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EVALUATION OF THIN WALL SPACECRAFT ELECTRICAL WIRING

I. OBJECTIVE

The objective of this program is to determine the performance characterist:
of various thin wall, spa~ecraft, electrical wiring under simulated spacecraft
environments. The data will permit wire selection for manmned spacecraft to be
made on the basis of comparative performance. Further, recommendations will be
made regarding the develrpment of specifications for comparative evaluatior and

qualification testing of manned spacecraft electrical wire insulation.

II. EVALUATION PROGRAM

A. Generczl

The evaluation program consisted of the following tests:

Electrical Tests

Insulation Resistance - Total cample immersed in water at 23°C

Voltage Withstand - - Total sample immersed in water
1600 volts for 1 min.

As a function of exposure time at 100%
RH + dew in 15 psia pure oxygen at 50°C

Insulation Resistance¥*

Corona Start Voltage - In 5 psia pure dry oxygen at 93°C and in
15 psia 02 at 100% RH + dew
Voltage Breakdown - In wet oxygen at 5 psia_and 23°C, and

at 15C C in vacuum, 107" torr
Voltage Flashover - In 5 psia pure oxygen at 23°C and
100% RH + dew.

[}

*Note: Insulation Resistance and voltage breakdown are used :as end
point criteria of certain other tests.

Mechanical Tests

Outside Diameter at 23C and 50% RH

Concentricity of - mon o omn
Insulation

Conductor Dimensiomns - " n " " "

Weight per 1000 ft. - T L L | {

Stripability - R TR R TR T



Mechanical Tests (Cont'd)

Solderabiliiy
Color Durability -
Marking Legibility -

Compatibility with
Potting Compounds

Flexibility* -
Abrasion -
Blocking -
Cut-through -

Thermal Creep -
(""Cold" Flow)

Wickii.z -

*Note: Flexibility is used as
other tests.

Solder pot at 320%

At 23°C and -196°C
At 23C

0o -6
150°C and 10 torr
23°¢ and 150°C
23°C and 150°C

In water at 23°C

an end point criterion of certain

Physical ~ Chemical Tests

Thermal Aging -

Exposure to Ultra-Violet -

Exposure to Radiation -
Flammability -
Smoke, flash and fire

points

Chemical Compatibility -

At 150°%C in oxygen at 15 psia and in
vacuum,

Approx. 1.4 x 10° ergs/cmzlsec/
equiv, at 4000 A for 1 month

At 85C in wet oxygen at 15 psia and
at 150C in vacuum,

lo_grs. at A000 rads/hr at 150°C and
10 = torr and 100 rads/hr at 93C in
5 psia pure 02

In wet flowing oxygen at 5 psia.

Analytical Tests

Offgassing in Oxygen -

Volatility in Vacuum -

TGA and Analysis of Gases
TGA and Analysis at 10"7 torr

| ol
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B. Test Methods

Dctails of the various test methods have been given in Volume 1
of Technical Report No, 1, July 28, 1965. The minor modifications that we:e
made in test procedures during the latter part of the program are described

below.

1. X-Ray Determination of Dimensions

A great deal of effort was devoted to the application of
industrial X-ray techniques to the measurement of outside diameter, conductor
diameter and insulaticn wall thickness. Satisfactory X-ray photos could be
obtained with Wivres #3, 7 and 8. With other wires the coefficient of
absorption was too low to permit the insulation to appear in the X-ray
negative. In the case of Wire #3, the pigmented TFE dispersion, rather than

the H-film, showed in the X-ray.

With the remaining wires it was necessary to apply a brushed
coat of DuPont #4i32 silver paint in order to obtain X-rays that showed the
outer edge of the insulation wgll. Many measurements were made in these
X-ray negatives, but the method has not proven to be satisfactory. In
addition to the error introduced by the difficulty in precisely locating the
outer edge of the insulation wall, a second error is associated with the
flattening of the wire when it is pressed against the X-ray film holder.

This must be done to eliminate distortion.

2. (Cross Sectional Examination

Measurements of the pertinent dimensions can be readily made by
microscopic examination of specimens that are potted in clear plastic, cross-
sectioned and then polished, using metallographic techniques. Such specimens
permit a complete cross-sectional examination, which discloses any voids or ott

manufacturing imperfection.

Time did not permit this procedure to be applied to all the wires
in the program, but it was used with the seven most important co.. truction

types.



3. Concentricity

The concentricity values reported in Technical Report No. 1 were
calculated by dividing the minimum wall thickness by the maximum wall thickness
for each specimen and then averaging the results for ten specimens. This
procedure leads to low values of concentricity that may not be indicative of
true eccentricity, If, for instance, the insulation wall {8 thicker than
normal along a portion of the specimen, the calculated concentricity value will

be low even though the insulation thickness may be uniform ac.oss any section

of the specimen.

A truer indication of concentricity can be obtained by measuring
the insulation wali thickness on either side of the conductor at several
points along the wire and computing the concentricity (ratio of thinner to
thicker wall) for each point. This was done at three points on each of ten

specimens, giving 30 values of concentricity for each wire.

Wall thickness measurements are equally as important as concentricity
values., Minimum values are particularly important in determining overall wire
quality. Since it was necessary to measure wall thickness in determining
concentricity, the average, maximum and minimum of wall thickness have been

reported. ..

In those cases where cross-sectioned specimens were available,
concentricity was determired for each section. Such specimene provide the -

most meaningful concentricity data,

4, Conductor Dimension

Attempts were made to measure conductor diameter with a hand
micrometer as a check on the X-ray examination. It was found, however, that
consistent vaiues could not be obtained after stripping the insulation from

the stranded conductor. Since the X-ray photographs provide sharp images of

the conductor, the hand micrcmeter measurements were discontinued.

Additional measuremerts were made on cross-sectioned specimens.

These measurements were in reasonable agreement with the X-ray measurements.

5. Voltage Breakdown

The voltage breakdown test chamber described in Volume I of Technical :.

Report No, 1 was used for tests in oxygen, but a separate arrangement was used

o4
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for tests in vacuum. Each twisted pair specimen was placed in a 3/4 inch
diameter glass tube that was sealed at one end with a removable metal cap.
The other end was connected to a high vacuum pumping system., The tube was
inserted in a muffle type furnace, as shown in Figure O0-1. Temperature was

controlled at 150°C +5°C.

The removable metal cap served as the high-voltage terminal,
while the glass-to-metal adapter at the other eud of the tube served as the
ground terminal. The twisted pair was folded over so that the active portion
of the specimen was in the region of uniform temperature. The tube and a

folded twisted-pairspecimen are shown in Figure 0-2,



t Apparatus for Voltage Breakdown Tests in Vacuum at 150°¢
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LEes

Figure 0-1 -
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6. Repeated Flexure Test

Inadvertently the description of the repeated flexure tests was

omitted from the previous report although the results for several wires were

reported and two photographs of the test equipment were included which are included

also in this report as Figs. 0-3 and 0-4. The dimensions of the 'nose' about

which the wire is flexed is given again in Fig. 0-5.

An MIT Fold Endurance Tester has been modified for the wire evaluation
program. As shown in Fig. 0-3 the wire is held under an average srring tension
of 1000 grams. It is clamped in place as shown in Fig. 0-3. The aluminum
n~se piece is rotated back and forth 172 times per minute. When the wire breaks,
~ire spring tension is released and the test is stopped. In some cases the
conductor may break before the insulation fails anZ such failure is detected
by the loss of electrical conductance through che wire. It is possible also
that the insulation might fail before the conductor but no automatic technique
was developed for detecting such failure. Careful observation never detected

insulation failure prior to conductor failure in room temperature tests.

At lease three* variables are involved in the repeated flexure test.

Diameter of the bending ''nose"

Total bending arc

Tension in the wire
A considerable investigation led to the arbitrary adoption of the 1000 gram load
and the 1 inch bending diameter. The nose diameter was particularly important.
With smaller diameters, failures occurred within such a relatively few bending
cycles, even at low wire tensions, that comparisouns between wires could not be
made. It was apparent also from the mandrel flexibility tests tha a large
diameter would be necessary for low temperature tests. The 1000 gram wire
tension was adopted as the best value to prevent uncontrolled "whipping' in the

test.

*The frequency (cycles per second) is not believed to be an imporiant variable
«0 long as it is relatively low.
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fonsiderable effort was expended in an attempt to chbcrain insulation
rather than conduction failures in the repeated flexure test. Ultimately it
was accepted for certain that 2t room temperature, fatigue failure would occur

in the metal conductor rather than in the lower modulus insulating materials.

The effect of the total bending arc was investigated more by accident
than design. It was discovered that with a 270° bending arc, rapid significant
failure cccurred. Decreasing the arc to 180° somewhat increased the tycles
to failure but did not significantly change che order of rating. When tests
were made at -162°C it was found necessary to locate the sliding mechanisms
outside of the chamber and in consequence the bernding arc had to be decreased
again to 1200. The tests al room temperature were not repeated because a few
tests indicated that the absolute values and the order of comparison would not

be affected significantly.
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I11. DESCRIPTION OF TEST SAMPLES

Wire No. 1

Extruded FEP nominal 5 mils with ML ccating. #20 nickel pla*ted ccpper
19/32 strands.

Wire No. 2

Extruded 5 mil TIFE with 1 mil ML coating. #20 nickel plated copper 19/

strands, -
Wire No. 3

Doubie wrap H-film, Firsi wrap: % lap HF tape {1 mil H, % mii FEP);
second wrap: 1/3 lap FEF :ape (% mil FEP, 1 mil E, % mil FEP). 6 mil wall with
% mil TFE dispersion overcoat wich red pigment. #20 nickel plated copper
19/32 strands.

Wire No, 4

Single wrap H-film. % lap HF tape (1 mil H, ¥ mil FEP) 3 mil wall.
#20 nickel plated copper 19/32 strands.

Wire No. 5

Single wrap H-film. % lap FHF cape (% mil FEP, 1 mil d, % mil FEP) 4
mil wall. #20 nickel plated copper 19/32 strands.

Wire No, 6

Double wrap H-film. First wrap: % lap EF tape (1 mil H, % mil FEP),
second wrap: % lap FHF tape (¥ mil FEP, 1 mil H, % mil FEP) with % m. 1 FEP

dispersion overcoat. #20 silver plated copper 19/32 strands.
Wire No, 7

Irradiated modified polyolefin 9.3 mils with polyvinylidene fluoride
jacket. #20 tin plated copper 19/32 strands.

Wire No. 8

Irradiated modified polyolefin 9.2 mils. #20 tin plated copper
19/32 strands.

-13-



Wire No. 9

Type E TFE per MIL-W-1687D, 9.5 mils. #20 nickel plated copper
19/32 strands.

Wire No. 10

Single wrxap H-film. 2/3 lap 3 layers of HF tape (1 mil H, % mil FEP).
#20 nickel plated copper 19/32 strands.

Wire Ne. 11

Single wrap H-film. % lap 2 layers of % mil H-film with 2.5 mil TFE
over-wrap. #20 nickel plated copper 19/32 strands.

Wire No. 12

Extruded silicone rubber SE-9029 insulation, wall thickness 10 mils.

#20 nickel plated copper, 19/32 strands.
Wire No. 13

Extruded silicone rubber (SE-9029) 10 mils, with polyvinylidene
fluoride jacket 2 to 4 mils #20 nickel platted copper, 19/32 strands.

Wire No, 14

Silicone rubber (SE-9029) 10 mils, with over-wrap of H-film jacket
(1 mil H, % mil FO % lap #20 nickel plated copper, 19/32 strands.

Wire No. 15

Double wrap H-film. First wrap: % lap HF tape (1l mil H, ¥ mil FEP);
second wrap: nominal 407 overlap FHF tape (3mil FEP, 1 mil H, % mil FEP).
#20 silver plated copper 19/32 strands.

Wire No. 16

Same as Wire No. 15 with a % mil TFE dispersion overcoat with red

pigment.

o
-,
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Iv, TEST DATA

Detailed test data obtained during the first reporting period were
recorded in Volume II of Technical Repart Nc. 1. The present report contains
a complete compilation of all test data and, therefore, supersedes the
previous report. This report is presented in two volumes: Volume I contains
the detailed data and Volume II contains the analysis, summary and conclusions.
Many cf the tables in this report are reproductions of tables that were
included in Volume II of Technical Repart Wo. 1. Data that were obtained in
the latter stages of the program have been appended to the original tables.
Therefore, the order in which the data are presented is not consistent in all

tables.

1. Insulation Resistance - Total Sample

In the early stages of the program, wires 1 to 14 were ordered from
the respective manufacturers. Arrangements were later made by NASA for wires
15 and 6 to be supplied on a ro cost basis. Most of the wirec were suppliea
in surprisingly short lengths. Table l-1 shows the lengths that were received in
each case. In addition to being inconvenient to handle so many lengths,
especially in the insulation resistance tests, it is important to consider the
possible reasons why such short lengths were suppiied. It wculd appear that
some of the manufacturers could not produce longer lengths that would pass the
immersion test. On the other hand, the samples may have consisted of odds and
ends that were accumulated during regular production runs. In any event, the
reason for the apparent inability to maintain acceptable quality on long lengths
should be determined before procurement specifications are established. In
particular, it should be determined if the spark test and subsequent insulation
resistance (3-day water immersion) followed by a 1600 volt withstand test are
too severe in light of the present production capabilities and the actual

application requirements.



The results of the insulation resistance measurement on immersed spools
of wire are given in Tables 1-2 to 1-17. The values are given in units of ohms per

1000 feet for each spool of wire. The wire was packaged with one piec2 per spool.

The insulation resistance values are shown for 1 minute and 5 minute
electrification times. In general, if there is no water penetration due to a
defect, the five minute value will be somewhat higher than the one minute value.
Sensitive measurecments show this to be true even for a high resistivity, low-loss
"material such as TFE (see Table 1-10). In spite of the increased electrification
time, which allows transient absorption currents to decay, several specimens did
not pass the acceptance criterion of 3 x 1010 ohms per 1000 feet. Here again,
consideration should be given to the severity of the test. Because of the
difficulty encountered in obtaining samples that could pass this test,
instructions were received from NAS: to proceed with further evalwmtion of all

wires despite their failure to pass the acceptance tests.

One specimen of each wire sample was tested more thoroughly at the end
of the 3-day immersion to determine the resistance vs. time of voltage application
(current decay) characteristics. The precise interpretation of such measurements
for the subject specimens and test conditions (water immersion) is complex, but
the observed changes do given an indication of the dielectric losses at very
low frequencies. Such "absorption'" measurements can be used as a figure of
merit in the absence of data on a-c properties. They are sometimes useful in
interpreting other observed behavior in terms of impurities, cure, or other

processing variables, ..
In cases such as Wires #4 and 5, where the insulation resistance decreased -

continuously over the three day period, it is evident that moisture is being -

absorbed. Further evidence is provided by the absorption measurements, which show

T

no large change in resistance after 20 minutes, even though the values are low

at the outset. This indicates ionic conductivity caused by water absorption.

e B N I



TABLE 1-1

WIRE LENGTH - AS RECEIVED (feet)

Wire #1 Wire #5 Wire #11 =
(lst shipment)* T
103 402
610 188 371
406 245 300
245 51 158
1261 235 1231
150
(2nd shipment) 52 Wire #12
100 _217
100 157
100 Wire #6 60
100 137
100 35 8
100 96 41
100 373 60
100 548 185
145 1272 167
56 64
43 1060
55 365 ,
T35¢ 275 Wire #13
360
Wire #2 1000 150
— 177
368 . 202
1503 1000 207
135
Wire #3 Wire #9 1083
412 172
58 71 230
83 82 16
220 126 176
40 100 86
432 115 251
1350 22 “2
68 349
Wire #4 _160 34
; - 1074 89
. 165 2
944 12
T362 274 1365
311
155
434
*Shipment rejected., Faults _15 *%Returned to manufacture
removed by manufacturer and 1249 Respooled and sent back
returned. original footage marking

ey
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TABLE 1-1 (continued)

WIRE LENGTH - AS RECEIVED (feet)

Wire #15

264
171
184
86
173
32
163
73
1146

Wire #16

238
337
54
32
43
173
94
971

-18-
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TABLE 1-2

INSULATION RESISTANCE - TOTAL 3AMPLE

Wire #1

Length
feet

406
610
145

Resistance per 1000 ft,
ohms
1 Hour

6.9 x 10°
7.9 x 10°

1.2 x 101l

Wire returned to vendor.

Retest

Length
_feet

100
100
100
145
43
56
56

Resistance vs. Time of Applied Voltage

Resistance per 1000 ft. (ohms)

1 Hour 1 Day
1 minute 1 min,
11 3.3 x 1010

11 5.7 x 10'°

10 10

7.5 x 10 5.6 x 10
11 10

1.4 x 10 6.5 x 10
2.5 x 1011

2.0 x 101 9.6 x 10°
1.7 x 10

1.3 x 10
1.3 x 10

11 5 8 x 100

Length - 43 feet

Time
Minutes

1

N oSS N

L.R.
ohms/1000 ft.

6.9 x 1010
1.7 x 10t
3.6 x 10!
4.7 x 10%
5.6 x 10M
7.6 x 10

12

1.4 x 10

Time
Minutes

10
i2
13
15

3 Days

1010

1010

1010

1010

1010

109

1010

5 min.

3.3 x 1010

3.6 x 1010

7.8 x 1010

2.8 x 10!

5.6 x 1011

5.6 x 10°

1.2 x 1010

L.R.

o) 3000 ft.
1.2 x 10

9.0 % 10
1.2 x 107
1.8 x 10

1.2 x 10

12
11
12
12
12
12

1.9 x 10



TABLE 1-3

INSULATION RESISTANCE - TOTAL SAMPLE

Wire #2
Resisiance per 1000 ft, (ohms)
Length 1 Hour 1 Day 3 Days
_feet _ 1 min. 5 min. 1 min, 5 min. 1 min. 5.min.
262 2.5x10Y  5.5x10t] 9.2x10°1  2.9x101%  1.ex10'?  3.7x10%2
1135 3.2x10%} 2.0x10'2 4.5x10°%  5.7x10'%  &.5x10%2  1..x10%3

Resistance vs. Time of Applied Voltage

Length - 1135 feet

Time I.K.
Minutes (ohms /1000 ft,)

1 8.5x1012
2 8.7x102
3 9,2x10'2
4 9.6x10'2
5 1.0x10"3
7 1.1x10%3
10 1.4x10"3
15 1.8x10"3
20 2.5x1013
25 3,2x10%3
30 4.1x1013

«20=
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TABLE L-4

INSULATION RESISTANCE - TOTAL SaMPLE

Wire #3
Resistance per 1000 feect (ohms)
(measured after 1 minute)

Length (£ft.) 1 Hour 1 Day 3 Days
40 8.7 x 100 1.8 x 10°% 1.2 x 10
83 3.0 x 10'0 4.2 x 10°° 5.2 x 100
58 6.7 x 100 1.5 x 10T 9.3 x 1010
220 7.8 x 10°° 1.5 x 10t 1.2 x 10tt
10 10 11

412 9.8 x 10 7.8 x 10 1.2 x 10
432 6.8 x 1010 2.9 % 10t 1.4 x 10°°

Resistance vs. Time of Applied Voltage
Le..gth - 40 feet

Time I.R.
ueinutes) ohms /1000 ft.
1 1.2 x 1t
2 2.4 x 10t
3 4,8 x 1011
5 9.2 x 10'!

8 1.3 x 10%?
12 1.8 x 102
17 1.8 x 102
25 2.0 x 10'?

-21-



TABLE1-5

INSULATION RESISTANCE - TOTAL SAMPLE

Wire 4

Length

p—t—)

faet

- vem Smpemus

944
253
60

Resistance per 1000 ft. (ohms

1 Day

1 min.

1.0 x 108
2.4 x 10°

4.1 % 10°

Resistance vs. Time of Applidd Voltage

Length - 253 feet

Time
(minutes)

1
2
4
9

20

L.R.

(ohms /1000 ft.)

8.6 x 107

9.6 x 16
1.1 x 10
1.2 x 10

® o o0 v

1.3 x.10

-2«

5 min.

3.6 x 10°
8.4 x 10°

1.7 x 10

10

3 Days
1 min. 5 min.
1.8x 107  2.6x 10
8.6 x 10’ 1.1 x 10°
2.2x10® 3.0 x 108

ity

e
s
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TABLE (-6

INSULATION RESISTANCE - TOTAL SAMPLE

Wire #5

Length
feet

150

52
188

51
233
217
245

Resistance vs. Time of Applied Voltage

Resistance per 10095 ft. (ohms)

1 Hour

1 minute
2.4 x 10
2.4 x 10
2.5 x 10
1.4
1.5
2.1
1.5

10
10
10
10

10

1010

X 1010
x 1010

woon

L B

Length - 188 feet

Tiue
(minutes)
1

2
3
5

10

20

I.R.

ohms/1000 ft.

6.0 x 108

7.0 x 10
7.3 x 10
8.1 x 10
9.0 x «0
9.8 x 10

Q@ ©0 ©C 0 o

3 Days

1l min. 5 min.

8 8
1.9 x 10 2.5 x }0
4.3 x 108 5.2 x 10°
6.0 x 105 8.1 x 10°
1.1 x 108 2.6 x 107
1.8 x 10 2.6 x 10’
5.4 x 105 8.5 x 10°
3.7 x 108 4.9 x‘108



TABLE i-7

INSULATION RESISTANCE - TOTAL GAMPLE

Wire #6

Resistance vs. Time of Applied Voltage

Resis tance per 1000 ft. (ohms)

Length - 548 feet

Time

gMinute82

o U W N =~

11
15
20
28

L.R.

ohms/1000 ft,

1.6 x 10°

2.6 x 100

3.3 x 10%Y

4.2 x 1010

6.6 x 10-°

7.7 % 1610

8.8 x 1010

1.8 x 101!

1 Day

1 Minute

8.8 x 10%°
3.5 x 1010

5.7 x 10°°

-24-

3 Days
1 min. 5 rin,

3.9 x 10*°

1.6 x 10
2.4 x 10

1.4 x 10

10 £,2 x 1010

10 8.0 x 1010



TABLE 1-8

INSULATION RESISTANCE - TOTAL SAMPLE

Wire #7
Resistance per 1000 ft. (ohms)
Length 1 Hour 1 Day 3 Days
feet 1 Minute 1 min. S min. 1 min, 5 min.
275 2.3 x 1020 3.3 x 10°° 1.5 x 10'1 2.3 x 101° 7.1 x 10!
1
365 1.8 x 100 2.9x 100° 8.8x10° 2.3x10°  5.8x 10"
252 1.3 x 1020 6.8 x 10°° 1.7 x 10! 1.9 x 10'° 4.3 x 10°

Resistance vs. Time of Applied Voltage

Length - 275 feet

Time I.R.
(Minutes) ohms/1000 ft.
1 2.3 x 10%°
2 3.6 x 10%°
3 4.9 x 100
5 7.1 x 10%°
7 9.1 x 20%°
11 1.2 x 10'!
15 1.6 x 10!
20 2.6 x 10"}
25 2.5 x 10tt

6'-25-.



TABIE 1-9

INSULATION RESISTANCE -~ TOTAL SAMPLE

Wire #8
Rosistance per 1000 ft. (ohms)
Length 1 Hour 1 Day 3 Days
feet 1 Minute 1 min. 5 min. 1. min. S min.
892 1.3 x 100 2.1x101% 7.9x 100 1.4x10° 6.8 x 10%°
Rasistance vs. Time of Applied Voltage
Length - 892 feet
Time I.R.
Minutes ohms /1000 ft.
1 1.4 x 1010
2 2.9 x 1010
3 4.2 x 10t°
5 6.8 x 10%0 ]
7 8.9 x 10:°
10 1.2 x 1011
.11
15 1.9 % 10
20 2.4 x 1.01'1
. 11
25 3.0x 10
-26-
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TABLE 1-10

INSULATION RESISTANCE - TOTAL SAMPLE

Wire #9

Length (ft.)

158
172
71
82
126
100
115
22
68
160

1 Hour

3.2 x
4.3 x
1.8 x
2.1
6.3
8.2
3.0
4.6
2.7

3.3 x

L T

1011

1
10 :

1011

1011

1011

1010

1011

1011

1011

1011

Resistance per 1000 feet (ohms)

(measured after 1 minute)

Resistance vs. Time of Applied Voltage

Length ~ 100 feet

Time
gMinutesz

X

~N v W NN

10
13
17
20

3.45 x 10

I.R.

chms/1000 £t.
11

1.52 x 10
1
1.56 x 10°}

1.79 x 1ot

2.27 ~ 1011
4,17 x 1011

7.58 x 10't

1.39 x 102

1.92 x 10%2

2.63 x 1042
12

-27-

1 Day

1.2 x
8.8 x
3.0 x
2.2 x
1.5 x
1.4 x
4.5 x
6.8 x
3.1 x
1.3 x

1012

1011

3 Days
9.2 x 10t
1.8 x 1011
3.5 x 107}
3.0 x 10}
7.1 x o't
1.6 x 1011
3.8 x 1011
3.7 x 10t
2.9 x 10}
6.8 x 10-1



TABLE 1-11
INSULATION RESISTANCE - TOTAL SAMPLE ‘
Wire # 10 ]
Resistance per 1000 ft. (ohms)
Length 1 Hour 1 Day 3 Days
feet 1 min, S min, 1 min. S min. 1 min. 5 min.
274 4.1x10° 7.1x10%  2.4x10"% 3.8x101° 7.7x107 1.5 x 1017
75 3.6x100 9.8x10° 1.2x100 41x100 7.2x10° 1.4x10°
43  4.8x100° 9.1x10° 8.3x10° 2.0x10° 8.7x10% 8.7x10°
311 4.7x10% 8.7x101% 3.1x100 s.6x10°  .ax10° 1.6 x 1080
50  3.5x10° 8.0x10° 1.3x10° 2.5x10° s.0x10° 1.1x109°.
Resistance vs. Time of Applied Voltage
Length - 274 feet
Time I-Ro
(minut es) ohms/1000 ft.
1 7.7 x 10°
2 1.1 x 1010
3 1.2 x 100
4 1.4 x 10'°
5 1.5 x 10%°
8 2.1 x 11
10 2.2 x 10%°
13 2.5 % 161°
15 2.6 x 10°°
-28- o
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TABLE 1-12
INSULATION RESISTANCE - TOTAL SAMPLE

Wire #11
Resistance per 1000 ft. (ohms)
Length 1 Hour 1 Day 3 Days
feet 1 mia. 5 min. 1 min. 1 min. 5 min.
300 <3x 104 removed from test
402 " 11)
52 2.6 x 10°% 9.4 x 10*° 1.5 x 10"t 1.5 x 10!t 4.9 x 10h
371 failed on test
Returned to vendor
Retest Resistance per 1000 ft. (ohms)
Length 1 Hour 1 Day 3 Days
feet¥® 1 min, 5 min, 1 min. s min. 1 min, 5 min,
402 1.5 77 8.0x1:0° 3.8x10° 4.9x 10° intermittent short
YY) 10, 10 11 10 :
. 300 2,1 x .10 9,3 x 10 4,2 x 10 1.8 x 10 4,2 x 10 1.4 v 10
371 1.9x 10% 9.3x101% 2.2 x 1010 9.6 x 10'° 3.7 x 16'° 1.6 x 10

Resistance vs, Time of Applied Voltage
Length - 371 feet¥®

Time I.R.
(Minutes) ohms/1000 ft.
0.5 2.0 x 100
1 3.7 x 1010
2 7.0 x 10°
3 9.6 x 100
5 1.6 x 10t
8 2.3 x 1011
10 2.6 x 10t
15 3.7 x w0

*footage marked on spools returmed atter xespooling by vendor.

Same footage as returned.

Failure in original sample appeared to be the result of mechanical damage

to inside wire ends caused by improper packaging.

-29-



TABLE 1-13

INSULATION RESISTANCE ~ TOTAL SAMFLE

Wire #12

Length

_Feet
137
157
60
o4
60
185
85
64
44
40

*Intermittent short.,

Resistance vs,

1 Hour

1 min.

2.2x10
1.2x10
1.4x10
3.5x10
5.6x10
7.2x10
1.2x160
1.1x10*°
8.8x10°

3.3x10°

W 0 W W W Ww O

Resistance per 1000 ft, (ohms)

5 min.

\'e]

4.,0x10
2.0x10
2.6x10
5.8x10
9.0x10
1.4x10
1.8x10

1.8x1010

1.6x10°

2.2x10°

O

O W W o W

1 Day

1 min.

Time of Applied Voltage

Length - 137 feet

Time

(Minutes)

0w U W N~

12
16
20

I.R.

(ohms /1000 ft,)

6.5x10°
9

8.9x10

1.Ox1010

1.2x101°

1.5x10°
1.8x10%°
1.9x1010

2.2x10°

«30-

5 min,

5.1x10°

3.0x109

1.2x10%°

1.6x10t°

1.9x1010

1.3x10%°

2.6x1010

2.1x10°

3 Days

1 min.

6.9xIO9
5.2x10°
1.3x10™°
1.6x10'°
1.2x10%°
2.4x10°
1.2x10%°
10

1.4x%10

5 min.

1.2x10%°
9.3x10°

2.6x101°

2.9x1010

2.3x10'°
4.3x10°
2.3x10%°

10

2.8x10

}-u-i-x:,
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TABLE 1-14

INSULATION RESISTANCE - TOTAL SAMPLE

Wire #13
Resistance per 1000 ft. (ohms)
Length 1 Hour 1 Day 3 Days
feet 1 min. . 5 min. 1l min. 5 min. ! min. 5 min
195  2.1x10° 3.9x10° 2.3%10° 43x10°0 2.3x10° 4.3 «x
202 1.0 x 109 Z.2 X lO9 1.1 % 109 2.0 x 109 1.4 x lO9 2.4 x
201 1.5 x 109 2.6 x 10‘J 1.8 x 109 3.4 x l09 1.3 x lO9 1.0 x

Resistance vs. Time of Applied Voltage

Length - 195 feet

Time I.R.
(minutes) (ohms/1000 ft.)
0.5 2.0 x 10°
1 2.3 2 10
2 3.1 x 10°
5 ) 4.3 x 10°
10 5.7 x 10°
20 7.6 x 109

-31-



TABLE 1-15

INSULATTON RESISTANCE

Wire #14
Length 1 Hour
_feet 1 min,

176 4.2x10°

349 3.8x10°

251 2.2x10°

230 3.0x10°

Resistance vs. Time of

- TOTAL SAMPLE

Registance per 1000 ft. (ohms)

1Day
8.5x10° 3.5%10°
8.0x10° 3.3x10°
4.8210° 1.9x10°
6.9x10° 2.5%10°

Applied Voltage

Length - 176 feet

Time

(Minutes)

S U P W =

10
15
20

I.R.
(ohms /1000 ft.)

.3x10
.0x10
.3x10
.9x1¢C
.2x10
.6x10
.5x10
.4x10

1.1x10'°

LBV G >~ Ve Vo R Ve ]

(s BN« TR S ST VR UL Ry FUR )

«32-

~ .
2 min.

7.0x10
6.6x10
3.8x10
5.3x10

WO O O W0

3 Days
1l min, 5 min
2.3x10°  4.2x10°
2.0x10°  3.8x10°
1,0x10° 2,1 107
1.7x10°  3.5x10°



TABTE 1-16

INSULATION RESISTANCE - TOTAL SAMPLE

Wire #15
Resistance per 1000 fcr. (ohms)
Length 1 Hour 1 Day
feet 1L min. 5 min. I min. 5 min,
171 1.3 100 3.4x 101 s.6x 107 2.1x 10
264 1.8 x100° 8.7x101% 1.2x 100 5.0 x 1010
184 1.5 x 10% 1.8 x 10%
173 1.5x 1000 5.7x10° 1.0 x 101° 4.0 x 10
86 1.2x10" 83x10°0 1.6x 100 7.7 x 10°
163 1.4 x101% 7.3x101% 1.7 x 10%° 8.8 x 10%°

Resistance vs, Timc of Applied Voltage

Length - 264 feet

Time I.R.
{minutes) (ohms/1000 ft.)
0.5 2.6 x 1C9
1 5.0 x 109
2 §.2 x 10°
3 1.1 x 10%°
5 1.8 x 1010
7 2.0 x 10°0
10 2.6 » 1010
16 4,0 x 1010

3 Days

1 min.

192 ]

3
3
1
2

.7 x 10
.0 x 10
.1 x 10
.1 x 10
.1 x 10
.0 x 10

9
Q
4
9
10
10

5 min.

4.8 x 1

ps
"
O\

.2 x1
9.5 x 1
6.2 ¥ 1



TABLE 1-17

INSULATION RESISTANCE - TOTAL SAMPLE

Resistance per 1000 ft. (ohms)

Wise #16
Length 1 Houx
feet 1 min. . 5 min.
337 8.4 x 100 4.4 x 10!t
o 7.8 x 10°° 4.9 x 10'°
238 4.5 x 100 2.6 x 10!t
32 6.4 x 10%°
173 4.5 x 10°°

1p

1 min.
6.4 x 1010
1

1.1 x 10"

6.9 x 1010

6.4 x 1010

1.1 x 10

Resistance vs. Time of Apolied Voltage

Length - 337 feet.

Time I.k.
(minutes) (ohms/1000 ft.)
0.5 3.7 » 1010
1 5..x 1010
2 1.. x 10%°
3 1.9 x IC}l
5 3.7 x 1011
7 4.7 x 1011
10 5.7 x 1071

X 1011

15 7.1

ay
S min.

11

4.7 x 10

3.8 x 10

10

11

3 Days
1 min. S5 _min.
5.4 x 1070 3.7 x 101!
1.1 x 10!
5.0 x 101% 2.6 x 10}
7.4 x 10%°
6.7 x 1010
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2. Voltage Withstand

The voltage withstand test consists of applying an alternating voltage
of 1600 volts for a period of one minute at the conclusion of the insulation
resistance measurements. The specimens remain immersed in water, and the voltage

is applied between the water and the wire conductor.

The results are summarized in Table 18. Half of the samples (wire
types) passed the test. The other samples exhitited one or more failures. It
should be noted that Wire Nc. 1 (ML coated FEP) had been rejected because it
failed the insulation resistance test. The defects were removed by the
manufacturer and approximately half of the original sample was resubmitted for

wurther evaluation. The results shown in Table 18 indicate that 5 of the 7 reels

that were returned _failed the voltage withstand test.

After encouatering numerous failures, it was agreed that the voltage with-
stand test would not be used as a criterion for acceptance in the evaluation

program.
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TABLE 2-1

10

11

Voltage Withstand Test

(1600 volts rms for 1 minute)

Length (feot)

56
43
56
145
100
100
100

158
172
71
82
126
100
115
22
68
160

402
300
371

-36-

Observation

Intermittent failure

No failure

Failed after 50 sec.

Failed after 15 sec.

Failed after 4 sec.

Failed immediately at 1600 volts
No failure

No failure
No failure
Failed at 1000 V.

