu re  t o  determine conformance t o  '3-5, 
I 

Ci 

Sf; 





































i+SFC-SPEC- 393.A 
A p r i l  19 ,  1465 

, - The preproduct ion sample, when requi red  
k e  of taeeking 811 the requfrcmenta of t h i s  

speci f  Lcat ioa, 

. - The quality aseuraace sample, when 
capable sf meetgng a l l  the requirement& 

~f t h i s  specifdcatfon, 

. - me cbnnpaund covered by t h l s  epoc8fic~tfon'  et!etll 
chemically curing,  synthetic,  efae$smerfc esmpoura$, 

-r;ompokjl~ad shall be %;rr pp%ied i n  two- part kf t s or pzemiwed, deg~esetd, 
f z o e c ~ .  cort,r98gaa. 

- The use of a prirar, to impzove adhesion of the 
r4 Che base a tzuc tu re ,  $! pelemittad, 'Eh* primer: glial'k. 

be gram the @&me mnufocturar  PS the eoaCing C O ~ ~ Q U W ~  with which it ir 
d s h a l l  be appbkcb Bn str ict  accordance with tho mnufoeeuxar@a 

3*3.2 - "gTS%a compound ~kr15 conta in  na bensane, ~ h f b r B ~ & @ d  
aelveazte, ttr Pghly tox ic  wte r fa lo ,  either $n5efaBSy at r r  r 
prsdue% oE the  curfag reacclsn, 

* * 

- The compound aha11 be hcmogeneoue and free frm 
leg,  iehc base c%4rnpound of ~ W Q - P P P ~  k i t e  8ha:P R a t  

baF id i fy  a t  16 degree8 Celeius (C) or above, A akin  is pcrmieeiblc on the  
b48e e~mpound of two-part l c i te ,  bu t  the  ekfn ahal l  be removed and diocarded 
gef ore mixing., mere s h a l l  be no separl;ithceb of pigmeat which carmat Be 
reedf ly rcd iegersed ,  

3.4,2 - The c w t i n g  compoufwd s h a l l  be capable of Being 
r e a d i l y  a p p l  ray gun ae specified in Procedure M8PC-PBsN*193, 

3 , 4 + 2 . %  - The compound a h a l l  be ~ u i e a b l e  f o r  
&pplicaeaun f O minutee ,  

P , 4 * 3  - The c u r h g  time of t h e  compound @ h a l l  Ire 7 doye 
B-iximum a t  o C, or 16 hotsre mx%ap,um a% 82 2 3 degrees C,  

3,r$,4 * - The premixed comyowfld sha%l be capable of 
meeting the requirements of this apecifieation when scoxat3 8% mirue  29 
degrees f; f o r  7 days  a f t e r  riixing- The two-part compowd a h a n  l e  capable 
sf  teer ring t h e  requfremerncfa sf ehds s p ~ c 5 f f i ; a t f o a  ujheri scored fa*' 6 asathe 
ae 27 d e g t e c ~  G x~ximua, 
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3 .4 ,5  a - Tfre .c&pound s h a l l  show no evidence 
of d e t e r i o r a  d t o  Sungus growth as encountered i n  
"c~opical c l i m t e s ,  

3,4. .6 Moisture resistance, - %?hen t e s t e d  a s  s p e c i f i e d  i n  4.5,2.10, 
ehe i n s u l a e i a n  r e s i s t a n c e  of specimens preprared a s  s p e c i f i e d  i n  4.5.2.5 
shall be 200 megohms minimum. 

