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EVALUATION OF MATERIALS
FOR USE IN ELECTRONIC SYSTEMS OF
HYPERSONIC SPEED VEHICLES
A. C. Porter
SUMMARY

Wire and Printed Circult Wiring Coatings

Five (5) combinations of ceramic insulated wires and coatings were
exposed to TOOOF for 10 hours. The Teflon® resin sealed ceramic
insulated wire, supplled by Hi-temp Wires Inc., exhibited satisfactory
dlelectric strengths after aging and after humidity exposure, and was
capable of being formed iInto 2 D bends.

Electric Potting Compounds

Four elastomeric and one ceramic potting compounds were molded irito
test specimens, and then aged for 10 hours at 7TOOPF. Volume change
and evidence of reversion were determined. Although the elastomeric
compounds exhibited severe deterioration, one compound, G.E., RTV-60,
retalned 1ts elastomeric propertles. The ceramic compound, Durock
0307 was essentially unaffected by temperature but showed hydroscopic
tendencies,

Flexible Cushion Inserts !

Twenty five (25) elastomers were aged for varying periods of time

at TO0O9F. The effect of heat was determined on the R.T. tensile
strength, elongation and hardness propertles. Although, none of the
compounds were sultable for test after 10 hours at 700°F, six had
measurable propertles after aging 7 hours at 700°F, These were
General Electric compounds SE751, XE4O4 plus HiSil *303 and XE505 plus
HiS11¥ 303, Dow Corning's Silastic*® 2071; duPont's Viton*® 607 and
Viton® 608; and Connecticut Hard Rubber Company's M738.

* See Appendix for manufacturers of trade name products.
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- ' LIST OF TABLES ;

3 L Typical Properties of Investigated Elastomeric :
Materlals - Véndor Data 3

| I1I. Effects of High Temperature Aging on Physical 'f

- Propertles of Investigated Elastomeric Materials

@ GD/FW  Tests

III. Potting Compounds - High Temperature Aging Tests
Iv. Coatings - Wire Insulation - High Temperature Aging Tests

i@ a) Effects on flexibility of coatings on sealed
ceramic 1nsulated wire

b) Effects on dielectric strength of sealed ceramic
insulated wire
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INTRODUCTION -

The advent of supersonic alrcraft creited new environmental
requirements which are vastly different from those of con-
ventional aircraft. Speciflc information as to the exact-
ness of such conditions 1s lacklng. Indications are that

the environment 1s so severe that existing electrical and
electronic equipment cannot operate satisfactorily for any
reasonable period of time because of 1ts deteriorative effects.
As alrcraft become more sophistlcated, the time duration under
these adverse condlitions is extended end the more dependent
the alrcraft becomes upon its electronlic systems for success-
ful flights. Many of the present day electronic parts have
utilized the same materials of construction for the past 10
years, and are inadequate for future considerations. To
alleviate this condition, a better understanding of materials,
materlal compositions sd propertles. versus environmental con-
ditions, functions, and characteristics 1s needed.

In order to stay abreast of the developments and utilization
of electronic materials and components, the following activi-
ties were proposed:

1 Review of government and industry developments.

2 Evaluate the most promlising of newly developed electronic
materials, such as wiring, potting compounds, by functlonal
tests,

3) From data obtained, establish limitations for the materials.

The objectives of thils program as originally proposed were to
evaluate materials and components sultable for use at 700°F in
electroniic systems. The components considered for evaluatiocon
were capacitors,resistors, connector plugs, and hook-up wire.
The materials conslidered were to be for printed wiring, base
plates, encapsulatlon, potting, and insulation. Because of
the limited funds allocated, %the overall task was reduced to
the following:

1) Review of governmental industry programs on high tempera-
ture operational components and materlals.

2) Evaluation of materials made from newly developed polymers
(for only potting and cushion insert applications)

3) Evaluation of sealing methods for ceramic insulated wire.

Thls report summarizes the information obtalned from literature sur-

veys

(goverrment and industry) and from vendor and GD/FW test data.
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LITERATURE SURVEY

A limited literature survey was conducted during the research
period for this program. Information obtained indicated that
a number of the major electrical and electronic producers are
conducting their own reczearch projects to develop higher tem-
perature resistant materials and components. Government spon-
sored research proJjects were limited with respect to number of
contracts, although one such contract with Armour Research
Foundation (8) was broad with respect to number of different
materials and components Iinvestigatiocus.

General Electric'’s Missile and Ordnance Systems Department,
Burlington, Vermont (M) - assembled a demonstration model ampli-
fier to conventional circuitry (pre-amplifier and push-pull power
amplifier) to drive a standard servo-motor. This system was
operated satisfactorily at an ambient temperature of 750°F for
more than 100 hours. Some of the materials studled by them were
those for plaving for corrosion protection and electrical contacts,
and for springs, hardware, and sheet metal parts. Components in-
cluding tube sockets, connectors, relays, printed circults, poten-
tiometers, capacitors, resistors, thermistors, insulated hook-up
wire, terminals, transformers,and resistor boards were investligated,
developed, and evaluated.

Scintilla Division, Bendix Aviation Corp., (5) described in their
Technical Bulletin E-315-1 the electrical characteristics of Ben-
dix E-315 capacitors throughout a temperature range of -67°F to
600°F, After 1,000 hours of thermal cycling at rated voltage,the
capacitance had not changed more than 10% of its initial value.

Cannon Electric (6), in their Technical Bulletin #12(T-111) re-
ported the availability of their HR(Heat and Radiation resistant)
series multipoint connectors suitable for use at 1000°F continuous
duty rating.

Physical Sciences Corporation gorted, in their technical
bulletin, the availability of a lOOO F aluminum wire, boron-free;
having a 400 volt rating and 5D flexibility.

Armour Research Foundation (8) reported their efforts toward
determining essential properties and requirements of basic material
types from which all components to be considered could theoretically
be fabricated. Degradation of the materials tested were experienceo
at 930°F, as was expected, concluding that this characteristic must
be considered in the use of such components at extreme temperatures,.
At the writing of their report is was stated that there were no
capacitors or resistors commercially available which will operate

at 930°F, However, feasibility of such components was demonstratea
in their materials screening.