No failure

No failure

‘No failure

‘No failure

No failure

No failure
No failure
No failure
No failure
No failure
No failure
No failure
No failure
No failure

"Fajled immediately at 1600V.

Failure removed. Two remaining
pieces passed 1600 voit test.

No failure
Failed

No failure
No failure

(continued)

fommereg namans iy Gty L] S [ ]
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TABLE 2-1_(continued)

Veltage Withstand Test

(1600 volts rms for 1 minutes)

Wire # Length (feet) Observation
2 -- No failure.
12 -- Two of ten samples had

intermittent shorts on
the I.R. test, but did

not fail.
13 -~ No failure.
14 -- No failure.
i5 -- One »f the six samples
had a low I.R., but did
not fail,
16 -- No failure.

-37-



3. Insulation Resistance - Cabled Specimen

Cabled specimens were aged for 15 days at 50°C 1in 15 psia oxygen
at 100% RH with condensation. Insulation resistance was measured between the
central wire and the six surrounding wires that were connected in coumon.

Measurements were made after exposure “or 1 nour, 8 hours, 1, 2, and 5 days.

Excellent agreement among specimens of the same wire was obtained,

and the results are in line with those obtained in the immersion tests of the

previous section.

Insulation resistance measurement¢ are not always effective in
detecting degradation or moisture absorptior, Under dry conditions, d-c
resistivity of most materials will increase during thermal aging, even though
other properties might degrade. Under wet conditions, large changes in
resistivity are observed if woisture is absorbed more or less uniformly
throughout the volume of the insulating material. If there is a high
resistance barrier, however, the measured value of insulation resistance will

still be high because the barrier interferes with the charge transport process.

In a few cases, particularly with Wire #2, specimens exhibited low
values of insulation resistance for a brief period during the 15 day exposure.
This type of behavior indicates the existence of faults which affect the
measurements only when water droplets form in such a way that a complete
conducting path results. 1In the case of specimen 2-1 (see Table 3-1), the
insulation resistance fell to a value less than one megohm, indicating a
complete low resistance path between the Eentral wire and at least one of the

outer wires.

The single wrap H-film construction without overcoat (Wires &4, 5
and 10) showed the largest general decrease in insulation resistance with
increasing expoaure time. The TFE or FEP dispersion (Wires 3, 6 aad 11)
significanily decreased the rate of moisture absorption, as evidenced by the

small effect of exposure on insulation resistance.

-38-
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TABLE 3-1

INSULATION RESISTANCE - CABLED SAMPLES (OHMS)

Specimen
Number 1 Hour
Wire 3-1 2.8x1013
2 3.6x101°
-3 4.8x10%3
-4 5.3x10"3
Wire 4-1 4.0x10"3
-2 3.2x1013
-3 2.6x10"°
-4 3.3x10°3
Wire 5-1 1.0x10%
-2 5.4x1013
-3 8.9x10">
- 1.0x10%
Wire 6-~1 1.4x1013
-2 3.3x10%3
-3 2.4x10"3
4 z.oxtot?
Specimen 1.Hoﬁr§'
Number
Wire 7-1 2.2x1013
-2 1.5x103
-3 1.3x10%3
” 9.8x10'
Wire 8-1 8.3x10%2
-2 >10t%
-3 2.9x10%3
-4 2,2x10%3

Time in Wet Oxygen at 50C

8 Hours

1.9x1013
13

1.7x10
2.9x103
1.8%1053

.9x10ll

.4x1011

.7x10],'1

.6x1011

O = e

.2x10tL

.6x1011

.1x1012

.9x1011

N = N

1.9x1003

1.8x1013

2.0x1013

13 -

2.1x10
2.2x10%3
2.3x1013
1.6x10%3
13

1.9x10C

2.9x1012
13

1.4x10
1.4x1043

1.2x10%3

©9,3x10

1 Day

.9x].013
13

1
1.9x10

1.9x10"3
2.0x103

.7x1010

.6x1010

.9x10%°

.6x1010

W -~ W

(o}

.ox10'°

.5x10°°
.ox10”

.6x10%°

TV BN T TCRN

2.4x1012

2.9x1012

3.,5x1012

3.6x1012

1.Day .

2.5x1053

1.1x1013

1.3x1013

2.0x1013

12

1.0x1043
13

1.4x10
1.2x10%3

-39~

2 Days

.6x1013
.4x1013
.9x10t3

13

4x10

= o e

.ox10t°

.6x10'°

.8x10'°

.5x1010

~NON W

.9x1010

.8x10°

.8x1010
.8x1010

wm n Ww W

.6x1011

.0x1012

.1x1012

.1x10'2

e e

.3 bays

13
13
13
13

3.1x10
2.7x10
1.0x10
1.8x10

12

9.3x10

1.0x10%3
13

12

1.5x10
1.3x10

5 Days

—

[« AT U B VU U D N~ [

~N = 0 W

.1x1013

,3x1013
.4x1013
13

L1x10

.2x1010

.2x1010

.9x10t°

.9x1010

.leOlo

.7x10%°

.6x1010

.3x1010

.6x1011

.2x1011

.ox102

.ox1ol!

.15 Days

2.9x10-3

1.9x10%3
1.0x1043
3

1.4x10%

1.5x1013
l.l&x101"j

1.5x10-3

1‘.3x1013

(continued)

15 Days

.4x1012

.1x1013
.lxlO13

.6x10%2

~N =N

.0x1010

.ox10t°
.8x10!°

.1x1010

e NN o= N

.3x10;0

.3x1010

.6x1010

.5x101°

S W LW

.1x1012

.8x1011

.1x1012

.1x1011

NNy



TABLE 3-1 (continued)

INSULATZON RESISTANCE - CABLED SAMPLES (OHMS)

Specimen
Number_ 1 Hour
Wire 9-1 >1014
=2 1014
-3 s10t4
-4 s10t%
Specimen
Number 1 Hour
Wire 10-1 1.9x10">
-2 3.6x10"°
-3 7.8x10'?
-4 3.3x1013
Specimen
Number 1 Hour
Wire 1-1 l.2x1014
-2 6.8x10
-3 1.ox10%*
-4 5.0x1003
Wire 2-1 2.8x100°
-2 2.9x10%3
-3 4.2x10%3
-4 5.4x1013
Wire 11-1  5.9x10%3
-2 3.6x1083
-3 3.3x1083
-4 2.0x1013
Wire 12-1 5.4x1012
-2 s.7x10M
-3 7.8x10'2
-4 5.1x10%2

*Measured with Simpson Ohmmeter

8 Hours 1 Day
1.4x10M% 5.2x10%3
5.7x1002 5.6x10"3
6.9x101° 5.0x10"3
3.6x10°3 5.0x10%3
8 Hours 1 bay 2 Days
6.1x10'>  2.0x10'%  1.5x10'2
4.8x10"%  1.7x10%%  1.4x1012
4.5x10'%  2.0x10%  1.6x10%2
4.5x10;2 1.7x10 1.3x1012
8 Hours 1D
7.7x10%3 7.6x1C >
1.9x10™° 1.0x10™*
3.7x1013 2,9x10"3
1.2x10%% 9.1x10%3
3,6x10%3 1.8x10%°
3.2x10%3 3.1x10"3
4.4x1013 7.7x109
3.6x1043 2.1x10%°
9.3x1012 9.3x1012
3, 6x1013 2.4x1013
3.1x1003 2.9x10%3
2.5x10%3 3.6x103
2.0x1012 1.7x102
3.1x10%2 1.3x1010
3.1x1012 1, 9x10'2
2.6x10"° 2.3x10'2

b0~

3 Days 15 Days
8.3x1013 1.9x1014
8.6x1013 2.1x10*%
1.2x10M 1.9x10%
1.7x1014 5.0x1014
5 Dazs 15 Daxs
1.0x10*2  5.7x10M!
1.1x10%  4.8x10l!
1.0x10"2  5.7x10M1
8.6x1011 4.7x1011
3 Days 15 Days
1.6x10¥%  2.3x1083
1.5x10%%  2.2x1013
2.3x108%  3.6x10'2
9.1x108>  2.5x1013
255103 2.5x10°"
9.6x10~>  5.0x10'3
1.2x10%%  2.0x10%%
1.0x1014 1.6x1014
2.6xt013  8.3x10M
2.8x1013  4.2x10%%
2.6x1013  3.3x10!3
4.8x1083  5.0x10%3
2.1x101%  2.0x10'?
2.3210%%  2.6x10%2
2.1x101%  2.3x10%2.
2.6x10'%  3.1x10'2
(continued)



TABLE 3-1 (continued)

INSULATION RESISTANCE - CABLED SAMPLES (OHMS)

Specimen
Number

Wire 13-1

1 Hour

5.0x102
12

5.0x10
3.3x10'2
4.8x10-2

1.0x10%3

l.OxlOl3

1.3x10%3

1.2x10%3

8 Hours

1.6x1012
12

1.7x10
12

1.2x10

1.9x1012

2.4x10%2
1.9x10%2
2.5x1012

)
3.3x10-2

41

1 Day

1.4x1012

1.4x1012

1.Ox1012

1.6x1012

2.4x1012

l.3x1012

2.5x10%2

3.1x1012

3 Days

1.1x101%

1.1x1012

7.8x1011

1.3x1012

2.5x1012
1.4x1012

2.6x1012

2.9x1012

15 Days

1.4x1012
12

1.4x10

1.0x1012

1.7x1012

2.9x101L

1.6x10M2

2.9x1012

3.lx1012



4, Corona Measurements

Corona inception voltage (c.i.v.) and corona extinction voltage
(c.e.v.) was measured on the cabled specimens that were aged in wet oxygen at 15
psia for 15 days in the insulation resistance tests. The measurements were made

in wet oxygen at 15 psia and a dry oxygen at 5 psia.

Corona measured in wet conditions seeks out faults and malkes them
evident. Whenever the corona extinction voltage drops far below corona incegtion
voltage a fault is indicated., In this test, thz c.e.v. may sometimes be observed
to climb above the c.i.v. The distribution of moisture is altered by the corona
itself. This is taken as evidence of a good sample, especially when the
inception and extirction voltage are both high. Extreme variability of either
the c.e.v. or c.i.v. is a bad indication only when scme of the values are very
low. The variability may be due to the particular way the moisture droplets

lie on the surface of the particular sample.

The corona inception voltage and the corona extinction voltage are
measured in a way that would naturally tend to make extinction voltage lower
than the inception voltage. The corona inception voltage is the minimum
voltage (with increasing voltage) at which continuous corona is noted. The
corona extinction voltage is the maximum voltage (with decreasing voltage) at
which sporadic corona is noted. The sporadic corona is judged to have ceased
when none appears in a 10 second time interval. Therefore, when the c.e.v. is
higher than the c.i.v., a definite change in the specimen has occurred due to

the presence of corona.

Corona is known to be an extremely effective drying agen.. It
distorts water droplets and sprays them off the surface., Thus, in Table 4-1
when we note that for specimens #4 and #6 that c.e.v.'s are higher than c.i.v."s;

this is taken as evidence of drying due to corona,

The measurements in dry oxygen at 5 psia (Table 4-2 ) are much more
reproducible and, of course, indicate reduced inception and extinction voltages

due to the lower electric strength at reduced gas pressure.

In comparing different wire samples, the insulation wall thicknesses

must be considered because the voltage at which the critical field strength exisﬁé
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is a function of geometry, The poor showing of wires 4, 5, and 10 are probably
associated with their thin walls. With wire #8, however, the two values of
c.e.v. (500 and 600 V) in Table 4-1 are the result of faults in the relatively
thick w 11l. 1In general, the results correlate with insulation thickness and

the values are high for such thin wall insulation.

The low values of c.e.v. at 5 psia are extremely important in
applications where alternating voltages exceeding 400 volts are contemplated.
At lower pressures the c.e.v. would be red:.ced even further because of decreased

gas density,.
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TABLE 4-1

CORONA MEASUREMENTS IN WET OXYGFN AT 15 PSIA, 23%

Wire

1000
1300
1120
1300

Wire

1250
2000
1600
1900

1100
1400
1200
1320

Wire
8

£00%
1500
6C0%* -
1500

Wire

970
1650
1400

970
1800
1350

Wire
9

—v——

900
1200

- 1100

1600

Corona Inception Voltage (volts rms)

Wire Wire
3 4
1120 550
1240 550
1400 550
1156 500
Wire Wire
10 11
900 820
770 500
800 875
1100 420

Corona Extinction Voltage
Wire Wire
K] 4
1120 700
1120 770
1100 700
1300 500
Wire Wire
10 11
85C 875
750 650
-— - 750 500
1100 920

Wire
5

800
650
700
800

Wire
12

1320
1500
1720
1500

(volts rms)

Wire

5

700
650
700

750

Wire
12

1270
157G
1650

*JVer ‘ense corona pattern suggesting a partial breakdown.
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Wire

1250
1200

850
1400

Wire
13

— ———

2000
1750
1650
1750

1800
1650
1650

1750

Wire

2000
1700
1900
1250

Wire
14

1300
1500
1500
1500

Wire

1800
1650
1650
1100

Wire
14

1300
14 0

=
Ul W
S O
© O
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TABLE 4-2

CORONA MEASUREMENTS IN DRY OXYGEN AT 5 PSIA O

Wire

840
950
870
880

Wire

1000
1180
1120
1050

Wire

750

Wire

960
970
960
960

Wire

846
1020
980

Wire

1100
1120
1C50
1070

23°%

Corona Incertion Voltage (volts rus)

Wire Wire
_3
800 680
900 640
800 620
370 600
Wire Wire
10 11
560 680
560 670
700 680
640 68C
Corona Extincti.n Voltage
Wire Wire
3 4
750 570
750 570
750 570
750 570
Wire Wire
10 11
510 650
510 650
550 540
600 670
-45.

Wire
9

600
680
630
600

Wire
i2

950
1200
1250

(volte rms)

Wire
12

900
300
880

Wire

800
850
800
600

Wire
13

810
1000
1190

950

Wire

750
750
750
730

Wire
13

880
950
1050
950

Wire

820
. 20
860
720

Wire
14

1150
117¢C
1230
1000

Wire

670
720
720
650

Wire
14

1180
1120
1020

950



5. Voltage Breakdown - In Air, Wet PSI Oxygen and Vacuum at 150°C

Values of voltage breakdown of twisted pairs at 150°C in vacuum of
abcut 10‘6 torr and in wet oxygen at 5 PSI for all of the wire are compared in
Table 5-1 for a fast rate of voltage rise (500 volts/sec.) and in Table 5-2 for
a slower rat: of rise (100 volts/sec.). A comparison of the results in these
tables is made by means of ratios in Table 5-3. 1In order that these results can
be compared with voltage breakdown in normal air at 23C and 507 RH, résults

cshown in Table 5-4 have been included.

It is immediately apparent that the variability of the test results
is quite great so that meaningful detai’ »d comparison is difficult. After the
program was well underway, it was noted that Wires #7, 8, 10 and 12 were
badly damaged when twisted in the test fixture. In consequence, these wires
were carefully twisted by hand. (Wires #13, 15 and 16 were also twisted by

band, although for them the precaution was apparently not necessary).

Many of the test specimens burned when tested in 5 PSI oxygen -
particularly Wires #7 and 8 and to a somewhat lesser extent Wires #2, 12, 13
and 14, 1t is possible that preliminary "spitting" ignited some of the wires so

that the breakdown was thereby decreased.

When tests were made in vacuum the twisted pair test specimen. was
heated to 150°C and then the test chamber was pumped down to a pressure of
about 10-6 torr. However, voltage breakdcwn was always preceded or accompanied
by a blue glow in the tube. This blue glow is characteristic of electrical
discharge in gases which occurs in the "glo ™ discharge range over a pressure
range of roughly 0.1 to 10 mm pressure. This glow discharge pressure is much
higher than the test pressure. It was postulated that just prior to breakdown
the voltage stress in some fashion may pr oduce outgassing in the dielectric
so to locally increase the p}essure to the glow discharge region. A number
of voltage breakdown tests were made after first purposely achieving and
holding a glow discharge for several minutes at 2 KV in a poor vacuum.
Subsequently, the chamber was pumped down to a good vécuum of about 19-6 torr.
Using this technique, a breakdown of 21.3 KV was achieved with TFE Teflon
(Wire #9) which is considerably greater than all of the other values obtained
in vacvoum ari, in fact, higher than the maximum value obtained in normal air.
The voltage breakdown in vacuum for Wires #2 and 4 was also significantly

improved by conditioning with a glow discharge. In contrast, the glow discharge
46~



technique did not increase the breakdown voltage at all for Wires #6, 7 and 8
and no significant increase was detected with Wires #1, 5 and 11. Time was
not available to thoroughly investigate these interesting, but so far, rather

fragmentary recsults.

It should be recognized that for some materials the veltage breakdown
at 150°C will be considerably lower than at room temperature. Thus, the
lowered breakdown voltage might be explained on the basis of temperature effect
alon>. However, it is well known that the breakdown voltage of TFE Teflon is
at least, under most circumstances, not a function cf temperature up to 200°¢
or possibly even higher. Nevertheless, it is probably impossible to separate,

generally, the effects of temperatura and pressure in the subject work.

Likewise, it is nre..sh1v 25, ussible to completely separate the
effect of moisture and the 5 psi pressure on the volrage breakdown. It would
have been more interesting to have made tests after prolonged exposure to
moisture, but the test time involved would have been prohibitive. Moreover,
the effect of prolonged moisture exposure is achieved in the 3 day immersion
test used as a qualifying procedure. It may be assumed that the lowerad

breakdown voltage at 5 PSI is due primarily to- the lower pressure.
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TABLE 5-1

VOLTAGE BREAKDOWN IN NORMAL AIR AT 23°C AND 507% RH

Fast Rate of Rise - 500 solts/sec.

Ratio-Avg. Ratio- Avg,
Wire # Avg . * Max. Min. Vacuum/Air 5 PSI, 02/Air

1 18.2 20.2 15.8 0.80 0.95
1%* (25.0) (29.0) (19.0)

2 18.3 21.0 15.0 0.83 0.81
3 27.2 28.5 25.5 0.51 0.82
4 17.8 18.0 17.5 0.45 0.6°
5 15.7 19.5 13.0 0.63 0.98
6 28.8 30.0 25.5 0.48 >0, 86
7 23.7 25.5 21.0 0.52 0.74
8 27.6 29.0 26.0 0.50 0.71
9 17.5 20.5 14.5 0.85 1.04
10 20.0 23.0 18.0 0.47 0.65
11 12.3 13.5 10,5 0.88 0.86
12 17.2 18.5 16.5 0.70 1.03
13 20,1 22.4 18.0 0.63 . 1,02
14 23,1 25.5 20,6 0.52 0.89
15 24,1 27.5 20.0 0.43 0.9
16 26.7 30.0 24.0 0.87

* - Average of 5 values.

*% - Original measurements which were later repeated - see *t28t.
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TABLE 5-2

VOLTAGE BREAKDOWN IN VACUUM AND WET O, AT 5 PSI

2

Fast Rate of Rise - 500 volts/sec.

In Vacuum at 150°C‘KV

Wire # Avg.* Max, Min. Std. Dev.
1 14.5 16.5 11.0 1.85
2 15.2 16.5 14.0 0.8
3 13.9 15.5 11.8 1.25
4 8.0 9.5 6.5 0.9
5 9.9 11.5 8.5 1.0
6 13-.9 17.0 11.5 1.8
7 12.3 14.5 11.0 1.2
8 13.8 16.0 11.5 1.5
9 14.9 17.0 13.5 1.1

10 9.8 10.5 8.5 0.8
11 10.8 12.5 10.0 0.85
12 12.9 11.0 10.5 0.3
13 12.6 13.0 12.0 0.3
14 12.0 13.5 10.5 0.9
15 10.4 10.7 10.0 0.2
16

*Avg. of 5 values

**Discarded in calculations

-49-

In Wet 02 at PST - KV
Avg.*  Max. Min. Std. Dev.
16.4 18.5 12.0 2.9
14.8 17.0 13.0 1.2
22.4 26.5 16.5 3.2

(2.4)*%%*
12.3 14.5 10.5 1.3
15.5 18.0 13.0 1.7
>24.5 >27.5 21.0 -
17.4 20.0 12.5 2.3
19.5 23.0 16.5 1.9
18.2 22.6 15.6 2.15
13.3 17.0 8.5 ---
10.6 12.6 8.0 1.3
17.8 20.0 14.5 1.6
20.5 23.4 17.0 2.0
20.5 23.5 16.5 2.3
22.6 23.7 21.5 0.8
23.1 25.0 21 0 1.4



TABLE 5-3

VOLTAGE BREAKDOWN IN VACUUM AND WET O

Wire #

13
14
15

16

Slow Rate of Rise - 100 Volts/sec.

In Vacuum at 150C - Kv

Avg¥
12.2

13.0

11.5

10.5
11.0

11.8

14.7

Max. Min. Std. Dev.
14.0 9.5 1.8
14.5 9.0 2.0
12.5 9.5 1.1
11.0 19.0 0.3
12.0 10.5 0.5
12.5 10.5 0.6
l6.5 12.0 1.5

*Avg., of 5 values

2

AT 5 PSI
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In Wet O, at 5 PST - Kv

Avg * Max? Min. Std. Dev.
14.5 20.7 10.7 3.0
13,0 14.3 11.5 0.9
16.5 18.0 14.0 1.0
10.5 11.2 9.9 0.3
(1.2)
4.1 16.5 12.5 1.5
19.8 21.6 18.2 0.9
17.3 20.2 13.0 3.0
20.5 22.4 17.7 1.4
(17.0)

11.8 13.2 10.0 1.0
18.0 19.1 16.» 0.65
7.8 10.6 5.0 1.4
16.2 18.2 13.7 1.2
21,7 23.7 14.5 1.2
17.7 21.2 14,2 2.1
16.3 18.0 14.6 1.0
17.9 20.2 15.2 1.5



TABLE 5-4

VOLTAGE BREAKDOWX RATIOS

(Average Values)

Slow/Fast Slow/Fast Vacuum/O2 Vacuum 0/2
Rate of RiseO Rate of Rise Fast Slow
Wire # in Vacuum it 150°C in 0, at 5 PSI Rate of Rise Rate of Rise
1 0.84 0.88 0.88 0.84
2 0.86 0.88 1.03 1.0
3 0.83 0.74 0.62 0.70
4 0.86 0.65
5 0.91 0.64
6 0.76 NA NA 0.53
7 0.89 0.99 0.71 0.63
8 0.86 1.05 0.71 0.58
9 0.99 0.65 0.82 1.25
10 1.35 0.74
i1 0.74 1.02
12 0.91 0.61
13 1.06 ' 0.61
14 0.86 0.59
15 0.72 0.46
16 0.77

NA - Not Applicable



6. Voltage Flashover

Four or five test specimens were subjected to flashover in 5 psi
wet oxygen. The voltage tu produce flashover from a wrapping of .010 inch
nichrome wire to the stripped end of the wire is recorded in Table 26, along
with observations of the perfocrmance during and after flashover. It was
recessary to strip these test specimens carefully by hand to avoid the
mechanical damage sometimes produced by mechanical strippers. Wires damaged

by wire strippers failed in erratic fashion.,

The flashover voltages for the different wires as shown in Table 6-1

are more variable then would be expected from the small variations in the
length of the flashover path and the thickness of the wire insulation., Thick
insulation may explain the relatively high flashover voltages for wires #12,

13 and 14 but cannot explain the high flashover voltage for wire #7 which has
a relatively thin insulation wall. An insulation with a low dielectric
constant might be expected to have a relatively higher flashover voltage but
TFE Teflon (wire #9) has the lowest dielectric constant - 2,05 - and also one

of the lowest values of flashover voltage.

It is pe.haps more important to note that two of the wires flashed
over the 3/16" spacing at only 780 volts (minimum value). The fires caused by
flashover on the modified polyolefin wire #8 and the Kynar jacketed silicone
rubber #13 are of particular concern. It is interesting to note that the Kynar
jacketed polyolefin #7 did not continue to burn when power was removed but in
contrast only the Kynar jacketed silicone rubber #13 burned - silicone rubber

alone on wire #12 did not burn at 11!

All of the H-film taped samples - 3, 4, 5, 6, 10, 11, 14, 15 and 16
tracked, Examination showed the characteristic low resistance, black, dendritic
paths on not only the surfaces of the tapes but in some instances at the
interfaces between tapes as well, It was apparent that the FEP Teflon layer
on H-film as well as the Teflon dispersion and tape coatings on the surface
interferred to some extent with the tendency of the H-film to track. The
Teflon may have been responsible for thle variation in tracking tendency between
different wire specimens., Unfortunately the teflon did not completely prevent

the tracking.

-52-



The performance of the ML coating on wires 1 and 2 is very
interesting., It is not surprising that this coating which is chemically like
H-film tracked on wire #1, Why the same coating did not track on wire #2 is
mystifying. The FEP Tefloé substrate on wire #1 would not be expected to

perform differently in this respect than the TFE Teflon substrate in wire #2.

Some study was made of the effect of the level at which repeated
flashover occurrzd. Of course when the insulation surface tracked completely,
voltage could not be reapplied. With TFE Tefion (wire #9) the arc could be
held for some time and in some cases would extinguish itself so that a higher
voltage was needed to restart it, Sometimes after flashover and reapplication
of voltage, the subsequeat flashover would occur at a somewhat lower voltage.
This effect was most noted with those wires which ultimately tracked and may

have indicated incipient or partial tracking.
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TABLE 6-1

COMPARISON OF WIRES

Initial Flashovei Voltage
kv Over 3/16" Spacing in

5 PSI Wet Uxygen

Wire # Avg. Max. Hin.
1 1.09 1.62 0.78
2 1.34° 1.44 1.26
3 1.51 1,61 1.32
4 1.48 1.73 1.38
5 1.80 1.92 1.68
6 1,91 2.16 1.80
7 2,52 2.88 2.28
8 1.64 2.04 0.78
9 1.58 1,73 1.44

10 1.76 1.92 1.56
11 1,36 1.4z 1.25
12 2.04 2,16 1,92
13 2.82 3.12 2.52
14 2,15 2.22 2.04
15 1,77 1.92 1,08
1 1.98 2,04 1,92

~ FLASHOVER VCLTAGE

Performance at and after Flashover

Tracked immediately in 3 out of 5 tests. One
specimen tracked on second and one on third
flashover.

Did not track even with repeated flashover,

Tracked generally after repeated flashover
but immediately in two tests.

Tracked normally after third flashover.

Two specimens tracked with second flashover
and two after second flashover.

Tracked immediately.

Small flame only during flashover - tracked
immediately leaving black, sooty residue.

Flamed and continued to burn fiexcely
consuming total sample.

Does not track after repeated flashover - arc.
tends to extinguish.

Two specimens tracked immediately but two
others only after repeated flashover.

Three specimens tracked immediately but two
others only afteryepeated flashover.

Tracks immediately leaving with ash. Some
smoke.

Flamed and continued to burn consuming total
sample,

Three specimens tracked immediately - one trackes
only after several flashovers. :

Tracked immediately.

Tracked immediately.



7. Outside Diameter

Results are given for four methods of measuring outside diameter:

Tables
Hand Micrometer 7-1 to 7-16
X-Ray Examination 7-17
Optical Comparator 7-18 to 7-31
Cross-Section Examination 7-32

As mentioned previously, page 2, difficulties were encountered in
measuring outside diameter using both the X-ray techniques and the hand
micrometer method. The X-ray measurements vield values that are generally
greater than the hand micrometer values. With those wir:s that were potted
and sectioned, the values fell between those obtained using the other two

methods. This technique yields the most accurate dimension measurements.

The optical comparacor was used to determine maximum and minimum
values only. It is a convenient instrument for this purpose, and the data

are reliable,
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TABLE 7-1

OUTSIDE DIAMETER (MILS), HAND MICROMETER

Wire #1
Specimen
Average Maximum Minimum
1-1 50.57 51.8 49.8
1-2 5¢.76 51.5 49.8
1"3 49072 50:3 49-3
1-4 50.38 5009 49.8
i-5 49.38 50.7 . 49.6
1'6 50n17 So.? 49.8
1’7 4.0.80 50.6 49 -3
1-8 50.42 50.9 49.3
1-9 50.23 50.7 49.9
1-10 49.69 50.3 49.4
Totz1 Sample
Average 50.16
Maximum 51.8
Minimum 49.3
TABLE 7-2

OUTSIDE DIAMETER (MILS), HAND MICROMETER

Wire #2
Specimen
Average {aximum Minimum

2-1 53.13 53.4 52.8
2-2 53.00 53.5 52.6
2-3 53.40 52.7 53.2
2-4 53.30 53.8 53.0
2-5 52.88 53.3 52.1
2-6 53.10 53.4 52.9
2-7 52.83 53.0 52.6
2-8 0 53.17 53.3 53.0
2-9 53.50 53.8 53.1
2-10 53.18 53.4 53.0

Total Sample

Average 53.15
Maximum 53.8
Minimum 52.1
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TABLE 7-3

OUTISIDE DIAMETER (MILS), HAND MICROMETER

Wire #3
Specimen
Average Maximum Mirimum

3-1 55.43 55.8 54.8
3-2 54.15 54.7 53.7
3-3 54.85 3518 5’4.2
3-4 54.07 54.3 3.6
3-5 53.22 55.5 50.0
3-6 53.13 53.8 52,6
3-7 53.50 53.9 52.8
3-8 53.98 54.3 53.6
3-9 54.43 54.8 54.1
3-10 55.08 55.6 54.6

Total Sample

Average 54.18
Maximum 55.8
Minimum 52.6

TABLE 7-4

OUTSIDE DIAMETER (MILS), HAND MICROMETER

Wire #4
Specimen
Average Maximum Minimum

4-1 46.28 46.8 45.7
4-2 46-45 46.9 46.1
4-3 46.25 46,7 45.7
4-4 46.33 46.7 46,2
4-5 46,52 46.7 46.3
4-6 46.15 46.5 45.9
4-7 45,68 46,0 45.4
4-8 45,70 45.9 45.4
4-9 46 .45 46.9 46,2
4-10 45 .47 45.8 45.1

Total Sample

Average 46,13
Maxiwum 46.9
Minimum 45.1
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TABLE 7-5

OUTSIDE DIAMETER (MILS), HAND MICROMETER

Wire #5
Specimen
Average Max imum Minimum
5-1 46.55 47.0 46’02
5-2 46.48 46.9 45.9
5-3 46.40 46.8 45,1
5-4 46.05 46:3 45!7
5-5 46 .45 46.7 46,1
3“6 46.30 46.7 45.9
5-7 48,12 48,6 47.7
5-8 47057 48.2 47.1
5-9 48.23 48,9 47.1
5-10 46.35 46.9 46.0
Total Sample

Average 46.75
Maximum 46.3
Minimum 45.9

TABLE 7-6

OUTSIDE DIAMETER (MILS), HAND MICROMETER

Wire #6
Specimen
Average Maximum Minimum
6-1 51.23 51.6 50.8
6-2 31.75 51.9 51.5
6-3 50.82 51.1 50.5
6-4 50.77 51.2 50.5
6-5 50.72 50.8 50.6
6-6 51.03 51.6 50'4
6-7 50.70 50.9 50.5
6-8 50.95 51.5 50.4
6-9 51'33 51.4‘ 50.1
6-10 50.73 51.1 50.4
Total Sample

Average 51.00
Max {smum 51.9
Minimum 50.4
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TABLE 7-7

OUISIDE DIAMETFR (MILS), HAND MICROMETER

Wire #7
Specimen
Average Max imum
7-1 58.37 59.9
7-2 58.37 58.8
7-3 58.27 58.8
7—4 58.47 58.3
7-5 58.57 59.3
7-6 58.37 58.7
7-7 58.55 58.9
7-8 58.37 58.7
7-9 58.57 58.9
7-10 58.63 58.9
Total Sample
Average 58.45
Maximum 59.9
Minimum 57.7
TABLE 7-8

OUTSIDE DIAMETER (MILS), HAND MICROMETER

Wire #8
Specimen
Average Maximum

8-1 58.43 58.6
8-2 58.30 58.8
8-3 58.57 58.7
8-4 58.42 58.8
8-5 58.57 59.0
8-6 58.35 58.7
8"7 58052 5807
8‘8 58-50 58.9
8"9 58-46 5807
8-10 58-45 58,7

Total Sample

Average 58.46
Maximum 59.0
Minimum 57.6
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Minimum

57.9
57.7
57.9
58.1
58.0
58.0
58.2
58.1
58.1
58.2

Minimum

58.0
57.6
58.3
58.1
58.3
58.1
58.3
58.2
57.9
58.0



TABLE 7-9

OUTSIDE DIAMETER (MILS), HAND MICROMETER

Wire #9

Specimen

O W WO WO WO W WWLS
]
HwOooo~NOOTUVMPWN -

]
o

TABLE 7-10

Average Maximum
59.00 59.3
59.20 59.4
58.72 59.1
58.58 59.2
58.53 59.0
59.03 59.5
58.57 59.4
58-35 58.9
59.05 59.4
58.88 59.4

Tocal Sample

Average 58.79
Maximum 59.5
Minimum 57.9

OUTSIDE DIAMETER (MILS), HAND MICROMETER

Wire #10

Specimen

10-1
10-2
10-3
10-4
10-5
10-6
10-7
10-8
10-9
10-10

Average Maximum
47.58 48.1
47,12 47.7
46.45 46.9
46.48 46.9
47 .42 47 .8
47 .38 47.8
46.00 46.3
46.65 46.9
46.70 47.7
47.18 47.7

Total Sa-ple
Average 46.90

Minimum 45,7

€0~

Minimum

58.6
58.9
58.1
57.9
58.1
58.5
57.9
57.9
58.4
58.5

Minimum

47.1
46.4
46.2
46.2
47.1
47.1
45.7
46.1
46.3
46.7



TABLE 7-11

OUTSIDE DIAMETER (MILS), HAND MICROMETER

Wire #11
Specimen
Average Maximum Minimum
11'1 46055 47 03 45.7
11"2 45:67 46-3 45.2
11-3 46.28 46,6 45.8
11-4 46.17 46.5 45.9
11'5 45.70 46.1 4505
11-6 "45.58 46.0 45.3
11-7 45 .68 45 .9 45.5
11-8 45,72 46,1 45.5
11-10 46.18 45.5 45.7
Total Sample
Average 45.97
Maximum 47.3
Minimum 45.2
TABLE 7-12

OUTSIDE DIAMETER (MILS), HAND MICROMETER

Wire #12
Specimen
Average Maximum Minimum

12-1 54,87 55.2 54.5
12-2 55.00 55.7 54.4
12-3 55.47 55.8 54.9
12-4 54,77 55.3 54.3
12-5 54.75 55.2 54.0
12-6 55.07 55.7 54.6
12-7 54.87 55.3 54.3
12-8 55.07 55.6 54.6
12-9 55.00 55.3 54.7
12-10 54,92 55.2 54.7

Total Sample

Average 54.98
Maximum 55.8
Minimum 54.0
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TABLE 7-13

OUTSIDE DIAMETER (MILS), HAND MICROMETER

Wire #13
Specimen
Average Maximum Minimum
13-1 65.03 85.5 64.6
13-2 65.62 66.1 65.2
13-3 65,08 65.6 64,7
13-4 64.67 64.8 64.4
13-5 65.95 66.4 65.0
13-6 65.60 66.1 65.3
13-7 65.25 66.1 64.5
13-8 65.37 65.7 64.8
13-9 65.18 65.5 64.8
13-10 65.48 66.1 64.8
Total Sample
Average 65.32
Maximum 66.4
Minimum 64.4
TABLE 7-14

OUTSIDE DIAMETER {(MILS), HAND }ICROMETER

Wire #14
Specimen
Average Maximum Minimum

14-1 60.92 61.9 60.1
14-2 61.03 61.4 60.4
14-3 60.67 61.3 60.2
14-4 60.63 61.4 60.2
14-5 60,68 61.2 60.1
14-6 60.65 61.2 60.1
14-7 60.93 61.3 60.6
14-8 60.38 60.1 60.7
14-9 60,65 61.2 60.3
14-10 60.68 61.4 60.2

Total Sample

Average 60,72
Maximum 61.9
Minimum 60.1
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TABLE 7-15

OUTSIDE DIAMETER (MILS), HAND MICROMETER

Wire #15
Specimen
Average Maximum Minimum
15-1 49.1 49.8 48.6
15-2 49.1 49.3 48.8
15-3 50.3 50.5 50.2
15-4 50.0 50.6 49.1
15-5 49.3 49.9 48.7
15-6 49.4 49.9 48.8
15-7 50.0 50.3 49.7
15-8 50.3 50.5 50.0
15-9 50.1 50.5 49.8
15-10 48.9 49.2 48,6
Total Sample
Average 49.65
Maximum 50.6
Minimum 48.6
TABLE 7-16

OUTSIDE DIAMETER (MILS), HAND MICROMETER

Wire #16
Specimen
Average Maximum Minimum

16-1 53.5 53.9 52.9
16-2 51.1 51.7 50.5
16-3 50.9 51.4 5C.4
16-4 49.3 49.6 48.6
16-5 50.3 50.5 50.2
16-6 50.5 50.8 50.1
16-7 50.¢9 51.6 49.9
16-8 50.9 52.4 49.9
16-9 49.9 50.2 49,7
16-10 50.5 50.5 SN.4

Total Sample

Average 50.78
Maximum 53.9
Minimum 48 .6
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TABL'E 7 - 1 7

OUTSIDE DiAMETER (MILS); X-RAY EXAMINATION WITH MEASURING MICROSCOPE
(30 MEASUREMENTS PER SAMPLE)

Wire # Average Maximum Minimum
1 54.8 57.9 52.8
2 56.4 59.5 52.8
3 55.2 61.4 52.4
4 51.0 56.7 48.0
5 52.9 59.1 49.2
6 55.6 58.3 52.4
7% 59.7 84.5 55.1
7 62.8 65.4 60.2
8% 58.4 61.8 51.6
9 62.2 65.4 60.2

10 52.7 58.3 49.6
11 49.8 51.6 46.9
12 69.0 78.4 64.2
13 71.2 73.2 69.3
14 79.9 86.2 76.0

*X-ray made without silver paint.