3.5 - The compaund s h a l l  meet t h e  requirements  
~ i y e c i f f e d  t e d  i n  accordance wi th  t h e  a p p l i c a b l e  t e s t  
metko3s of 

3 , 6  . - The compound s h a l l  be marked as s p e c i f i e d  
i n  5.3, 

3 , 7  - The parts s h a l l  show no evfdence 
of cor roe  the  c o n f s r m l  c o a t i n g  ntateriai, 

G QUfiXTY ASSUWNCE PROflISSONS 

4 - 1  The s u p p l i e r  i s  r e spons ib l e  for  the  performance of a l l  i n spec t ion  
requirements  as  a p e c i f  i e d  he re in ,  Except as otherwise s p e c i f i e d ,  t h e  
e u p p l i e r  may u t i l 3 . z e  h i s  orgn or any o t h e r  i n spec t ion  f t s . c i l i t i e  3 and 
s e r v i c e s  acceptab le  t o  %FC that  are  covkred by the  a p p l i c a b l e  NASA 
Q u a l i t y  Pub l i ca t ion  UPC 200-2 or MPG 200-3 as re ferenced  i n  tho  c o n t r a c t  
( s e e  6 , 2 ) ,  Unless otherwise s p e c i f i e d ,  khe i n spec t ion  p lan  a s  r equ i r ed  
by U S A  Q u a l i t y  Pub l i ca t ion  200-3 shall .  be submitted f o r  review wi th  
t h e  ~upplier's b id  or proposa l r  T n s p e c t I . ~ ~ ~  end t e s t  r eco rds  s h a l l  be 
kept corrrplete arid ,  upon r eques t ,  msde avai1abl.e t o  the  procur ing  a c t i v i t y  
or I t s  designated represcnr-at ive i n  accordance w i  t t a  l\rASA Q u a l i t y  Pub l i ca t ion  
MPC 200-2, NYC 200-3,  or other  prctvj-.'sioos of t h e  c o n t r a c t  or procurement 
docmalent. The p r o c u r i n g  a c t i v i r y .  or i t s  d e s i g n a t e d  representative, 
reee rves  ehe r i g h t  T C ~  p e x t o r m  aiTy ar a l l  of t h e  InsgectPoni3 set f o r t h  
in t h e  s p e c i f  icecation LO assure tha t  t h e  end i t e m  conforms t o  t h e  pre- 
ucr lbed xequ i  rcments , 

4 - 2  t ~ ,  

6 - 2 ,  L gu;zxJcateLcgl, - l%e qua3 t i  i c a t i o n  sample shal l .  cc.nsist: of 
a t  l e a s t  2.00 f l u r d  tiunccs i n  5 31- mcr-e k i t s  and ~f packed Ln . r a z e n  
cartzidges twelve Q-ounce k i t s  teprcs~ctativ~ n t  t h e  i d e n t i c a ' .  m a t e r i a l  
and ~nanufactur i?Ig  p r ~ c ~ s s i " ~  tr) b e  used i n  producf-ion, 

5 
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4 . 2 , l . l  - I f  any specimen of t h e  q u a l i f i c a t i o n  
sample f a i l s  t oE any inspece lon  s p e c i f i e d  h e r e i n ,  the 
quaEf f i ca t ion  sample and the  e n t i r e  l o t  s h a l l  be r e j e c t e d  and a d e t a i l e d  r e -  
pert c~overing t h e  sause(s1  fer r e j e c t i o n  s h e l l  be forwarded t o  t h e  manufacturer, 
A rre~iorked q u a l i f i c a t i o n  sample s h a l l  not be submit ted.  

4 - 2 - 2  - Unless otherwise s p e c i f i e d  by t h e  procuring a c r i -  
vityO t h e  p ple s h a l l  c o n s i s t  of a t  l e a s t  f i ve  k i t s ,  twenty 
%"luPd ourfces each, and twelve,  6-ounce f roeen  c a r t r i d g e s  r e p r e s c n r a t i v e  of t h e  
i d e n t i c a l  material and manufacturing processes  t o  be used i n  product ion ,  

4 - 2 . 2 .  L - E f  any specimen o r  the  preproduct ion  
 ample f a i l s  t of any i n s p e c t i o n  s p e c i f i e d  h e r e i n ,  t h e  
pzeprodur:tinsr sample s h a l l  be r e j e c t e d ,  Before a new sample is  s-zbmitted, a 
d e t a i l e d  r epo r t  s h a l l  be forwarded to t h e  procur ing  a c t i v i t y  cove:Fng t h e  re- 
j e c t i o n  and ehe a c t i o n  taken co p r e w n t  recur renee  of the  d e f e c t  causing EaiL- 
u re .  A ceworked preproduct ion sample s h a l l  not  be submit ted.  Prvjductisn l o t s  
will not be cons idered  f o r  acceptance u n t i l  t h e  preproduct ion sample has  been 
s p p r ~ a f e d ,  