NOTE: (Numbers) See Reference - Page 18 - for sources of
information,
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Vandracek, et al (9) reported the development of a process for
insulating coils by vacuum impregnating with Formula No., M103*
water suspended potting compound. The coil was fired at 650°C
and then vacuum impregnated with molten lead oxilde - boric
oxides eutectic at 6259C. The secondary impregnant reacts with
the reactive components of the primary impregnant system to form
a new composition which has a higher softening point and volume
resistivity than the original impregnant.

WADC TR 58-12, Parts I, II, and III, (1) reported the efforts of
the University of Illinols to develop and evaluate high tempera-
ture electrical insulating inorganic coatings for copper wire,
and to develop methods for applylng these materials to wire. An
insulation system consisting of a prime coating of Composition¥*#*
58C followed by an overcoating of Composition 58C plus 50% silica
was considered to be the best combilnation of all formulations
tested. Even though fine surface cracks were present as a result
of flexing the coatec specimens, the room temperature dielectric
constant and dissipation factor were essentlally unaffected.
Suggested methods of sealing the wire with a high temperature
resistant organic coating were proposed which would reduce the
sensitivity of the ceramic insulation to the effects of humidity.
It was felt that this sealer coating would burn out at the upper
predicted operating temperature of the wire, and that the high
temperature exposure would then cause the ceramic insulation to
seal itself., )

WADC TR 58-13, Parts I, II and III (11), report the efforts of
Georgia Institute of Technology to develop possible methods of
insulating electrical wire for high temperature applications.
Initial efforts were to develop a sulitable plating for copper
wire which would provide better adhesion of subsequently applied
ceramic coatings. One system which appeared promising was gold
plating on copper followed by an aluminum plating. Efforts to-
wards developing a corrosion and oxidation resistant coating for
copper were discontinued after an aluminum clad copper wire be-
came commercially avallable. The aluminum was anodized in a sul-
phuric acid-magnesium chloride bath and then sealed with a frit
resin coating. The wilre was capable of operating at 800°F,
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PRI Y ol | Pl oy

*Formula M 103 ¥**¥Composition 58C
Materials Parts by Materials % by
& Weight Weight
- 60 Mesh Zircon 25 Soda Ash 6.55
o 200 Mesh Zircon 100 Quartz 7.55
1 220 Mesh Fused Alp03 100 Anhydrous Borax 28,10
: 1000 Mesh Fused Al503 100 Soda Nitre 4.7
200 Mesh Vitro Frit Barium Carbonate 19.8
#IG260 35 Keystone Feldspar 18.8
: Water 80 Flourspar 6.55
r Methocel -1% Sol. 0.5 Zinc Oxide 1,88
1 Marasperse CB 0.5 Copper Carbonate 6.07
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VI, MATERIAL DESCRIPTION

. Technical data sheets and test reports published by duPont )
Elastomer Chemical Department, Dow Corning, General Electric Co. 3
Silicone Products Dept., Union Carbide-Silicones Division, and =
Connecticut Hard Rubber Co., were reviewed for selectlon of ¥
compuunds which exhibited best retention of physical properties -
after heat aging. These :ompounds were further screened after 3
discussions with technical representatives of each of the L
compaiiies., -
Cushioog and Inserfts - Elastomeric- i
1. Dow Corning Corp., Midland, Michigan ﬁ
).
A, Silastic 52, a vinyl containing dimethyl polysiloxane E
with fumed silica and diatomaceous earth fillers; post k
cured 24 hours at 480°F. (Hardness - 50 Durometer) ;
B. 3ilastic 82, a vinyl containing dimethyl polysiloxane L
with fumed silica filler; post cured 24 hours at 480°CF )
(Hardness - 80 Durometer) :
C. Silastic S2071, a vinyl containing dimethyl polysiloxane i
pigmented with red iron oxide with fumed silica and nov- ¥
aculite fillers; post cured 8 hours at 480°F(Hardness- 3
] 50 Durometer) %
[ D. Silastic 651, a vinyl and phenyl containing dimethyl poly- f
3 siloxane pigmented with red iron oxide with fumed silica v
filler; post cured 12 hours at 4B80°F (Hardness - 50 Duro- g

neter).,

Silastic 675, a vinyl and phenyl containing 1imethyl poly-
slloxane pigmented with red iron oxide with fumed silica
filler; post cured 12 hours at 480°F (Hardness - 75 Duro-
neter).,

Al s on che adt ol ﬂ—hr— -
A \.l
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-
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e 2, Union Carbide Corp., Sllicones Division; Tonawanda, N, Y.

} A, K-1045R, a methyl vinyl containing dimethyl polysiloxane:
press cured 15 minutes at QSOOFJ and post cured 24 hours
at L80OF,

" B. K 1235R, a pheryl vinyl contziring dimethyl polysiloxane;
[ press cured 15 minutes at 2509F, and post cured 4 hours
3 at. 3500F,

C. Y3058R, a phenyl vinyl containing dimethyl polysiloxane;
g press cured 15 minutes at 250°F, and post cured 24 houre
i at 400OF.

i D. Y3145R, a methyl vinyl - phenyl vinyl blend containing
] dimethyl nolysiloxane; press cured 15 minutes at 2509F,
b and post cured 24 hours at 480°F,
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3. Connezticut Hard Rubber Co., New Haven, Connecticut R
A, M 738 - Type gum, fillers and catalyst, and cure are

CHR Proprietary Data. 2
B M 777 - Type gum, fillers and catalyst, and cure are j:J%
CHR Froprietary Data. 2
L', E,TI duPont deNemours, Inc., Wilmington, Delaware; Elastomer lﬁ
Chem. Dept. 4
A, #606, Viton A compound containing Maglite W and MT o
Carbon Black fillers and Diak 1 Catalyst; press cured }
30 min. at 300°F, and oven cured 24 hours at 400°F. :
B, #607, a Viton B compound containing, Maglite W and MT )
Carbon Black fillers, Copper Inhibigor 65, and Dlak 3 = 63
Catalyst; press cured 30 min at 300°F, and oven cured SR

24 hours at 400°F. .
C. #608, a Viton-B compound containing Litharge and MT O
Carton Black fillers, and Diak #3 catalyst; press cured L
30 minutes at 300°F, and oven cured 2t hours at 400°F, e
ol

v N

. General Electric Co., Waterford, New York; Silicone Prcducts -
Department. jr"

A. SE 751, a methyl-phenyl polysiloxane, convalining iron
oxide and HiS1il 303 fillers and 0.6 pbw Cadox SG catalyst;
cured 4 hours at 400°F,

B. SE 555, a methyl-phenyl~vin§l polysiloxane, containing
iron oxide and Cab-0-Sil HS-5 fillers, and 0.6 pbw Cadox
SG catalyst; cured 4 hours at LOOCF.