TABLE 7-18

OCISIDE DIAMETER (INCHES), OPTICAL COMPARATOR

Wire #1
Specimen Maximum Minimum
1-1 .0525 ,0507
1-2 .0525 .0508
1-3 .0525 .0503
1-4 .0520 .,0513
1-5 .0530 .0515
1-6 .0525 .0505
1-7 .0520 L0210
1-8 .0518 .051)
1-9 .0525 .0510
1-10 .0530 .0510
Total Sample
Maximum .0530
Minimum .0500
TABLE 7-19

OUTSIDE DIAMETER (INCHES), OPTICAL COMPARATOR

Wire i#2
Specimen Maximum Mininum
2-1 .0536 .0530
2-2 0534 .0528
2-3 .0540 .0530
2-4 .0540 0525
2-5 .0538 0535
2-6 .0536 0534
2-7 .0540 .0527
2-8 .0536 .0528
2-9 .0540 .0531
2-10 .0540 .0530

Total Sample

Maximum .0540
Minimum .0525



TABLE 7-29

OUTSIDE DIAMETER (INCHES), OPTICAL COMPARATOR

Wire #3
Specimen Maximum Minimun
3-1 .0567 .C561
3-2 .0567 .0554
3-3 .0559 .0550
3-4 .0554 .0549
3-5 .0557 L0547
3-6 .0563 .0556
3-7 .0567 .0550
3-8 .0567 .0564
3-9 .0567 .0556
3-10 .0555 .0545
Total Sample
Miximum Cy57
Mini-vim 0545
TABLE 7.21

OUTSIDE DIAMETEn (INCHES), OFTICAL COMPARATOR

wWire #4
Specimen Maximum Minimum
4-1 LC475 .0455
4-2 <0453 .0455
4-3 .0475 .0452
4-4 .0465 .0460
4-5 .0471 .0460
4-6 .0468 .0462
4-7 .0475 .0471
4-8 L0472 .0470
4-9 0465 .0457
4-10 0471 .0460

Total Sample

Maximum .0475
Minimum 0452



TABLE 7-22

OUTSIDE DIAMETER (INCHES), OPTICAL COMPARATOR

Wire #5
Specimen Maximum Minimum
5-1 .0500 .0495
5-2 L0511 .0495
5-3 .0485 L0477
5-4 . 0455 .C46S
5-5 . 0495 L0475
5-6 .0501 .0488
5-7 .0482 L0471
5-8 .0487 .0468
5-9 .0477 .0465
5-10 .0483 .0462
Lotal Sampl >
Maximum .0511
Minimum .0462
TABLE 7-23

OUTSIDE DIAMETER (INCHES), OPTICAL COMPARATOR

Wire #6
Specimen Maximum Minimum
5-1 .0525 .0522
6-2 .0528 .0515
6-3 .0521 .0519
6-4 .053¢ .0515
£-5 .0527 .0515
6-6 .0540 .0525
6-7 .0527 .0515
6-8 .0525 .0521
6-9 .0539 .0523
6-10 .0531 .0520

Total Sample

Maximum .0540
Minimum .0515
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TABLE 7-24

OUTSIDE DIAMETER (INCHES), OPTICAL COMPARATOR

Wire #7
Specimen Maxipam Minimum
7-1 .0550 L0545
7-2 .0549 .0543
7-3 .0550 .0546
7-4 . 0547 . 0540
7-5 .0550 .0543
7-6 L0551 .0545
7-7 L0547 .0542
7-8 .0555 .0547
7-9 .0545 .0539
7-10 .0552 .0543
Total Sample
Maximum .05558
Mininum .0540
TABLE 7-25

OUTSIDE DIAMETER (INCHES), OPTICAL COMPARATOR

Wire #8
Specimen Maximun Minimum
8-1 .0601 0592
8-2 .0597 .0293
8-3 .0597 .0590
8-4 .0598 .0594
8-5 .0601 .0597
8-6 .0598 .0596
8-7 .0601 .0598
8-8 .0595 .0592
8-9 .059¢8 .0593
8-10 0602 .0598

Total Sample

Maximum .0602
Minimum .0590



TABLE 7-26

OUTSIDE DIAMETER (INCHES), OPTICAL COMPARATOR

Wire #9
Specimen Maximum Minimum
g-1 .0599 .0596
9-2 .0598 .0592
9-3 .0598 .0595%
9-4 .0603 .0595
9-5 .0604 .0598
9-6 .0601 .0599
9-7 .0598 .0590
9-8 .0603 .0600
9-9 .0601 .0596
9-10 .0603 .0602
Total Sample
Maximum . 0604
Minimun .0590
TABLE 7..27

OUTSIDE DIAMETER (INCHES), O>TICAL COMPARATOR

Wire #10
Specimen Maximum Minimum
10-1 .U495 .0478
10-2 . 0485 L0473
10-3 .0515 .0490
10-4 .0500 . 0484
10-5 .0504 .0481
10-6 .0501 L0474
16-7 L0515 .0481
10-8 .0494 .0468
10-9 .0482 .0470
10-10 .0525 .0500

Total Sample

Maximum .0525
Minimum .0468
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TABLE 7-28

OUTSIDE DIAMETER (INCHES), OPTICAL COMPARATOR

Wire #11
Specimen Maximum Minimum
11-1 .04385 L0471
11-2 0474 . 0468
11-3 .0473 L0452
11-4 .0473 L0468
11-5 0474 . 0469
11-6 . 0480 0464
11-7 .0481 . 0454
11-8 .0490 L0474
11-9 .0472 L0467
11-10 L0472 . 0460
Total Sample
Maximum .0490
Minimum L0454
TABLE 7-29

OUTSIDE DIAMETER (INCHES), OPTICAL COMFARATOR

Wire #12

Specimen Maximum Minimum
12-1 .0632 .0630
12-2 L0641 .0633
12-3 .0642 .0638
12-4 .0638 .0632
12-5 .0638 .0625
12-6 .0650 . 0635
12-7 .0649 0627
12-8 .0651 .0642
12-9 .0651 .0638
12-10 .0648 0640

Total Sample

Maximum .0651
Minimum .0625
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TABLE 7-30

OUTSIDE DIAMETER (INCHES), OPTICAI, COMPARATOR

Wire #13
Specimen Maximum Minimum
13-1 .0691 .0€87
13-2 . 0687 .0685
13-3 ,0696 .0692
13-4 .0700 .0685
13-5 .0691 .0682
13-6 .0698 .0689
13-7 .0698 .0685
13-8 .0700 .0692
13-9 .0698 .0690
13-10 .0703 .0698
Total Sample
Maximum .0703
Minimum L0652
TABLE 7-31

OUTSIDE DIAMETER (INCHES), OPTICAL COMPARATOR

Wire #14

Specimen Maximum Minimum
14-1 .0755 .0732
14-2 .0765 .0728
14-3 .0745 .0732
14-4 .0745 .0732
14-5 0742 0732
14-6 .0762 L0745
147 L0741 ,0740
14-8 0771 0717
14-9 .0769 ,0705
14-10 .0758 .0743

Total Sample

Maximum 0771
Minimum .0705
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TABLE 7-32

OUTSIDE DIAMETER (MILS), CROSS-SECTION EXAMINATION WITH MEASURING MICROSCOPE

Wire # Average Maximum Minimum
1 52.9 54.3 51.6
2 55.1 57.1 53.9
3 56.4 438.7 55.1
6 52.0 52.8 51.2
7 54.9 55.9 53.9
8 61.5 63.0 59.8
9 62.0 63.0 61.4
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€. Concentricity

The results of x-ray measurements of concentricity are given in
Tables 8-1 to 8-14. The values obtained using cross-section examination are
summarized in Table 8-15. The inherent error in the x-ray measurements is not
as important in concentricity measurements because the calculated value is a
ratio of two measurements that are in error by approximately the same
percentage. Therefore, the two methods yield values that do not differ greatly,

although different specimens were used in each case.

The absolute value of the wall thickness measurements are more accurate
for the cross-section specimens. Average, maximum and minimum values are given

in Table 8-16.

The best estimate of nominal wall thickness for the remaining wire
was calculated from average outside diameter as measured with a hand miccometer
and average conductor diameter determined from x-ray measurements. Values
obtained for all wires are given in Table 8-17, and comparison with values
cbrtained from cross-section specimen is also shown. The values of wall thickness
calculated in this way agree with the measured values much more closely than do
the values obtained from x-ray measurement of outside diameter. An examination
cf the range of values shown in Table 8-16 indicates that closer agreement is

ur.likelv just on the basis of statistical variation.
v
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TABLE 8-1

CONCENTRICITY (%), X-RAY EXAMINATION WITH MEASURING MICROSCOPE

Wire #1
Specimen Top Center Bottom
1-1 81.8 9C.0 90.0
1-2 106G.0 90.0 1.4
1-3 &0.0 100.0 9070
1-4 91.7 72.7 76.9
1-5 90.0 100.0 76.2
1-6 86.4 95.5 85.7
1-7 76.0 80.0 75.0
1-8 73.9 80.0 69.2
1-9 64.0 81.8 al.3
1-10 62.5 73.1 100.6
Total Sample
Average 83,2
Maximum 100.0
Minimum 62.5
TABLE 8-2

CONCENTRICITY (%), X-RAY EXAMINATION WITH MEASURING MICROSCOPE

Wire #2

Specimen Top Center Bottom
2-1 77.3 78.3 ' 88.9
2-2 70.0 90.5 71.4
2-3 100.0 95.5 70.8
2-4 100.0 66.7 78.6
2-5 73.9 56.7 90.5
2-6 63.0 73.1 72.7
2-7 64.3 69.2 77.3
2-8 65.4 60.7 73.3
2-9 84.2 76.9 55.2
2-10 9.7 72.0 87.0

Total Sample

Average 76.6
Maximum 100.0
Minimum 55.2



TABLE 8-3

CONCENTRICITY (%), X-RAY EXAMINATION WITH MEASURING MICROSCOPE

Wire #3
Specimen Top Center ° Bottom
3-1 78.0 8l.6 77.0
3-2 8l.6 75.9 89.9
3-3 89.9 100.0 78.7
3-4 94.7 88.1 78.7
3-5 82.4 93.2 9. .4
3-6 84.0 93.2 82.1
3-7 84,8 94.0 78.0
3-8 74,7 94.0 84,8
3-9 76.1 68.3 59.5
3-10 64.8 60.% 71.3
Total Sample
Average 81.8
Maximum 100.0
Minimum 59.5
TABLE 8-4

CONCENTRICITY (%), X-RAY EXAMINATION W)TH MFASURING MICROSCOPE

Wire #4

Specimen Top Center Bottom
4-1 85,7 68.2 92.9
4-2 100.0 91.7 92.3
4-3 73.3 70.0 91.7
4-4 58.8 100.0 91.7
4-5 69.2 66.7 100.90
4-6 56.3 77.8 1u0.0
4-7 87.5 62.5 75.0
4-8 52.4 64.0 78.6
4-9 70.6 66.7 76.9
4-10 9G.9 64.7 76.9

Total Sample

Average 78.4
Maximum 100.0
Minimum 52.4
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TABLE 8-5

CONCENTRICITY (%), X-RAY EXAMINATION WITH MEASURING MICROSCOPE

Wire #»

Specimen Top Center Bottom
5-1 100.0 89.5 87.5
5-2 93.8 69.6 87.5
5-3 92.3 81.3 87.5
5-4 73.3 93.3 80.0
3-5 €5.0 92.3 57.1
5-6 93.3 88.2 72.2
5-7 483 59.3 83.3
5-8 86.7 69.6 87.5
5-9 85.7 83.3 95.0
5-10 73.7 90.0 9%.4

Total Sample

Average 82,0
Maximum 100.0
Minimum 48.3

TABLE 8-6

CONCENTRICITY (%), X-RAY EXAMINATION WITH MEASURING MICROSCOPE

Wire #6

Specimen Top Center Bottom
6-1 88.0 87.0 69.2
6-2 85.7 80.0 66.7
6-3 95.5 91.3 80.0
6-4 74.1 77.8 91.7
6-5 8l.8 92.0 63.3
6-6 90.0 100.0 100.0
6-7 84.0 73.1 90.0
6-8 61.5 1.4 90.9
6-9 "86.4 78.3 100.0
6-10 75.0 95.5 87.0

Total Sample

Average 83.6
Maximum 1C0.0
Minimum 61.5
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TABLE §8-7

CONCENTRICITY (7), X-RAY EXAMINATION WITH MEASURING MICKOSCOPE

Wire #7

Specimen (without silver coating)

Top Center Bot tom
7-1 96.5 96.4 75.5
7-2 77.1 64.3 73.7
7-3 61.5 95.9 82.1
7-4 96.4 20.8 82.5
7-5 92.5 74.6 100.0
7-6 100.C 92.2 95.6
7-7 89.2 96.8 79.1
7-8 85.5 66.9 96.8
7-9 77.4 Y6.5 84.0
7-10 83.1 62.3 92.2

Total Sample

Average 86.3

Maximum 100.0

Minimum 61.5

Specimen (with silver coating)

Top Center Bottom
7-1 79.4 96.7 90.3
7-2 67.6 87.1 96.7
7-3 77.1 86.7 71.1
7-4 78.8 89.3 100.0
7-5 96.6 90.0 73.0

Total Sample

Average 85.4
Maximum 100.0
Minimum 71.1
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TABLE 8-8

CONCENTRICITY (%), X-RAY EXAMINATION WITH MEASURTNG MICROSCOPE

Wire #8
Specimen Top Center Bottom
8-1 86.0 91.8 92.5
8-2 88.7 96.2 96.2
8-3 71.8 100.0 92.5
8'4 88'7 8808 73.7
8-5 92.5 71.8 76.5
8-6 2.5 92.9 76.5
8-7 66.9 96.3 66.3
8-8 8.4 74.6 8l.4
8-9 80.7 96.4 79.8
8-10 96.1 109.0 89.8
Total Sample
Average 85.6
Maximum 100,0
Minimum 66.3
TABLE 8-9
CONCENTRICITY (%), X-RAY EXAMINATION WITH MEASURING MI.CROSCOPE
Wire #9
Specimen Top Center Bottom
9-1 88.2 96.6 100.0
9-2 89.7 96 .4 83.3
9-3 92,6 89.3 96.6
9-4 78.1 80.0 87.1
9-5 80.0 92.9 96.8
9'6 8208 96.6 88.2
9-7 96.3 96.2 93.8
9-8 75.0 79.3 96.4
9-9 85.7 96.3 79.3
9-10 96.9 83.9 89.3

Total Sample

Average 89,5
Maximum 100.0
Minimum 75.0



TABLE 8-10

CONCENTRICITY (%), X-RAY EXAMINATION WITH MEASURING MICROSCOPE

Wire #10

Specimen
10-1
10-2
10-3
10-4
10-5
10-6
10-7
10-8
10-9
10-10

TABLE 8-11

LONCENIRICITY (%), X-RAY EXAMINATION WITH MEASURING MICROSCOPE

Wire #11

Specimen

11-1
11-2
11-3
11-4
11-5
11-6
11-7
11-8
11-9
11-10

_Top

93.8
90.0
78.9
84..6
72.2

93.3.

88.2
88.2
89.5
9.4
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Center
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Total Sample

Average 79,
Max imum 100.
Minimum 50.

Center

Tctal Sample
Average 78.

72.2
62.5
85.7
93.8
80.0
66.7
73.7
58.4
00.0
72.2

3
0
0

e ° L] « =
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SN WWo o WL O

2

Maximum 100.0
Minimum 53.3
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Bottom

8l.3
75.0
64.7
80.0
50.C
6.7
50.0
9.4
76.2
72.7

Bottom

63.6
92.9
78.6
80.0
160.0
75.0
91.7
64.7
73.3
86.7



TABLE 8-12

CONCENTRICITY (%), X-RAY EXAMINATION WITH MEASURING MICROSCOPE

Wire #12
Specimen Top Center Bottom
12-1 86.1 72.7 85.3
12-2 85.4 82.4 73.9
12-3 89.7 81.1 89.2
12-4 0.0 97.0 95.5
12-5 94,6 80.4 66.0
12-6 86.1 83.8 90.9
12-7 76.5 83.3 88.9
12-8 83.8 91.7 91.2
12-9 75.0 79.6 77.3
12-10 70.7 77.5 81.6
Total Sample
Average 83.2
Maximum 97.0
Micimum 66.C
TABLE 8-13

CONCENTRICITY (%), X-RAY EXAMINATLON WITH MEASURING MICROSCOPE

Wire #13

Specimen Top Center Bottom
13-1 86.4 88.1 85.7
13-2 95.0 100.0 82.2
13-3 97.7 92.7 100.0
13-4 95.0 92.7 95.5
13-5 97.4 9.7 91.9
13-6 95.0 9.9 95.1
13-7 84.4 87.8 87.8
13-8 97.4 100.0 97.4
13-9 100.0 90.2 92.7
13-10 100.0 95.0 95.0

Total Sample

Average 93.6
Maximum 100.0
Minimum 82,2
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TABLE 8-14

CONCENTRICITY (%), X-RAY EXAMTINATION WITH MEASURING MICROSCOPE

Wire #14

Specimen Top Centerxr Bottom
14-1 83.6 98.0 92.9
14-2 92.0 69.8 95.9
14-3 77.6 77.0 96.4
14-4 97.9 91.3 82.4
14-5 90.0 75.4 90.2
14-6 93.8 73.2 96.0
14-7 90.4 84.2 91.7
14-8 92.0 77.8 67.8
14-9 93.8 89.6 1.4
14-10 64.4 96.2 81.8

Total Sample

Average 85.8
Masximum 98.0
Minimum 64.4
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TABLE 8-15

CONCENTRICLTY (%), CROSS-SECTION EXAMINATION WITH MEASURING MICROSCOPE
(Average of 12 Measurements)

Wire Average Maximum Minimum
1 84.7 100 68.2
2 86.3 100 71.4
3 84.7 100 66.6
6 85.7 100 71.4
7 90.3 100 84.2
8 91.7 100 80.7
i 89.6 100 75.9

TABLE 8-1¢

INSULATION WALL THICKNESS (MILS), CROS5-SECTICN EXAMINAr ION WITH WITH
MEASURING MICROSCOPE (Average of 24 Measurements)

Wire Average Maximum Minirum
1 6.7 8.7 5.5
2 6.7 8.2 5.5
3 7.1 8.3 3.5
6 6.7 8.3 5.9
7 7.4 8.7 6.3
8 9.7 10.6 8.3
9 10.6 12.2 8.7
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TABLE 8-17

NOMINAL INSULATION WALL THICKNESS (MILS), CALCULATED FROM HAND MICROMETER
MEASUREMENT OF O .D. AND X-RAY MEASUREMENT OF CONDUCTOR LIAMETER

Calculated
Nominal Measured on
Wire Thickness Cross-Section
1 6.0 6.7
2 6.7 6.7
3 6.5 7.1
4 2.9 ---
5 3.4 ——-
6 6.3 6.7
7 8.0 7.4
8 9.8 3.7
9 9.3 10.6
10 8.5 -
11 8.2 ---
12 7.3 ---
13 12.5 ---
14 10.0 -—-
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9, Conductor Dirensions

Values of conductor diameter obtained by X-ray examination are
Tanls 9-1. The values obtained from examination of cross-section
specimens are given in Table 9-2. The cross-sections reveai ithat much of the
variation in apparent conductor diameter is associated with the positioning
of the individual strands. Any departure from the circular configuration
results in a change in overall diameter and a corresponding change in

insulation wall thickness.
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TABLE 9-1

CONDUCTOR DIAMETER (MILS), X-RAY EXAMINATION WITH MEASURING MICROSCOPE
(AVERAGE OF 30 MEASUREMENTS)

Wire # Average Maximum Minimum
1 38.3 39.4 37.0
2 39.9 40.9 39.0
3 41.2 44 .9 39.8
4 40.3 41.3 39.0
5 40.1 42.9 39.0
6 38.5 39.4 37.8
7 39.7 40.9 39.4
8 39.0 40.9 37.0
9 40.2 41.3 38.6

10 39.9 40.9 38.6
11 39.7 40.6 39.1
12 40.5 41.7 39.4
13 40.2 41.3 39.0
14 40.8 41.7 39.8
TABLE 9-2

CONDUCTOR DIAMETER (MILS), CROSS-SECTION EXAMINATION WITH MFASURING
MICROSCOPE (AVERAGE OF 12 MEASUREMENTS)

Wire # Average Maximum Minimum
1 39.4 40.6 38.2
2 41.7 43.3 40.6
3 42.2 44.9 41.3
6 38.6 39.4 37.4
7 40.0 40.6 38.6
8 42.2 44.5 40.9
9 40.8 42.1 39.8
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10. Weight per 1000 Feet

Average maximum and minimum values of weight per 1000 feet are
given in Table 10-1. In the case of Wires #1 and 2, which should bte approximately
the same weight, Wire #2 was significantly lighter. A check on the conductor
weight per unit length indicated that one foot of the conductor used in Wire #1
weighed 1.63 grams, while that used in Wire #2 weighed 1.76 grams. In terms
of pounds per 1000 feet, these values are 3.59 for Wire #1 and 3.88 for
Wire #2. The conductor dimension shown in Table 9-2 also indicates that the

conductor of Wire #1 is smaller than that of Wire #2.

The conductor weights of several wires were checked and the results
are given in Table 10-2, The nickel plated conductors from vendors B and C
varied very little in weight per unit length. The silver plated conductor of
Wire #6 was somewhat lighter than the nickel plated conductors. Table 9-2

shows that it is also smaller . cross-section.

Because the conductor weight constitutes about 80% of the total
weight of the wire, any significant weight differences between wires of the
same construction are likely to be associated with the conductors, rather than
the insulation. Undersized conductors result in higher resistance per unit
length and should, therefore, be avoided. The variation in conductor size
presents an argument, in addiiion to others, for standardizing the
flammability test on the basis of currents rather thau temperature. At a
given current, an undersized wire will reach a higher temperature than a full

sized one,
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TABLE 10-1

WEIGHT PER 100C FEET (POUNDS)

Wire

Number Average Maximum Minimum
1 4,500 4.511 4,482
2 4,859 4,890 4,838
3 4,802 4,844 4,766
4 A.216 4,232 4,189
5 4,359 4.436 4.309
) 4.450 4,501 4,427
7 4,651 4,657 4.644
8 4,648 4,655 4,642
9 5.431 5.481 5.360
10 4.208 4,267 4,104
11 4,213 4,225 4,202
12 4,946 4,960 4,927
13 5.360 5.388 5.345
14 5.414 5.436 5.391
15 4,328 4,358 4,283
16 4,455 4.579 4,370
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TABLE 10-2

CONDUCTOR WEIGHT (GMS/FT.)

Wire Conductor Weight
Number Type Vendor (gms/ft.)
1 Nickel Plated A 1.63

Copper (N/C)
2 N/C B 1.76
3 N/C B 1.76
9 N/C B 1.74
14 N/C B 1.77
10 N/C C 1.72
11 N/C C 1.73
€ 5ilver Plated B 1.68
Copper
8 Tin Plated D 1.70
Copper
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1. Stripability

vlechanical stripping was done with an Ideal Stripmaster, Catalog No.
45-092C, Ideal Industries, Sycamore, I1llinois. It was found that the cutting
blades verv quickly became dull when stripping the H-film wires. This lead to
an erroneous observation regarding Wire #3, which was previously reported to be
difficult to strip. With new cutting blades, Wire #3 was easily stripped, as

indicated in Table]1-1.

Thermal stripping was done with =z hot-wire stripper made by Sentry

Electronics, Lac., Wewoka K Oklahoma.

The results of the stripability tests are summarized in Table 11-1 It
should be noted that most of the wires were seriously damaged by the holding
grip of the mechanical gripper. This damage was first detected during flashover
tests, where the discharges, which should have remained on or above the surface of
the insulation, actually penetrated through the insulation wall. These dielectric
failures always occurred in tha portion of the wire that had been held in the

grips.

Wire #4 could not be stripped with the mechanical stripper, although a
similar wire (#5) was easily stripped. This difference in stripability is
probably caused by the fa:t that the wall is only 3 mils thick on Wire #4, so
the cutting blade could not penetrate far enough to cause the remaining wali

to fail in tension when the pulling force was applied.



TABLE  wi-1

STRIPABTLITY

Wire Na.

1

~

Mechanical
Hand Stripyer

Easily stripped.

No coaductor damage
Insulation damaged

from nolding grip.

Same as 1i.

Easi:y stripped.

Some nicks and scrapes
anl broken wires.
Ouner insulation
panctured by holding
griv.,

Could not be stripped
with hand stripper.
Insulation damaged.

Easily stripped.

Some nicks and scrapes
on corductor.
Insulation indented
with holdiag grip.

Easily stripped,
Very little scraping
of conductor.
tnsalation indented
with hoiding grip.

on

ame as 6,

Eas:ly stripped.

Very little scraping
of conductor.
Ingulation deeply
indented with holding
grip.
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Thermal
Stripper

Easily stripped

No conductor damage
Melting and charring
at edge -f insulation.

Same as 1.

Slow

Slight scraping of
conductor.

Melting and charri g
at edge of insulation

Same as 3.

Same as 3.

Same as 3

Easily stripped.
Insulation discolored
and flared at edge.

Same as 7.

Easily stripped.
Slight flare at edge
of insulation.
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TABLE 11-1

STRIPABILITY

Wire No.
10

11

12

13
14

15

Mechanical hand strippers rapidly

with H-film.

(continued)

Mechanical
Hand Stripper

Sare as 6.

Could not be stripped
Outer insulation
punctured by holding

grip.
Easily stripped but
some infulation stuck

to wire. Insulacion
damaged from holding

grip.

Same as 12,
Sare as 12,
Same as 6.

Same as 3.
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Thermal
Stripper

Same

Same

Same

Same

Same

Same

Same

became dull and would not

as 3.

as 3,

as 1.

as 1.

as 3.

as J.

strip

samples
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12. Solderabilicy

All wires except 15 and 16 were examined for solderability. Zinc
chloride f'ux was used with the nickel plated conductors., All conductors
were easily soldered, wetting the entire surface. No insulation cdamsge as

the result of heating was observed.

13. Color Durability

Observations on color changes are reported in the results of the

various aging tests. Conclusions are summarized in Volume II of this report.
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14. Marking Legibility

Specimens for marking liegibility tests were marked by Kingsley Machine
Co., Hollywood California. In most cases it was necessary for Kingsley to
experimentally determine the ba2st method of marking the thin waliled specimens.
The shortage of time and the limitations on the amount of wire that could be
used for such experimenting did not always allow the optimum solution to be

found.

In all cases, the markings were made with heated type pressing a marking foil
onto the surface of the wire insulation. Details regarding the marking foil.

machine temperature and pressure for each wire are given in Table ] 4-1

Wire #1 was not rececived in time for marked specimens to be prepared by
the Kingsley Co. Marked specimens of wires 4 and 5 were received too late to
be included in the test program. Marked specimens of wires 12 and 13 were

veceived too late to be included in the 30-day ultraviolet exposure test.

Insuiation resistanc: measurements were made on each marked specimen after
immersion in water for one hour a.d one day. The results of these measurements
are summarized in Table 14-2. Comparison of these results with the "as-received"
values given in Tables 3 to 15 shows that marking caused significant decreases

in insulation resistance for wires 4, 10, 11 and 12.

Voltage withstand tests were conducted at the end of the one day water
immersion. Wires 1J and 11 failed this test. All of the other wires withstcod

1600 volts rms for one minute.

It is not surprising that wires 4, 10, 11 and 12 were most susceptible to
damage as a result of marking. Wires 4 and 10 are thin-walled, single wrap
constructions, wire 1l is a single wrap with a TFE over-wrdap which has proven
to be easily damaged, and wire 12 has a very thin wairr of silicone rubber which

has poor mechanical strength.
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The results of aging tests on marked specimens are summarized as

follows:

15 Days in 15 psia Oxygen at ISOOC

Wires 7 and 8 darkened, so that markings became difficult to read,

No effect on wires 2, 3, 6, 9 10, 11, 12, 13 and 14.

15 Days in Vacuum at 150°C

No effect on marking of wires 2, 3, 6, 7, 8, 9, 10, 11, 12, 13 and 14.

30 Days of Ultraviolet Exposure in 15 psia Wet Oxygen at 85°C

Wire #2 - Marking removed.

Wire #7 - Marking faded, barely legible.

Wire #10 - Marking removed.

No effect on marking of wires 3, 6, 8, 9, 11, and 14.

30 Days of Ultraviolet Exposure in Vacuum at 150°C

No effect on marking of wires 2, 3, 6, 7, 8, 9. 10, 11 and 14.

The effects of exposing marked specimens to the various compounds used
in the chemical compatibility tests described in the following section can be

summarized as follows:

Oils, salt solution, glycol solutions and solvents had no effect
on the markings. It is interesting to note that the drastic effects
of TCE and acetone on the Kynar jacket of wire #13, which are described

in the following section, did not affect the markings.
The effects of fuels and oxidizers are summarized in Table

In 3ll cases, effects of the various compounds on the insulation are

covered in the next section.



The resistance of markings to abrasion is an important characteristic
that was not investigated in the program. Tests were conducted, however, to
determine if pulling the wire between the thumb and forefinger, while held

tightly together, damaged the marking. None of the markings was affected after
10 passes,

It appears that satisfactory markings can be applied to all but the thinnest
walied wires., 1In determining the legibility of these printed markings, the
smal: size of the lettering is an important consideration. Any further reduction
in outside diameter would make the markings difficult to read with the unaided

eye.



TABLE 14-1

MARKING PROCESS PARAMETERS

Indicated Machine

Kingsley Tempgrature Pressure
Wire # Markin, Foil ('F) (psi)

2 K-46 600 38

3 KI-29 TFE 460 38

4 KH-106 450 45

5 KH-106 450 45

6 KFP-16 FEP 600 26

7 K-46 500 26

8 K-287 450

9 KT-26 TFE 440 40
10 K-46 550 56
11 KT-29 460 34
12 K-39 425 32
13 K-49 500 24
14 KFP-19 550 40
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TABLE 14-2

INSULATION RESIS TANCE OF MARKED SPECIMENS

Wire No.

N

*4

10

11

12

13

14

*Two bad sections removed before test.

Length (ft.)

62
27

50

21
29
43
35
52

16
12

52
52

62

Resistance per 1000 ft, (ohias)
(Measured after 1 Minute)

1 Hour 1 Day

8.1 x 1011 8.1 x

5.1 x 100 1.4« 1
6

1.6 x 10 8.5 x

7.1 x 1020 2.9 x

5.3 x 10°° 5.3 x

2.0 x 100 1.9 x

2.1 x 100 1.8 x

7.0 x 1012 7.0 x

5.2 x 10* 2.4 x

5

1 x 10; ) ,

8 x 104 ) Simpson Meter

7.3 x 104 7.3 x
9

1.5 x 10 1.0 x

4.6 x 10° 3.9 x

«Q7a
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TABLE 14-3

EFFECT OF FUELS AND OXIDIZERS ON MARKED SPECIMENS

N2H4

UDMH

Wire #

9 10 11 12 13

L R L L —_

L L L L —_

L R L 1 —_
L L R L L —

L L L F L

L L B L
Legible

Barely legible
Not legible
Marking removed

Insulation burned
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15, Compat bility with Potting Compounds

The detailed description of the specimens used in determining
compatibility with potting compounds can be found in Volume I of the First
Technical Report. Briefly, they consist of twisted pairs, for insulztion
resistance and voltage breakdown tests after thermnal aging and water immersion,
and straight lengths for mechanical pull-out tests after thermal aging. The
aging was carried out at 150°C in pure oxygen at 15 psia., The water immersion

was for a period of three days.