4 , 2 , 3  - The q u a l i t y  assurance  sample s h a l l  be selected 
~t randola from the product ion l o t s  submit ted f o r  acceptance,  The q u a l i t y  a s s u r -  
ance sam3le s h a l l  be sub jec t ed  t o  a l l  examinations and t e s t s  s p e c i f i e d  h e r e i n  
( s e e  6 . 2 1 .  

4 .2 .3 .1  - I f  any specimen of trte q u a l i t y  
assurance sample f a i l s  any in spec t ion  s p e c i f i e d  h e r e i n ,  t h e  e n t i r e  l o t  r ep re -  
seneed by t h e  sample s h a l l  be rejec:ted. Before t h e  r e j e c t e d  l o t  can be r e -  
submit ted f o r  acceptance,  a d e t a i l e d  r epo r t  s h a l l  be fortlarded t o  t h e  pro- 
curing a c t i v i t y  covering the  r e j e c t i o n  and t h e  a c t i o n  taken  t o  prevent  r ecu r -  
~ w n c e  of t h e  d e f e c t  causing f a i l u r e .  The d e f e c t  caus ing  f a i l u r e  and the  c 
t%vs  a c t i o n  taken  will be t h e  b a s i s  f o r  permi t t ing  r e submi t t a l .  Any rewor 
3-0% must be accompanied by a  d e t a i l e d  r epo r t  concerning previous r e j e c t t o  
cor rec t ive  a c t  ion  taken .  

4 , 7 , 4  - The acceptance sample  s h a l l  be s e l e c t e d  
a t  random f f o r  acceptance and s h a l l  c o n s i s t  of one k i t  
o r  f rozen c a r t r i d g e  from each of t h e  l o t s  submitted f o r  acceptance a t  any one 
t i m e  as s p e c i f i e d  i n  t h e  c o n t r a c t  o r  o rde r .  

4 . 2 , 4 , 1  - Any item t h a t  f ~ i l s  any accep- 
iance  I n s p e c t i o n  sha l l  be r e j e c t e d ,  Rejected i t e m s  may be r e s u b n i t t e d  a t  t h e  
G i s c r e t i u a  of the  procuring a c t i v i t y ,  a f t e r  c o r r e c t i v e  a c t i o n  kcs  been taken.  
The nuntber and t y p e  of defects  s h a l l  be che b a s i s  f o r  pemitt"illi6 r e submi t t a l ,  
Any reworked items s h a l l  be accontpa-rried by a d e t a i l e d  report cc~t.cer.;riing the 
previous r e j e c t i o n  and corrective a c t i o n  taken, 
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4 - 3  Exaaafnatioa, - Tie compound rshall be a w n e d  to deterralne 
csnformnce eo &he rcqukrsments of 3.4,X, 3 , 4 , 2 ,  q d  3*Qt Upon ~m-Sg*+as p- A-ca 

oZ Lesting, examine preservatibn, packaging, packtng, a ~ d  marking for 
con%sreace  to the  requieeaeats of sect%on 5 ,  

- me qual%f%catlctnn tests s h a l l  cansPet 

4 - 5  

- S,%a&eq.%:d cqndf t ions are defined as 
fmua ~ e b t i v e  hamidieye Unleee 

oEherwisjc; specif ied,  t e s t8  sht419 be canducted at ,standard carae5itiorn6, 

4,5,1,2 - m e  ~ e r a i x e d  frozen cartridges sf 
c w k i t ~ g  compou for 30 minute a a 49- -8. 3 degrees G 
~ h e e ~ t t c y  con$aolled gavea or heating block whew tzken from a stmage 
ternparatune of =inus 29 degrees C p r i o ~  ts teatgng, 