C. SE4T72, a methyl-vinyl polysiloxane, contalning iron
oxlde and Cab-0-Sil HS-5, Celite 350, and Titanox
filierg, and 0.6 pbw Cadox SG catalyst; cured 4 hours
at 4C0°F

D. XE4401, a methyl-vinyl polysiloxane, containing iron
oxide a.d Cab-0-Sil HS-5 fillers and 0.6 pbw Cadox "
SG catalyst; cured 4 hours at 40QQOF,

E. XE5401, a methyl-phenyl-vinyl polysiloxane, containing
iron oxide and Cab-0-Sil HS-5 fillers and 0.6 pbw Cadox 3
SG catalyst; cured 4 hours at 400CF. 'y

F. SE525, a methyl-phenyl-vinyl polysiloxane, containing
iron oxides and Cab-0-3i1 HS-5 fillers and 0.6 pbw
Cadox SG catalyst; cured 4 hours at 40Q0QCF,

R o '.'\ B
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G. XE404, a methyl-vinyl volysiloxane, containing 1ron gx!~ e
and Cab-0-311 HS-5 fillers and C.L pbw Cadex S5G cata -
; SO
lyst; curad 4 hours at 4C0-F,

H. XE40%4, a methyl-vinyl polysilcxane, centaining iron
oxide and HiSil X303 fiilers and 0.0 vbw Cadox SG
catalyst; cured 4 nours at 40O0CF,

B XE205, a methyl -vhenyl-vinyl pclysiloxane, containing
iron oxide and Cab-C-S1il H3-5 fillers, gnd 0.€ pbw
Cadox SG catalyst; cured 4 hours at 400°F.

J. XE505, . methyl-phenyl-vinyl polysiloxane, containing
HiS1i1l X303 and iron cxide fillers6 and 0.6 pbw Cacdox
SG Catalyst; cured 4 hours at YOOYF.

K. RTV 90, a methyl polysiloxane, and 0.1% Thermolite 12
catalyst; cured 4 hours at 4007F.

The essential differences between 5D and 5G, and 5B, 5E,
5F, ¢nd 51 are the percent combinations of polymers and
fillers.

Petting Compecunds - Elastomeric

vt bt ol biodukis LIRS0 T 00 ULV SR TR0, SO0 W ) 000

Dow Corning Corporation - Midland, Michigan

A, Silastic RTVEZ21l, a dimethyl polymer with diatomacecus
garth, zinc oxide and zirconium silicate fillers;
catalyzed with 4% Silastic RTV 521 catalys<, 2 heavy
metal organic salt; post cured 1 hour at 400™T

B, Silastic RTV 53%5, a dimethyl polymer with cigmomacecus
earth, zinc oxide, and zirconilum silicate filiers;
catalyzed with 4% Silastic RTV 5335 catalyst, & heavy
metal organic salt; pcst curad one hour at 400°F.

Essential difference between Silastic RIV 521 and Silastic
RTV 5335 is the percent combinaticns of the fillers.

General Electric Company, Waterford New York, Siiicone Fro-
ducts Department.

A. RTV 60, a methyl pclysiloxans, plus a Silicure L-24 catalyst
post cured 24 hcurs at 400%F,

Products Research Company; Burbank, California

A, PR19U0O base compound consisting of a rcom temoperature
vulcanizing polysiloxane plus filiers, and an accaolerator
consisting cof fillers, modifiers, and mefallic drier
type catalyst; post cured 8 hours at 400 F.

T, TPy WYY MUY U U QTUL SN S ) S 0, S SR 0K - O T S BT St TR e
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retting Compound - Rigid L h
e

i Fnysical Sclences Corporatinn, Fasadena, California . x)
@,

A Dur:ck #0307 consists of a mixture of ceramic powder, oLk
water and catalyst (454 100 150}; precured at 160°f, b

cured 4 hours at 450 F, pest cured 2 hocurs at 1000 F L

Wire - Coatings and Specimens. Y

1 Hanna Faint Manufacturing of Texas; Dallas, Texas
(Formulations given are - GD/FW -Fort Worth developments).

XC5350 1 Ccating #1) consisting of 25 parts by weight of
Crystal M filler, 10 parts by welght cf Ferrc 3734 pigment,
and 25 parts by weight «f Epi Rez (€274 binder.

XC5351 (Coating #2) ccnsisting of 4C parts by welght of

water grcund mica filler, 10 parts by we2ight <f Ferrc

3794 pigment and 50 parts by weight of Spi Rez C274
inder.

:
N SIS vt W

XC5352 (Ccating #3), consisting of 75 parts by weight g
~f waterground mica filler and 25 parts by weight of Epi o
Rez C274 binder, o

Scurces of raw materials e
Crystal M - Minnesota Mining and Manufacruring Compary :n,jg
Central kesearch Laboratory - St Paul, Minn. oy
Ferre #3794 - Ferrec Corpcration - Cleveland, Chio o
' ks
Epi Reo C274 -~ Jones Dabney Ccmpany - Resins and Coatings ot
Divisicn; Louisville, Ky,

Watzr Ground Mica - Franklin Mineral Freoducts Ccocmpany, ~

Franklin, North Carolina °
@

2 EI dufont AeNemours & Company., Inccrpecrated - Wilmington, e
Delaware v A
va)  851-204 Teflon Enamel, a pigmented Teflcn resin suspensgion ok
In an agueous solutiocon, A
. LK
3, ‘thysical Sciences rporation. Fasadena, California - Durock * o
22 gage - Ceramic .vated Aluminum wire. G
4 HiTemp Wires Incorpcrated; Minec.a, New York.
HiTemp 22 gage ceramic insulated, Teflcn sealed wire. e ]
#TGTA-20-1932 .. e
bl el T e e e D Tt L D D e TR e L e
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Hanna XC5350, XC5351, and XC5352, sealers were applied tc
the Durock wire as follcws:

fa) Vapor degrease Durock wire in a stabilized trichlo- -
roethylene for 10 minutes. k:

{b) Dilute each Hanna sealer by adding 20% volume of
acetone,

(¢) Immerse the wire in diluted sealer. Withdraw the
wire at a constant rate such that a 0.002" + 0.001"
thick film of coating will be applied about the wire.