Preliminary surface treatment for Wires #1, 2, 3, 4, 5, 6, 9, 10,
11 and 14 consisted of a cne minute dip in Tetra-Etch* followed by rinsing in
detergent water and in acetone and by drying at 60°c. Wires #7, 8 and 12

were wiped with MEL on the portion to be potted.

The detailed procedure followed for each potting compound is given
helow:
a) 3-MC Bristol, Pennsylvania
Silicone Sealer Material EC-1663 B/A
Primer EC-1662
The surfaces to be potted were first primed with EC-1662 per
Technical Data Sheet Issue #2Z dated August 17, 1960. (Apply
by brush, air dry 60 minutes.)
The EC-1663 material was treated in accordance with Technical
Data Sheet Issue #3 dated May 21, 1962, (Mixing Ratio = 10 parts
by weight EC-1663-A to 100 parts by weight EC-1663-B. Hand
mix, partially degas, apply by pressure flow gun, allow to cure
48 hours at room temperature.)
b) 3-M Co., Ridgefield, New Jersey
Scotchcast XR-5038 Resin (Epoxy)
Primer XR-5001 (Used fer Wires #7, 8, 12 and 13 only.)
On tbe wires requiring the use of a primer it was applied in
accordance with Processing Bulletin 294-7018-61. (Apply by
dippiag the surface to be potted in XR-5001 then air dry.)

*Trademark - W.L. Gore and Assoc., Inc.
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c)

d)

The XR-5038 potting material was treated in accordance with
Product Information Sheet Code E-EP1-5038-1 issue date 3/19/65.
(Mixing Ratio = 1 part by weight of part "B" to 5 parts by weight
of part "A". Hand mix, partially degas, apply by pouring, allow
to cure 24 hours at room temperature.)

Comments on XR-5038 = Handles similar to most epoxies and

should be treated the same, little difficulty encountered

Coast Pro-Seal and Mfg. Co., Los Angeles, Cal:fornia
Molding & Potting Compound #794 (Polyurethane base)
Primer #781

The surfaces to be potted were primed with #781 per Data
Sheet dated 11/15/62. (Dip in primer and allow to air dry
1/2 hour.)

The #794 potting material was treated in accordance with
Data Sheet dated 1/22/65. (Warm the #794 Part A to 180°F until
it liquifies, stir well and ccol to room temperature. Warm the
#794 Part B to 2200F, stir well and ccol to room temperature.
Combine Parts A and B, hand mix, degas, pour into potting molds
and cure 24 hours at room temperature.)

Co&ments on #794 = Time consuming procedure to get materials
to the useable state, otherwise it handles like most Urethanes.
Products Research Company, Burbank, California
Potting & Molding lMaterial PR-1933-2 (RTV Silicone)

Primer #PR-1903 (For all wires except #7, 8 and 13,)
Primer #PR-1904 (For wires #7,8 and 13.)
No primer is required for Wire #12 (Silicone)

Where reruired, the surfaces to be potted were primed with
either PR-1903 or PR-1904. PR-1903 was applied in accordance with
Technical Data Sheet PR-1933 issued July 1964, Page #4. (Apply
by brush, air dry a minimum of one hour, all potting must be
completed within 24 hours of primer application ags the primed
surfaces require recleaning and repriming.) Primer PR-1904

was treated the sane as Primer PR-1903,
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The PR-1933-2 potting material was treated in accordance
with Technical Data Sheet PR-1933 issue date, July 1964. (Mixing
Ratio = 20 parts by weight of base compound to 1 part by weight
acceleration, hand mix, degas, apply by pressure flow gun, cure
24 hrs. at 75°F plus 48 hrs. at 120°F.)

Comments on PR-1933-2

This potting material was judged the most difficult to work

with for the following reasons:

i All primed surfaced must be potted within 24 hours of
priming or they require reworking.

ii The catalyzed material starts to cure while only partially
degassed, making additional degassing difficult.

iii By the time the material is degassed and ready to transfer
to the pressure gun, it has reacted enough to be quitc
rbbery and difficult to pour from the mixing container into
the potting equipment.

iv It was noted that only the exterior surface of the potted
samples cures in the stated room temperature cure time, and
all samples potted required an additional 24 hours at room
temperature before they could be handled enough to place in

a 120°F oven to complete the specified cure.

Since hook-up wire must pass through the surface of potting compounds
used to protect terminals and components, special problems are involved in
mkaing sure that mechanical adhesion is maintained between wire and compound and
that the entrance of moisture and contamiiants is prevented along the interface
between witre and compound. All fluorocarbm surfaces have been etched and
special primers have been used as suggested by the manufacturers to obtain

optimum adhesion as described ir detail in the foregoing.
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Three types of test have been used to determine th compatibility of
the four types of potting compounds with the 14 different wire insulations.

The results are reported in both tables and charts as ollows:

Table Figure
Mechanical Pvll-Out - RIV Silicone #1933 1i5-1 15-1
Silicone Cpd. #1662 15-1 15-6
Epoxy Cpd. #XR-5038 15-2 15-11
Polyurethane #794 15-2 15-16
Voltage Breakdown - RTV Silicone #1933 15-3 15-2 and 1% -3
Silicone Cpd. #1663 15-5 15~7 and 15-8
Epoxy Cpd. #XR-5038 15-1 15-12 and 15-13
Polyurethane #794 1 - 15-17 and 15-1b6
Insulation Resistance - RIV Silicone #1933 15-4 15-4 and 15-5
Silicone Cpd. #1667 15-6 15-9 and 15-10
Epoxy Cpd. #XR-5038 15-8 15-14 and 15-15
Polyurethane #79% 15-10 15~19 and 15-20

The tables suppiy more information, but the figures permit easier visualization
of the rather extensive results. Both tables and figures are grouped so as to

permit consideration of variations for different wires in each compound.

RTV Silicone #1933

After aging for 15 days in oxygen at 150°C, the campound is still
fiexible but perhaps not as tough a- silicone #1663. Review of Table 15-1
indicates that with 8 of the 14 wires a shear failure occurred in the compound
1tself rather than just in the wire or at the interface between the compound and
wire. In general, nevertheless, relatively high pull-out values are obtained.
Perdominantly mechanical failure occurs within the wire structure itself or with
good adhesion between insulation and compound, It is interesting that ielatively
poor adhesion is obtained with the TFE fused tape surface of Wire #11, but gocd
adhesion is obtained with the extruded TFE (Wire #9). One low value with poor
adhesion is obtained with Wire #5 (See Table 15-1).
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As might be expected, considerable variabili .y is obtained lor manv
of the wires in voltage breakdow. and insulat.on resistance as indicated by the
difference between the maximum and minimum values. It is probable that with
some specimens moisture did not find i.s way along the wire as it did with other
specimens., Since the worst insulation is the important on2, minimum values have
been plotted in the Figures. Here too, results are expressed as ratios oi the
value afier potting to the unexposed value measure in air. In this way the

variability in initial voitage breakdown is takzn into account.

For the electrical tests both "nicked" anc "unnicked" twisted wire
specimens were used. With unnicked specimens attack of the compound on the wire
[

might be detected. On the other hand, with nicked specimens the ability of the

compound to "heal the break" might be measured.

In order to make comparisca of so many test results, the orders of
merit for the wires in the #1933 compound are listed below for each type of test

using minimum values:

Voltage Breakdown Insvlation Resistance
Pull-Out Unnicked Nicked Unni.ked Nicked
Best 3 9 12 8 3
8 7 S 2 13
- 2 7_ 7 14
7 13 10—~ T Te T T T T ~7 9~
5 14 6 13 7
4 6 13 12 6
12 2 8 10 3
9 8 3 14 2
1 5 2 11 4
14 10 4 1 11
_2_ _ _ ____ 4 _ _ _ ___ . 4 ___1
13 11 5 9T T T T 10
10 1 10 5 5
Poorest 11 3 1 3 12

It is quickly apparenc that no good correlation exists between the
5 columns above, i.e., Wire #3 has the highest pull-out value, but the lowest

unnicked voltage breakdown. The correlation between the electrical tests is also
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noor with Wire #5 showing the highest retained value of resistance but with a
relatively poor breakdown showing. Recognizing that the electrical values are
intrinsically quite variable it is pcssible to group the three best value.

above the dotted line and three poorest values below the lower dotted line as

follows:
Best Pull-QOut Best Electrical Values
Wire # Wire i No of Times Noted
3 7 X 3
g 9 X 2
__ 6 _ _ _ 12 X 2
7 8 X 2
2 X 1
13 X 1
14 X 1
Pcorest pPull-Out Poorest Electrical Values
2 5 X 3
13 1C X 2
10 1 X 2
i1 3 X 2
9 X 1
12 X 1

From the above iv is appirent Wires #7 and 8 show the best cver-all compatibility
with RTV Silicone #1933. The over-all very poor electrical per:iormance of so

many of the wires probably makes the sclection of tle poorest ones rather academic.

Silicone Compound #1663

The . .prcach taken above will be followed for this and he remaining

two compoun’s,

Jrnlike the RTV Silicone #1933, the adhesion of Silicone #1663 to tne
polyolefin Wire #8 is very poor. Adhesion is relatively poor to Wires #10 and
13 also. In general, however, pull-out values are moderately high and usually

adhesion is obtained between the wire and potting compound.
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The relative ratings in mechanical and electrical test are listed

below for the minimum values in each case:

Voltage Breakdown Insulation Resistance
Pull-Out Unnicked Nicked Unnicked Nicked
Best [ 9 9 7 7
3 7 2 13 8
U R SN 3 ___8_______13 _
6 i2 4 2 9
12 5 12 S 14
1 3 6 4 1
7 6 5 12 4
2 8 8 3 5
10 8 8 3 5
14 1 14 5 3
9 __ W __ 1B ______Ll________ 2__
13 4 10 10 117
11 10 1 14 12
Poorest . 8 11 11 11 10
Best Pull-Out Best Electrical Values
Wire # Wire # No. of Times Noted
4 7 X 3
3 9 X 2
5 __ 2 X 2
6 13 X 2
8 X 1
Poorest Pull-Out Poorest Electrical Values
__ 9% _ __ 1l X 4
13 10 X 4
11 4 X 1
8 1 X 1
14 X 1

In considering the foregoing tabulations it is apparert from the
electrical point of view that Kynar jacketed polyolefin Wire #7 and TFE Teflon
Wire #9 are outstanding with Silicone #1663. While the pull-out values .re
moderatelv good, without question, the TFE over-taped wire #11 shows the poorest
results and the electrical performance of wire #10 is also poor. With Wires #10
and 11 it is considered possible that moisture may penetrate along and within a
relatively poorly bonded insulation rather than at the interface between insulation

ana potting compound.
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Epoxy Compound XR-5038

By reference to Figure 2 it is apparent that moderate to very high
bonding strength with XR-5038 is achieved for all of the wires except the Kynar
jacketed silicone #13. It is possible that the poor adhesion of the Kynar
jacket to the silicone substrate is responsible, although such very low values
were not obtained with any of the other compounds. Chemical attack by the epoxy
on unirradiated Fynar may be respounsible since it is somewhdt susceptible to

certain tvpes of chemicals (notably acetone) .

The relative ratings in mechanical and electrical test are listed

below for the minimum values in each case:

Voltage Breakdown Insulation Resistance
Pull-Out Unnicked Nicked Urnicked Nicked
Best 3 2 7 8 7
T 4 6 2 7 8
- 8 ____ 6 _ o ___2______1 _
7 14 8 13 14
8 7 9 14 4
5 8 3 10 10
1 4 14 3 6
12 13 5 6 3
10 10 4 11 11
2 5 10 1 12
S o __3______ ____ IS B 2 _
14 11 11 4 1
11 12 13 5 5
Poorest 15 1 1 12 9
Best Pull-Qut Best Electrical Values
Wire # Wire # No of Times noted
3 7 X 3
4 2 X 3
___6 ___ 8 X 2
7 6 X 2
8 13 X 1
Poorest Pull-Out Pcorest Electrical Values
.9 ___ 1 X 3
14 11 X 2
11 12 X 2
L3 5 X 2
13 X 1
4 X 1
° X 1
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In considering t™e tabulations abbyve it is at once apparent that the
polyolefin Wires #7 and & show the best over-all results. ML overcoatcd FEP
Wire #1 shows surprisingly poor electrical properties as dces the silicene
vire #12, The TFE overwrapped Wire #11 exhibits pcur electrical and pull-out

properties.

It is possible to look at wires which are particularly interesiing
such as the LEM Wire #6. XR-5038 shows excellecnt bond strength to the #6 wire

and the electrical properties, while not the best, are actually quite good.

Polvurethane Compound #794

After aging 14 days in oxyger: at 150°C the polyurethane compound #794
developed a hard crust or shell and a sticky or even vi-cous liquid interior
under the shell. The progress of oxiJdztion during thermal aging of this material
is shown in Figure 15-21. Cross-sections of slabs aged for imcreasing periodsrof
time show how oxygen diffuses into the material and changes its color. The
comparison of samples aged in oxygen and air is interesting. The tests were
made as carefully as possible to avoid disrupting the aged #7% . While the
bond strength was generally low with #794 and no very high values were obtained,
the pull-out values were sometimes surprisingly high - notably with Wires #1,

4, 7, 8, and 9.

Again the relative ratings in mechanical and electrical test are

listed below for the minimum values in each case.

Voltage Breakdown Insulation Resistance
Pull-Out Unnicked Nicked Unnicked Nicked
Best 8 13 4 14 13
9 8 8 12 14
_ 4 1_ _ _ __ . 4 _ ___ 13 _ _____ 2
7 14 13 2 1
1 6 1] 1 12
2 3 12 7 9
13 5 1 10 7
5 2 7 8 10
3 9 6 4 8
1¢C 4 3 11 11
__6_ ______ ______ 9 3 4
14 1 2 6 3
11 11 10 9 6
Poorest 12 10 5 5 5



Best Pull-Out Best Electrical Values

Wire # Wire # No. of Times Noted

8 13 X 3
9 14 X 3
I 8 X 2
7 7 X 1
4 X 1
12 X 1
2 X 1

Poorest Pull-Out Poorest Electrical Values
6 5 X 3
14 10 X 2
11 o X 2
12 2 X 1
1 X 1
9 X 1
3 X 1
11 X 1

The electrical values are all s~ bad that it is probably not significant
to make tabulations such as the foregoing. Nevertheless, Wires #13 and 14 show
the best even though not good electrical characteristics. With the polyurethane
tne pertormance of the polyolefin Wires #7 and 8 is relatively good. The
performance of the LEM Wire #6 is poor. As with all the other potting compounds,

the performance of the TFE overtaped Wire #11 is poor.
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TABLE 15-1

"PU%L -OUT'"" CHARACTERISTICS WIRES IN POTTING COMPOUNDS ACED 15 DAYS AT
150°C IN O
]

~

Pull-Out Load ~ Lbs.

Silicone Compound #1933 Silicone Compound #1663

Wire # Avg. Max. Min. Type* Avg. Mok, Min. Type*
] 12.1 12.6 11.2 1-GA, 2 « 3 11.1 12.2 9.9 3
2 9.1 9.3 8.8 1-GA & 3 9.1 10.0 8.5 1-SA & 3
3 24.2 28.0 20.4 4 12.6 14.0 12,6 1-GA
4 18.3 22.2 15.3 1-GA & 4 14.2 15.85 12.7 1-GA
5 16.0 16.5 15.5 4 13.5 14.75 11.7 1-GA

(0.5) 1-NA

6 21.3 24.3 18.6 4 15.6 18.6 12.3 L-CA
7 23.9 28.8 18.3 1-GA & 4 16.35 11.9 9.5 1-SA
8 21.6 27.7 19.2 4 3.1 3.75 2.6 1-NA
9 12.4 12.7 12.0 4 8.8 10.0 7.7 1-GA
10 8.9 11.6 6.7 1-GA & & 10.4 12.1 8.8 1-GA
11 4.4 4.8 4.0 1-SA 4.5 4.9 3.5 1-SA
12 15.9 18.3 14.0 1-GA 12.7 13.8 11.7 1-SA

13 7.3 7.8 6.9 i-SA & 3 6.1 7.6 4.7 1-SA
14 10.3 12.0 9.5 1-cA 11.6 12.8 10.4 1-GA

*Types of failures as follows:

(1-NA) No or poor adhesion-shear between wire iusulat on and potting compound

(1-SA) Same adhesion-shear between wire insulation and potting compound

(1-GA) Good adhesion-shear between wire insulation and conductor

(2) Shear between insulation and conductor

3 Shear within the wire insulation itself

4) Potting compound sheared
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TABLE 15-2

"PULL-)UT'" CHARACTERISTICS WIRES IN POTTING COMPOUNDS AGED 15 DAYS

AT 150°C IN 0,

Epoxy Compound XR 5038

Wire # Avg. Max. Min. Type¥*
1 14.4 14.8 14,2 3
2 10.4 10.9 10.1 3
3 39.3 41.8 33.8 2 &3
4 30.8 33.0 28.6 2
5 16.5 18.2 14.9 1-SA & 2
6 30.5 33.0 26.5 1-SA
7 25.9 28.3 24,7 2
8 22.7 24.5 22.2 2
9 10.0 10.6 9.6 1-SA
10 11.9 12.6 10.7 2
1t 3.2 3.3 3.2 1-SA
12 12.5 13.7 11.2 1-GA
13 0.51 0.69 0.40 1-SA
14 10.1 11.4 7.4 1-SA

*Type of failures as follows:

(1-NA)
(1-54)
(1-GA)
)
(3
()]

Pull-Out Load - Lbs.

Polyurethane Compound #794

Avg. Max Min. Type®
11.3 12.3 2.4 1-SA & 3

8.3 5.5 8.1 3

9.4 12.8 6.0 1-GA
13.4 16.6 10.2 1-GA

9.4 11.4 7.0 1-SA

6.8 8.4 4.9 1-GA
4.3 17.5 10.2 1-GA
13.5 15.4 12.4 1-GA
11.6 12.0 11.0 1-SA

6.7 7.5 5.4 1-5A
4.8 5.9 3.9 1-SA

2.5 4.4 1.4 4

9.5 11.0 7.6 3

6.2 8.2 4.6 1-5A

No or poor adhesion-shear between wire insulation and potting compound
Same adhesion-shear between wire insulation and potting compound
Good adhesion-shear between wire insulation and conductor

Shear between insulation and conductor

Shtear within the wire insulation itself
Potting compound sheared

)
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TABLE 15-3

TWISTED PAIRS POTTED IN SILICONE COMPOUND #1933 AFTER 14 DAYS IN O, AT 150"c

Breakdown Voltage - kv

Maximum Values Minimum Values
Wire # Unnicked Nicked Unpotted* Unnicked Nicked Unpotted*
1 G6.75 <0.5 20.2 <0.5 <0.5 15.8
2 23.8 14.8 21.0 8.0 3.1 15.0
3 15.5 21.0 28.5 0.5 6.0 25.5
4 7.5 10.2 18.0 3.5 3.0 17.5
5 9.5 9.0 19.5 5.5 0.5 13.0
6 24.5 28.5 30.0 18.0 12.5 25.5
7 25,50 25.0 25.5 24,00 130 21.0
8 30.0 19.08  29.0 1.5 2 sM 960
9 27.0 24.5 20.5 22.0 9.5 14.5
10 1.2 2.5 23.0 0.7 <0.5 18.0
11 1.25 1.25 13.5 <0.5 <0.5 10.5
12 23.3 15.5 18.5 17.5 11.1 16.5
13 26.5 17.0 22.4 18.5 8.3 18.0
14 23.1 15.5 25.5 18.7 11.1 20.6

(1) Failed over surface of potting compound,
* For comparison
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TABLE

L5-4

TWISTED PAIRS POTTED IN SILICONE COMPOUND #1933 AFTER 14 DAYS IN O, AT ISOOC

Wire # Unnicked
1 1.1 x 1013
2 2.9 x 1013
3 2.9 x 1013
4 1.0 x 1013
5 1.2 x 1012
o 5.6 x 1013
7 1.0 x 1013
8 3.1 x 1013
9 8.3 x 107

10 1.7 x 1013
11 2.5 x 1013
12 2.8 x 1012
13 3.3 x 1012
14 5.0 x 102

W

For comparison

Maximum Values

Insulation Resistance - Ohms

Nicked

12

3.1 x 10

1.1
6.2
4.2
2.2
5.0
4.6
2.8
1.2
7.1
5.0
2.4
2.8

7.9

X

1
10 3

1013

1012

1
10 1

103

1012

1013

1014

1U12

l013

1012

1012

1012

Ungotted*

2.8
1.6
6.0
5.0
2.5
3.6
8.9
6.3
1.1
1.0
>6.0
3.5
7.8

4,5

X

X

13

10

1013

1014

lO13

1015

1015

1012

1013

1012

1014

1014

1013

102

1013
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Unnicked

7

3.3 x 10

1.9

5.0

5.5

1.7

1.5

2.5

5.6
2.9
1.5
1.3

2.0

X

X

o3

10°

107

107

1013

2

Minimum Values

Nicked Unpotted®
1.0x 10/ 8.6 x 10%2
3.9 x 108 9.8 x 1012
1.6 x 1013 2.5 x 10%*
4.2 x 100 3.8 x 10%°
1.3 x 10° 5.9 x 10"
2.4 x 101 2.3 x 1ct?
3.1x 1002 3.6 x 10*2
8.3 x 1012 8.3 x 10%2
4.6 x 102 3.6 x 10™*
6.6 x 106 1.5 x 1013
6.2 x 108 >6.0 x 1014
1.8 x 10S 1.4 x 1013
1.7 x 10*% 5.0 x 102
4.5 x 10 3.1 x 1083



TABLE 15-5

TWISTED PAIRS POTTED IN SILICONE COMPOUND #1663 AFTER 14 DAYS IN O, AT 150¢
AND 3 DAYS IMMERSION IN WATER -

Insulation Resistance - Ohms

Maximum Values Minimum Values
Wire # Unnicked Nicked Unpotted® Unnicked Nicked Unpotteds
1 73 x 1600 1.3x 102 2.8x 102 1.7 x 100 3.6x 1ot 8.6 x 10"
2 1.4 x 1002 1.4x 102 1.6x 102 s.ax 10t 8.3 x 107 9.8 x 107
3 4.4x 102 1.3x 10 60x 10 2.3x 1007 1.6x 10'? 2.5 x 10M
4 1.9x 102 1.4 x 10 s.0x102 7.6x 100t 7.8 x 1ot! 3.k 10
5 1.6x 102 3.2 x 10" 2.5 x 10 sa1x 10t 35 x 10l 5.9k 10t
6 3.3x 1002 3.1x 102 3.6x 10 1.6x 1002 1.9x10'% 2.5 x 10M
7 1.6 x 1022 1.0x 10 8.9x 10'?  1.0 x 102 ) 3.6 x 1012
8 25 x 1082 2.9x 102 6.3x 10 1.sx 10?2 1.9x 10'? 8.3 x 10%°
9 22x 102 2.7x10% 1.1x10 1.1x 1002 1.6x 102 3.6 x 10M?
10 8.1 x 100 9.4x 10! 1.0x 10" 6.3x107  s.0- 10 1.5 x 107
11 1.5 x 102 1.0x 1082 6.0 x 10 6.3x 10° 3.9 x 107 6.0 x 10
12 5.3x 10t s.0x 10t 3.5 x10” 31k 10tt 2.5 x 107 1.4k 107
13 2.0x 1012 7.0x 1080 7.8 x 1012 1.6 x 10 3.9 x 10! 5.0 x 107
14 2.6 x 1012 2.0 x 1012 4.5 x108% 9.1 x 10 1.2 x 10%% 3.0« 10%

* For comparison
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TARLE 15-6

TWISTED PAIRS POTTED IN SILICONE COMPOUND #1663 AFTER 14 DAYS IN O, AT 150°¢
AND 3 DAYS IMMERSTON IN WATER

Breakdown Voitage - kv

Ma¥imum Values Minimum Values
Wire # Unnicked Nicked Unpotted® Unnicked Nicked Unpotted®
1 20.2 10.3 20.2 11.2 0.4 15.8
2 25.0 20.7 21.0 17.1 11.6 15.0
3 33.5 26.4 28.5 26.0 20,0 25.5
4 15.5 14.5 18.0 9.0 10.0 17.5
5 17.5 19.0 19.5 14.0 6.0 13.0
6 29.0 29.5 30.0 26.0 12.5 25.5
7 26.9 20.0 25.5 24.6 7.0 21.0
8 25.5 22,5 29.0 19.5 9.0 26.0
9 23,7 24,0 20.5 18.0 17.6 14.5
10 11.5 10.3 23.0 0.5 1.8 18.0
11 2.8 5.9 13.5 0.2 0.2 10.5
12 20.8 21.8 18.5 18.4 0.5 16.5
13 19.90 16.0 22.4 13.6 4.9 18.9
14 18.5 17.7 25.5 12.0 7.1 20.6

*Fur comparison
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TABLE 15-7

TWISTED PAIRS POTTED IN EPUXY COMPOUND #XR-5038 AFTER 14 DAYS IN 0, AT 150°C

AND 3 DAYS IMMERSION IN WATER 2
Breakdown Voitage - kv
Maximum Values Minimum Values
Wire # Unnicked Nicked Unpotted* Unnicked Nicked Unpottena®
1 >12.0 >10.0 0.2 2.75 0.5 15.8
2 22,5 20.3 21,0 19.7 12.0 15.0
3 29.0 27.5 28.5 10.0 13.5 25.5
4 12,5 11.5 12.8 9.0 7.5 17.5
5 14.5 13.7 19.5 4,5 6.0 13.0
6 35.7 29.6 30.0 25.5 16.8 25.5
7 24.8 29.0 25.5 15.7 24.0 21.0
8 30.0 27.0 29.0 16.0 15.5 26.0
9 23.5 20.5 20.5 12.8 8.0 14.5
10 13.0 11.0 23.0 8.0 7.5 18.0
11 10.5 10.5 13.5 4.0 3.0 10.5
12 9.2 9.0 18.5 4.2 5.5 16.5
13 12.1 6.0 22.4 &.6 3.1 18.0
14 18.6 16.5 25.5 16.4 10.3 20.06

*For comparison
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TABLE 15-8

TIISTED PALRS POTTED IN EPOXY COMPOUND #XR-5038 AFTER 14 DAYS IN O, AT 150°C

AND > DAYS

Wire # Unnic'ied
1 4.6 x 107
z 5.3 x 1013
3 1.0 x 10
4 2.1 x 1013
5 3.1 x 108
6 8.3 x 103
7 4.5 x 1013
8 4.8 x 1083
9 1.3 x 1014

10 1.9 x 1013
11 4.6 x 10%%
12 1.5 x 103
13 1.3 » 103
14 4.2 x 1003

*For comparison

Insulition Resistance

iMMERSION IN WATER

Maximum Va.,ues

Nicked Unpotted*
2.8 x 1013 2.8 x 103
4.5 x 1013 1.6 x 1013
1.0 x 10 6.0 x 15t*
2.2 x 1013 5.0 » 1013
1.0 x 1013 2.5 x 1015
8.9 x 1013 3.6 x 1014
2.8 x 1012 8.9 x 10'?
5.6 x 100 6.3 x 10°3
14x 10" 1.1x 100
4.2 x 1003 1.0 x 10
6 2 x 101* 6.0 x 10t
8.9 x 1012 3.5 x 10%3
1.4 x 1013 7.8 x 10'?
2.5 x 1013 4.5 x 1013
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- Ohms

Minimun Values

2

Unnicked

10

1.25 x 10

1.2
4.2
2.3
2.8
3.0
6.3
2.9
4.5
8.1
6.7
5.0
5.0

2.8

Nicked Unpotted®
3.3 x 10° 8.6 x 10'?
3.9 x 100 9.8 x 10%2
6;8 X 1012 2.5 x 1014
1.8x 10 3.8 x 1073
4.5 x 10° 5.9 x 10%%
2.1x 10 2.3x 10%*
1.3 x 102 3.6 x 1072
2.1 x 102 8.3 x 10'?

short 3.6 x 1014
5.0 x 1012 1.5 x 1013
1.3 x 1072 >6.0 x 10™*
1.3 x 100% 1.4 x 10%3
9.1 x 1012 5.0 x 102
1.7 x 101 3.1 x 1073



TABLE 15-9

TWISTED PAIRS POTTED IN POLYURETHANE COMPOU™D #794 AFTER 14 DAYS IN O, AT 1507
AND 3 DAYS IMMERSION I. WATER -
Breakdown Voltage - kv
Maximum 7alues Minimum Values

Wire # Unnicked Nicked Unpotted* Unnicked Nicked Unpotted®
1 9.5 13.5 20.2 0.5 3.0 15.8
2 5.7 16.0 21.6 1.7 1.5 15.6
3 28.0 28.0 28.5 3.5 3.5 25.5
A 9.5 4.c 13.0 1.6 11.3 17.5
5 6.0 7.5 19.5 1.5 <1.0 13.0
6 22.90 15.5 30.0 4.0 4.0 25.5
7 19.0 11.7 25.5 6.5 3.9 21.0
8 18.0 17.0 29.0 11.6 14.5 26.0
9 19.0 22.0 20.5 1.5 2.0 14.5
10 10.1 4.2 23.0 0 (short) 1.7 18.0
11 3.7 8.4 13.5 G (short) 2.4 10.5
12 8.6 8.0 18.5 1.0 3.7 16.5
13 15.5 12.1 22.4 11.2 6.0 18.0
14 17.0 14.3 25.5 4.0 8.3 20.6

*For comparison
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TABLE 15-10

TWISTED FALRS POTTED IN POLYURETHANE COMPOUND #794 AFTER 14 DAYS IN O, AT

ARD 3 DAYS IMMERSION IN WATER

Wire # Unnicked
1 3.1 x 10°
2 6.4 x 10°
3 1.6 x 10°
4 7.8 x 109
5 3.5 x 10°
6 5.3 x 100
7 4.5 x 10°
8 2.4 x 10%°
9 3.9 x 109

10 4.2 x 10
11 2.0 x 10'°
12 9.6 x 10°
13 3.1 x 10°
14 2.4 x 109

*For comparison

Maximum Values

Insulation Resistance - Ohms

Nicked Unpotted*
1.0 x 161° 2.8 x 10*3
1.7 x 10° 1.6 x 10%3
7.6 x 101 6.0 x 10t
3.7 x 100 5.0 x 1013
2.0 x 10° 2.5 x 107
2.1 x 101% 3.6 x 10™
1.7 x 108 8.9 x 1012
5.9 x 1019 6.3y 1013
3.5 x 1000 1.1 x 10%°
6.1 x 105 1.0 x 10%
3.6 x 10610 >6.0 x 10™
9.6 x 10° 3.5 x 10%3
1.1 x 100% 7.8 x 10'?
1.3 x 10° 4.5 x 1083
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Unnicked

5

6.2 x 16

1.0
2.0
1.0
2.0
2.0
1.0
.0
2.0
6.2
7.1
2.5
1.0

4.5

X

X

106

10°

105

105

105

105

10°

105

10°

10S

107

107

105

, AT 150°C
Minimum Values

Nicked Unpotted*
3.3 x 106 8.6 x 1012
4.5 x 10° 9.8 x 10'?
2.0 x 10° 2.5 x 10%*
5.6 x 10° 3.8 x 10%3
1.0 x 105 5.9 x 1014
2.0 x 100 2.3 x 10™*
<2.0x 10° 3.6 x 10'?
2.0 x 10° 8.3 x 10'?
1.5 x 107 3.6 x 1014
5.6 x 10° 1.5 x 1003
1.4 x 10’ 6.0 x 10™
4.2 x 10 1.4 x 1013
9.6 x 10’ 5.0 x 102
2.5 x 10° 3.1 x 1003
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16. Flexibility

(a) Mandrel Flexibility

The mandrel flexibility test is most useful when the
"kind" of failure in flexure is observed. It is difficult to cole such
obhservations into a uniform pattern. Nevertheless, the attempt has been made
in Tables 16-1 and 16-2. Table 16-1 reports results of repeated mandrel
flexibility tests wmade at room ambient. When the wires are wrapped around
Lheir own diameter (1X), the jackets of the jacketed wires sometimes craze or
wrinkle. Moreover, with the exception of three wires, no damage results
when the wires are bent over a .075 inch mandrel. Very slight opening or
"mud-flat" cracking occurs in TFE dispersion overcoating of Wire #3 on a
.075 in. diameter. The two jacketed silicone wires are more s.bject to failure

when bent over the small mandrels.

In liquid nitrogen at -156°C considerable loss in flexibility is

encouitered as shown in Table 16-2. The following observations can be made:

a. Silicone rubber (Wires #12, 13 and 14) and the irradiated
modi fied polyolefin (Wire #8) are extremely brittle at -196°¢C
and fail even on a 3 inch mandrel.

b. The Kynar jacket (Wire #7) improves the performance of the
underlying polvolefin, but silicone rubber (Wires #13 and #14)
cracks under the jacket.

c¢. The performance of the ML cvercoating over FEP Teflon (Wire #1)
and TFE Teflon (Wire #2) is disappointing since ML enamel
applied directly to copper has shown exceilsnt cryogeaic
flexibility (see NAS 8-2442), The relatively poorer
performance of Wire #2 is attributed to the better adhesion
of the ML coating in this case which promotes crack
propagation from the ML coating through the substrate.

d. Extruded TFE Teflon (Wive #9) shows relatively good flexibility
at -196°C.

e. The H-film taped samples (Wires #3, 4, 5, 6, 10, 11, 15 and 16)
all exhibit outstanding flexibility at -196°¢ (as was shown
previously in NAS 8-2442). Differenczs in the flexibility of
these wires can be attributed to differences in wall thickness,

degree of bond aid the thickness of the overcoat.
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(b) Repeated Flexure

Five replicates have been used in repeated flexture tests.
Results obtained at room temperature are reported in Tables 16-3 and 16-4.
From Table 16-3 it is apparent that a slightly lower number of cycles cause
failure with a 270° bend as compared to the 180° bend. Unfortunately, time
was unavailable to make a comparison between a 120 and 1800 bend. However,
a few preliminary trials showed little difference. Results for Wires #15 and
16 tested at a 120° bend are little different from those for the very
similar Wire #6 tested over the 180° bend. Wire tension may have a somewhat

larger effect, but was not investigated in a systematic fashion.

A comparison of the results in Table 16-3 indicates that the cycles
to failure for all of the nickel plated wires with the exception of #3 are
lower than for silver plated wires and somewhat lower than for the tin plated
wires. Thus, the nature of the wire sezems mcre important than the insulatior
in determining repeated flexure failure. Differences in wire diameter and
plating thickness might explain the considerable va-iability found even in the
nickel plated wires. All of the results for nickel plated wires, except for
Wire #3, (and Wire #13 which was not available when the plot was made) are
plotted as a probability distribution in Figure 16-1. It is immediatel
apparent that two slightly Jdifferent populations are involved, but that even

so, a reasonable Gaussian distribution is indicated.