4 , 5 , 1 , 3  - Vmcn the clraterkal Ps s u p p l i e d  in tw 
ly cryatalhfee. f t  i s  gcrmfaeible to 

v ~ r m  the curhag agent in eiecs.ardance s i t h  the m n u f a e t ~ r d r ~  recamendachsa, 
excepe the-%empearwtrnze eAal% not exceed 68 a e g ~ e e s  C, men% heeefag, the  
curing agent shal l  nak g e q u i ~ e  more than 60 minotes t o  completely l i gu9fy  
and becglrraa emoedth and unif arm without any crystall%zat ion or graininess, 
Waen xettilzned 6 0  24 degreee C a f t e r  k e a t i ~ ,  the c u r i w  agent B$&%% rcmin 
smooth and unf form, Place the curing agent and the base cmpoa$P"r$ i n  B 

f-Tlea-, nonporous rsonrainer having +ppris%imteIy four  ".me8 the voEtl~'ie of 
t a 2 4 % ~  the curing agent and the base smporsrad throsug"rsy anrd 
uegkc at a imxienlam pressure of 5 rn$L%?imcre~s of mercury, The mlerial 
s b U  be agi ta ted or vibsatgd during degassing t o  break faasat, Degas 
tra&il foaming subs ides ,  The firw required t o  degas a one quar t  qaban$ity 
ahhLL noC exceed twenty minutee,  , 

4,5,2 - The pregrsduct5on t e s t a ,  when required,  
s h a l l  consist ce tests specif ied herefn, The i t e - ss  
scbjecked t o  &he zests o f  4,%,2,% through 4,5 ,2 ,15 @hall be csnsLdened 
un~sr.t~ice;zbke b u t  be retained f o r  exam%n~tf'on by the gtzocuring 
hc6 i v i t y  , 

4.5.3.1 ~ i e ~ h c ~ r  --"--" 
1 inches Pra d i a m e t ~ u  ana i 
conditions, .  Tests  ::hall be conducted i n  accqrdance with "etlnd AS23 
01.50-.59T, The specxiiierr s h a l l  be e t e t e d  a t  1-megacycle per second an3 
siz~atidard t aec  cond i t  l o ~ i a  co 4ekermir:c confiarm%ace t o  3 -5  (see  4 , S ,  1)- 

t 
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&,5,2,6 - fegd*.. ijperirnen.3 da: a p e e f l f r d  x n  4,%,2,5  
s h a l l  be uei"nlted %or thlw t o s t ,  A pore-? &a1 oP 2,7900 vof t s root man . 
A~,J :~KE; . ,  60 cycles per seco& aha!.8 be a p p l i e d  )zrrt"raeaw all csnt.scts for 
p e r i d  s f  1 mtn?rte, me te8t vo l tage t'; d~cermine eonYcfirmncc LB 3*5  
eha3.4 be applied gradually a t  the ra te  ;k 5UQ vole6 each second, 

4,5,2,7 . - 3 . k ~  volutua febfstl~ity sha l l  be 
A?+:: -mine& in ph %,5.213, ex..ept t h e  ~estisrg t o  
Id?~e_iL~ei;ie C C ~ % O P B C ~ . ~ ~ C ~  t o  3,s ehalE be c o ~ d u c t e d  ek. 121 a. 1 degraae C-: 
a 2 c u ~  d ~ a d $ e % e n $ n ~  pez8M 0f 30 ~ P ~ U C B B  atg kbm east  e~mpazatur&, 

4,5,2,8 - The t e a t  s@ecimen s h a l l  be tested 
, L -*<@08d&n6e E Spec ihfircatim ~ ~ i ~ ~ ~ E - 5 2 7 2  $0 ~e te rmine  
, : s r l d c x ~ ~ c e  to 3 , 4 , 5 ,  ' 

4,5,2,9 - Test ~ppr2fmrr:a ~ : r ~ r e d  in accordance w&th the  
&&a~fa~turer@a aha11 be a u b j e a ~ e d  to the tear reais tancs  eesrs 
spec $ E f  ad an method 421% of 3taadanrd FEp"s~-~ST13.~601. eco datermine cksarf etwnca 
$6 3,Qu *me ceat  gp@~Pa@n& s h a l l  be  c u t  w i t h  D m&oI C d i e ,  