(d) Air dry o hours. Force dry at 160°F for 1 hour,
followed by a cure at 3%0°F for 1 hour, .

duPont 851 - 204 Teflon enamel was applied to the Durock
wire as follows:

\a) Vapor degrease Durcck wire in stabilized ¢trichlo-
roethylene for 10 minutes.

tb) Apply by spray, a coat of Teflon enamel 0.002" +
0.001" thick to the Durock wire,

(c) Air dry two hours and force dry 4 hours at QGOOFu
Fuse the enamel coating for three w:riutes in a o
sodium nitrite salt bath operating at ..o
T50°F. i,

3
----- 1 A LI
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- Vil, TEST FROCEDURES .

n order to determine changes 1n physical or electrical pro-
perties, certain screening tests were selected which would

best show the changes which occurred as a result of thermal ]
aging. The test procedures for each category of material 'b.
evaluated are described as fcllows: T

. N 4
i A Kkt B A

Elastomers -~ Cushiocns and Inserts

Twenty five elastomeric compocunds were supplled In standard STy
ASTM slabs - 6" x 6" x .070", and had received the optimum ®
post cure as recommended by thelr respective manufacturers. .8
Five tensile test specimens conforming to Die C of ASTM D-412 o
method were cut from each ASTM slab for each test condition.
Shore Durometer Type A was usecC to determine the hardneszs at
room temperature, before and after oven aging, per ASTM D-676 .
except that the test specimens consisted of multiple plies @
of tenslle coupons of the same compound and aged condition B
measurements were made on the grip ends of the coupons. Ten- R
sile and elongation determinations were made at room tempera- RO
ture, before and after oven aging, pe~ ASTM D412, using a

] Model L-6 Scott Tester having a jaw separation of 20 inches N

8 per minute, Test specimens were oven aged in accordance with ®
ASTM D-572, The screening selection of compounds for addi- R
tional studier were based in the optimum retention of physical BIORSE:
properties after each oven aging conditicn,

{a) All materials were tested at rcom temperature and at room AN
temperature after oven aging for one hour at 7OO F. °

{b) Twelve materials were selected based on results from (a) {:"w
and were tested at room temperature after oven aging for A
three hours at T700°F, : ‘

{c) Eight materlals were selected based on results from (b), 3":i
and were tested at room temperature after oven aging for NI
seven hours at 700°F. RS

(d) Four materials were selected based on results from (c),
and were tested at rcom temperature after oven aging for S
ten hours at TOOCF. °

Potting Compounds - Flexible and Rigid

Four flexlble and one rigid potting compounds were supplied

- in the "as manufactured" condition. Each compound was mixed 5
in accordance with its manufacturer's instructions, and was e
cast into a 1" x 2" x 1/2" specimen. The elastomic compounds ¥
3 were allowed to cure 72 hours at room temperature prior to post el
' curing. The rigid compound was cast 1n successively applied Sy
layers approximate]y 0.1" thick. Each layer was precured for N
15 minutes at 160°F, after which the next layer was added. One ]
test specimen was molded from each manufacturer's compound for °

- T T
____________________________
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egach test condition. Hardness determinaticons were made at roo -
temperature, before and after each oven aging exposure, per
ASTM D676 using a Shore Durcmeter Type A for elastomeric com-
pounds and using a Shore Durometer Type D for rigid compounds
The volume determinaticns were made at room temperature, pefcr=
and after each cven aging exposure per ASTM D471 for elasto-
meric compounds, and by using the mercury - displacement methc:!
for the rigid compound. Oven aging of the test specimens was 1.
accordance with ASTM D573, Svecimens of each of the test
materials were subjected to the following high temperature oven
aging exposures:

) 1 hour at T700UF;

) 3 hours at 7OOOF;
)
)

: . l' . . N . ‘ »
PP l .
LL;&{L.I‘:_I-').IJ lalals ',._" e LN WL o, RO

7 hours at 700°F; and

(1
(2
('3
(4) 10 hours at TOO®F,

Coatings - Wire Insulation

Four coatings were supplied in the "as manufactured" condition,
and were applied to the ceramilc insulated wire test specimens by
dipping and were then cured in accordance with the manufacturer's
instructions. Test specimens were prepared from the GD/FW
coated wires and vendor supplied wire in accordance with MIL-W-
€83A. Flexibility tests were ccnducted in accordance with MIL-W-
5834, paragraph 4.4,.4,1 except that a mandrel with a diameter

. twice that of the bare wire was used. One unaged specimen and

" one specimen aged for 10 hours at T7O0CF, per sealer, were evalu-
ated. After flexing, the specimens were examined for cracks
in the sealer coating. Dielectric strength tests were conducted
in accordance with MIL-W-583A paragraph 4.4.3.2 using two speci-
mens per type sealed wire per conditlion. Two were tested after
each of the fcllowling conditions.

As cured or as supplied,

; After 10 hours at 700°F,

) As cured or as supplied after 100 hours exposure to 95%
relative humidity at 120°F,

) After 10 hours at 7oo°F,othen 100 hours exposure to 95%
relative humidity at 120 F.

L+

:
?