With Teflon, polyolefin and silicone rubber insulation, the
insulation did not fail at all or until well after conductor failure occurred
as shown in Table 16-4. It is particularly interesting to note the superior
performance of Wire #2 as compared to Wire #1 and the difference may well be

explained by the greater adherence of the ML enamel to the TFE substrate
of Wire #2.

When the repeated flexure tests are made at -162°C, much greater
differences are encountered as shown in Table 16-5. While a perfect
correlation does not exist with the mandrel diameter for failure at -196°C
in liquid nitrogen, it is apparent that Wires #1, 2, 8, 12, 13 and 14 fail
relatively rapidlv ~nd also fail on relatively large mandrel diameters at
-1¢6°C. It should be noted in addition that H-film taped Wires #4, 5, 10

-141-



and 11 as well as TFE Teflon (Wire #9) require more cycles to cause failure
at -162°C than at room temperature. With Wires #9 and 10 this increase is

startling. If plating of the conductor influences the result. for

repeated flexure at -162°C, the effects are washed out by other variables.

It would seem that .he conductor itself is not so likely to fail at -162°¢

and that the characteristics of the insulation are the contrelling factor.
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TABLE 16-1

MANDREL FLEXTIBILITY - COMPARISON OF UNAGED WIRES TESTED IN AIR AT 230C
AND 507% RH

Mandrel Dismeter - Inches

Wire # Wire Dia. (1X) .075 0.125 0.25 0.5

] J-Cr OK
2 J-W 0K
3 MF MF OK
4 W OK
5 W OK
6 oK

W
7 J-Cr OK
8 OK
9 OK

W
10 LS OK

W
11 LS ok (D
12 OK

J-W same as
13 J-Cr 1X OK

J-LS

14 I-W ok
15 04
16 OK

(1) Slight discontinuties in the outer Teflon wrap are noted in unflexed wire.
(2) The H-film jacket is loose on the wire as received,

CODE FOR FLEXIBILITY TESTS

W - Wrinkling LS - Loosening of Wrap

Cr - Crazing (Fine Cracks) J - Jacket of Coating

C - Cracking S1t - Slight or Some

S - Spalled completely off wire MF - "Mud Flat" cracking opened
Sp ~ Splitting Longitudinally by flexing

OK - No Damage
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TABLE

MANDREL FLEXIBILITY - COMPARISON OF UNAGED WIRES TESTED IN LIQUID NITROGEN

16-2

1.0

J=-Cr

OK

Slt.

Cr.

1.25

OK

OK

AT -196°C
Mandrel Diameter - Inches
Wire
#__ .075 0.125 0.25 0.5 0.75
Slt. C
1 c J-Cr
2 C
C J-Cr OK
4 Cr W OK
S1t. 'S
5 S W OK
LS
6 S OK
Sp
7
8
9 S C Sit.
C
10 W Slt. W OK
Sit. C LS
11 C J-C OK
Sp.
12
13
14
15 S Cr
16 C Cr Cr OK

CODE FOR FLEXIBILITY TESTS:

W - Wrinkling
Crazing (Fine Cracks)

Cr
C
S

Sp

Cracking

Spalled completely off wire
Splitting longitudinally

S
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LS
J
1t

OK

Loosening of Wrap
Jacket of Coating
Slight or Some

1.75 2.0
c 0K
c OK

J-S
S c

Sit. C
S

c

C J-W

c

"Mud Flat" cracking opened

by flexing
No Damage

3.0

Slt.
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TABLE 16-3

COMPARISON OF WIRES IN REPEATED FLEXURE AT 23°C

Wire # Avg.*

1 2570
2 2680
3 5037
4 1866
5 2240
6 6081
7 4332
8 4053
9 1818
10 2515
11 1793
12 1883
13%% 3323
14 1513
15%% 6551
16%%* 6935

Cycles to Conductor Failure

*Average of five tests.

180°Bend
Max. Min,
2630 2510
3360 1810
7802 3492
2004 1785
2604 1575
7115 4382
4672 4078
4389 3650
2400 1520
3049 1317
1976 1517
1970 1801
3880 2350
1834 1312
7293 4452
7960 6113

Avg.*

3333
1614
2098
5122

1414

**Tested over 120° rather than 180° bending arc.
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270° Bend
Max.  Min.
4555 2654
1727 1538
3971 1016
5448 4784
1590 1100

Plating
Nickel
Nickel
Nickel
Nickel
Nickel
Silver
Tin
Tin
Nickel
Nickel
Nickel
Nickel
Nickel
Nickel
Silver

Silver



TABLE 16-4

COMF RISON OF WIRES IN REPEATED FLEXURE AT 23°C

Cycles to Insulation Failure Cycles to Conductor Failure

1 2733 2833 2632 2570 2630 2510

2 >5000 2680 3360 1810

8 4065 4076% 3890% 3650%

9 >5000 1818 2400 1520
11 >5000

12 >5000

13 >5000

14 1420%* 1738%* 1312%%* 1640%*

*Individual values with 3 other wires conductor and insulation failed
at the same time.

*%*Silicone rubber did not fail. The H-film overwrap failed for two

wires as shown., With the other 3 wires conductor and H«film wrap
failed at the same time.
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TABLE 16-5
COMPARISON OF WIRES IN REPEATED FLEXURE CYCLES TO CONDUCTOR FAILURE
18”0Bend, 23°¢

120° Bend, -162°C Mandrel Dia. - in.

[N

Wire # Avg. Max. Min, Avg.  Max. Min. Failure at -lgqig
1 506 738 214 2570 2630 2510 0.75
2 245 621 73 2680 3360 1810 1.75
3 3727 5475 2924 5037 7802 3492 0.25
4 3138 3854 2483 1866 2004 1785 .075
5 3457 7054 1353 2240 2604 1575 .075
5% (2583) 4340 1353
6 2633 4285 1172 6081 7115 4382 0.25
7 1771 2154 1177 4332 4672 4078 1.75
8 815 1748 422 4053 4389 3650 >3.0
9 8252 10773 4420 1818 2400 1520 0.5

10 9615 10229 8803 2515 3049 1317 0.25
11 3181 3603 2436 1793 1976 1517 0.25
12 355 493 248 1883 1970 1801 >3.0
13 577 1285 271 3223 3880 2350 3.0
14 259 381 95 1513 1834 1312 3.0
15 3783 5009 2346 6551 7293 4452 0.5
16 2159 3161 1382 6935 7960 6113 0,125

*Values in parenthesis exclude one high value.
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17. Scrape Abrasion

The NEMA (GE) repeated scrape abrasion tester has b:2en used to
evaluate all of the wires. Three or four test loads have been used except
that only two test loads were usec with Wires #13 and 14 siace the extra work
for these wires with loose jackets did not seem merited. At least three, and
in many cases more, .est results have been obtained at each load for each
wire. The results, except for Wire #12, are summarized in Table 17-1. The
abrasion resistance of silicone rubber (Wire #12) is so poor that lower
loads had to be used to obtain reasonable values and these results for Wire #12

are summarized in Table 17-3.

Prior work with film-coated, magnet wire had indicated that the

number of scrapes to failure is a power function of the load:

where:

w
]

o _|®
=1

scrapes to faiiure

S
p = load in zrams
K

constant

n = power function

To check this relationship for the wires in this program the log of the
sverage scrapes to failure have beer plotted verus log load in Figures 17-1,
17-2 and 17-3. The scales of these figures have been adjusted to permit
plotcing the rather wide range of values for the different wires. If the
power function is valid, the data should be linear on such log-log plots.
Reasonably linear plots are obtained for all of the wires except #1, 5, 6,

7, 8, 15 and 16. (Results for Wires #13 and 14 were not plctted because
results for only two loads were available). With a little liberty, a straight
line could be plotted for Wire #1 which could have a slope abtout like that of
Wire #2. For Wires #5, 6, 8, 15 and 16 the value at the 1 Kg lcad are '"tco
high". This problem is considered in Figure 17-4 for such a wire - #& -
alorg with Wire #7, which does seem to fit any rule, and Wire #9, 1In

Figure 17-4 the range of values as well as the average has been plotted.
When the two "cut-of-line" minimum values for Wire #7 are plotted it is
apparent that a reasonable straight line with a slope much like that for the
other wires results, The non-linearity of Wire #8 (like #15 and 16 in

Figure 17-2) remains. A little of such non-linearity can also be detected in
the plot for Wire #9. It seems reasonable to assume that two mechanisms may
be involved in abrasion as a function of load and that two slopes should be
plotted at least for Wire #8 as shown in Figure 17-4.
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It is possible to calculate the slopes for the log-log plots to

obtain values of n as given in Table 17-3. Where a question esxists and a
douhle slope may be involved, both values are plotted along with a (7). It

is important to understand the significance of the varying values of the
slope -n. A high value means that at low loads, abrasion resistance is great,
but unless the slope changes, very poor abrasion will be found at high loads.
0Of course, the relative position of the curves of abrasion versus load, as
established by the constant K in the equation, is important also. In example,
the abrasion resistance of silicone rubber is poor even at very low loads.

In example, the abrasion resistance of silicone rubber is poor even at very
low loads. Consequently, both the slope of the curve of atrasion versus load

as well as its relative position must be established. In fact, it seems the
order of merit for two wires may be reversed at different loads as shown for
Wires #7 and #8 in Figure 17-4. It is also possible that the two individual
values for Wire #7 at the bottom of Figure 17-4 represent a situation irn which
the Kynar jacket lost adhesion and ripped away so that the underlying polyolefin

failed quickly.

It is recognized that the results for a non-homogeneous (jacketed)
wire such as Wire #7 might well show a wide variability of results in an
abrasion test. For this reason probability plots were made of individual
abrasion values for the homogeneous extruded TFE Teflon (Wire #9) in Figure 17-5.
As is usual when such plots are made with a few values they can be plotted in
different ways as shown by the solid and dotted line for values obtained at
the 700 gram load. Plot A' may be the more correct since its slope is about
the same as plot B for results at the 1000 gram load. The steep slopes for
these probability curves do indicate the considerable variability which may
be expected in abrasion resistance with such wires for which the thickness
of insulation varies considerably and processing variables are known to exist.
The etfect of non-homogenities may be considered once more by considering the
discribution of abrasion values for ML-coated FEP Wire #1 and ML-coated TFE Wire #2
as plotted in Figure 17-6, It is known that the adhesion of the ML coating is
much better on Wire #2 than Wire #1. In Figure 17-6 the one high value of
368, which is out of line for Wire #1, may be due to good adherence of the ML
coating in this one instance. On the other hand, the out-of-line two low
values of 50 and 89 for Wire #2 are probably due to poor adherence of the ML
enamel in these two cases. The explanation of one very high value for Wire #2

is not obvious.
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TABLE 17-2
RESISTANCE TO SCRAFE ABRASION FOR WIRE #12 (SILICONE RUEBER)

Number of Scrapes to Failure

Load-grams Avg.* Max. Min.
200 310 458 223
300 31 46 17
500 2.5 3 2

*Average of 4 specimens.

TABLE 17-3

CALCULATED SLOPE OF LOG SCRAPES/LOG LOAD TO FAILURE

Wire No.* Calculated Slope = n
#2 9.1
#3 6.3
#4 4.0
#5 4.3(?) and 6.9(?)
#6 5.9(?)
#7 6.1(7)
#8 2.4(?) and 6.5(?)
#9 7.4
#10 3.9
#11 3.0
#12 5.2
#15 4,1(?) and 7.2(?)
#16 3.6(?) and 7.4(?)
P
where, S = gcrapes to failure
P = load grams
K = constant
n = power function

*Significant curves could not be plotted for Wires #1, 13 and 14.
(?) See text.
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18. Blocking

The only cases of blocking that were observed occurred at elevated
temperature with the polyolefin insula ted wires. At 150°C, some blocking
occurred with Wire #7 under the heat-shrinkable tubing that was used to hold
the specimens together. Similar effects were observed with Wire #8 at 150°¢
in oxygen and in vacuum. Wires could not be separated without teariag the

insulation in the region tha” had been compressed by the heat-shrinkable tubing.
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19, Cut-Through

Cut-through results are reported as the failure loa&, where failure
is detected by electrical continuity between the conductor and the cut-through
paddle. The load is applied at a fixed cross-head speed of 0.005 inches per
minute. Values are given for 23°C and 149OC. The results are summarized

in Table 19-1.

Typical Load vs Deflection curves at 23°C and at 149°C are given
for each sample wire (Figures 19-1 to 19-16). The curves show tue effect
of the wire being flattened by the crushing action of the 1/16" wide
paddle. During the early stages of loading, temperature has little effect

on the shape of the Load-Deflection curve. However, in the latter stag's
of loading, where the load steadily increases with deflection, increasing
temperature causes a decrease in the slope of the curve and a significant

decrease in failurve load.

The results clearly show the superior cut-through streangths of
the H-film construction at both 23°C and 149°C. It is likely, however,
that this superiority might not be so striking if a much sharper paddle was
used in applying the load. This is suggested by the ease of mechanically
stripping the H-film constructions with a tool that has sharp cutting

blades.

The ML coating of Wires #1 and 2 provide some improvement in
cut-through strength over that of plain TFE (Wire ¥9), but these wires are
still inferior to the H-film constructions, even when the latter have

thinner insulation walls.
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TABLE 19-1

CUT-THROUGH FAILURE LOAL (POUNDS), CROSS-:£AD S’FED 0,005 INCHES/MINUTE

23°%¢ 149°C
Failure Load Failure Load

Wire No. (Lbs.) (Lbs.)
1 40.0 9.6
25.9 18.6

1.6 19.0

Avg. 36.0 Avg. 15.7

2 21.5 18.4
43.0 26.0

28.4 13.6

Avg. 31.0 Avg, 19.3

3 106 62.1
112 55.9

1i5 41,9

Avg. 111 Avg. 53.5

4 72.0 27.8
91.n 34.7

87.5 36.2

Avg, 83.5 Avg. 32.9

5 64.2 33.0
95.2 33.5

39.2 35.2

Avg. 66.2 Avg, 33.9

6 91.38 47.0
116 57.1

140 59.0

Avg. 118.¢9 Avg. 54.4

7 20.4 3.6
18.6 3.3

20,0 2.0

Avg. 19.7 Avg. 3.0

8 17.5 0.6
17.6 0.6

14.1 0.7

Avg. 16.4 Avg. 0.6

9 26.6 8.1
24.1 8Q3

24,6 1.6

Avg. 25.1 Avg. 8.0
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TABLE 19-1 (Cont'd)

CUT-TEROUGH FAILURE LOAD (POUNDS), CROSS-HEAD SPEED .005 INCHES/MINUTE

Wire i

16

12

13

14

15

16

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

23%

Failure Load

.)

{(Lds

124
103
125

117

-162-

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

149°%
Failure Load
(Lbs.)
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Figure 19-1: Load-Deflection Curves for Wire #l1
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Cross-head Speed ,005 Inches per Minute
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20. Thermal Creep

The suggested method of evaluating thermal creep required that a
standard load be applied and the time to failure recorded. The load was
defined as that which would cause Type E Teflon (Wire #9) to fail in one
hour. However, the H-film constructions, with their superior cut-through
strengths, would rua for unreasonable lengths of time with a load that would

cause TFE to fail in one hour. Therefore, the test was modified to provide

ccuaparative data and eliminate run-outs.

The standard loads, based on many tests of Wire #9, were established
as 116 pounds at 23°C and 33 pounds at 149°¢. Attempts were made to apply
these loads to the other wires with extruded insulation. In several cases
the failure occurred before the specimen was fully loaded. The results on
these wires are included in Table 20-1, which summarizes the results on all

of the wires.

in the case of the H-film constructions, the modified test
procedure was used, This consisted of determining a short-time failure load
by applying a load at a steady rate of .002 inches per minute (cross-head
speed). The fixed load for the first creep test was then taken as 75% of
the short-time failure load. This load was applied for ome hour and, if
failure did not occur, was increased in steps of about 10% at 15 minute
intervals until feilure occurred. In Table 20-1 the fixed load that was applied
for the first hour is shown as the "Withstand" value. The failure load and
the time that this last load was applied is also showr, but the incremental

loads are nut tabulated.

From the results obtained with the modified .est procedure,
estimates of the one hour failure loads can be made, These estimated values
are given in Table 20-2, Although these values are only estimates, they
clearly demonstrate the superior creep characteristics »f the H-film

construction,

Contrary to the results of the cut-throug.. tests, the ML coatings
on Wires #1 and 2 do not improve the creep behavior of these wires over that
of Wire #9. It should be noted, however, that both #l1 and #2 have thinner
walls than #9, and with identical wall thicknesses the one hour creep loads
for #1 and #2 migh: be somewhat higher than that for #9, particularly for

Wire #2 at the higher temperature.
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The creep behavior of Wire #2 (ML-TFE) is definitely better than
that of Wire #1 (ML-FEP) at 149°C. This is not unexpected in view of the

known effects of temperatuie on the mechanical properties of these materials.

Typical creep curves for a TFE insulated wire (#9) and an H-film
construction (#16) are shown in Figure 20-1. The deflection during the
tirst five minutes is not shown because this norticn of the curve includes
the movement of the whole wire as it is pressed against the base plate.
Farthermore, the shape of this part of the curve depends on the rate at which

the load was applied, and this could not he repeated excactly in each case.

With a wechanical system as complex as an insulated, stranded
conductor it is not possible to analyze the creep data on the basis of per
unit stress-strain relationships. The curves of Figure 20-1 show that most
of the deflection occurs during the initial loading. Direct comparison of
slopes is not meaningful because a different load was uced in each case.

In the case o Wire #16 at 23°C and Wire #9 at 149°C, where the load was
increased at the end of the first hour, the curves indicate that considerably
longer period would have been required to obtai the defiections observed at

failure.

-180-



Sl

TABLE 20-1

THERMAL CREEP

Fixed Load Applied for Period Shown, Then Increased by Approx. 10% in 15 Minute

Intervals to Failure load.

Tempgrature Withstood

Wire # : e) Specimen (Ibs. - min.
1 23 1
2

3 195 60
1 149 1
2

2 23 1 100 60
2
3

2 149 1 33 60

;

3 40 65

3 23 1 116 75

2 116 60

3 116 60

4 116 60

3 149 1 105 60
2

3 110 60

4 23 1 150 60
2

3 160 60

4 149 1 85 80
2
3

5 23 1 200 60

2 210 60

5 200 60

5 149 1 75 60

2 90 60

3 90 60

-181-

Failed

(1bs.)

115 (12 min.)
115 (5 min.)
125 (5 min.)

26.5%
26.8%*

116 (5 min,
116 (7 min.
116 (3 min.

N N N’

50 (5 min.)
40 (50 min.)
50 (2 min.)

400
350
335
325

130
120 (6 min.)
150

185
170 (50 min.)
175

115
100 (36 min.)
90 (47 min.)

275
240
250

105

105
.00

(Cont'irued)



TABLE 20-1 (Cont'd)

Wire #

6

10

10

12

12

13

13

14

14

15

15

Temgerature

()

23

149
23

149

23

149

23
149

23

149

23

149

23

149

Specimen

W=

DN

W - W= N N b=t N = N = wWN - LS SURN AL I )

SN -

S W=

-182-

Withstood
(lbs. - min,
400 60
410 60
410 60
185 60
225 60
200 60
275 60
180 60
210 60
225 60

33 60
65 60
140 60
185 75
125 60
125 60

Failed
(1bs.)

450
425 (3 min.)
425
450

245
245
240 (3 min.)

<96**
<23%3:

270 (3 min.)
300

275 (50 min.)
350

240
240
270

20,0%
20,6%*

17.0%
17.0*

74.0%
72.2%
75.5%

18.4%*
19.3*
17.2%

116 (16 min.)
116 (11 min.)
116 (9 min.)

84
75 (2 min.)
70 (14 min.)

265 _
200 (3 min.)
185 (47 min.)
275 (2 mino)

155 (2 min.)
205 (4 ain.)
125 (4 min,)
180 (1 min.)

(Continued)



TABLE 20-1 (Cont'd)

TemBerature
Wire # C)
16 23
16 149

Specimen

0N S W=

w N =

*Fajled at less than staadard load.

test (.002 inches/min.)

Withstood

(lbs, - min.)

370

165
165
170

60

60
60
60

Values shown for short time

**Failed during loading at values less than those shown.
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Failed

(1bs.)

425
400
375
375
350

190
180
170

{2 min.)
(1 min.)
(5 min.)
(5 min.)
(10 min.)

(2 min.)
(11 min.)
(61 min.)



TABLE 20-2

THERMAL CREEP

Estimated One Hour Failure Loads (Pounds)

Wire #

O O s WN -

10
11
15
16

o

23 C

105-110
100-110
300-325
160-170
210-275
410-425
116
275-300
175-180
185-200
350-370

«184 =

149°¢

<25
40-45
110-130
85-100
90-100
225-240
33
225-240
70-90
125-140
170-180

e T

-

S str 4 o A&

P e
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Figure 20-1: Creep Curves for Wires 9 and 16 at 23°C and 149°c



21. Wacking

The results of the wicking test azre summarized in Tabl~ 2j-1. The
specimens were dipped in the dye solution to a depth of two inches, so those
values less than two inches in Table 21-1 indicate that the solution did not
even penetrate along “he conductor to the liquid level in the container. This
occurred with the irradiated polyolefin wires (7 and 8). 1In addition to having
extruded insulation that is relatively well bonded to the conductor, these
wires have tin plated conductors which may not have wet as readily as the nickel

or silver plated conductors.

The taped specimens definitely wicked to greater lengths than the
extruded wires. This is to be expected because of the absence of a bond

between the insulation and the conductor.

It should be noted that the weight gain data do not correlate well with
the wicking measurements. Wires 7 and 8, for instance, showed little wicking,
but gained a considerable amount of weight. Moisture absorption and adsorption
would be expected to increase the insulation weight of all of the specimens,
even if no wicking occurred. The results show ihat the fluorescent dye technique

is an effective means of detecting wicking.
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TABLE 21-1

WICKING

Six Inch Specimen Vertically Iumersed to a Depth of Two Inches

Wire No.

% Wt. Gain

1.9
1‘6
1.5

-187-

Total
Length Wicked (inches)

4-1/2
2-3/4
3-1/2

1/4
1

2-
2-1/2
2

oo

6
6
6

4-1/2
4-3/4
4-1/4

3-3/4
3-3/4
4-1/4

1/8 to 1/4
1/8 to 1/4
1/8 to 1/4

1/4

1/4
1/4

(continued)



TABLE 21-1 (continued)

WICKING

Six Inch Specimen Vertically Immersed to a Depth of Two Inches

Total
Wire No. % Wt. Gain Length Wdicked (inches)

12-1 .69 2-1/4

12-2 .63 2-1/4

12-3 .68 2-1/4

13-1 .56 2

13-2 .59 2-1/4

13-3 .69 2-3/4

14-1 2.0 1-3/8

14-2 1.3 2-1/4

14-3 1.1 3/4

15"1 1.8 6

15-2 1.7 6

15-3 1.8 6

16-1 1.6 6

16-2 1.4 6

16-3 1.6 6
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22. Thermal Aging

In Tables 22-1 through 22-4 the effects of thermal aging for 15 days
in vacuum and in 15 psia oxygen are reported on mandrel flexibility, voltage
breakdown and insulation resistance. A prumber of observations can be made as

folicws:

a. Very slight decreases in flexibility occur after aging in
vacuum at 150°C for Wires #1, 4, 5, 6 and 11. These changes may

not be significant

b. Appreciable decrrase in flexibility is noted after aging in
oxygen at 15 pcsia for the following - ML overcoated FEP
(Wire #1), Kvanar jacketed polyolefin (Wire #7) and the
polyoclefin (Wire #8). The silicone rubber #12 was somewhat
stiffener. after aging but did not crack on its own diameter

o
at 23°C.

c. Vacuum aging may have slightly decreased the voltage breakdown
of “he ML overcoated Wires #1 and #2 by perhaps damaging the
overcoat. The voltage breakdown of the other wires is not adversely

«ffected.

d. Aging in oxygen at 150°C has not adversely affected the voltage

breakdown of any of the wires.

2, Aging at 150”C in both vacuum and oxygen generally increases

insulation resistance probably by drying the specimens.
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TABLE 22-1

EFFECT OF 15 DAYS EXPOSURE TO VACUUM AT ISOOC ON MANDREL FLEXIBILITY

s
Ratio of Mandrel Diam. - Txposed

Unexposed
No Damage Slight T"amage Severe Damage
o Flexed at o 0Flexed at o Flexeg at
Wire # 23°C -196 C 23°C -195°C -196°C_
1% X - - 1.0 --
.075 075
2.0
2 .075 2.0 o o "
3 1X* - o 9.5 -
1X .5
4 == - 'l_x' -- '—12—5
1X .075
5 . . 1X .25 2125
1X .1z5 .075
1X .25
7 X - - - 1.75
.075 1.75
8 X - - - >3.0
1X _ >3.0
9 1X - - 0.75 -
IX 0.75
1X 0.5
10 -" -" 1X 0.25 "t
1X 1.0
11 -- -- X 0.75 "
1X >3.0
12 1X o - T >3.0
0.25 3.0
13 -- -- 0.25 m" 3.0
? 3.0
14 -- -- 0.25 -" 3.0

*Some ML enamel appears to be eroded away.
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TALLE 22-2

EFFECT OF 15 DAYS EXPOSURE TO VACUUM AT 150°C ON VOLTAGE 3REAKDQ

TWISTED PAIRS

Wire #

O 0 ~N O U & W N

= e s
~ W NN = O

Maximum Values

14,5 / 20.2
18.0 / 21.0
27 / 28.5
18 /18

19.5 / 19.5
31 /30

28.3 / 25.5
35.8 / 29

23.7 / 20.5
18.5 / 23

14.5 / 13.5
19.5 / 18.5
21.7 / 22,4
22.8 / 25.5

Ratio of Breakdown Voltage (KV) - Exposed/Unexposed

Minimum Values

12.5
13.5
25.0
17
18
27
25.
27.
17.
16.
13.
8.
16.
16.

Ui © o WU 1 N N o

/ 15.
/ 15.
25,
17.
13.
25.
21
26
14.5
1e

10.5
16.5
18.0
20.6

~
“m O wvon Cc ®

NN YN N NN SN N NN N N

Ratio of Insulation Resistance (Ohms) - Exposed/Unexposed

N =

()

(=T < N« LY B

10
11
12
13
14

2.0x10* / 2.8x10
363x1015 / 1.6x10

>108° 7 ex10t®
13

1x1015 / 5x10
s101° 7 2.5x10

>5x1015 / 3.6x10

1.1x1.o14 / 8.9x%10

6.3x10'% / 6.3x10

3.6x10%° / 1.1x10

8.3x1014 / 1x1014

>-2.0x1015 />6.0x10
5.9x1014 / 3.5x10

4.5x1013 / 7.8x10

8.3x1013 / 4.5x10

13
13

15
14
12
13
15

14
13
12
13
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6
3
6
5

8

L I T R .

.9x10%3

.9x1014

.3x1014

.0x1014
>1015
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TABLE 22-3

EFFECT OF 15 DAYS EXPOSURE TO 15 PSI OXYGEN AT 1500C ON MANDREL FLEXIBILITY

Ratio of Mandrel Diam. - Exposed
Unexposed
No Damage Slight Damage Severe DNamage
0Flexed at o oFlexed at o Flexeg at
Wire # 23°C =196 °C 23 C -196 C -196 C
r . 0.25 . 1.0
1X 0.5
2 . . 0.75 . 1.75
X 1.75
3 1x* . . 0.3 .-
1X 0.5
4 .075 . 1X . 125 .
.075 1X .125
5 2075 - X 0.125 .-
.075 1X 0.125
6 1X - - 9.5 --
1X 0.25
7 1X . . . 3.0
.075 1.75
8 0.5 . 0.25 . >3.0
1X .075 >3.0
1X 0.75
10 .125 0.75 .075 0.5 .
.075 0.75 1X 0.5
1X 1.0
1 T T 1X 0.75 o
1X >3.0
12 1X T T T >3.0
? 3.0
13 - - 0.25 - 3.0
? 2.0
14 T o 0.25 o 3.0
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TABLE 22-4

EFFECT OF 15 DAYS EXPOSURE TO 15 PSI OXYGEN AT 150°C ON VOLTAGE BREAKDOWN -
TWISTED PAIRS

Ratio of Breakdown Vcltage (KV) - Exposed/Unexposed

PR—

Ve o g

17

b

Wire # Maximum Values Minimum Values
1 20.6 / 20.2 16.9 / 15.8
2 19.5 / 21.0 16.2 / 15.0
3 29/ 28.5 26/ 25.5
4 18 /18 16.5 / 17.5
5 20/ 19.5 19.5 / 12.0
6 32 /30 30.5 / 25.5
7 25.5 / 25.5 20.0 / 21
8 27/ 29 20/ 26
9 25.3 / 20.5 16.1 / 14.5
10 19.5 / 23 17 /18
11 14.5 / 13.5 13.4 / 10.5
12 19.5 / 18.5 16.2 / 16.5
13 2.4 [ 22.4 17.1 / 18.0
14 19.5 / 25.5 15.0 / 20.6
Ratio of Insulation Resistance (Ohms) - Exposed/Unexposed
1 2.9x10"3 / 2.8x10%? 1.5x10"3 / 8.6x10'2
2 >1x10%°  / 1.6x10'3 >1.0x10%° / 9.8x10'2
3 1.3x10%° / ex10t* 7.7x10™ /7 3.5x10'%
4 >1o15 / 5x1013 >1o15 / 3.8x1o13
5 s1015 7 2.5x10%° >10°  / 5.9x10M%
6 s101% 7 3.6x10™ >10%° 7 2.3x10"
7 1.3x10'% / 8.9x10'2 5.3x10"% / 3.6x10'2
8 1.1x10* / 6.3x10'3 3.3x10%3 / 8.3x10%2
9 2x10*® /7 1.1x10%° 4.2x10%° / 3.6x10M*
10 2.5x10* / 1x10 7.8x10"3 / 1.5x10%3
11 3.9x1013 />6.0x10M% 2.9x10* />6.0x10M*
12 2.5%x10™* / 3.5x101° 5.7x10™3 / 1.4x1013
13 3.3x10"3 / 7.8x10'2 1.5x10*3 / 5.0x10'?
14 1.7x10* / 4.5210%° 1.0x10'* / 3.1x10"3
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23. Ultraviolet Radiution

Mandrel flexibility, voltage breakdown and insulation resistance have
been used to evaluate the effect of 30 days aging in vacuum at 150°C and in
15 psia wet oxygen at about 95°C. Table 23-1 through 23-3 report resul%s in
-acuum. Tables 23-4 tlirough 23-6 report results in oxygen. The folluwing

observations can be made.

a. From Table 23-1 it is apparent that very slight and perhaps
insigni ficant decreases in flexibility occur from the ultraviolet aging in
vacuum for wires #1, 5, 6, 7, 8, 9, 10 and 11, A more significant decrease in

the flexibility of the silicone rubber (wire #12) is noted.

b. From Table 23-4 it is apparent that aging in UV and oxygen
considerably decreases the flexibility of the Kynar jacketed polyolefin
(wire #7) and the silicone rubber (wire #12). Wires #3, 4, 5, 6, 8, 10, 11

and 14 are also more or less affected.

c. The voltage breakdown of wire #1 is slightly decreased by ultra-

violet and vacuum aging but the other wires are unaffected.

d. After ultraviolet and oxygen aging the voltage breakdown of
wires #1 and 13 are somewhat affected. The voltage breakdown of wires #7, 8 _

and 12 is drastically decreased.

e. Insulation resistance generally increases after aging, even when

voltage breakdown is drastically reduced.

Much can be learned from visual observations of the wires. Color
changes are reported elsewhere but do indicate, in particular, changes in the
polyolefin insula ted wires #7 and 8, Aging in ultraviolet and wet oxygen leads to
serious physical deterioration of the)Kynar jacket as shown in Figure 23-1.
Although it cannot be seen in the photograph the polyolefin substrate is also
visibly cracked. Another effect is shown for H-film taped wires exposed to
ultravinlet and oxygen aging in Figures 23-2 and 23-3. 1In Figure 23-2 a slight
"whi :...*" is visible at the interface between the lapped tapes. \Figure 23-3
shuws how such a wire can be untaped easily since the bond between the H-film
and the FEP Teflon coating appears to have been counsiderably weakened. It is

impossible to delaminate an unaged wire in this fashion.
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TABLE 23-1

EFFECT OF 30 DAYS EXPOSURE TO UV IN VACUUM AT 150°C ON MANDREL FLEXTIBILITY

Ratio of Mandrel Dia., - _Exposed

Unexposed
No Damage Slight Damage Severe Damage
Flexed at Flexed at Flexed at
Wire # 23°¢ -196°¢C 23°%¢ -196°C -196°¢C
1 . X 1.0 o
X 0.75
2.0
2 Tt 2.0 T mT
1X 0.5
+* —— e s —_— ——-
4 X 0.5
1X 0.125
F3 - - - — ——-
4 X 0.125
1X 0.125
% - - - — - -
3 X 075
1X 0.5
* — - _——- -——— a—an—
6 X 0.25
1X 2.0
7% T T IX T 1.75
‘ 1X >3.0
B moC 21X - >3.0
1X 0.75
It X T o 0.50
ixX 0.75
10 Tt X 0.50 -
1X 1.0 .-
11 - =" 1X 0.75
0.25 >3,0
12 0T o >1X o >3.0
13D 0.5 . >3.0
.25 >3.0
(2 . 0,25 . 2.0
14 0.25 3.0

* Darkened slightly on exposed side
%% Developed dark brown color

*%% Light tan color on exposed side
(1) 23 days exposure

(2) 28 days expsoure
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TABLE 23-2

EFFECT OF 30 DAYS EXPOSURE 70 UV IN VACUUM AT 150°C ON VOLTAGE

TWISTED PAIRS

Rat io of Breakdown Voltage (KV)

*ML coating eroded away in most

. Wire # Max imum Values
1% 12.5 / 20.2
2 19.0 / 21.0

.3 29.5 / 28.5
4 18.5 / 18.0
5 22.5 / 19.5
6 34,0 / 30.0
7 . 29.0 / 25.5
8 33.5 / 29.0
9 21.5 / 20.5

10 21.7 / 23.0

11 13.9 / 13.5

12 20.1 / 18.5

13 21.5 / 22.4

14 24.9 / 25.5 |

areas.
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Exposed
Unexposed

BREAKDOWN -

Minimum Values

10.3 /
14.6
23.5
17.0
19.0
23.5

19.5

/
/
/
/
/
/
25.5 /
16.5 /
17.5 /
9.2 /
13.8 /
16.8 /
/

19.0

15.8
15.0
25.5
17.5
13.0
25.5
21.0
26.0
14.5
18.0
10.5
16.5
18.0

20.6
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TABLE 23-3

EFFECT OF 30 DAYS EXPOSURE TO UV IN VACUUM AT 150°C ON INSULATION RESISTANCE -

TWISTED PAIRS

Wire #

10
11
12
13

14

Ratio of Insulation Resistance (Ohms) -

Maximum Values

4.2
3.1
4.5
2.2
7.7
2.8
1.5
2.3
1.0
3.1
4.2
3.3
1.8

5.0

10/ 2.8 x 1013

1014 / 1.6 x 1013

10 / 6.0 x 10t

14 5.0 x 1013

2.5 x 1015

15

8.9 x 1012

/
/
/ 3.6 x 10
/
/ 6.3 x 1013

10 /1.1 x 107

1077 / 1.0 x 10

1014 /56.0 x 104

1014 / 3.5 x 1013

1013 7 7.8 x 10%?