4s5,2,16 - Xbzee tcee specimen ca&P fat  
%nsuPaQfen ze4istance s h a l l  have dimansit?na aa ~ p e e t f i d  i f i  Pigus& 1 or  2, 
?%e mold i n  which the  specimen8 ase cast shall  provide Bar: &ha oeeurate 
spac ing  oB bx~aee  rod eleceradea,  mey & b o l l  be inserted a& the oppoai$e 
end of &ha spcafmen i a  euch a vannet t h a t  1 $ / Z  inehac of the length oE 
each pair  aha 1 1  be spatsd 0,050 + O,OPO iv..ch spurt.,, Tkie rs-percfmeas @hat% 
be p3-aced f r f ' ,a  humidity chamber ye: 2% + 1 de,grces C ,  %r chamber temper- 
ature ehal'B, be zaf sed un&formly eo 7 1  zej ' i .ee~; C dufinq a%; two-hour perf&, 
w i n e a i n i n g  95 percent xslat ive  humidity, meae cax\ditfona skal'h be 
m i n t a i n e d  f o r  s ix  hours, During t b ~  pl.e,Kt ldu.hom perf&, the temperature 
~f &-he chaabcr ehaf l  drop ,  ac a ualiform rate, to 26 degrees C,  mi8 aha28 
c n f i d c i c u t e  one zyc l e ,  A t e s t  Lo deeermin~ conXorw..nce to 3 ,4*6  8hell 
corisise o f  f i v e  epmplete  cycle8 aEeer whkc'h t h e  t e s t  specimen aha11 be . 
teoked  a8 spec i f i ed  in 4,5,%,5.  

4a5.2,91 ~GS= F & - ~ r ~ ~ ~ ~ ~ t _ i , u ~ .  .. The t r r t ~ i l e  s t rengeh  or 
t long& t i o n  eeee $sag s h a %  r a c . c ~ ~ d c t r t ~ t ~  w i t  h wret.hod 4 Llt oE Standard 
FdU-STD-601, The etutn"nshel1 spat-nme:?s i.;h?ll h e  r u t  E e w  t h e  case-: sheets 
o f  &he molding .corapaunck t h a t  hag been c.tired $:or 15 taours a t  82 -). 3 degrfaee C, 
The procedure for d e t e r r n i n i ~ ~ y  efsngatlor sPe93 he ir- accordance wieh r e t h d  
4x21 of S%aat!ar$ FED-STD-601 and sha l l  drfetmbne cr?z%Sr'ormnce $0 3.5, 

4,5,2,12 - 8 c!.rbicaZ mold, appz%s~~dmteZ;Y 1. inch on Z Q C ~  

s i d e  and Aeviw an  open cop s h a l l  be eortst r mr %ed,  The volume a t  24 -9 1 
degree6 C h~dbsll be  deecrmined, The uczh l smr  s h a l l  h e  igc l l i t ed  fez  the 
prcparatfoa of the empound r e  dcusxhbed by t h e  mnuf&c$user8s  r ecomnded  
procedure, Aftcs u u b j a c t i r ~  the  epscre8ens ea 24 2 l. ddagraee C,  the C - O U ~  
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sha l l  be placed id aa tliir c i r c u l a t i n g  ovePz, a$ 82 + 3 degrees c far  
9% hours,  T1'1a cmpaund shall then be removed, ecGleel, examlmd, and 
rca volume a t  224 5 Z Belgrees @ datermined by .&,he water disp1aseaera.t 
meehod. The pexccat rakr$akage shal l  be ci%l,aulate?d as XolZws and ehal2, 
be ae spectf f ed  fa 3.5: 

I ' 