;
\

=

fdeat shock tests were conducted per MIL-W-5834A, except for
temperatures, per paragraph 4.4.6 on specimens which passed the
flexibility tests. The temperature used was TOOOF,
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Vil TEST RESULTS -

1 Effects of high temperature aging on room temperature
prcperties of elastcomers,

Table I1 gives the results of tests ccnducted on
unaged and aged specimens, None of the materials which
were aged 10 hours at TOOOF could be tested in tensicn e
or elongaticn because of thelr extreme brittleness. After B
cven aging seven hcurs at 700°F, seven of the original a

25 elastomers had measurable properties. These materlals
were General Electric SE751 + color, XE 404 plus HiSil 303,
and XE505 plus HiSil 303; Dow Corning Silastic S2071;
Connecticut Hard Rubber Coc., M-738; and duPont Vitcn 607.
The Viton 607, during the 7O0PF oven aging, liberated
vclatile by-products which were corrosive tc unprotected
low carbon steel {oven racks).

2. Effects of high temperature aging on room temperature
prceperties of potting compounds.
rable 11T " glves tne results of tests conducted on
unaged and aged specimens. Visual examination og the
specimens following the various exposures to 700 F re-
vealed that S521, S5335, and FPR1940 swelled, ruptured
and became brittle., After 1 hour at 700°F, PR 1940
exhibited partial depeclymerization. TheORTV 60 swelled
excessively during the rfirst hour at 700"F. As specimens
were aged at 700%F for ionger periads of time, the swell-
ing reduced ccnsiderably. FETV 60 test specimens did not
crack c¢r rupture during the aging tests. The ceramics
potting compound, Durock 0307, exhibited essentially no
change during the aging tests.

3. Effects of high temperature aging on sealer coatings for
ceramic 1insulated wire,

Table IV + gives the results of tests conducted on unaged

and aged specimens, Wire test specimens which were coated

with Hanna sealers exhibited pocr flexibility and could not

be wound abcut a 2D (twice bare wire diameter) mandrel with-

cut severe cracking of the sealers., Wire test specimens :
ccated with fused Teflon 851-204 sealer exhibited slight .
cracking of the sealer when wound abcut a 2D mandrel. -

The Teflon sealer on the Hi-Temp wire did not crack as a result

of the flexibiiity tests, but failed in adhesion to the ceramic
insulatlicn, The thermal shock test was not conducted on the Hanna
sealers cr the Teflon 851-204 enamel because of their initial poor 3
flexibility precperties. The dielectric strengths of Teflen 851 -204
sealed wire and the Hi-Temp wire were not adversely affected by
exposure to 700CF for 10 hours or to 95% relative humidity at 120°F.
The dielectric strengths of Hanna XC5350 and XC5352 sealers were
adversely affected by exposure to 700 F for 10 hours but were not

. - .
Ll ) Set v -AML TR WS O TN T ¥ IV O T N S N TP v TR A UP P B AP, - WO




T R v v b S e A ki ke Sk st Ltal
RO =R e T L i A U VI S e M K N IOV I GO S e AR BSOS it R s SR

ERR - FW-069 | }
Fage 14

advers»ly affected by exposure to 95% relative humidity at ~ Y

120°F. The dielectric streng ths of the Hanna XC5351 was

adversely affected by exposure to 700°F for 10 hours and to
£% relative humidity at 120°F.
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LR CONCLUSICNS ]
Elastomers for Cushions and Inserts -y

o S

The results of tests on elastomers which were aged at 700 F @
Indicated that there were serious limitations in their use-~ fif
fulness for total time periods greater than 7 hours. OHR-M7:¢& L

silicone rubber cecmpcund,of the twenty two evaluated, exhiblted
less deterloration than the others.

iton 607 compound showed promlse. However, 1t has two
drawbacks -

i ®

™

) Low temperature flexibllity about -30°F, and '_.J
(

1

2) livberation of corrosion gases during high temperature
oven aging. Thils would require CRES connector shells |
and clamps, and a review of surrounding structure to L)

!

s

et

assure that there would be no detrimental effects caused B 13

by the corrosive gases., L
Porting Compounds - Elastomeric and Rilgild ﬁﬁﬁ
._‘ ;j

None of the elastomeric compounds, as cured and aged, would be 0

considered satisfactory for use. However, one compound, GE
RTVOO, exhibited elastomeric properties even after oven aging
for 10 hours at 700°F. The swelling was attributed to volatile
by-products expanding within the compound causing it to sponge.
This could probably be overcome by utilizing a step-post cure
cycle which would permit the volatile gases to bleed off pricr
to the outer skin of the compound curing tightly.

P
i et aidd,

2 -

The one rigid potting compound evaluated showed very slight
changes in hardness and in volume. This compound requires a
controlled programmed cure cycle to avold runture or large voids
from being formed. The cured compound is pwmrous thus needing

a ceramic glaze to seal the outer surfaces to prevent moisture
or absorption,

Coatings - Wire Insulation

Even though the Teflon sealer on the HiTemp wire exhibited some
adhesive failure to the ceramic primary insulation, the irsulat
ed wire exhibited satisfactory electrical characteristics to
warrant further investigation of 1ts capabilities. None of the
other sealers were considered satisfactory.

’ i - - . . . - [ R . . PR S . . e~ T R S "
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RECOMMENDAT IONS

Elastomers for Cushions and Inserts

Elevated temperature aging effects should be continued on the
CHR M738 compound used in typical fabricated shape applications
Also coordinated efforts with the vendor should be established
to study new fillers and compounding techniques to improve

high temperature aging characteristics. The vendor has agreed
to study fillers for M 738 to improve 1its extruding character -
istics for possible use as primary insulation on hook-up wire.

The Viton 607 compound will require additional compounding
modifications to incorporate acid acceptor fillers, such as
asbestos shorts, to neutralize the corrosive gases given off
during the oven aging tests. The d.1Pont elastomer laboratory
would do this portion of the task. If an acceptaole reformula-
tion can be developed, then this compound shoulfi he re-evaluated
in typical fabricated shapes only.

Potting Compounds - Elastomeric and Rigid

Durock 0307 rigid compound exhibited porosity after curing.
Because of this, 1t is necessary that a suiltable sealer ve
developed. The manufacturer of Durock has one such sealer,
Durock 0900, which may be suitable for the intended purpose.
Other ceramic glazes may be available which are also suitable.
Evaluation of these with respect to sealing and electrical
characteristics versus temperature should be investigated.