13
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1.9
1.3
1.7
7.6
1.8
6.9
1.1
1.8
2.1
2.0
1.2
1.1
1.4

2.3

Exposed
Unexposed

Minimum Values

1
x 10 4

X 1014

b4 1014

X 1013

X 1014

X 1013

X 1014

X 1014

X lO14

X 1013

X 1014

X 1014

X 1013

X 1013

~

8.6 x

9.8 x

3.8 x

5.9 x

2.3 x

3.6 x

3.6 x

NN NN NN YN NN S

L.5 x
/>6.0 x
/ 1.4 x
/ 5.0 x

/ 3.1 x

1012

1012

1013

1013

1014

1014

1012

1014

L014

1013

1014

1013

1012

1013



TABLE 23-4

EFFECT OF 30 DAYS EXPOSURE TO UV IN WET 02 AT 15 PSI ON MANDREL FLEXIBILITY

Ratio of Mandrel Dia. - _Exposed

' Unexposed
No Damage Slight Damage Severe Damage
F&exed at o %lexed at o Flexsﬂ at
Wire # 23°C :lgé_g 33 C -196°C -196°C
1X 1.0
1 m- 1X 0.75 -
1X 2.0
2 .075 2.0
, 0.125 0.75
3 -o- --- <IX o 0.25
s 0.25 .75
f - --- X -=- 075
. 0.25 0.75
> - m-- 1X --- .075
' 1X 0.50
6 T - 21X -=- 0.25
7l to deteriorated tc test - see below
e L L Ix L 30
9 D 0.5
1X o T T 0.5
| 1X 0.75
. T X - 0.25
. 1X 1.0
. - o 1X 0.75 T
19 ) 0.5 ~3.0
- o T <1X T ~3.0
13(1) 0.25 >3,0
T o 0.25 T 3.0
14 . 9.5 e 3.0

o
N
v
(OS]

Red color has bleached slightly - coating is easily abraded with fingernail.
FEP is easily delaminated from H-film but both appecar nhysically OK

(shows as "frosty" areas - see photo).

#ww Kynar overcoat cracked and spalled before test. Substrate cracked also.
wwwwDeveloped light tan color.

(1) 23 days exposure.
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TABLE 23-5

EFFECT OF 40 DAYS EXPOSURE TO UV
TWISTED PAIRS

IN WET 02

AT 15 PSI ON VOLTAG

Ratio of Breakdown Voltage (KV) - Exposed

Wire # Maximum Va lues
0 12.6 / 20.2
2 16.4 / 21.0
3 30.0 / 28.5
4 19.C / 18.0
5 22.0 / 19.5
6 31.5 / 30.0
7 1.25/ 25.5
g% 16.0 / 29.0
9 21.0 / 20.5

10 26.6 / 23.0
11 13.0 / 13.5
12 3.3 / 18.5
13 17.0 / 22.4
14 24.5 / 25.5

*Flame at breakdown
(1) ML eroded away in many areas
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Unexposed

Minimum

E BREAKDUWN -

Values

6.1 /
11.6 /
26.0 /
15.0 /
14.0 /
28.5 /
<0.5 /

2.0 /
16.0 /
21.2 /
11.7 /

1.8 /
10.9 /

18.1 /

15.8
15.0
25.5
17.5
13.0
25.5
21.0
26.0
14.5
18.0
10.5
16.5
18.0

20.6



TABLE 23-6

EFFECT OF 30 DAYS EXPISIRE TO UV IN WET O, AT 15 PSI ON INSULATION RESISTANCE -

TWISTED PAIRS 2

Ratio of Insulation Resistance (Ohms) - _Exposed
Unexposed

Wire # Maximum Values Minimun Values
1 1.4 x 1013 / 2.8 x 1013 6.4 x 1012 / 8.6 x 10'2
2 2.2 x W2/ 1.6 x 1083 1.4 x 1053 / 9.8 x 10'?
3 4.2 x 10 / 6.0 x 10 1.8 x 10%° / 2.5 x 10%*
4 2.3 x 10 / 5.0 x 1013 7.8 x 10%% / 2.8 x 1013
5 r.2 x 101 7 2.5 x 107 2.3 x 101 / 5.9 x 10
6 1.8 x 101° / 3.6 x 10%° 5.7 x 101 /7 2.3 x 1014
7 7.1 x 1012 / 8.9 x 10%? 7.8 x 10!t / 3.6 x 10%?
8 6.7 x 1013 / 6.3 x 1013 5.2 x 1011 / 8.3 x 10}
9 4.2 % 108 / 1.1 x 1089 6.4 x 101* / 3.6 x 10
10 2.0 » 101 / 1.0 x 10%* 7.7 x 102 / 1.5 x 1013
11 6.3 x 10™* />6.0 x 10%* 1.2 x 10'% /56.0 x 1012
12 1.3 x 1013 / 3.5 x 10%* 8.2 x 101 / 8.2 x 10'?
13 2.0 x 1083 / 7.8 x 10%? 7.7 x 102 / 5.0 x 10%?
14 1.6 x 10 / 4.5 x 10%3 3.9 x 1073 / 3.1 x 103
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i Figure 23-1 - Damage to Kynar Jacket of Wire #7 after Aging 30 Days at 95°C 1n
Wet Oxygen while Exposed to Ultraviolet Radfation
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24, X-Ray Irradiation

As required with RFP all wires #1-14 were exposed to x-rays os
follows:

a. 10 hours - 6000 rads/hr. at 150°%C (ia vacuum).

b. 2 hours - 500 rads/hr. at 90°C (in 5 psia oxygen).

On the basis of previous work these levels or irradiation are very low.

Tables 24-1 to 24-3 report the effect of radiation in vacuum and
Tables 24-4 to 24-6 report result of exposures in oxygen. As in the other
aging program very small and probably non-significant changes occurred in
cryogenic flexibility. The voltage breakdown of wire #1 decrcased somewhat
after exposure in vacuum but this may also have been due to chance. No other
significant changes can be observed, Insulation resistance increases as is

usual in aging studies,
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TABLE 24-1

EFFECT OF 10 HOURS EXPOSURE TO 6000 RADS/HR. X-RAY AT 150°C IN VACUUM ON

MANDREL FLEXIBILITY

Ratio of Mandrel Dia. -

No Damage
Flexed at
., 0 o
Wire # 23°C -196 C
1 .- _——-
2 _——— -
3 ——— -
4 _——— ——
5 ——— _——-
1X
6 1X
1X
7 2075
1X
8 ]-x -
1X
? 1X o
10 - -
11 --- ---
1X
12 X -
13 --- ---
14 --- ---

_Exposed

Unexposed

Slight Damage

Flexed at
23°% -196°¢
1X 1.0
X 0.75
X .
X
x 0.5
X 0.5
1X 0.250
X 0.125
X 0.250
X 0.125
o 9.50
0.50
£ 0.50
X 0.50
X 1.0
X 0.75
0.25 o
0.25
0.25 .-
0.25
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TABLE 24-2

EFFECT OF 10 HOURS EXPOSURE TO 6000 RADS/HR. X-RAY AT 1500C IN VACUUM ON
VOLTAGE BREAKDOWN - TWISTED PAIRS

Ratio of Breakdown Voltage (KV) - _Exposed

Unexposed
Wire # Maximum Values Minimum Values
1 14.2 / 28.2 9.1/ 15.8
2 20.0 / 21.0 14,1 / 15.0
3 29.4 / 28,5 27.2 / 25.5
4 18.1 / 18.0 11.9 / 17.5
5 20.1/ 19,5 12.7 / 13.0
6 31.5 / 30.0 27.9 / 25.5
7 26.4 / 25.5 21.6 / 21.0
8 40.0 / 29.0 29.0 / 26.0
9 20.0 / 20.t 17.5 / 14.5
10 27.5 / 23.0 20.1 / 18.u
11 13.1 / 13.5 11.6 / 10.5
12 15.0 / 18.5 15.3 / .6..
13 21.5 / 22.4 17.9 / .
14 22.5 / 25,5 17.6 , ~L.6
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TABLE 24-3

EFFECT OF 10 HPURS EXPOSURE TO 6000 RADS/HR. X-RAY AT 150°C iN VACUUM ON
INSULATION RESISTANCE - TWISTED PAIRS

Wire #

10
11
12
13

14

Ratio of Insulation Resistance (Ohms) -

1.0
7.1
3.9

6.3

2.0
1.2
3.1

>2.0

>1.0
5.6
2,9

5.0

Maximum Values

x 1015

X 1014

x 1014

b3 1014

X 1015

X 1015

X 1013

X 1014

X 1015

2
X 101"

X 10]'3

/2.8 x10

/ 1.6
/ 6.0
5.0
2.5
3.6

8.9

NN NN N~

6.3
/ 1.1
/ 1.0
/>6.0
/ 3.5
/ 7.8

[/ 4.5
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X

X

13

1013

1014

1013

1015

1015

1012

1013

1015

1014

104

1013

10t

1013

Minimum Velues

Exposed

Unexposed

13

5.2 x 10

2.3
1.3
3.3
>2.5
5.9
1.4
7.0
>2.0
8.1
>1.0
1.0
1.9

3.6

X

1014

1

10°

1014

1015

1013

1014

103

1015

1012

aL5

1014

1013

1013

/ 8.6
/ 9.8
/ 2.5
/ 3.8
/5.9

2.3

3.6

/
/
/ 8.3
/
/

x

X

X

1012

1012

]014

1013

1014

1014

1012

102

1014

1013

1
10"4

1013

1012

1077



TABLE 2%-4

EFFECT OF 2 HOURS EXPOSURE TO 500 RADS/Hr. X-RAY IN 5 PSI OXYGEN AT 90°C ON
MANDREL FLEXIBILITY

Ratio of Mandrel Dia. - —EEBQEEQ—

Unexposed
No Damage Slight Damage Severe Damage
Flexed at Flexed at Flexed at
Wire # 23°¢ -196°C 23% -196°C -196°C
1 . - X 1.0 .-
X 0.75
2 .- - X 1.75 .
X 2.0
3 - —- X 9.5 .-
X 0.5
4 . . X 0.25 0.125
X .125 075
5 X 0.25 0.125
X 0.125 0.075
6 1X . L 0.50 e
X 0.50
X 1.75
8 X . o . 3.0
1X >3.0
X 0.5
1X 0.50
10 T e X 0.50 T
X 1.0
1 - - X 0.75 T
1X >3.0
12 1X T T T >3.0
0.25 3.0
13 - me- 0.25 - 3.0
0.25 3.0
14 - - 6.25 3.0
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TABLE 24-5

EFFECT OF 2 HOURS EXPOSURE TO 500 RADS/HR. X-RAY IN 5 PSI OXYGEN AT 90°%¢c
ON VOLTAGE BREAKDOWN - TWISTFD PAIRS

Ratio of Breakdown Voltage (kV) - Uﬁzx;zsga

Wire # Maximum Values Minimum Values
1 20.1 / 20.2 17.5 / 15.8
2 18.9 / 21.0 14,7 / 15.6
3 29.1 / 28.5 27.0 / 25.5
4 17.9 / 18.0 11.8 / 17.5
5 20.0 / 1%.5 19.0 / 13.0
6 34.5 / 30.0 30.7 / 25.5
7 27.0 / 25.5 23.4 / 21.0
8 31.9 / 29.0 25.8 / 26.0
9 17.8 / 20.5 1..7 / 14.5

10 25.6 / 23.0 18.7 / 18.0
11 14.0 / 13.5 12.5 / 10.5
12 20.2 / 18.5 15.3 / 16.5
13 21.8 / 22.4 19.0 / 18.0
14 23.4 / 25.5 20.1 / 20.6
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TABLE 24-6

EFFECT OF 2 HOURS EXPOSURE TO 500 RADS/HR. X-RAY IN 5 PSI OXYGEN AT 90°C

ON INSULATION RESISTANCE - TWISTED PAIRS

Ratio of Insulation Resistance (Ohms) - E%E%g%f%&

Wire # Maximum Values Minimum Values
1 1.1 % 10** 7 2.8 x 1013 3.6 x 1013 / 8.6 x
2 2.8 x 101 / 1.6 x 10%? 3.3x 1013 / 9.8 x
3 1.3 x 101 / 6.0 x 10%* 3.6 x 1004/ 2.5 x
4 5.0 x 102 / 5.0 x 103 3.9 x 10/ 3.8 x
5 2.0 x 107 / 2.5 x 107 3.3 x 10% / 5.9 x
6 1.0 x 10%% / 3.6 x 10%° 1.9 x 10/ 2.3 x
7 2.8 x 10** / 8.9 x 102 5.0 x 1013 / 3.6 x
8 2.4 x 103 / 6.3 x 1013 6.6 x 1012 / 8.3 x
9 >1.0 x 101° / 1.1 x 107 >1.0 x 101° / 3.6 x

10 5.6 x 10" / 1.0 x 10* 2.2 x 10?7 1.5 x
11 >1.0 x 107 />6.0 x 10 >1.0 x 10%° />6.0 x
12 1.3 x 10% / 3.5 x 1013 3.6 x 1072 / 1.4 x
13 1.2 x 1013 / 7.8 x 10%? 8.8 x 1072 / 5.0 x
14 4.2 x 1013 / 4.5 x 1013 2.4 x 1013 / 3.1x
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25, Flammability

In condurting the flammability tests, it was recognized that many
possible variables existed. Consequently, an effort has been made to vary the
different tests somewhat (particular)y the replicates) so as to investigate the
effect of small variations in the test procedure. At the same time, the
procedures were standardized sufficiently so as to permit comparisons between

wires.

As described under metnods of test, three types of procedure have

been used.

I. An external heater around the wire brings the wire temperature
vp to between 480 and somwhat over 500°C. After 5 minutes,
sufficient current is passed through the wire to bring the

wire up to at least 600°C.

ITA. A suddenly applied fixed value of current (usually 40, 45 or
50 amperes) brings the wire very rapidly to a very high temperature
which depends primarily on the current but also apparently on
other factors. Thz very rapid rise in temperature after a 50

ampere current starts to flow is illustrated in Figure 25-1.

IIB. The current is increased in steps to nominal 20, 30, 32.5,
35, 37.5, 40, 42.5, 45, 47.5 and sometimes 50 amperes. Actual
recorded current and the associated voltage drop (for a 1 inch
section of wire) for a typical test is shown in Figure 25-2., The
measured wire temperature is given in Figure 25-3. The
temperature rises more slowly to a maximum value in about

3 minutes.

It is apparent that the temperature does not increase uniformily
as shown in Figure 25-3. After some study of visual observations correlated
with measurements made by both the voltage drop and thermocouple techmiques
it became apparent that many variables influenced the temperatures observed
and gave question to the values of temperature reported. Several observations

on the problem of temperature measurement can be made:
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a. Oxidation and perhaps diffusion of plated coatings change the
wire resistance so that the voltage drop technique is inherently

inaccurate for the measurement of high wire-temperatures.

b. A fime wire thermocouple can be inserted in the conductor
adequately only by first cutting the insulation, untwisting
the wire strands and then retwisting them after irserting
the thermocouple junction. In consequence an artificial
discontinuity is introduced in both wire and insulation at the

hottest point.

c, Fine thermocouple junctions are fragile and alsc may not maintain
consistent thermal contact with the wire during test. They are
also subject to errors introduced by radiation. Consequently the

thermocouple results lack relaible accuracy.

d. Current and time alore dc not determine the wire temperature. At
a specific value of current while the insulation adheres to the wire
radiation may be relatively great and the temperature is low,
Wher the insulation comes locse but still surrounds the wire, the
conductor temperature increases rapidly. When the insulation
finally falls c¢if, the temperature may again decrease somewhat.
The emissivity of the degraded insulation probably is also a
factor. Finally, of course, it is really the temperature of the

insuletion rather than the conductor whichshould be determined.

It is apparent that temperature measurements in flammability test remain
as an unsolved problem. Temperature values provide the most significant way of
evaluating the performance of the insulation. On the other hand the values
of current have more functional significance in terms of operational requirements.
Consequently both current and measured temperature are reported in the following.
Thermocouple measurements were used from the beginning for Type I tests in
which a heater coil was used. Thermocouples have been used also for the cther
two types of test with Wires #1, 2, 7, 8, 10, 11, 12, 13, 14, 15 and 16 since
on balance this approach seem. somewhat better than the voltage drop technique

which was used in the first tests with Wires #3, 4, 5, 6 and 9.
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Flammability results for all the wires are summarized for the three
types of test in Tables 25-1 through 25-3. Although it was not a contract
responsibility, the flammability of the polyolefin Wires #7 and 8 have been
evaluated in air with results summarized in Table 25-4. The detailed test

results are appended to this section.

Despite the summation in the tables, the many factors involved make

it desirable to summarize even further in a number of observations as follows:

a, Type I rests with a hot external heater coil combined with spark
ignition produce fires in many kinds of insulation which normally
do not burn. TFE Teflon (Wire #9) burns with an almost invisible
blue flame as pictured in Figure 25-4, In several additional
tests not reported here, the flame in TFE Teflon has progressed
both up and down the vertical wire and movies have been made of
the process. When the H-film taped wires such as Wires #15 and 16
burn, it appears likely that the Teflon coatings are primarily
involved but that the H-film may Aalso contribute since in such

cases the flame appears to become more yellow.

b. In a very few cases with several wires, a continuing fire in the
form of a "glow" rather than a flame occurred. The glow often

progressed along the surface of the wire,

c. In some cases a small fire would start and then extinguish itself
quickly. In other cases the gases given off would cause a
flickering near the spark and in some cases a quick flash would

occur. Flickers and flashes have nct been classed as fires.

d. H-film taped wires #4, 5, and 6 have never glowed or burned in any
of the flammabiiity tests. It shculd be recognized that subtle

variables are involved aad more tests might change this observa' on.

e. The polyolefin wires #7 and 8 and the silicone Wire #12 burn
quite easily in all three types of test. (One specimen of #12
glowed in the Type II-B progressiv2 current test.) A fire in

wire #8 is shown in Figure 25-5.
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Jacketing changes the flame resistance of the polyolefin and
silicone insulations but scmetimes in a surprising fashion.

In many cases a Kynar jacket appears to confine the decomposition
gases until they suddenly burst cut in great volume and are then
easily ignited. In consequence a Kynar jacket may often decrease
the flammability resistance. On the other hand the H-film

jacket over the silicone rutber in Wire #14 did seem to improve

its performance.

Both Kynar jacketed polyolefin (Wire #7) and the unjacketed
wire #8 will burn even in normal air. The other wires hsve not been

tested in air.

The spark-gap is essential in producing ignition. Much of the
observed variability in the test results can be traced to bowing
of the wire specimens away from the spark gap during test. It is
suggested that in future work this problem can be avoided by

maintaining a slight tension on the wire during test.

Considerable variability in smoke producticn amongst the various
wires is shown in the summary tables and the appended detailed

test results. In particular H-film taped Wires #4, 5, and 6 as well
as TFE Teflon (Wire #9) seldom, if ever, evolved visible smoke.
However, all of these wires did give o f invisible vapor which
caused more or less white deposit throughout the test chamber.

It is suggested that this deponsit is formed of Teflon polymer
fragments and it was observed v.ith the other wires which also

contained Teflon.

Cons iaerable informaticn about the physical state of the wires durin,
the progress of the flammability tests can bte found in the appended
tabulation of detailed results. These observations are much too
varied to be readily summarized so only initial color change is
given in the tables. It should be noted that Wires #l1, 12 ard

13 are initially black in color so that with them color change

is difficult to detect.
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H-film chars in the flammability test but does not appear to
soften. FEP Teflon does melt and sometimes form '"beads" of resin
on the wire. The H-film tends to unwrap when the FEP softens
and melts. TFE Teflon does not truly melt but does appear to
soften. It becomes transparent at its transition temperature

of 325°%.
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TARLE 25-1

SUMMARY FLAMMABILITY TESTS IN 5 PSI OXYGEN

Heater Coil Energized - Test Type 1

Wire Discolors

First
Heavy Smoke

Fire or Complete Degradation
SE = self-extinguished

I Tgmp.* I Tgmp.* Time
Wire # Amps . C Amps. C Status Min.
1 --- ~-- 37.5 850 No fire 13
1 0 573 52 1 No fire 6.25
1 0 522 --- “-- Fire - SE 6
2 0 562 --- - Flash 8
2 -—- --- 37.5 744 Glow-No flame 5.5
2 --- --- --- --- Flash 6
3 0 568 --- - Flash 2.5
3 --- 528 34 >600 No fire 2.5
3 0 504 -——- --- Flash 8
4 0 492 --- --- Flash 13
4 26 600 -~ -—-- Flicker 7.25
4 23 640 --- - No fire 8
5 0 541 --- --- No fire 12
5 30 646 53 >646 No fire 13.5
5 30 625 38 704 Flach 18
6 34 ? --- -—- No fire 10
6 0 505 --- - No fire 12
6 30 572 --- --- No fire 11
7 -—- --- 0 ? Fire 0.67
7 --- .- 0 ? Fire 1.0
7 -——- - 0 Fire 0.75
8 0 ? 0 ? Fire <0.5
8 0 330 0 330 Fire 1
8 0 ? 0 ? Fire <0.5
9 ——— - - --- Blue Fire 6
9 -— --- --- --- Blue Fire 9
9 -—-- --- -——— -—-- No fire 17.5
10 0 506 37.5 516 Fire - SE 6
10 0 613 37.5 793 No fire 9.5
10 0 549 —-- - No fire 10

*The accuraty of the temperature measurements is questioned,
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Max.,
1 Tgmp.*

Amps. C
37.5 870

52 ?
37.5 870
39 745
37.5 835
40 709
? 568
3.4 >600
26 >600
26 >660
26 634
23 644
23 646
53 >646
38 704

34 ?
30 654
375 634
0 488
0 496
0 460
0 389
0 330
0 485
37.5 >660
37.5 645
45 >660
37.5 877
37.5 802
38 818
(continued)
See text.



TABLE 25-1 (continued)
SUMMARY FLAMMABILITY TESTS IN 5 PSI OXYGEN

Heater Coil Energized - Test Type I

First Fire or Complete Degradation
Wire Discolors Heavy Smoke SE = - 2lf-extinguished Max
1 Tegp.* I Tegp.* Time I Tegp.*

Wire # Amps . C Amps . C Status Min., Amps. C
11 --- ~-- --- --- No fire 9 37.5 >61
11 --- --- 45 803 No fire 12 49 >803
11 --- --- --- --- No fire 7 44 >928
12 --- --- c 273 Fire 5 37.5 480
12 --- --- 0 ? Fire 0.33 0 550
12 --- --- 0 ? Fire <0.33 0 611
13 --- --- 0 ? Fire 1,75 0 295
13 --- --- 0 ? Fire 0.75 0 231
13 - --- 0 ? Fire 0.75 0 234
14 --- ~-- 0 ? Fire 4 45 758
14 --- --- 0 ? Fire 4,25 40 800
14 --- --- 0 ? Fire 5.5 40 854
15 0 454 0 ? Fire 5.25 40 699
15 --- --- 0 ? Fire 5.5 40 546
15 --- --- 0 ? Fire 3.3 0 747
16 --- --- --- --- Fire 3.3 40 616
16 --- --- 40 ? Fire 3.25 40 911
16 --- --- --- --- Glow 3.3 40 434

*The accuracy of the temperature measurements is question. See text.
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TABLE 25-2

SUMMARY FLAMMABILITY TESTS IN 5 PSI OXYGEN

High Current - No Heater Coil Used - Test Type IIA

First Fire or Complete Drgradation
Wire Discolors Heavy Smoke SE = self-extinguished Max .
1 TemR. %* I Temp.% Time T Temp .
Wire # Aaps “C Amps , C Status Min. Amps . °c
1 40 315(?) 45 503 Fire 7 44 1051
1 41 576 41 590 No fire 6.3 41 700
1 38 513 38 570 Fused-No fire 9.5 52,5 8087
2 40 435 45 549 No fire 8 46 >515
2 45 523 45 580 No fire 8 46.5 677
2 43.5 541 43.5 541 No fire 5.5 40 700
3 50 ? 50 ? Glow 2.75 50 9007
3 50 ? 50 ? Glow 2.75 50 9007
3 --- --- 51 590 Flash 3.75 51 >590
4 40 393 --- --- No fire 9 45 655
4 41 395 --- --- Flash 8.0 45 673
4 45 615 --- - No fire 5 45 >800
5 4C 308 --- --- No fire 9 45 533
5 39 385 --- --- Flicker 10 45 520
5 40 340 --- --- No fire 10 45 560
6 40 ? --- -—- Flicker 24 50 875
6 40 408 --- --- No fire 18 5C 465
6 50 ? S0 ? No fire 2.25 51 680
7 L0 346 37.5 417 Fire - SE 4.75 45 402
7 39 364 38 439 Fire 2.5 37.5 676
7 49 ? 40 445 No fire 6 45 718
8 --- --- 40 ? Fire 1.5 40 680
8 40 ? 40 ? Fire 1 40 445
8 40 ? 40 ? Fire 1 40 545
9 - --- - -——— Fused-No fire 11.75 49 >800
9 - --- --- --- Fused-No fire 12.75 56 >800
9 --- --- --- --- No fire 5 45 765
10 40 ? 40 >532 No fire 5.25 45 725
10 37.5 709 37.5 709 No fire 7.25 44 >1000
10 --- --- 42.5 859 No fire 4 43,5 859
(continued)

*The accuracv of the temperature measurements is questioned. -~ See text.
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TABLE 25-2

SUMMARY FLAMMABILITY TESTS LN 5 PSI OXYGEN

High Current - No Heater Ccil Used - Test Tvpe IIA

Wire Discolors

I
Wire # Amps .

11 40
11 40
11 40
12 ---
12 ---
12 ---
13 ---
13 —--
13 —n-
14 ---
14 45
14 49
15 40
15 45
15 44
16 ---
16 ---
16 ---

First Fire or Complete Degradation

Heavy Smoke SE = self-extinguished Max.

Tgmp.* I Temp.* Time 1 Tegp.*
C Amps. °c Status Min. Amps. U
470 45 611 No fire 8 46 706
554 45 682 No fire 6 45 682
510 43, 646  Fused-No fire 9 52.5 >935
- 38 462 No fire 10 46.5 880
--- 40 ? Fire 1.75 40 ?
--- 40 255 Fire 8 52.5 673
--- 40 406  Fused-Fire 9.2 62 >844
--- 40 301 Fire 1.7 40 488
--- 40 390 Fire 1.3 40 457
.- 38 368 No fire 11 51 771
558 45 301 Fused-No fire 9 52.5 >691
660 41 470 Fire 9 52.5 708
400 4o 766 No fire 8.5 49.5 766
435 4. 550 Fus~d-No fire 5.3 6C 856
614 44 607 Fused-No fire 5 60 920
--- 45 506 Glow 9 60 871
--- 45 837 Fused-fire 3.3 60 1193
--- 46 628 Fused-No fire 2.3 60 968
See text,

*The accuracy of the temperature measurements is questioned,
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TABLE 25-3
SUMMARY FLAMMABILITY T#STS IN 5 PSI OXYGEN

Current Progressively Increased - No Heater Coil Used - Test Type IIB

First Fire or Complete Degradation
Wire Discolors Heavy Smoke SE = gelf-extinguished Max.
I Te%p.* I Te%p.* Time I Tegp.*
Wire # Amps. C Aups., C Status Min. Amps, c
1 37.5 441 40.5 500 No fire 21 45 680
1 37.5 450 42.5 680 No fire 23 48.8 965
1 35 441 40 581 No fire 16.5 42.5 628
2 41 474 45 593 No fire 22 49 767
2 39 457 43.5 593 No fire 22 47 750
2 37.5 364 45 532 No fire 19 48 655
2 37.5 310 --- --- Fire-SE 23 47 715
3 -—- --- --- - Flicker 21 49 >800
3 37.5 288 --- .-~ No fire 19 46 >800
4 35 318 --- --- No fire 19 44 520
4 38 470 --- --- No fire 17.5 45 760
4 41 600 --- --- No fire 19 45 760
5 34.5 312 --- - No fire 18.5 42 650
5 i3 252 -—— --- No fire 290 45 605
5 37.5 350 -~- --- No fire 19.5 45 >512
6 37.5 435 --- --- No €ire 22 48 >800
6 37.5 377 --- ---  Fused-No fire 21 49.5 >800
6 37 453 --- --- No fire 22.5 50 >800
7 31 273 36 382 Fire 11 37.5 529
7 32 275 35 386 No fire 10 44 491
7 31 285 37 390 Fire 13.5 38 470
8 30 425 34 560 Fire 10.6 37.5 750
3 32 458 33 535 Fire 10.75 38 605
8 35 353 40 555 Fire 13 40 555
9 --- --- --- --- No fire 18 46.5 420?
9 --- --- - --- No fire 19.25 45 620
9 --- --- --- --- No fire 19 45 758
10 32 465 - --- Flash 17 43 960
10 34.5 502 --- --- No fire 17 43 901
10 33 437 --- --- No fire 18 45 754
(continued).

*The accuracy of the temperature measurements is questioned. See text,
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TABLE 25-3

SUMMARY FLAMMABILITY

Current Progressively Increased - No Heater Coil !ised ~ Test Type IIB

TESTS IN 5 PSI OXYGEN

First
Wire Discolors Heavy Smoke
I Tgnp.* I Tegp,*
Wire # Amps . C Amps . C__

11 --- ——- 45 646
11 b --- 44 496
11 --- --- 45 580
12 --- --- 32,5 283
12 == --- 30 233
12 --- --- 31 264
13 --- ---  42.6 395
13 --- --- 40 523
13 .- ——— - -
14 34.5 281 43 422
14 33 328 41 452
14 34.5 359 43 532
15 34.5 340 --- .-
15 37.5 >317 --- -
15 35 386  --- .-
16 --- --- 45 692
16 --- --- 45 654
16 --- —— - .

*The accuracy of the

temperature measurements is questioned,

~221-

Fire or Complete Degradation
SE = self-extinguished

Status

No fire
No fire
No fire

Fused-No fire
No fire
Glow

Fire
No fire
Fire

Fire
No fire
Fused-No fire

No fire
Fused-No fire
No fire

No fire
No fire
No fire

Time I
Min.  Amps.
21.25 47.5
21 48
20 49
35 63.8
28 52.5
16.3 44
17.75 45
19 &4
9.5 37
15.7 43
27 32.5
23.5 62
23.5 50
20.5 56
20 45
21 49
22 47
18.5 49
See text.

Max .
Tegp.*
__C

>726
817
664

~950
793
570

542
762
355

4€2
>900
>758

871
901
621

790
744
144



TABLE 25-4

SUMMaRY FLAMMABILITY TESTS IN NORMAL AIR

Current Progressively Increased - No Heatar Coil Used - Test Type IIB

Wire #

o

First Fire or Complete Degradation

Wire Discolors Heavy Smoke SE = self-extinguished Max.

I Tegp. 1 Tagp. Time I Tegp.
Amps , c Amps. C Status Min. Amps .
33 355 --- --- Fire 7.5 37.5 522
33 283 --- --- Fire-SE 6.5 37.5 >355
-- --- 30 228 Fire 6.75 32.5 300
-- --- --- --- Fire 2.75 30 ?
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Figure 25-4 - Flaming TFE Teflon Insulation Wire #9 in 5 PSIA Oxygen.
The Teflon Burns Completely
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Figure 25-5 - Flaming Polyolefin Insulation Wire (#8) in 5 PSIA Oxygen
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Wire No. 1 (1-1-1)

Chamber Pressure - 254 mm.
Current - As Specified Below
Heater Coil - Energized

Elapsed I Temp.,
Time
(min.) (amperes) (°c) Remarks
Start
0.5 500
1.5 635 Insulation directly under coil completely
destroyed-- bare wire showed~-very little
smoke
10 37.5
10.25 850 Heavy smoke=-~insulation fell on incandesceut
wire did not ignite
13 Off 870
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Wire No. 1

(1-1-2)

Chamber Pressure - 254
Current - As Specified Below

T

Heater Coil - Energized

Elapsed I Temp.

Time

(min.) (amperes) (°c) Remarks
Start

0.25 543 Beads of FEP (%) formed on wire
1 573 Discolored

1.5 573

2 570 Darkened

3 570

4 568

5.45 550

5.5 37.5

6 Heater coil failed

6.25 51.6 Very heavy smoke

Insulation stripped off, wire glowed

-229-



Wire No. 1 (1-1-3)
Chamber Pressure - 254
Curient - As Specified Below
Heater Coil - Energized
Elapsed I Temp.
Time
(min.) (amperes) SSQZ_ Remarks
Start
0.5 475 Beads of FEP (?) formed on wire
1 522 Discolored
2 493
3 514
4 508
4.5 496
5 37.5 510 Fire--self extinguished
6 37.5 870 Wire glowed
7 off

Fire started near the top of the incandescent heater coil, progressed upward
and extinguished itself rapidly.
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Wire No. 2 (2-1-1)

Chamber Pressure - 254 im.
Current - As Specified Below
Heater Coil - Energized

Elapsed 1 Temp.
Time
(min.) (amperes) 1392_ Remarks
Start
0.5 567
1 562
2 564
3 562 Discolored
5 532 Temperature recorder became erratic
6 505 Temperature recorder became erratic
6.5 40
7 36 80u Very dark
8 39 745 Section enclosed by coil completely bared--
wken sect’on fell off it struck the incande-
scent coil, flashed but did not burn
9 37.5 745 Bare section progressed up wire--insulation
melted
10 37.5 745
10.25 Thermocouple failed
10.5 Wire glowed brightly
11 42 Rare section progressed both up and down
12 off
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Wire No.

Elapsed
Tine
ymnin.)

Start
35 sec.
1.5
2.5
3
4
5
5.25
5.5

2

(amperes)

37.5
37.5
37..

(2-1-2)

Chamber Pressure - 254 mm.
Current - As Specified Below

Heater Coil - Energized

Temp.