Percent .$krznhge -.: V 1  -- V2 x 3-00 - 
V 1  = volume sf mold 

M2 = f i n a l  volume of compound 

4,5,2,13 - To determine conformnee  t o  3.5, the 
compound sha l l  cordance with method 3311 of Standard 
E%D-ST0-681, except the  &@st sample sha l l  be cured f o r  16 hours rrrbiximum 
a t  82 degrees C and eas t  in a sui table  mold instead 9% cueting wi th  a 
circular  %eta1 d i e ,  

I 

The two-part compound sha l l  be capable of 
p a a ~ f ~  a%% exam es ta  specified kcrein and af csnfcrraring to 
3 , 4 , 4  s f ta r  baipg s tored fo r  6 montho a t  27 degrees C wximum, 

4,5,2B%4,2 - The frozen pzemixed compound shall be 
sapable sf p a ~ ~ i  we and t e s t s  ~ p e c d f i e d  herein and of 
eonforming &o 3.464 a f t e r  being e t6red  for  7 days a t  29 degree8 2 mximm, 

4 * 5 , 3  * 

4,5,3,% p ea t ,  - F r e ~ h  coatlsng cwpound shall be 
transferred i. ed  containevs 1 314 inches In  diameter  
s a d  1/22 inch deep, The compound sha l l  be leveled even w i t h  the top of 
!.ha dIeh, The d i s h  s h a l l  he weighed and then expoaed t o  82 4- l ccgrees C 
f a r  24 1 4  1 hours ,  The samples s h a l l  then be removed from thg wen, placed 
%a a deziccator, and allawed co cool  t o  room t e m p e r a t u r e ,  The d i s h  s h l l  
be weighed again t o  determine confozmnee t o  3 . 3 - 3 ,  Percent  nontalaefle 
content  equals weight of compound a f t e r  heat ing ,  t imes 100, dtv ided  by 
t he  weight o f  compound befaze hea t ing ,  

4 , 5 , 3 , 2  - The z e s t  specimen s h a l l  be tes ted in 
accordance w i t h  method 14011 of Standard FED-STD-601 t o  determine con- 
fomance t o  3,5, 
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. - A 250-gram sample of mixed compound 
& a i l  "rs used t o  deeermine a p p l i c a t i o n  h i e ,  which @ h a l l  c s m n c e  at the 
a ~ r d  or the mixing per iod .  A s tandard  one-half p i n t  can with i t e ,  r e t a i n t a g  
;Lings reutsved s h a l l  be u t i l i z e d ,  i n  conJunet ion w i t h  a Pirookf i e l d  Via- 
esoimeter Model RVF e q u i p p e d  wi th  a n u d e r  7 s p i n d l e ,  f o r  testing and 
dbaL% be c~percrted ai: PO revoluszions per minute, Consis tency sha l l  be 
,eecrnrF:x%is. a t  t h e  end o f  a SO-minute per iod,  Supplewnta i?  readings s h a l l  
be made at 10-minute i n t e r v a l s  u n t i l  a reading of 1,000 poises i e  a t t a i n e d ,  
which s h a l l  be caneidered a s  %he end of eke  a p p l i c a t i o n  l i f e  & e a t ,  m e  
opisid're s h a l l  not  be drawn from t h e  m t e r i a l  dur ing  t h e  teqe, %teadings 
s h a l l  be taken t o  determine coa fe rmnce  t o  3.4,2,1,  whew the po in t e r  on 
the  viscor~imetes: d i a l  f i r s t  assumes ea s teady  p o s i t i o n  a f t e r  sa minimum 
of three revoPut f ons . 

4,5,3*,5,2 . -. A 6 f l u i d  ounce compor~and 
c a r t r i d g e  thawed i n  accordance w i t k  paragraph 4 , s .  1-2 aha 11 be equ !pped 
u l t k  a 4 inch nozzle  having a 0,125 -4- 0,005 inch  o r i f i c e ,  Tne gun and 
mtcr-iai  e h a l l  be miweained  a t  a stGndard cond i t i on  throughout the  test, 
The gun s h a l l  be aetached to a cons tan t  a i r  supply of 75 + 5 pounda per 
square i n ~ b  gage. Prow 2 r o  3 inches of m t e r i a 1  sha l  l bz extruder  
i n i c i a l i y  eo  f i l l  t h e  nozzle and c l e a r  any t rapped a i r ,  m t e r i a f  v f l l l  
be extruded i n t o  a s u i t a b l e  con ta ine r  and a p p l i c a t i o n  l i f e  determi-2ed 
as  spec i f i ed  i n  4 , 5 , 3 , 3 , l .  