GE RTV 60 exhibited elastomeric characteristics after 10 hours
at 700°F. Although this compound sponged during the oven aging
tests, it is felt that a programmed post cure would reduce the
sponging tendency. Other catalyst systems which do not cure as
rapidly should be investigated based on manufacturer's recommend-
ations. Information recently recelved from Dow Corning Corpora-
tion indicates that one of the newly developed room temperature
vulcanizing compounds Q@ 2-0103, after oven aging 10 days at
600°F, had an increase in hardness of 15 points to a Shore A
Durometer of 65. This new family of RTV's should be evaluated
in typical applications.

Coatings - Wire Insulation

The Hi-Temp construction utilizing the Teflon seal on the
ceramic insuliated wire exhiblted the best properties as compared
to the sealed wilres tested. The Hi-Temp wire should be further
investigated as a coil winding for magnets and/or motors - using
the "Motorette" as developed by AIEE or similar set-up.
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. v".l . o3
- : !‘ e .
. Ty o . '! 3
B g . . ’
PR «
R DTS S
@ G
LS b o I,

i
. N P i S
S i »
. W
o x‘j. P S e

i)




T T T R T T T Y e T S T T S P A T P TR T o R T

]

t
e
A i
Loend

’ : -l .l. ‘l' ‘l“ r.

H

ERR-FW-069 <

Page 17 a
‘4
Amegican Super-Temperatures Wires Inc., has developecd 3 Hﬁ
750°F rated electrical hook-up wire. It 1is of standard o
consgtruction, and uses impregnated mica tape as the pri- 9§
mary insulator. The secondary insulation 1s silicone %
impreganted fiberglass brald. Preliminary data suppiied fi@
by the manufacturer indicates reliability up to 750°F for K]
extended periods of time. Representative harness sub- 'ﬁi
assemblies should be constructed using this wire, and the 4
Canncn 1000°F connector plugs. The electrical character- o
istics versus temperature of the sub-assembly would be -f
determined. é
2
o
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Trade Name

Teflon
Lurock
H1S11 303
Viton A & B

Silastic
Vitro Frit #VG260
Mathocel

Marasperse CB

M T Carbcn Black

Jrak 1 & 3
Copper Inhibitor #65

Maglite W
Cadox SG
Cab-0-Sil HS 5
Celite 350
Titanox
Thermolite 12
Silicure L-24
Crystal M

Ferro 3794

Epi Rez 274
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APPENDIX
SOURCE OF MATERIALS

Source

E, 1. duPont de Nemours & Co., Inc.
Wilmington, Delaware

Physical Sciences Corp.,
Pasadena, California

Columbia Southern Chemical Corp.,
Pittsburg, Pa.

E., I. duPont de Nemours & Co.,Inc.
Wilmington, Delaware

Dow Corning Corp., Midland, Michigan

Chicago Vitreous Corp., Cicero, Illinois

The Dow Chemical Co., Midland, Michigan

a~athon Div., Chemical Sales Dept.
Mensha, Wlscongin

R.T. Vanderbilt Co., New York.N.Y.

E. I. du Font de Nemours & Co,, Inc.,
Wilmington, Delaware

E. I. duFont de Nemours & Co., Inc.
Wilmington, Delaware

Merck and Company, Rahway, N. J.

McKesson and Robbins, Inc., New York, N.Y.
Godfrey L. Cabot, Inc., Boston, Mass,
Johns-Manville Corp., New York, N.Y.
Titanium Pigment Corp., New York, N. Y.
Metal and Thermit Corp., Rahway, N. J.
Nuodex Products, Co.,, New York, N. Y.

Minnesota Mining & Mfg. Co., St. Paul, Minn.

Ferro Corporation, Cleveland, Ohio

Jones Dabney Co., Loulsville, Ky.
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COMPONIND SETH COLoR
Conrl Lt Ton
Vreoporty Min Max . Av) .
omtrols
Tanalle, psl (50 90 Tow
Elong,. % 170 17% 171
Hard. Shorel “f
Agod 1 Hr @700°F
T:nslle 310 30 326
Elong.% 110 120 116
Hard.Shore A h6
Aged 3 Hrs 8
T00OF
Tensile, psi 320 350 338
Elong. % 4o 50 46
Hard. Shore A T2
Aged 7 Hrs @
TOOCF
Tensile,pst 510 520 514
Flong.% 10 10 10
Hard.Shore A 95
Aged 10 Hrs @
TI)OUF
Tenslle,psi See Note 2
Elong.%
Hard. Shore A 96

XES401- COLOR

Control
Tenslle-psi
Elong.%
Hard.Shore A

750
370

1020 6
480 BEB

6

Aged 1 Hr @700°F
Tensile-psi
Elong. %

Hard. ShoreA

Ageg 3 Hrs @

TOO™F
Tensile,psi
Elong.%
Hard. ShoreA

Aged 7 Hrs @

TOOF
T:nsile,psi
Elong.%
Hard.Shore A

Aged 10 Hrs @
TOOC°F
Tensile, psi
Elong. %
Hard. Shore A

90

120
50 80

104
64
ho

See Note 2
76

See Note 1

See Note 1

NOTE 1:
NOTE 2:

™An 11

S50 COLOR
Min. Max.
1370 1670

“ 30 K70

100 140

20 ho
See Note 1
See Note 1
See Note 1

SE525- COLOR

620 960
480 660
20 4o
20 30
See Note 1
See Note 1
See Note 1

P (1)

CHIGH TEMPERATURE AGING ON FHYSTCAL
MGAT=D FLASTOMERTC MATERTALS

Avie.

1910
550

I

118
30
56

820
570
35

30
24
32

- G/

SEN72- cornor
Min. Max., Avye,
810 110% Qi
210 28 Ay
71
240 350 298
50 Ho 56
n
See Note 2
85
See Note 1
See Note 1

XEWOU - HISTL303

980 1120 1044
430 4§70 W48
62
170 290 206
20 50 30
(!
See Note 1
See Note 1 330
10
See Note 1

Specimen not tested at this condition.