Lo Remarks

346

462

452

500

514 Insulation enclosed by coil disappeared

744 Heavy smoke

835 A glow developed in the insulation immediatel:

above the heater coil. This smoldering fire
travaled rapidly up the insulation without
flaming. When it extinguished attempts were
made with the spark gap tc reinitiate the fir
but these proved fruitless.
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Wire No. 2 (2-1-3)

Chamber Pressure - 254 mm.
Current - As Specified Beiow
Heater Coil - Energized

Elapsed I Temp.
time
{min.) {amperes) SOCQ Remarks
Start
25 sec. 479
1 514
2 508
3 510
4 510
5 514
6 40 Insulation stripped off the wire quite rapidly--
Bare conductor sagged against the heater coil.
There was a flash and most of the insulation
709 was destroyed. The heater coil melted,
8 Off
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Wire No. 3

(3-1-1)

Chamber Pressure - 254 mm,
Current - As Specified Below
Heater Coil - Energized

Elapsed I* Max.
Time Temp,
(min.) (amperes) (°C)
Start .89
2.5

5 568
11 Off

Remarks

The wire temperature increased to 489C and
held -- spark gap energized periodically

A flash occurred -- extinguished immediate .y

Temperature increased to at least 568C when
current was passed through the wire --
specimens charred and shriveled -- bare
sections of wire show where the insulation
had flaked off

No fire -- insulation destroyed around
entire center section

*In this first test, current was applied after five minutes of tes* but was
not recorded as it was in the tests to follow.

(3-1-2)

Chamber Pressure - 254 mm.

Current - As Specified Below

Heater Coil - Energized

Wire No, 3
Elapsed I Max,
Time Temp.,
(min.) (amperes) (°c)
Start 528
3.5
5 28.5 >600
15 33.8
25 33.8
25 Off

Remarks
The wire temperature increased to 528C
*+ithin 30 sec. -- no visible effect
Some slight darkening

Temperature increased to greater than 600C --
the wire sagged against the heater coil

White smoke appeared then disappeared
almost immediately

Specimen was badly damaged near the coil
area
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Wire No. 3 (3-1-3)
Chamber Pressure - 254 mm.
Current - As Specified Below

Heater Coil - Energized

Elapsed 1 Max.
Time Temp.
(min.) (amperes) (°c) Remarks
Start Coil temperature was raised to indicate
489C then rose slowly to 504C
504 Slight darkening
26,2 600
Wire insulation is black and blistered
with white deposit on insulation inside
coil
8 Flickering occurs at spark gap
10 Off
Wire No. &4 (4-1-1)

Chamber Pressure - 254 mm.
Current - As Specified Below
Heater Coil - Energized

Elapsed 1 Max,
Time Temp.
(min.) (amperes) (°c) Remarks
Start Temperature increased to 489C and then
overshot to 528C. Heater voltage was
reduced slightly
2.5 492
2.75 Discoloration
4.5 Electrode burn-off
5.5 24 603
7 Insulation quite dark, beads form on
surface
8 580
21 566
10 26,2 624
11 Electrode burns off*
13 Temperature is greater than 660C
flashes appear on heater coil
15 Off Insulation completely removed from the

center of the specimen

*Apparently volatilized material deposits on the spark-plug electrodes, sparks
and burns off, The spark does not propogate and the gases do not burn. This
phenomenon occurred in many of the tests to follow,
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Wire No. 4 (4-1-2)

Chamber. Pressure - 254 mm,
Current - As Specified Below
Heater Coil - Energized

Elapsed I Max.
Time Temp.
(min.) (amperes) (e Remarks
Start
1 Temperature increased to 490C in 20 cec.
1.5 Electrode burn off
3 475
5.25 30 620
5.75 26.2 655
6 Specimen very dark
7 634
.25 Flicker at spk. gap electrode
8 26.2 600
0 30 660"
10 Bare spots on conductor show
11 Off
Wire No. 4 (4-1-3)

Chamber Pressure - 254 mm.
Current - As Specified Below
Heater Coil - Energized

Elapsed 1 Max.
Time Temp.
(min.) (amperes) (°cy Remarks
Start Temperature increased to 489C in 45 sec,
1 497
2 499
4 490
5 483
5.5 23,2 640
6 Specimen very dark
6.5 Insulation black, but intact
7.5 623 Temperature varys
8 Insulation removed from the wire
8 min. off 644 No flashing at electrodes -- no smoke,
22 sec, insulation removed near center of wire
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Wire No. 5

(5-1-1)

Chamber Pressure - 254 mm,
Current - As Specified Below
Heater Coil - Energized

Elapsed I vax,

Time Time

(min.) (amperes) (°c) Remarks
Start Temperature reached 528C in 35 sec.

1 539

2 540

3 541 Slight discoloration

4 Shrinking about area surrounded by coil
8 No spark gap reaction

9 Very dark, but intact

10 22.5 646

11 Specimen still in fair physical shape
12 off Beads formed around insulation
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Wire No. 5 (5-1-2)

Chamber Pressure - 254 mm.
Current - As Specified Below
Heater Coil - Energized

Elapsed I Max.
Time Temp.
(min.) {amperes) (°c) Remarks
Start Temperature reached 488 in 25 sac.
overshot to 527C. Heater coil voltage
reduced
1 488
2.5 Little disccloration
3 486
5.5 30.7 646
6 Insulatiun darkening
6.5 30 634
6.75 Shrinks
7.5 28.5 625
8 31.5 646
8.75 Take wrap lossens
10 Immediately adjacent to upper part of
heater coil there is bubbling on sucface
10.5 No reaction to spark
11 Thermocouple leads have failed
12 Insulation strips away from specimen
12 42,7 Smoke -- wire glows
13.5 52.5 Wire became brilliant and melted, some

smoke present, no ignitable products -~
insula_ion almost completely gone -~
no fiame
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Wire No. 5 (5-1-3)

Chamber ®ressure - 254 mm.
Current - 4s Specified Below
Heater Coil - Energized

Elapsed 1 Max.
Time Temp.
(min.) (amperes) (°c) Remarks
Start Temperature reached 495C in 15 sec.
1 528
4 489
5.5 30 625
6 Specimen darkens
7 Very dark -- shrinking
7.5 30 614
9.5 Beads form between wraps below coil --
not bubbling
12 601
13 37.5
13.5 704 Bubbles at wraps
15 Insulation flakes off
18 With the current in the specimen at
45 amperes the temperature increased to
approx, 810C. Smoke and vapors appeared
which flashed in the spark gap but were
not affected by the now incandescent
heater wire -- self extinguishing when
the spark gap was de-energized
18.3 Insulation was almost completely destroyed --

test off
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Wire No. 6 (6-1-1)

Chamber Pressure - 242 mm.
Current - As Sp~cified Below
Heater Coil - Energized

Elapsed 1 Max.

Time Temp.

(m 1) (amperes) {°C) Remarks

Start 0 482 Wire temperature increased rapidly tc
482C no effect on wire surface

5 33.8 * Darkening of insulation

6 - Shrinking inside of coil, spark gap
caused no ignition of off-gassing products

10 Off

A whitish material flowed around a thermocouple lead and solidified

*Thermocouple broke before temperature could be measured.

Wire No. 6 (6-1-2)

Chamber Pressure - 254 mm.
Current - Steady
Heater Coil Energized

Elapsed 1 Max.
Time Temp.
(min.) (amperes) (°c) Remarks
Start Wire temperature increased with heating
coil to 505C
2 50% No apparent surface effect
4 Discoloration around center of wire
5 26.3
6 594
7 Quite dark near center
7.75 One flash when spark gap was energized
8 600 Very dark near center
9 Almost black at the center
10 30
11 646
12 Off 654 Black at ~enter

No smoke, no flame, apparent deposit burned off electrode when spark gap was
energized. After the test *here were whitish drops on the insulation surface.
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Wire No. 6

Elapsed
Time

(min.)
Start
3
5
6
6.5
6.75
7.5

10.5
11

1

(amperes)

30

37.5

37.5

Off

(6-1-~3)
Chamber Pressure - 267 mm.

Current - As Specified Below
Heater - Energized

Max.
Temp.
SOCQ Remarks
Temperature reacned 490C in 25 sec,
496 No reaction to spark plug
572
Insulation discolored
626 Insuiation black, electrode burned off
some deposited material
634

Insulation sagged

Beads of a whitish material appeared around the wire near the area of the

coil.
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Wire No. 7
Chamber Pressure - 254 mm.
Current - As Specified Below
Heater Coil - Energized
’
Elapsed I Temp.
Time
(min.) (amperes) (°C) Remarks
4y sec. 0 488 Spec. 7-1I-1
Fire -- continued to burn
62 sec, 0 496 Spec., 7-1-2
Fire == continued to burn
45 secc. 0 462 Spec. 7-1-3

Fire -- continued to burn

-242-

(7-1-1)
(7-1-2)
(7-1-3)



[—

Wire No. 8

(8-1-1)
Chamber Pressure - 228 mm.
Current - As Stecified Below
Heater Coil - Energized
Elaps-ad I Temp.
Time
(min.) (amperes) (°C) Remarks
Start None 389 With 7V applied to the heater coil the wire

temperature rose quickly to 3%9 C, 1Ignition
spack started a fire whic™ continued with the
spark gap de-energized. Temperature continucd
to climb until it reached 567 C.
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Wire No. 8 (8-1-2)

Chamber Pressure - 228 mm.
Current - As Specified Below
Heater Coil - Energized

Elapsed I Temp.
Time
(min.) (amperes) (°c) Remarks
Start
0.5 330 Specimen darkened

Spark gap was energized and specimen
started to burn and continued t-~ burn
althou,h the heater coil and the spark
gap were de-energized. Temperature
climbed rapidly to >650 C.
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Wire No.

Elapsed
Time
(min.)

8

I

(amperes)

Start
0'25
<.50

(3-1-3)

Chamber Pressure - 254 mm.
Current - As Specified Below
Heater Coil - Energized

Temp.

£o

485

-245-

Remarks

Specimen darkened

The temperature increased to 485 C,
when the spark gap was energized at
25 sec., the whole specimen blazed
and continued to burn with the coil
power and the spark gap de-energized,



Wire No. 9 (9-1-2)

Chamber Pressure = 254 mm,
Current - As Specified Below
Heater Coil -~ Energized

Elapsed L1 Max.

Time Temp.

min. (amperes) (°C) Remarks

Start

1 264 Insulation swelled

2 438

3 488

4 A section of insulation fell away--
exposing a fresh section--the wire
insulating appeared as an outer skin
had fallen off.

5 482

6 37.5 >660

Temperature increased to greater than 660C. When the spark gap was energized
a very blue f{lame appeared and progressed up the insulation. The flame was
quite like a hydrogen flame in color and general appearance and was not ex-
tinguished until all three sources of heat were de-energized. Small bright
sparks accompanied the burning gas.
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Wire No. 9 (9-1-3)

Chamber Pressire - 254 mm.
Current - As Specified Below
Heater Coi. - Rnergiszed

Elapsed I Max.
Time Temp .
(mia.) (amperes) (°0) Remarks
Start Temperature increased to 488C in 15 sec.
0.5 528
1.5 541
2 Conductor has sagged against heater coil
3 535
4.5 Several turns of heater coil shorted by
sagging conductor, temperature increased
to >650C
5.75 Shorted turns opened and temperature
decreated
6.5 27 Current was.passed through wire
7 653 ‘ ,
1.5 Insulation stripps away
8 24.8 645
8.5 37.5
8.75- Insulation siripped away and shreds fell
9.25 on incandescent hesting coil. Spark gap

was energized and & very blue flame re-
sulted and progressed down the insulation
until all sources were removed.
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Wire No. 9 (9-1-4)

Chamber Pressure ~ 254 mm.
Current - As Specified Below
Heater Coil - Energized

Elapsed 1 Max,
Time Temp.
(min.) (amperes) (°C) Remarks
Start Temperature reached 489C after 0.5 min.
2-4 Spark gap causes no reaction, temperature
has increascd to 531C
5 32.5 581 Electrode burns off, Insulation splits
7.5 35 6€0
9 37.5 >660 Insulation strips badly
12 40 Insulation hangs in shreds
15 42.5 Entire centz2r section is bare -- pieces of
hanging insulation are melting
17.5 45 Within 30 seconds the conductor melted --

no fire resulted

Spark gap showed some burn off -- but no fire or flame resulted.
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Wire No. 10

Elapsed
Time
(min,)

Start

27 sec,
.75
1.25

2

4

5

6.25

1

(amperes)

37.5

off

(10-1-1)

Chaml.er Pressure - 254
Current - As Specified Below
Heater Coil - Energized

Temp,

€0

479
506

506

506
516

877

Rewarks

Beads formed near heating coil

Darkened

Smoke formed almost Immediately
Smail fire observed at upper end of coil
but extinguished almost immediately

Most of insulation disappeared --
wire glowed

The spark gap did not ignite the smoke nor did it restart the firc.
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Wire No. 10 (10-1-2)

Chamber ¥ressure =~ 254 mm.
Current - As Specified Below
Heater Coil - Energized

Elapsed I Temp.

Time

(min.) (ampere) (°c) Remarks

Start

27 sec, 546

).5 613

2 613

2.25 Bead formed near the top of the ccil
2.5 Insulation darkened near the coil
4 611

5 37.5

5.25 785 Very dark

5.5 33.8 802 Charred -- bare wire glowed

6.5 30.6 745

7.5 37.5 793 Smoke

3.5 36 793 Smoke disappeared

9.5 36 772 Off

Much of the wire was bare.
Unwrapping was apparent on specimen near terminal blocks.
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Wire No. 10

(10-1-3)

Chamber Pressure - 254 mm.
Current - As Specified Below
Heater Coil - Energized

Elapsed I Temp.

Time

(min.) (amgere) (°C)

Start
i 549
) )
3 546
4 479
5 37.5
5.5
6 591
6.5 797
7 36 818
8 34.5 807
9 38.2 797
10 Off

Remarks

Discolored

Insulation unwr: pped -- bead formed

Unwrapped badly
Wire glowed

Black

Heater coil failed

Fairly heavy white deposit was observed in the chamber after type I tests

with no. 10 wire.
Most of wire bared.
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Wire No. 11 (11-1-1)

Chaaber Pressure ~ 254 mm.,
Current - As Specified Below
Heater Coil - Energized

Elapsed 1 Temp.

Time

(min.) (amperes) (°C) Remarks

Start
35 sec. 510

1.25 541

1.5 Blistered near coil

2 541

3 533

4 536

5 532

5.25 37.5

5.5 Badly blistered

Insulation felli off

6 33.8 700

6.25 Much bare wire -- glowed brightly
6.75 37.5 758

7.5 36.8 761

8.5 37.5 761 Center insulation completely disappeared
9 off
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Wire No. 11 (11-1-2)

Chamber Pressure - 2?54 mm.
Current - As Specified Below
Heater Coil - Energized

Elapsed I Temp.
Time
(min.) (amperes) (°C) Remarks
Start
23 sec. 628
1 691
1.75 646
2 645
3 633
4 620
5.25 37.5 613
5.5 790 Blistered
5.75 Insulaiion melting and falling away
6 767
6.75 36 778
8 38 803 Insulation fell away from heater coil --
wire glowed
9 45
9.5 Therrocouple failed wire very bright,
smoke formed
10.5 48.8 Wire glowed brightly
Insulation almost completely destrcyed
12 off
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Wire No, 11

(11-1-3)

Chamber Pressure - 254 mm.
Current - As Specified Relow
Heater Coil - Energized

Elapsed I Temp.
Time

(min.) (amperes) {°C)
Start

1.5 647

2 547

4 628

5 40

5.25 790
5.5 >928
5.75 44

7 Off

Almost all of insulation was destroyed.
Pieces which dropped off onto incandescent

~254-

Remarks

Biistared

Blistering continued

Wire glowed -- insulation stripped of

coil did not burm,
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Wire No. 12

Elapsed I
Time
(min,)

Start

(amperes)

25 sac,

5 37.5

Chamber Pressure ~ Z54% mm,
Current - As Specified Below
Heater Coil - Energized

Temp.

£oy

273
391

408
429
470
468
480

-255-

Remarks

Smoke

Heavy white deposit

Smoke =-- disappeared

(12-1-1)

Jery heavy smoke observed immed-
iately, flame was initiated by the
incandescent coil and comtinued
after the coil wus de-:nergized.



Wire No. 12 (12-1-2)

Chamber Pressure - 254
Current - As Specified Below
Heater Coil - Energized

Elspsed 1 Temp.
Time
(min.) (amperes) (°c) Pemarks
Start
0.33 550 Burned -- completely destroyed



Wire No. 12 (12-1-3)

Chainber Pressure - 254 mm.
Current - As Specified Below
Heater Coil - Energized

Elapsed I Temp.
Time
(min,) (amperes) (°c) Remarks
Start
<.33 611 Burst into flame -- temperature

had increased to €11C
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Wire No., 13

(13-1-1)

Chamber FPressure - 254 mm.
Current - See Footnote¥
Heater Coil - Energized

Elapred 1 Temp.
Time

(min.) (ampere.:) QOCZ

Start

27 sec. 283

1 ) 295
1 min. 42 sec. 295
Wire No. 13

Chamber Pressure - 254 mm.

Remarks

Kynar jacket shirunk

Fire initiated by spark gap

(13-1-2)

Currept - See Footnote¥
Heater Coil - Energized

Elapsed 1 Temp.
Time

(min.) (amperes) (°c)
25 sec. 216

42 sec. 231

Wire No. 13

Chamber Pressure - 254 mm.

Remarks

Kynar jacket shrunk

Fire initiated by spark gap

(13-1-3)

Current - See Footunote*
Heater Coil - Energized

Elapsed I Temp.
Time

(min.) (amperes) (°c)
50 sec. 234

Remarks

Fire initiated by spark gap

*Specimens all failed before period when current would have been applied.
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Wire No. 14 (14-1-1)

Chamber Press-re - 254 mm,
Current - As Specified Below
Heater Coil - Energized

Elagpsed I Temp .
Time
(min.) (amperes) QOCQ Remarks
Start
0.25 611
1 496
1.5 532
3 532
4 45 758 Fire within 10 sec.
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Wire No. 14 (14-1-2)

Chamber Pressure - 254 mm,
Current - As Specified Below
Heater Coil - Energized

Elapsed 1 Temp.
Time
(min.) (amperes) (°c) Remarks
Start
1 462 White deposit formed on electrodes and
upper part of test specimen
2 466
3 466
4 40
4,25 800 Fire
4.5 Fire extinguished
5.25 37.5 769 Fire
5.4 45 860 Fire extinguished
off 860
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Wire No.

Elapsed
Time
(min.,)

14

I

(amperes)

Start

40

Chamber Pressure - 254 mm.
Current - As Specified Below
Heater Coil - Energized

Temp.
€

496
496
488
532

854

-261-

(14-1-3)
Remarks
Fire -- insullation burned



Wire No, 15 (15-1-1)

Chamber Pressure - 254
Current - As Specified Below
Heater Coil - Energized

Elapsed I Temp.

Time

(min.) (amperes) (°c) Remarks
Start

1 355

2 454 Dark brown color around heater coil

4 433

5 40

5.25 699 Fire started ac bottom of heater coil

when heater coil fused. The flame
traveled down the wire icr a short
distance before being extinguished,
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Wire No.

15 (15-1-2)

Chamber Fcessure - 254 mm.
Current - As Specified Below
Heater Coil - Energized

Elapsed I Temp.
Time
(min,) (ampe-es) (°c) Remarks
Start
0.5 300
1 369
1.5 390
2 371
3 409
3 min. 50 sec. 419 Very small fire started when specimen
sagged against upper turn of incandescent
heater coil. It went out almost immediately.
5 40 419
5.5 546 Fire started again at upper end of the

heater coil and progressed upward a short
distance befere being extinguished.
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Wire Nu. 15 (15-1-3)

Chamber Pressure - 254
Cur-rent - As Specified Below
Heater Coil - Energized

Elapsed I Temp.

Time
(min.) (amperes) (°0) Rema1ks
Start

-5 371

.75 412

1.5 492
2 492
2.5 492
3 492
3 min. 20 sec. 747 Insulation burned with first blue and

then a yellow flame.

-264-

L]

jr



Wire No, 16 (16-1-1)

Chamber P~essure - 254 mm.
Current - As Specified Below
Heater Coil - Energized

Elapsed 1 Temp.
Time
(min,) (amperes) (°c) Remarks
Start Blisters formed immeciately
0.5 300
1 390
2 480
2.5 487
3 506
3.25 40
3 min, 20 sec. 616 Fire - a blue and yellow flame progressed

upward along the wire.
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Wire No. i6b (16-1-2)

Chamber Pressure - 254 mm.
Current - As Specified Below
Heater Coil - Energized

Elepsed I Temp.

Time
(nin.) (amperes) 0C Remarks
Start

0,5 372

1 372

2 372

2.5 372

3 40

3.25 911 Smoke - blistered

Wire fused when temperature reached
911C - no flames were observed although
a glowing fire progressed up the specimen.
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Wire No. 16 (l6-1-3)

Chamber Pressure - 254
Current - As Specified Below
Heater Coil - Energized

Elapsed 1 Temp.
Time
(min.) (amperes) (°c) Remarks
Start
1 300
2 410
2.75 417
3 40
3 mir, 20 sec. 434 Wire fused -- no flame resulted although

a glowing fire progressed up the specimen.

A wrapped layer of film loosened and came off in spirals along with the residue
of the dispersion coating which remained bonded to the H-film.,

A very strong, acrid odor was evident when the test chamber was open.d. A
white deposit had formed in the chamber.
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Wite No. | (1-11A-1)

Chamber Presstvre - 254 mm.
Current - Steady
Heater Coil - Not Uscd

Elap-cd 1 Temp.

Time

(mi~.) (amperes) (°c) Remarks
SLart 40

0.9 Beads of FEP (?) formed on wire

l 39.8 315 Discolored

4 39.8 515

5 38.2 503

5.25 45

.75 Heavy smoke - dripped

6 794

6.25 43.6 Wire glowed red -- insulation black,

flaked

7 1651 Flamed -- wire very bright yellow
9 Off
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Wire No. 1
Elapsed I
Time
(min.) (amperes)
Start 42,5
0.5 41.3
1 41.3
1.25
1.5
2 42
3 39.8
4 41.3
5
5.75
6.20

(1-1IA-2)

Chamber Pressure - 254 mm,

Current - Steady

Heater Coil - Not Used

Temp.

0

g C) Remarks

391
576
590

620
584
624
619

700

Beads of FEP (?) formed on wire
Discolored

Smoke

Insulation black and swelled
Heavy smoke

Smoke stopped

Heavy smoke

Wire glowed -- insulation in shreds.
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Wire No, 1 (1-114-3)

Chamber Pressure - 254 mm,
Current - Steady
Heater Coil - Mot Used

Elapscd i Temp.

Time
(mir.,) (amperes) ) Remarks
Start 42,5

0.5 36 320 Beads formed

1 38.3 513 Swelled

1.25 Darkened

1.75 37.5 502

2 Smoke

2.5 38.6 570

3.5 38.3 561 Black, shrunk

4.5 40.5 613 Heavy smoke

6.5 39 595

7.5 41.9 620

8 45

8.5 808 Wire glowed, insulation flaked off
9.5 52.5 Wire fused -- no fire

Aftcr all 1-IJA tests a white deposit covered the upper parts of the
trst. chamber,
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Wire No. 2 (2-11A-1)

Chamber Pressure - 254 mm,
Current - Steady
Beater Coil - Not Used

Elapsed 1 Temp.
Time
(min.) (amperes) (°c) Remarks
Start 40
0.5 283
1 38.2 364
2 39.8 435 Darkened
3 39 435
4 39.8 417
5 45
5.5 Unwrapped
5.75 Smoke
6 46.5 549
6.25 515 Wire glowed
7 45,8 Insulation unwrapped and fell off
7.5 Thermocouple reading erratic
8 Off

Much of center section (2") was bare.
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Wire No. 2 (2-11A-2)

Chamber Pressure - 254 mm,
Current - Steady
Heater Coil - Not Used

Elapscd I Temp.

Time

(min.) (amperes) (°c) Remarks
Start 45

C.5 355

1 45 523 Darkened

1.25 Very dark

1.33 Smoke

2 S 580 Smoke disappeared

2.5 Smoke again

3 45,8 597

3.75 Wrap shriveled

4 45 592 Smoke disappeared

5 43,5 566

5.25 48.8 Wire glowed immediately
5.75 48.8 664

6.33 Dripped

Unwrapped - flaked and fell off

7 46,5 677

7.5 About 2 in, of center section

bare -- flowed red
7,75 46.5 673
8 off
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Wire No. 2 (2-11A-3)

Chamber Pressure - 254 mm.
Current - Steady

Heater Coil - Not Used

Elapsed I Temp.
Time
(min.) (amperes) ) Remarks
Start 45
0.5 364
1 43,5 541 Discolored -- shriveled
1 min. 5 sec,. Smoke =-- very dark
1.5 45.8 620
1.75 Heavy smoke
2 45 584 A little smoke
2,25 589 Dripped
2.75 Wire glowed
3 45,8 651
3.5 Dripped -- bubbled
4 43,5 620
4.5 Bared area grew larger
Insulation fell off
5 46,5 700
5.25 Upper part unwrapped
5.5 45,8 691 About 2 in. completely bare
Glowed
off

A white deposit in the chamber was noticed after all ITA and IIB tests
on this wire,
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Wirce No. 3 (3-11A-1)

Chamber Pressure - 267 mm.
Current - Steady
Heater Coil - Not Used

Elapsced 1 Max.
Time Temp.
(min.) (amperes) (°c) Remarks
Start 50
12 sec. 50 Shrinks
20 sec. 50 Melts
30 sec. 50 Flashes at spark gap
40 sec. 50 Flashes at spark gap
1 51 590
1 min. 51 Smoke
20 sec.
1 min. 51 Counductor glows red
30 sec.
1 min. 51 Flashing at spark gap
45 sec,
2 min. 51 Insvlation falls off
35 sec.
3 min. Off
40 sec,

White powder deposited -~ some acrid odor from decompositior products was noted.
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Wire No. 3 (3-114-2)

Chamber 2ressure - 254 mm,
Current - Steady
Heater Coil - Not Used

Elapsed I Max.*
Time Temp,
(min,) (amperes) {°0) Remarks
Start 50
25 sec. 50 Shrinks
29 sec. 50 Swells
40 sec. 50 Insulation melts
56 sec. 50 Chars
66 sec. 50 Smoke
1 min, 50 Flashes at spark gap
25 sec.
1 min. 50 Conductor glows red
30 sec.
1 min. 50
45 sec.
2 min, 50
2 min, 50 Yellow flame -- self ignited appears as a
45 sec. glow in pieces of insulation separated

slightly from the conductor

*Temperature rose too rapidly to be recorded accurately. Maximum temperature
at the conclusion of the test is about 900°C,

Wire No. 3 (3-11A-3)

Chamber Pressure - 254 mm,
Current - Steady
Heater Coil - Not Used

Elapsed I Max.
Time Temp %
(min.) (amperes) (°c) Remarks
Start 50
20 sec. 50 Black
55 sec. 50 Smoke
1 min. 50 Much smoke
10 sec.
2 min, 50 Insulation almost entirely gone at this time
2 min. 50 Insulation glows and appears to burn at
50 sec. intervals

During these tests a very distinctive acrid odor was noticed.

*Temperature rose too rapidly to be recorded accurately, Maximum temperature
at the conclusion of the test is about 900°C.
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Wire No. 4 (4-TIA-1)

Chamber Pressure - 254 mm.
Current - Steady
Heacer Coil - Not Used

Elapsed I Max.
Time Temp.
(min.) (amperes) (°C) Remarks
Start 40
4 40.5 395 Slight darkening
7 45
7.5 45 Increased darkening, bright flashes appear
when spark gap is energized
8.0 573
8.5 46.4
10 Off Wrap is coming off
Wire No. 4 (4-11A-2)

Chamber Pre-sure - 254 mn,
Current - Steady
Heater $nil - Not Used

Elapsed I

Time Temp: .

(min.) (amperes) {°C) Remarks
Start 40

0.5 393

1 40 discoloration of surf -2

2 40 Increasnd darkeonin:

2.5 510

4 510

5 45 No reaction tu spark discharge

5.5 45 Very dark -- swelling

5.75 45 Unwrapping of surface

6.5 620

7.5 45 Wrap opens to expose bare conductor at

uppar section
8 45 Insulation flakes off
off 655 Insulation continues to flake off until

test is concluded
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Wire No. 4 (4~11A-3)

Chamber Pressure - 254 mm.
Current -~ Steady
Heater Coil - Not Used

Elapsed 1 Max.
Time Temp.,

(min.) {émperesz (°0) Rema:ks

Start 45

1 45 685 Very dark -- unvrapping no gap reaction
to sparik discharge

2 43.5 725

2.5 44,2 750 Shrinks where drop leads are attached

3 Pressure decreased to 127 mm.

5 45 >800 Insulation almost completely destroyed at

center of the specimen

Whitish depoesit on the terminal blocks was noticed after all tests on this
type wire.

Wire No. 5 (5-11A-1)

Chamber Pressure - 254 mm.,
Current - Sceady
Heater Coil - Not Used

Elapsed i Max,
Time Temp.
(win.) (amperes) [¢ON Temarks
Start 40
.5 225
G.75 Darkens
1 40,1 308 Shrinks
5 40.9 475 Continues to darken
5.25 45
5.5 45 490 Very black, starting to uuwrap
6 Insulation is very black, shrunken badly,
no flaking and seems not to unwrap further
7.5 45 533 Unwraps at bottom section
9 Off White deposit onrn specimen terminal blocks
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Wire No. 5 (5-11A-2)

Chamber Pressure - 254 mm.
Current - Steady
Heater Coil -~ Not Used

Elapsed 1 Max.
Time Temp.
(min.) (amperes) {°C) Remarks
Start 40
0.5 39.4 385 Darkeas
1.5 39.2 702 Shrinks
2 410
2.5 Very dark -- starting to unwrap
3 39.7 395
4 430
5 40.1 435
5.25 42.5
6 42.8 520 Very black -- starting to swell --
- o continues to unwrap
7 o : 508 ,
1.5 45 Drop lead broke
9 ) Flickers at spark gap electrodes
10 Off ‘ '

Whitish deposit on specimen terminal blocks. Beads‘of:material formed on
surface of the insulation.
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Wire No. 5 (5-11A-3)

Chamber Pressure - 254 mm.
Current - Steady
Heater Coil - Energized

Elapsed 1 Max,
Time Temp,
(min,) (amperes) {°c) Remarks
Start 40
1 39.7 340 Darkens
2 39.8 380 Shrinks
4 40.4 380 Wrap loosens
5 42,5
5.5 42.4 468 Very dark -- unwrapping
7.5 45
8 560
8.25 Wrap loosens badly -- conductor glows
9 45 560 Spark gap -- no reaction
10 Off
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Wire No., 6
Elapsed I
Time
(min.) (amperes)
Start 40
1 40
3.5 40
13 40
15 42.5
17.5 45
20 47.5
20.5
20.75
21
21.5
z3 50
24

(6-1IA-1)

Chamber Pressure - 254 mm
Current -~ Steedy
Heater - Not Used

Max.
}?Ei; Remarks
Darkens - drop leads failed
Shrinks
Wire quite dark nearer center
*665 No change
No change
*875 No change

Appears to shrivel
Drips
Bare wire shows

Spark discharge ignites a by-product

Of f

No flame at any time - apparently the FEP melts and allows the H-film

to unwrap.

*Maximum temperature has been estimated from current-temperature plot.
Voltage drop leads burned off.
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Wire No. 6

Elapsed
Time

gmin.z
Start
2

6.5
7.5
9.0
12
15
17

18

I

SQgeres Z

40

40
39.8

42.8
43.4
42.7
50

(6-I1A-2)

Chamber Pressure -~ 242 mm.
Current - Steady
Heater - Not Used

Max.

Temp.
8C

o

408

477
473
465

Remarks

Center portion and lower portion
darkens - no reaction to spark discharge.

Continues to darken.

Very dark.

Very black - starts to drip - bare wire
shows through dripping area - no reaction
to spark discharge

Off

No flame, no reaction to spark discharge.
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Wire No, 6 (6-11A-3)

Chamber Pressure - 254 mm
Current - Steady
Heater - Not Used

Elapsed T Max.
Time Temp.
(min,) (amperes) gfg)__ Remarks
Start 50
0..43 50 Center darkens.
55 sec. 50 Smoke
1 min. 25 seec. 50 Shrinks - very black
1.5 51
2 680 Insulation flakes off -~ very black
2.25 Wire glows.

No flame, no reaction to spark discanarge. After each of the three tests, a
vwhite powdery deposit was noticed around the upper block of the specimen
holder.
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Wire No. 7 (7-11A-1)

Chamber Pressure - 254 mm.
Current - Steady
Heater Coil - Not Used

Elapsed 1 Temp.
Time
(mir.) (amperes) (°c) Remarks
Start 40
0.5 39.8 346
.75 390 Discolored
1 37.5 417 Suoke
1.5 Heavy Smoke
2.5 39.8 505
Much of wire bare, insulation melted,
some hanging in shreds
4 38.2 462
4,5 T 45
4,75 Very heavy smoke
Flame -- self extinguished
5.5 45 611
5.75 Off 1Insulation almost completely
removed from specimen
Wire No. 7 (7-11A-2)

Chamber Pressure -~ 254 mm,
Current - Steady
Heater Coil - Not Used

Elapsed 1 Temp.
Time
(min.) (amperes) (°c) Remarks
Start 49
0.5 39 364 Discolored
1 38.2 439 Ins. black - heavy smoke
1.5 Ins. melting
2 37.5 435
2 min, 25 sec, 676 Caught fire and continued to burn
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Wire No, 7

Elarscd 1
Time
min, (amperes)
Start 40
0.5 39.8
5 s¢c.
1.25
1.5
1.75
2
2.5
5 45
6 Off
ire No. 8
Elafsed I
Tire
mi~., (amperes)
Srart 40
55 sec.

1 min., 25 sec.