4 ,5 ,30 (4  - The hardnees t e s e a  s h a l l  be performed i n  
c~g%.fo~imnr:e w 3021 of Standard FED-SD-601 $0 determine con- 
lox;iance lo 3 , s -  > 

4 , 5 , 3 * 5  

4 . 5 , % , 5 , 1  - A 3 by 6 by a p p r o x i w t e l y  1/16 
inch a lum inum a 1  t o  Sgecif  i c a t i o n  QQ-8-287 s h a l l  be 
cleaned wFth  a s u i t a b l e  s o l v e n t ,  conforming t o  Specff i c a t i o n  TT-M- 261, 
Clean c o t t o n  gauze s h a l l  be used t o  wipe the  wet so lven t  from the  
,-urnraces and avoid secleposl t of contaminante,  The cleaned aurfacc s 
s h s l l  be prirtted wi th  a c h i n  c a e t  of primer recornended by t h e  coal ing 
compound mnu-Cacturer and s h a l l  be allowed t o  d r y  i n  accordance w . th  
cae ~ t m n ~ f a c t u r e r b  ruocomendotions, bu t  not t o  exceed 60  minutes. A 
1\23 inch coaising of t h e  compound s h a l l  be appl ied  t o  t h e  primedl m ? t a l  
p ~ n e h ,  A 3 by 4 inch area  of  a 3 by 1 2  inch s t r i p  s f  c o t t o n  duck 
s h e e t i n g  s h a l l  be Lratkn~..teEy cua t ea  on one s i d e  w i t h  c o a t i n g  compound 
and placed on &he pane3 Leaving a konse end approxbar&te$y 6 inches i n  
$h;ngth, The parael. s'6-taki be cured f o r  I6  h o u r s  at 82 - -b- 3 degrees 6, 



Twa I i n c h  w i d e  sLrSp% s h a l l  be c u t  shrsugh $he compound and fabric t o  
tire p a n e l  s u r f a c e  and extended the f u l L  Eeagtk sf the loose end of the 
fabr ic ,  Tkc edge of the panel shall no& be used a5 one edge of the 
tes t  S t T f p ,  

4.5 ,3 ,5 ,2  , - A -3 lity 5 by appreoximcely 
l /L6  inch epoxy wg &a S p e e f f h ~ a t  ion  BFC-SPEC-397 , 

she2 l be cfeaaed wfrh a saitable aolvene--alcohol, cenfarmfng to SpeeifS- 
cae ions  MIL-E-463, MZEe-A-409%i or mL-L-IM28; or xykene* conforming t o  
Spec i f i c ~ r i r ' r t l  TT-X-916, Cleart coetkl~i gauze &half be ueed tcs anripe the @at 
~ o l v e n t  from the surfaces and avoid redeposit af contamdplztnts, me cleaned 
su r face  s h a l l  be primed with a t h i n  soat ti& primer recomrnded by t h e  
coat ing C O ~ ~ O U & '  mfi1~factu~e;~"  not ta O X C I ~ ~  $0 ~ l l i n l l t~8  A 1/8 iaac~ 
coat ing of the compound sha l l  be app l i ed  to the p~bmed w e a l  paeel, A 
3 b y  6 inch area of a. 3 by 12 inch s t r i p  of c o t t o n  duck shebeing s b l t  
be : .ntimte%y wated  on one side with qocc l t i~  compound Pad plaelced r s ~ l  the 
panel ,  leaving a loose end approxiwaesly 6 inches i n  length,  %he panel 
oha3b Be cured ~ O P  16 ~ L O U ~ B  a t  82 $ 3 degree8 C. l;"era 1 Lnch wfde strips 
sha l l  be c u t  through the  compound and fabr ic  t o  t h e  panel eurface rnd 
exeended the  f u f  l length of t h e  loose e& sf  he fabr t c ,  Bbe edge af 
t h e  panel s h a l l  not be u ~ e d  ne one edge of the feBt strip,. 