Specimen too bhrittle to test,

FROPERT 117
PHETS

XEhoy  eeton
Min Max . Ay .
SO 1000 "’f"
Lo o) hos
Nt
120 190 152
ho 60 6
A0
See Note 2
80

See Note 1

See Note 1

SE40U- HISTL303

950 1000 971
370 410 380
62
180 230 200
90 140 110
64
360 410 380
ko 50 42
85
390 370
15 13
95
See Note 1



COMPOUND
CONDITION
PROFERTY

Control
Tenslile,psi
Elong,.%
Hard.Shore A

Aged 1 Hn@TOOO
Tenslle, psi
Elong. %

F

Hard. Shore A

Aged 3 Hrs @

TOO-F
Tenslle,psi
Elong.%
Hard.

Aged 7 Hrs @

TO0°F
Tensile,psi
Elong.%
Hard.Shore A

Aged 10 Hrs @

TOOOF
Tonslle, psi
Elong. %
Hard. Shore

Control
Tenslle,psi
Elong. %
Hard. Shore

Shore A

A

A

DCS52

Min. Max.

T90
300 380

1010

See Note 2

See Note 1

See Note 1

See Note 1

Y-3145

Min. Max.

1210 1300
590 600

Aged 1 Hr @TO0°F

Tensile,psi
Elong.%
Hard. Shore

Aged 3 Hrs @

T00°F
Tensile,psi
Elong. %

A

Hard. Shore A

Ageg T Hrs. @

TOOF
Tenslle,psi
Elong. %
Hard. Shore

Aged 10 Hrs @

TOOOF
Tensile,psi
Elong.%

A

Hard. Shore A

110
110

120
130

See Note 2

See Note 1

Page po
TABLE 11 (Continued)
FFFECTS OF HIGH TEMPERATURE AGING ON FHYSICAL PROPERTIES
OF INVESTIGATED ELASTOMERIC MATERIALS - GD/FW TESTS
DCHTS pes2 DC20T71
Min. Max. Avg,. Min. Max. Avg. Min. Max.
610 760 692 710 830 792 830 970
210 250 228 210 230 220 270 320
77 77
238 310
See Note 2 See Note 2 110
T 90
370 4oo
See Note 1 See Note 1 ho 50
450 760
See Note 1 See Note 1 10 20
See Note 1 See Note 1 See Note 2
K-1235 Y-3058 DC651
Min. Max. Avg. Min. Max. Avg. Min. Max.
1040 1110 10¢ 920 1000 97 650 Tho
750 820 788 500 560 528 430 460
40 53
210 320 280
See Note 2 20 50 35 See Note 2
65 79
See Note 1 See Note 1 See Note 1
See Note 1 See Note 1 See Note 1
See Note 1 See Note 1 See Note 1

See Note 1

NOTE 1:
NOTE 2:

Avg.

912
u2
55

70

Avg.
1244

9

118
118
53

85

ERIR-FW-0-Q

Specimen not tested at this condition,

Specimen teco brittle to test,

Avg.

886
284
54

298
62

380
82

610
95

95

Avg.

700
446

52

89
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(Continued)

FFFECTS OF HIGH TEMPERATURE AGING ON PHYSICAL PROPERTIES

OF TNVESTIGATED ELASTOMERIC MATERIALS - 6D/FW TESTS
COMPOUND XES05- Cab-0-S)1 XFES05-HISTL 303 RTV-90 K-1045
GOMDITTON
TROPERTY Min. Max. Avp,. Min. Max. Avg. Min. Max. Avg. Min. Max.
“ontrol )
Toenstle, psl 1240 1350 1278 890 950 930 560 750 670 960 1210
Elong. % 580 610 592 460 500 470 110 140 126 550 Al0
Hard,Shore A 65 AT 68
Apged 1 Hr @
.“.,OF
Tenslle, psi 160 1180 168 170 190 178 160 ]8_0 168
Elong . % 20 40 26 30 50 UTs} 50 60 56 See Note 3
Hard. Shore A T0 70 35
Aized 3 Hrs @
'{'"()UF
Tensile, psi 360 390 375
Elong. # See Note 1 20 30 22 See Note 1 See Note 1
Hard. Shore A 85
Ap>d 7 Hrs @
TO0°F
Tenslle, poi 310 350 330
Blong.% See Note 1 10 15 13 See Note 1 See Note 1
Hard, Shove A 32
Ared 10 Hrs @
TO0°F
Tenslile ,psi
Elong. % See Note 1 See Note 1 See Note 1 See Note 1
Hard.Shore A
Viton 606 Viton 607 Viton 608 CHRM 738
Min. Max. Avg. Min. Max. Avg. Min. Max. Avg. Min. Max.
Control
Tensile,psl 2375 2560 2449 2460 2590 2507 1410 1900 1658 1330 1420
Elong.% 190 210 202 260 290 275 330 390 380 340 360
Hard. Shore A 73 68 64
Aged 1 Hr @ 700°F
Tensile, psi 610 1280 968 1170 1360 1268 710 Th0 T20 180 210
Elong,%® 4o 130 52 150 200 168 460 530 490 80 110
Hard.Shore A Iy T2 63
Aged 3 Hrs @
TOQ0°F 3
Tensile,psl 1040 1200 1120 820 920 870 80 160 140 130 120
Elong. % 30 40 36 110 130 126 150 280 2243 30 0
Hard. ShoreA 95 78 503
Aged 7 Hrs @
700°F
Tensile,psi 620 650 638 60 80 683 230 240
Elong.% See Note 2 40 50 by 30 4o 383 30 4o
Hard. Shore A 100 92 45
Aged 10 Hrs @
TOO™F
Tensile, psi
Elong. % See Note 1 See Note 2 See Note 1 See Note 2
100

Hard. Shore A

NOTE 1. Specimen not tested at this condition.

NOTE 2. Specimen too brittle to test,

NOTE 3. Specimen partially depolymerized.

Aveg,.

1118
600
i3

55

Avg.
1374
e
62
200

56

1603
583

236
74

96



(Continued)

FRR= =000
Pape an

EFFECTS OF HIGH TEMPERATURE AGING ON PHYSTCAL PROPERTIES

COMPOUND CHR M-TT77T
CONDITION
FROPERTY Min. Max.

Control
Tensile,psi 1790 1860
Elong.% 650 600
Hard. Shore A

Azed 1 He, @

700"
Tenslle, psi
Elong. % See Note 2

Hard. Shore A

Ag“ﬂ 3 Hra @

TOOF
Tonsile,psi
ilong, % See Note 1
Hard. Shore A

Arvg 7 Hra @

TOO'R
Tensile, psi
Flong.% See Note 1
Hard. Shore A

Aged 10 Hrs @

TO0F
Tenaile, pal
Elong. % See Note 1
Hard. Shore A

OF TINVESTIGATED FELASTOMERTIC MATERTALS -

ah/wW  TESTS

Avg.

1830
666
52

76

Specimen not tested at this condition.

Specimen too brittle to test.
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TABLE 1711(2)
POTTING COMPOUNDS - HIGH TEMPERATURE AGING TESTS

COMPOUND NUMBER SPECIMEN TEST #INSTANT HARDNESS *# INITIAL VOLUME VOLUME
NUMBER AGING BEFORE AFTER AFTER VOLUME AFTER CHANGE
TIME POST POST AGING CC's CC's %
AT CURE CURE
_ 700°F
1. 8521 1 1 Hr 52 50 20 15.44 25.19 63.1
2 3 Hrs 52 50 20 16.10 25.15 56.2
3 7 Hrs 52 50 33 16.61 25.13 51.3
4 10 Hrs 52 50 53 16.19 23.89 47.5
2. 85335 1 1 Hr 50 53 ' 30 15.48 19.05 23.1
2 3 Hrs 50 53 30 16.19 21.18 30.8
B 7 Hrs 50 53 52 16.15 21.44 32.7
10 Hrs 50 53 68 16.43 20.20 22.9
3. RTV60 1 1 Hr 60 50 2 16.7 33.52 100.4
2 3 Hrs 60 50 0 16.6 24,97 49.7
3 7 Hrs 60 50 87 16.87 22.63 35.3
b 10 Hrs 60 50 97 16.65 18.72 12.4
4, PR 1940 1 1 Hr 47 50 17 16.55 29.50 78.3
2 3 Hrs 47 50 17 16.29 32.39 98.8
3 T Hrs 47 50 4o 16.66 22.58 36.0
i 10 Hrs 47 50 4o 16.72 20.43 22.2
5. 0307 1 1 Hr s 82 84 15.8 15.8 e]
2 3 Hrs - 82 86 16.8 16.8 0
3 T Hrs -- 82 84 17.9 1;.9 0
4 10 Hrs -- 82 84 18.0 18.0 0
# Shore Type A Durometer used to determine Hardness -
Compounds 1 - 4
Shore Type D Durometer used to determine Hardness -
Compound 5.
#%# TInitlal Volume Taken after post cure.
TABLE 1vVv (3)
COATING - WIRE INSULATION - HIGH TEMPERATURE AGING TESTS
EFFECTS ON FLEXIBILITY OF COATINGS ON SEALED CERAMIC
INSULATED WIRE
SPECIMEN NUMBER SEALER SEALER CONDITIONING OBSERVATIONS AFTER
AVG. THICK-INS WINDING ON 20 MANDREL
1 Hanna XC5330 .0026 As cured Sealer RExtremely cracked
2 B XC5350 0022 10 Hrs @ TOOOF " W "
B “ XC5351 .0010 As cured o " " iy
> XC5351 .0010 10 Hrs @ TOO"F i . Y
5 " SC5352 ,0021 As cured " " "
6 i XC5352 .0029 10 Hrs @ 700°F " " "
g Teflon 851-204 .0010 As cured " Teflon Slightly Cracked
= 851-204 .0012 10 Hrs @ TO0"F " " u
9 Hi1 Temp .0005 As Cured No cracks - observed*®*
10 e .0005 10 Hrs @ T00°F LI o
#*Some Adhesion failure of Teflon sealer,
9 Hi Temp .0005 As Cured 5 No chanﬁe observed
10 " .0005 10 Hrs @ TOO F " L
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L T A B L E IV _ (Continued)

[ COATING - WIRE INSULATION - HIGH TEMPERATURE AGING TESTS

- EFFECTS ON DIELECTRIC STRENGTH OF SEALED CERAMIC

: INSULATED WIRE

} SPECIMEN NO, SEALER SEALER - TEST CONDITION ROOM TEMPERATURE

3 INTe R VOLTAGE AT

- THICKNESS PUNCTURE

INS.

1 Hanna XC5350 .0025 As Cured 1100
2 11 " s 0025 " n 1 150
3 " L .0024 10 Hrs @ 700°F 800

] I " " .0014 oo 600

3 5 " " .0N18 As Cured { RH 1150

4 6 " " .0026 oo " 1100

e o)

p. 7 " " ,0017 10 Hrs @ 700 FtRH 550

. 8 " " . 001“ n "n " 650

' 9 0 XC5351 .0025 As Cured 1100

; 10 " g .0030 wooom 1400

. 11 K L .0012 10 Hrs @ 700°F 800

,. 12 " " . 0018 " 1] n 700

. 13 " " .0016 As Cured RH 800

. . lu " " . 0016 it " 1 850

1

. 15 " " .0020 10 Hrs @700°F}RH U450

16 " n . 0009 " " L] 550

. 17 " XC5352 .0030 As Cured 800

: 18 " i .0029 L 850
19 " " .0012 10 Hrs @700°F 590
20 " " .0019 " " 800

: 21 " " .0029 As Cured|RIl 1200
22 " " s 0016 1 " 1 900

.

) 23 " ; .0029 10 H-s 2700°FIRH 600

& 2}4 t " '0012 1l " n 500

x )

3 25 Teflon 581-204 .0012 As Cived 750

f 26 " " .0010 0 700

¥ 27 " . .0010 10 Hrs @700°F 750

; 28 1 n , 001’4 " " " 750

] 29 " " .0024 As Cured RH 700

d 30 " ! .0014 oo " 700
31 " " .0012 10 Hrs @T00°F}RH 550
32 " n . 0013 " " n 900

i 33 H1Temp .0005 As Cured 650

‘ 34 " .0005 oo 550
35 " ; .0005 10 Hrs @ TO0°F 450
36 " " . 0005 L] " 550
37 ) ; .0005 As Cured | RH 700
38 .0005 v 0 500

: 39 " . .0005 10 Hrs @ TOOOF{RH 600

g 0 .0005 " 500

e

§

{

b

g
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