- The t e a t  epeclmens prepared i n  recctdhnee 
2 sha l l  be tested in accordance qdth method 

8031 of  Scandtrd FED-Sm-60&, excepe t h p t  a 180 degree p u l l  and a jaw 
separa t ion rage of 2 2 6 / 8  inch pez minute o h a l l  be used t o  Zaeekmkae 
eon2 ormanee $0 3,5, 

5 .  PUPAM% TOH HROR DELIVERY 

i 

$Ilse base compound and cur ing  agent  s h a l l  be 
nrainers,  The r a t f a  s f  t h e  q u a n t % t y  contained 

i n  t h e  base cempcund con ta ine r  t o  the q u a n t i t y  contained i n  the  c u r i e  
a g e r ~ t  container s h a l l  Br t h e  same a s  the  recornended mixing r a t i o  of the  - 
base compound ~ n d  c u r i n g  &gene, 

5 - 1 - 2  - The frozen compound s h a l l  be prewalxed, 
degassed: a , 6 ,  or 12 ounce polyethylene carcrieges 
carn;*lcte wi th  a plunger and c a r t r i d g e  cap ,  

:,2 - A l l  e x t e r i o r  shipping contaaners i n  the ahipmnt 
shak3 con%a;n the same n u d e r  of t h e  type  of u n i t  packages, Shipping 
conra ine r s  s h a l l  be of uniform s i z e  and s h a l l  be s o  designed as e e  
ens   re that damage i s  prevented du r ing  handling and sh ipp ing ,  Frozen 
shipments shall be packed in a manner t h a t  w i l l  prevent rha%ing o r  
0 t h - r  dafrage a w i n g  f r a n s i t ,  
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(d) %nufacturea; 5 batch d e a i g ~ ~ a ~ i o n ,  

( e )  S t o c k  number, 

Qf) D a L e  o f  me?ula~t t i re ,  

($1 Contrace nurnkser, 

(h) Quant i ty  contained, 

(i) Dsee mixed, degassed, and Erozen, 

5 , 3 - 4  . - Each e x t e r i o r  shipping contafmr,  
o h a l l  be B u r  adequate inetruc % i o n s  t o  eneure : 
~bair: damge dur ing  handling and ehipping is psevented . InstrucL fsne for 
harkd%fng t o  prevent thawing du r  dng t r a n s i t  from the  nnanufaeturer t o  the  
procuring activity and seorage af te r  receiving ekafh be ae-saked on ah1 
exterlsr ehdppfng concainars  for frozen caxtridges, 

6 , 8 

6 , l  - Thts speeificatioa is $needed for  use  i n  
q u e l f f y  in compound (for conlsrm% coat&ng) to be used on 
pz &need c i r e u b t  boards and associated equf pment . 

6 2 - Procurement docurnante akould spec i fy  the 
fa1 lm%ng: 

a T i r f k ,  number, and date of ehie  s p e c i f i e a t i s n ,  

(1) &8tnet her preproduct ion samg1.e PI r equ i r ed  (see 3,2,2), 

(6) %ether q u a l i t y  aesurance sample be required ( s e e  3 , 2 , 3 ) ,  

( d l  AppPLCable q u a l i t y  c o n t r o l  pubBicotEon (see 4 .  I ) ,  

( e )  Amaunt al cnmpcrugzd reqiidred for  preproderst i on  saaiple 
(gee 4 , 2 , 2 ) ,  

( f j  Were t h e  p r e p r u d u c t i o n  Peet w i l l  be accomplished (see 4 , 2 , 2 ) ,  

(8) Amount si; coalpar~rtd requ i red  for  qua k i t y  aaouranct ! sample 
( see  4 . 2 , 3 ) ,  i 

(&6) mere q u a l i t y  assurance t e s t  wi%"k lae  accsmpliehel3 
( s e e  4 , 2 , 3 ) ,  
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