(7-114-3)
Chamber Pressure - 254 mm.
Current - Steady
Heater Coil ~ Not Used
Temp.
(°c) Remarks
206
Discolored
Brown
Bubbled
Very dark
445 Smoke
Black
460 Immediately very dense smoke -- almost
entire chamber filled -- very difficult
to see
718 Wire almost completely bare
(8-11A-1)
Chamber Pressure - 254 mm.
Current - Steady
Heater Coil - Not Used
Temp.
o) Remarks
Smoked
680 Flamed and continued to burn
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Wire No. 8 (8-1IA-2)

Chamber Pressure - 254 mm,
Current - Steady
Heater Coil - Not Used

Elapsed 1 Temp.
Time
(min,) (amperes) (°c) Remarks
Start 40
0.75 Darkened -- insulation split away near
voltage drop leads
1 40 445 When spark gap was energized, specimen
burned
Wire No. 8 (8-11A-3)

Chamber Pressure - 254 mm.
Current - Steady
Heater Coil - Not Used

Elapsed 1 Temp.
Time
(min.) (amperes) (°C) Remarks
Start 40
0.5 Insulation shrunk
0.75 Darkened and sagged (not dripping)
50 sec. Very black
1 545 Fire ignited by spark gap
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Wire No. 9 (9-IIA-1)
Chamber Pressure - 254 mm, O

Current - Steady 2
Heater - Not Used
Elapsed I Max.
Time Tsmp.
(min.) (amperes) o) Remarks
Start 40
1 37.5 325 Shrinks
5 40.1 425 Electrode burnoff,
6.0 45
6.5 45 532 Rapid shrinking
6.75 Insulation splits,
8 Insulation slipped and rests on lowzr
drop lead.
9 43.1 560 Conductor glows.,
10.25 48.8 >8GO Conductor glows brightly.
11.75 Conductor melted

No flame - test off

The insulation first shrunk from around the area split to receive the drop
leads. As the temperature increased, the insulation split longitudinally and
slipped down the conductor until it was stopped by the lower drop lead. It
finally split away until the entire 1 inch center section was bare, meanwhile
the insulation split above and bslow the drop leads until the conductor melted.
The spark diicharge indicated that a residue was formed and this "burned off"
the electrodes when energized. There was no apparent smoke or falme at any
time.
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Wire Ro, 9

Elapsed
Time

(min.)
Star.
1

1.25
6

7.25

8.5

10.75
12

12.75

S amperes 2

40
39.4

45.8

43.5

44.6
45.4

48.8
54

56.2

(9-1IA-2)

Chamber Pressure ~ 254 mm, O

Current - Steady 2

Heater ~ Not Used

Max.
Tgmp.
Q) Remarks
485 Shrinks
Electrode burn-off
612 Rapid shrinking
Insulatzen splits
Insulation slipped
Insulation falls off, conductor has
a dull red glow
745
Wire glows brightly
>800 Insulation is in shreds - spark discharge
still indicates burn-off, no flame
>800 Insulation melts away from upper part
>800 Wire very brillant - insulatiom is
almost completely gome for entire length
except near terminal blocks.
>800 Conductor melted - no flame

The insulation reacted very similar to the first replicate. Current was
increased until the conductor melted. At failure there was no smoke or flame.
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Wire No.

Elapsed
Time

{min.z

Start

25 sec.

0.5

1.0

1.13

1.75
2

2.5
3

S ow
- -
wn

9

s amperes 2

45
45
44.2

45

44.2

45

(9-1I1A-3)

Chamber Pressure 254 mm. O
Current - Steady
Heater - Not Used

Max.
Temp,

{0

440
598

665

705

740

Remarks

Shrinks

Splitsc around center

Shrinks
Center slipped down

Ingulation falling off - conductor
shows red - bare spots.

Ingulation continues to split and
fall off - no flame

off

This specimen wae tested witg a constant current of 45 amperes which would
produce a temperature of 765 C at the center of the conductor, From the
previous two tests at steady current condition, it was apparent that rapid
degradation of the insulation would occur,
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(10-IIA-1)

Chamber Pressure - 254 mm.

Current Steady

Heater Coil - Not Used

Chamber .ressure - 254 mm.
Current - Steady

Remaiks

Black in color
Smoked
TInsulation bubbled

Wire glowes

Insulation flaked off leaving large
bare areas - o

L2y

AT S Rt

Entire center part of wire bared

=

(10-11A-2)

Heater Coil - Not Used

Wire No.

Elapsed I Temp.
Time

(min,) (amperes) g°cg
Start 40
.25

<1

1.25

1.5 39.7 532
2 40.5 522
2.75

3 40.5 593
4 40.5 607
4.5 45

5.25 Ofi 725
Wire No.

Elapsed 1 Temp.
Time

(min,) (amperes) (°C)
Start 40

1 37.5 709
2 38.6 745
2.5

3 39 754
3.25

4 39.8 812
5 39.8 817
5.25 45

6 44,2 >1000
7.25 Off

Remarks

Smoked -- insulation almost black in *~
color -- smoke not ignited by spark gap

"Beads'" formed on insulation
Smoked

Smoke disappeared

Black -- insulation flaked

Wire glowed ~-- smoke

Entire center section of wire was bozed.



Wire No. 10 (10-11A-3)

Chamber Pressure - 254 mm.
Current - Steaady
Heater Coil - Not Used

Llapsed 1 Temp.

Time

(min.) _ (amperes) (°c) Remarks

Start 42.5 859 Heavy smoke started almost immediately --
it would not ignite -~ current shot up to
48.7 amps momentarily

2.5 43.5 790 Insulation charred and flaked off very
rapidly -- conductor glowed very red --
no fire

4 off 766

After all tests with wire no. 10 there was a slight whitish deposit on all
the upper components of the chamber.
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Wire No. 11 (11-IIA-1)

Chamber Pressure - 254 mn.
Current - Steady
Heater Coil - Not Used

Elapsed 1 Temp .
Time
(min.) (amperes) (°c) Remarks
Scart 40
0.5 Teflon shrunk rapidly exposing H-film
underneath
3 39.8 470 H-film turned very dark in color where
exposed to the oxygen atomosphere
4 40.5 536
5 40.5 549
5.5 45 576 Blisters formed on surface
6 45 576 Badly blistered
6.75 Smoked
7 45.8 611 Insulation fell off -- wire glowed --
smoked
8 Off 706 Center part of specimen completely bared
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Wire No. 11

Elapsed 1
Time

(min.) (amperes)

Start 40
35 sec.

1 40
1.25

1.75 40

2

2 min. 5 sec.

3 39.8

4.75 40.5
5 45

5 min. 10 sec.
5.5 45

6 Off

Chamber Pressure - 254 mm.

Current Steady

Heater Coil - Not Used

Temp.

(°c)

421
479
554
557

549
549
558

673
082
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Remarks

Teflon shrunk

(11-11A-2)

Exposed H-film became very dark

Blistered

Glowed

Smoked -- inmsulation fell off
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Wire No. 11 (11-11A-3)

Chamber Pressure - 254 mm.
Current - Steady
Heatexr Coil - Not Used

Elapsed 1 Temp.

Time

(min.) (amperes) (o) Remarks

Start 40

1 36.8 415

1.25 Teflon shrunk

2 40.5 510 H-fiim darkened

3 39 488

4 40.5 519

5 40.5 523 Small blisters formed

5.5 45

6 44,2 642 Large blisters formed

6.25 43.5 646 Insulation split -- smoked
Exposed wire glowed dully

7 45 726

7.5 44,2 740 Bright glow observed

8 45 763

8.5 52.5 >935 Heavy smoke -- very bright glow

9 off Almost all of insulation destroyed --

wire fused ~- no fire resulted
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Wire No. 12 (12-11A-1)

Chamber Pressure - 254 mm.
Current - Steady
Heater Coil - Not Used

Elapsed 1 Temp.
Time
min. (amperes) (°c) Remarks
Start 40
0.25 Sucke
1 38.2 462 Heavy smoke
2 37.5 480 Chamber vary smoky
3.5 39.8 487
4 41.2 517 Still smoked heavily
5 45
6.25 45 588 Spark gap ignited gases but did not
start fire
45 621 Chamber filled with smoke
8 48.8
46.5 735
10 Off

Just prior to the end of the test the current was increased to 56.6 amperes.

The temperature increased to 880C. Smoke filled the chamber. When the spark
gap was eunergized the gases appearad to be combustible but fire did not continue.
At this time the entire length of wire was covered with a dark powdery residue
which fell off when the specimen was removed from test.
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Wire No. 12

Elapsed I

Time
(min.) (amperes)

Start - 40
0.5
1.75

Chamber Pressure - 254 mm,
Current-Steady
Heater Coil - Not Used

Temp,

o

Remarks

Heavy smoke

(12-11A-2)

Fire started at the spark gap but the flame
disappeared and a glow progressed both up
and down the insulation leaving a white
residue on the specimen and in the chamber.

It is noted that the smoke was very dense and the spark was in very close proximity

to the wire when the flame occurred.

Wire No. 12
Elapsed 1
Time
(min.) (amperes)
Start 40
0.25
.75 36
2 38.2
3.25 40.5
4 40.5
5 39
5.25 45
43,5
44.2
8 52.5

Chamber Pressure - 254 mm.
Current - Steady
Heater Coil - Not Used

Temp.
o

255
342
408
462
448
426

527
588
673

Remarks

Smoke

Very heavy smoke

(12-11A-3)

Gases burned but did not start fire

Insulation burned
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Wire No. 13 (13-11A-1)

Chamber Pressure - 254 mm.
Current - Steady
Beater Coil - Not Used

Elapsed I Temp.
Time
fmirl) (amperes) (°c) Remarks
Start 40
20 s=ec. 331 Kynar jacket shrunk
43 szc, 36.8 372 Smolk2d
! Jacket blistered
1.5 39.8 466 Heavy smoke
2.5 41.2 519
2.7¢ Rubber deformed
3.5 41.2 589 Smoked heavily
4.5 2 602 Gases ignited with spark
5 45
5.25 660 Heavy smoke
5.75 683 Wire glowed
6 681 Chamber filled with smoke
6.5 Long shreds of insulation hung from wire
7.25 About 2" of wire was bared
7.5 45.8 762
;.75 48.8
8.2% 844
9.25 62 Current increased until wire fused -- fire

started at lower end of the specimen --
near the terminal block

Tris specimen sagged away from the spark gap during test.
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Wire No. 13

Elapsed 1
Time

(min.) (amperes)

Start 40

20 sec. 40

40 sec. 40

45 sec. 40

1.5 40

1 min. 40

40 sec.

Wire No. 13

Elapsed 1
Time

(min.) (amperes)
Start 40

20 sec.

35 sec.

1 min,

20 sec.

(13-11A-3)

Chamber Pressure - 254 mm.
Current - Steady
Heater Coil - Not Used

Temp.

Lo

301

448
488

Remarks

Shrunk

Smoked

Fire initiated by spark gap

(13-11A-4)

Chamber Pressure - 254 mm.
Current -~ Steady
Heater Coil - Not Used

Temp.

(°2)

390
457

Remarks

Shrunk
Smoked
Fire initiated by spark gap

Note -- It was apparent with the tests ou wire 13 that the proximity of the
spark gap to the insulation surface was a major factor in the time at which a fire

would start,

Although the spark gap was initially placed 1/32" away from the wire,

the spacing varied considerably as the wire heated.
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Wire No. 14
Chawber Pressure - 254 rm,
Current - Steady
Feater Coil - Not Used

Elapsed I Temp.

Time

(min.) (amperes) Loy Remarks
Start 40

1 38.2 368 Smoke

2 39 426

3.5 38.2 350

4 39.8 412

5 39.8 426

5.25 45 Heavy smoke

6.5 44,2 554

7.5 47.2

8 47.2 664 Chamber filled with smoke
9 48.8 656 Specimen unwrapped

10 51 767 Entire center section glowed

Smoked heavily
11 51 771 Insulation flaked and fell of€
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Wire No. 14
Elapsed I
Time
(min.) (amperes)
Start 45
0.33
50 seec.
1.5 45
2.5 45
4.5 45
5.5 45
) 48.8
7 48.8
8.25 -52.5
10 52.5
11.5 58.5
12,5 60
15 63.8

(14-11A-2)

Chamber Pressure 254 mm,
Current - Steady
Heater Coil - Not Used

Temp.

o

301
505
53z
558
571
580

691

t.c.

failed

Remarks

Smoke

Very heavy smoke

Quier wrap dark but intact

Quite dark in color

Unwrapped -- wire glowed brightly --
flaked off

Glowed very red bemneath silicone rubber
remnants. Wrap came off in large flakes --
2-2%" completely removed.

Taping disappeared except at extreme ends
near terminal blocks -- silicone rubber
residue still present on most of the
conduccor

Wire fused -- no fire resulted
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Wire No. 14 (14-11A-2)

Chamber Pressure - 254 mm.
Current - Steady
H:zater Cnil - Not Used

Elapsed T Ten .
Time
(min.) (amperes) (°c) Remarks
Start 45
1 41,2 470 Heavy smoking within 30 sec.
2 45 606
3 45 571
3.5 48.8
4.5 48.8 660 Wire glowed -- wrap very dark -- unwrapped
5.5 48.8 686
6 52.5
7.5 52.5 704 Flaked -- much of wire glowed red .
§.25 704 -
9 708 Fire
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Wire No. 15 (15-11IA-1)

Chamber Pressure -~ 254 mm.
Current - Steady
Heater Coil - Not Used

Elagsed I Temp.
Time
(min.) (amperes) ) Remarks
Start 40
35 sec. 364 Specimen overcoat started to shrink --
still transpareant
1 400 Discolored
2 39.8 534 Brown in color
3 39.8 550 Dark brown
4 39.8 550
5 45
5.5 45 647
5.75 Wrap loosened
6.5 44,2 633
. 48.8
7.75 766 Smoked -- wire glowed
8.25 49.5 735 7
8.5 Off 720 Much of the wire was bare '
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Wire No. 15

Elapsed I
Time

(min.) (amperes)

Start 45
.5 45
.75

1 42.8

1.5 45.8

45

3 45.8

3.5 45.8

4.5 45.8

5 60

5 min. 26 sec.

(15-11A-2)
Chamber Pressure - 254 mm,
Current - Steady
Heater Coil - Not Used
Temp.
©c) Remarks
435
Smoked -- dark brown color -- shrunk
550
611 Black -- wrap loosened
611
621 Bare section about 1/2 in. along center
portion -- insulation flaked off
628
628
Current increased rapidly until wire fused
856 Wire fused -- no fire resulted
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Wire No. 15 (15-11A-3)

Chamber Pressure -~ 254 mm,
Current - Steady
Heater Coil - Not Used

Elapsed 1 Temp.
Time
(min.,) (amperes) °c) Remarks
Start 45
0.5 45 496 Shrunk
1 44,2 614 Dark brown -- wrap loosened
1.5 44,2 628
1.75 44,2 607 Smoke
2 44,2 621
2.5 Smoke disappeared
3 44,2 614 .
3.5 Wrap was very loose -- appeared to flake
4 45 659
4.5 45 659
5 A0 '
5 min. 10 sec. 920 Wire fused -- no fire resulted
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Wire No. 16

Elupsed I
Time

(min.) (amperes)
Start 40
50 sec.

1 39.8
2 39

3 38.2
3.5 38.2

4 45
4,25

4.5

5.25 45.8
6 45
6.75 44,2
7 47.5
7.25

7.5

8.5 47.6 .
9 60

9 min, 9 sec.

(16-11A-1)
Chamber Pressure - 254
Curreat - Steady
Heater Coil - Not Used
Temp .
(°c) Remarks
Dispersion overcoat shrunk
436 Marks from the wire stripper on the jacket
were accentuated
426
405
405
506 Smoke
550 Blistered
602 Overcoat and film unwrapped
583 Smoke disappeared
567
628 Smoke formed again
654 Wire glowed -- insulation flaked off
673 Glowed
871 Wire fused and initiated a fire -- the

glow progressed up the specimen for a
short distance -
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Wire No. 16 (16-1IA-2)

Chamber Pressure ~ 254
Current. - Steady
Heater Coil - Not Used

Elapsed 1 Temp.
Time
(min.) (amperes) (°c) Remarks
Start 45
25 sec, 480 Shrunk
40 scc. 837 Smoke
1.5 904
1.75 Smoke disappeared
2.25 921
3 min, 69 1193 Wire fused starting a small fire
20 sec.
Wire No. 16 (16-11A-3)

Chamber Pressure - 254
Current - Steacy
Heater Coil - Not Used

Elapsed I Temp .
Time
(min.) (amperes) (°c) Remarks
Start 45
25 sec, 410 Shrunk
45 sec. Smoked
1 45.8 628
1.25 Badly blistered
1.5 45 637 Insulation fell off
2 60
2 min, 968 Wire fused without starting a fire
18 sec.
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Wire No.
Elapsed I
Time
(min.) (amperes)
Start 20
1 18.4
4 28.5
5.5
6 31
10.5 37.5
13 40
14.75 40.5
15 42,5
15.5
16 42.4
17 42
20 45
21 45
Off

(1-IIB-1)

Chamber Pressure - 54 mm.
Current - Increasing
Heater Cuil - Not Used

Temg .

(°C) Remarks

107
260
Beads on insulation surface
309
441 Jiscolored
521 Beads flowed together
500 Smoke
Heavy smoke
Charred, insulation flaked off
Bare wire glowed
525
575
Wire glowed brilliantly
680 Insulation almost all disappeared

White deposit formed on upper electrode terminals and upper part of chamber.
Solidified FEP apparent where it has run down the specimen and cooled nearer

the terminal blocks.
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Wire No. 1 (1-118-3)

Chamber Pressure - 254 mm,
Current - Increasing
Heater Coil - Not Used

Elapsed I Temp.
Time
(min.) (amperes) (°c) Remarks
Start 20
2.5 30
6 29.2 272
6.5 32.5 Bead started to form
7 31.6 346
10 37.5
12 37.5 450 Discolored
14 40.5 564 Very dark color
15 42.5
15.25 Black -- smoke
17 680
17.25 42,6 »
18.5 45 784 Wire glowed red, black char
19 45 790 White deposit formed on electrodes
20.75 47.1 865
22 48.8 965 Much smoke
23 Off
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Wire Nou. 1 . (1-IIB-4)

Chamber Pressure - 254 mm.
Current - Increasing
Heater Coil - Not Used

Elapsed I Temp.
Time
(min.) (amperes) ©c) Remarks
Start 20
2.5 30
4 27.8 287 Beads formed
5.5 32.5
o 33.6 335 Beads bec=uc much lacger
7.5 35
9 25 441 Discole !
10 27.5
10.5 36 478 Darkened (10.75 =«
11 37.5 498
12.5 40
13 40,2 562 Very dark
13.75 581 Smoke
15 42.5
15.25 628 Heavy smoke
lo.5 42,5 628 Wire glowed red -- insulation flaked off

After all 1-IIB tests a white deposit covered the upper parts of the test chamber.
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Wire No. 2 (2-11B-1)

Chamber Pressure - 254 mm.
Current - Increasing
Heater Coil -~ Not Used

Elapsed I Temp.
Time
(min,) (amperes) (°c) Remarks
Start 20
2 19.9 108
2.75 30
4.5 30 260
5 32.5
7 32.2 292
7.5 35
9.5 34.5 328
10 37.5
12 37.5 299
12.5 42,5
13.5 41,2 474 Darkened
15 45
15.5 Darkened
16 45 576 Swelled
16.25 593 Smoke
17.5 47.5 Very dark - unwrapped
18 g 691 Insulation splic
18.5 48 718 Wire glowed
19.5 46.9 709 Large bare spot -- glowed
20 49.5
20,25 719 Smoke
20.75 Insulation fell off in large pieces
21 48.8 767
22 Off

Center 3%" - 4" section completely bare
No fire -- still smoking at end of test
White deposit formed in chamber
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Wire No, 2 (2-11B-2)

Chamber Pressure - 254 mm,
Current - Increasing
Heater Coil - Not Used

Elapsed I Temp.
Time
(min.) (amperes) 0 Remarks
Start 20
1 18.8 116
2.5 3C
4 30 260
5 32.5
7 32.2 337
7.5 35
9.5 34.5 390
11 39 457 Slightly darkened
12.5 40
14.5 461
16 43.5 593 Quite dark -- smoke
17 44,2 636
17.5 45
18 Unwrapped
18.5 44,2 637
19.5 45.8 668 Continued to unwrap -- very dark
20 47.5
21 47,2 759 Bare -- wire glowed -- insulation
fell off
22 Off
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Wire No. 2 (2-1iR-3)

Chamber Pressure - 254 mm.
Current - Increasing
Heater Coil - Not Used

Elapsed I Temp.
Time
(min.) (amperes) (°C) Remarks
Statit 20
1 20.2 103
2.5 30
4 30 228
5 35
7 35.2 310
7.5 37.5
9.5 36 341
10 37.5
10.25 364 Darkened
12 39.8 421
12.5 42.5
13 470 Quite dark -- unwrapped
14 488 Very dark
15 45 '
15.25 532 Smoke
16 45 572 Bare wire showed
Unwrapped badly -- smoked
17.5 47.5 Wire glowed
18 48 652 Insulation fell off
18.5 48 655 Glowed brightly
19 - Off
Large bare section -- insulation fell off
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Wire No. 3 (3-11B-1)

Chamber Pressure - 254 mm.
Current - Increasing
Heater Coil - Not Used

Elapsed I Max .,

Time Tsmp.

(min.) (amperes) (C) Remarks
Start 20

2.5 30

5.0 32.5

7.5 35

10.0 37.5 Slight darkening

11 37.5 310 Spark discharge causes gap flickering
12.5 40 Dark ... ~wells

15 42,5 340 Bare spoc showing at center

18 45 Drips formed

20 47.5
20.5 47.2 655 Conductur glows
21 47.2 715 Very small yellow flame appeared -

extinguished itself

23 Off
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Wire No. 3 (3-11B-2)

Chamber Pressure - 254 mm.
Curzent - Increasing
Heater Coil - Not Used

Elapsed I Max.

Time Temp.

(min.) (amperes) (OC} Pemarks
Start 20

115

2.5 30

5 32.5

7.5 35

9 35 347 Shrinks

10 ©37.5

12 37.5 457 Drips

12.5 40

14 40 490 Swells

15 42.5

16 43.1 573 Surface appears uneven - insulation

loosening at wraps i}

17 42.4

17.5 45 - Flicker at spark gap electrode
18 45 608 Shrivels and chars

19 45 Very black - flakes

20 47.5

21 48,3 >800 Large bare spots - wire glows
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Wire No, 3 (3-11B-3)
Chamber Pressure - 254 mm.

Current - Increasing
Heater Coil - Not Used

Elapsed I Max.

Time Tgmp.
(min.) (amperes) () Remarks
Start 20
’ 2.5 30
5 32.5 192
7.5 35 212 Shrinks
10 37.5 Some darkening
11 37.5 288 Blisters or drips
12.5 40 _
13 ' 49.5 255 Splitting of portion above upper
: : drop lead
i» 15 _ 42.5 : Sputtering around el ectrode of spark
l gap ’
17 | 42 568
17.5 45
18.5 45 ] Insulation flaking off-giowing

19 . 45.8 >800

Note: Some strands of the conductor were damaged during stripping




Wire No. 4

Chamber Pressure - 229 mn.
Current - Increasing
Heater Coil - Not Used

Elapsed I Max. Temp
Time (°c)
(min.) (amp eres) Calculated Measured*
Start 20
3 ' 30
5.0 32,5
1.5 35
8.5 34.9 318
in 37.5 425
12.5 40 570
13 - . 448
15 42,5 © 656
16 475
16,5 42.5 ;
17 Fees 543
17.5 43.5
18.5 44,2 590 760
19 - -Off

(4-1IB-1)

Remarks

Slight darkening

Dark brown - shrinks
at drop leads

Unwfa;:s at the lower end

Unwrapoing continues

Insalation almost gone at
center

#The "measured" temperatures are taken from a calibration run with #4 wire.

The differences between the measured temperatures and those calculated from the
voltage drop points up the problem involved in temperature meas. uremcnta. See

"~ the turt for more details,




Wire No. 4 (4-11B-2)

Chamber Pressure - 254 mm.
Current - Increasimg
Heater Coil - Not Used

Elapsed I Max.o‘l‘emp.

Time o

(min.) (amperes) Calculated Measured* Remarks

Start ' 20
-~ 2.5 30

5 32.5

7.5 35

10 37.5 470

12 38.2 218 Discoloration

12.5 40 570

14.5 253

15 42.5 656 Quite dark - shrinking -

. unwrapping
16 42 333
16.25 . Shrinks - unwrapping - very
dark
17 373
17.5 45 760 Wire appearance increased from
dull to bright red as .
current to 50.2 amperes was .

Off increased

#See comment on previous chart, 4-IIB-1

[
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Wire No. &4 (4-11IB-3)

Chamber Pressure - 254 mm.
Cur; unt - Increasing
Heater Coil - Not Used

Elapsed I Max. Temp.

Time ()

(min.) (amperes) Calculated Measured* Remarks
Start 20

2.5 30

5.0 32.5

7.5 , 35

10 37.5

12.5 40

13 41.2 ’ 600 Darkening - shrinks

14 40.5 No spark gap reaction
15 42.5

15.5 ' Very dark

16 2.4 659 Swells - black

17 ‘ 42 " Unwraps

17.5 45 760

18 45 @800 Badly unwrapped - almost

, - black - conductor glows

19 Off '

*See comment on previous chart, 4-IIB-1
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Wire No. 5 (5-11B-1)

Chamber Pressure - 254 mm.
Current - Increasing
Heater Coil - Wot Used

Elapsed I Max

Time Tsml;.

(min.) res (a9 Remarks

Start 20

2.5 30

4.5 205

5.0 32.5

7.5 35

8 34.5 312 Slight darkening

9 37.5 Tape unwraps - darkens

11 37.5 370 Continues to unwrap

11.5 40

12.5 39.8 440 ‘Shrinks

14 42.5

16.5 7 45

17.5 42 650 Very black - wire glows, insulation
appears to glow .

18.5 Off Insulation is almost totally destroyed‘.s

White beads hive formed on the insulation surface
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Wire No. 5 {5-118-2)

Chambexr Pressure - 254 mm.
Current - Increasing
Heater Coil - Not Used

Elapsed 1 Max,

Time Tsmp.

(min.) (ampe res) {0 Remarks
Start 20

2.5 30

5.0 32.5

6 33 252 Slight darkening

7 33 - 258 Some loosening of wrap
7.5 35
10 -37.5

11 k1] 280 Sarinks

12.5 40

13 . 39.8 385 Quite dark 7

14 39 375 Insulation ioosens

15 42.5

16 42,8 525 Center is black

17 42.8 505 White beadc have formed
18 Wire glows - dull red
18.25 45 600 Unwrapping pfogrﬁssea:ls wire blackens
19 45 605 ‘Insulation appears almost fluid
20 Off

White beads aktgn:hqve formed .



Wire No. 5 (5-11B-3)

Chamber Pressure - 254 nm.
Current - Increasing
Heating Coil - Not Used

Elapsed I Max,

Time Tgmp.

(min.) (ampezres) ey Remarks
Start 20

2.5 30

-5.0 32.5

7.5 35

9.0 240

10 37.5 Slight discoloration

12.5 40

13 39.8 350 Darkening - unwrapping

14 397

15 42,5 Very sark, shrinking at ends

loosening

17.5 45 No apparent beading

18 512

18.25 45 Whitish beads forming an insulation

surface
18.5 45 Wire glowing
19.5 Off

Spark gap energized through tests - showed no reaction except a burn-off of
deposits on electrode tips
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Wire No. 6 (6-11B-1)

Chamber Pressure¢ - 254 mm.
Current - Increasing
Heater - Not Used

Elapsed I Max

Time Tsmé.

(min.) (amperes) [N Remarks
Start 20

2 212

2.5 30

4 333

5 32,5

6 340

7.5 35.5

1¢ 37.5 )

12 435

12.5 40 _

15 42.5 Wire dark at center

17.5 | 45 Shrinks - black

19 655

20 47.5 Very black - bare wire shows through -

) shrinking :

21 ’ ) >800

22 ' 48 . Off

Spark gap energized periodically throughout the test - no reaction apparent
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Wire No. 6 (6-11IB-2)

Chamber Pressure - 267 mm.
Current - Increasing
Heater - Not Used

Elapsed 1 Max.
Time Temp,
{min.) {amperes) ngl__ Remarks
Start 20
2 125
2.5 30
S 32.5
7.0 358
7.5 35
9 377
10 37.5 Slight darkening
14 40 : Quite dark
15 42.5 Very dark
16 43.1 Wrap appears loose
17.5 45
18.5 45 688 Conductor showing - insulation black
20 49.5 Unwrapping badly - FEP
21 , Off >800 Wire melted - no reaction to spark

discharge ignition
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Wire No. 6 (6-1IB-3)

Chamber Pressure - 254 wm.
Current - Increasing
Heater - Not Used

Elapsed I Max.
Time Tgmp.
(min.) _(amperes) (9] Remarks
Start 20
2 226
- 2.5 30
_ 5 32.5
6 ‘ 358
) 7.5 | 35
10 37.5
- 11 36.8 453 Specimen darkening
i 12.5 40
13 40.9 555 Very dark
- 15 42,5 Shrinks
17. 5 45
18 45 626 Very black - drips
19 45 Unwraps
20 47.5
gg 20.5 47,2 790 Bare conductor shows where insulation
-- is unwrapped
- 22 48.0 >800 Badly unwrapped
%é 22,5 50.1 Considerable conductor shows - wire
’ glows - no smoire - nc ignition with
EE spark discharge
|
, .
i1




Wire No. 7 (7-1IB-1)

Chamber Pressure - 254 mm.
Current - Increasing
Heater Coil - Not Used

Elapsed I Temp.

Time

min, (amperes) o) _ Remarks
Start 20

1 21.8 130

2 20.2 214

2.5 30

3.5 29.2 227

4.5 3n.8 273 Discoulored

5 32.5

6 31.5 283 Darkened

7 314

7.5 35

8.5 35.2 390 Very dark vrown
9.5 36 382

9.75 : Black -- smoked
10 37.5 Melted ~- bubbled

T 10.25 426 Dense smoke
10 mii:. 52 sec. 529 Spark gap initiated .are which

completely consumed the insulation
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Wire No. 7 (7-11B-2)

Chamber Pressure - 254 mm,
Current - Increasing
Heater Coil - Not Used

Elapsed I Temp.
Time
(min.) (amperes) ey Remarks
) Start 20
1 18 111
] 2.5 30 )
- 3.5 30 275 ]
- 4 Slight discoloration
5 32.5 |
. 5.25 Darkened . )
;2; 6 32.2 336 -
6.5 Overcoat shrunk
i Polyolefin intact s
7.5 35 L
. 8.5 34.5 386 ~~ Brown color -- overpoai I'n;'l’led';"Z
E% " back further
10 37.5
o 10.25 ' Blackened
10.5 } Smoke
ig 11 Hleavy smoke
11.75 36.8
x 12.5 40
i % 39.8 479
. 15 42.5
16 44,2 491
- nff ' ‘

Wire was almost completely bare. - -




Chamber Pressure - 254 mm.

(7-11B-3)

Current - Increasing
Heater Coil - Not Used

Wire No.
Elapsed 1 - Temp.
Time
(min.) {amperes) - (°c)
Start 20
1 18.8 112
2.5 30
3.5 30.8 274
4.5 285
5 32.5
6.5 33 319
7.5 35 A
8 36 © 373
9 36 381
10.25 37.5
10.5 -
1 36.8 400
11.25 - 390
12 38.2 470
13.5. '
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Remarks

Slight Discoloration
Dafkened

Brown

Dark bfown‘
Blackened
Heavy smoke

Black, dripped

Caught fire and continued to burn



Wire No. 8

X 10.5 38.3
\ 10 min. 40 sec.

=5 - 10 -min. 44 sec.

- Elapsed 1
Time
(min.) {amperes)
. Start 20
2.5 30
4 7 B
5 '32.5
7.5 35
8-9 34.4
i 9 34.6
10 37.5
%2 ' 10.6
"’ Wire No. 8
.
Elapsed - 1
. Time
E; . (min.) (amperes)
:  Start . 20
2.5 30
5.0 32.5
: 5.5 32.4
| 6 3L.9
_ 7.5 34,7
B 9 33.0
' 10 37.5

(8-11B-1)

Chamber Pressure - 25% mm.
Current - Increasing
Heater Coil - Net Used

Temp.

£c)
205

425

560

540

756

Remarks

Darkened

Smoked, blackened, insulation dripped.

. from wire

Heavy émokg

Burned

(8-11B-2)

Chamber Pressure - 254 mm.
. Current - Increasing
Heater Coil - Not Used

Temp.

©O

200
410
458

T 483

535

600 -
605

-327-
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Remarks

Darkened -
Quiterdark, shrinking
Black

Smoke

Heavy-smoke -- hot spot appeared on the
wire -- extinguished itself

Hot spot reformed and instantly entire
specimen was enveloped in flames.



Wire No. 8 : - : (8-I1B-3,

Chamber Pressure - 254 mm,

Current - Increasing *
Heater Coil - Not7Used

Elec,.sed T Temp.

Time

(min.) (amperes) (°c) Remarks
Start 20

2 20 95

4.5 29.4 245

7 33 283 _

8 35 ' 353 Darkened

10.5 37.1 392 _

12 38.2 423 Spegiﬁen black in color

- - Slight flame occurred at sp-rk gap

12.5 40 A : o '
13 40 555 Smoke followed very quickly by

~ flame -- insulation burned
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Wire No. 9 (9-IIB-1)

Chamber Pressure - 254 mm.
Cur ent -~ Increasing
Heater Coil - Not Used

Elapsed » I Max.
Time Temp. T
{min.) amperes °c _ ’ Remarks
Start 20 7
2.5 T 30
3.0 " 158
5 32.5
5.5 - 6.5 259 Insulation swells
7.5 35 ' >
8 _ 292 _ Insulation shrinks :
10 37.5 )
10.25 . Shrinks rapidly
12.5 - ‘ 40 ‘ '
14 427
15 : 42.5
15.5 o Insulation at center slid down
conductor - stopped at lower voltage
drop lead ]
16 - . 48.8 Current jumped to this value momentarily
electrode burn-off,insulation is
) ) st.ripping rapidly
17.5 45 . Current was reduced immediately from
48.8 to 42.5, then the rate of increase
was resumcd
18 _ 46..5 420 Wire - cherry red.

At che lower current (32.5 amps.) the insulation swelled - this was apparent from
the decrease in width of ‘the slits in the insulation made to accommodate the voltage
drop leads. Then at a temperature very little above that causing swelling, shrinkin-
occurred slowly and then at the unext step much more rapidly. There was no flame,
smoke or any indication of ignitable gases, The only noticeable effect of the

spark gap was to burn off what was apparently a deposit that was formed on the
electrode. :
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Wire No. 9 ) . (9-11B-2)
Chamber Pressure - 254 mm,
Current - Increasing
Heater Ceil - Not Used

Elapsed 1 Max.

Time Temp. .
(min.) - (amperes) oC) Remarks
Start 20
2.5 30
3.5 . - 195
5 32.5
5.5 - Insulation swells
6.5 248
7.5 35 |
7.75. - 7 Insulation shrinks
10 37.5
12 : 370 ,
12.5 40 Rapid shrinking. continues
15 42,5
17 - i 537
17.5 45
17.75 ' Insulation melts -- splits along axis
of wire -- conductor red
18.5 620 | ]
18.75 Entire center section of insulation is
' gone -- rest hangs in long shreds
19.25 off

No flames or smoke apparent with spark gap energized periodically throughout
test, - ’
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Wire-No. 9

Elapsed i
Time -
(min.) (amperes)
Start 20
2.5 3¢
3.5
5 32.5
6
7.5 35
9
10 - 37.5
12,5 40
14 ,
15 “42.5
16 '
16.25
17
7.5 45
17.75 -
19

(9-11B-3)

Chamber Pressure - 254 mm.,
Current - Increasing .
Heater Coil - Not Used . -

Max.

Temp.
(°c) Remarks
215 Possible start of swelling
292 Insulation swells
430 Insulation shrinks immediately
322
512 7
Shrinking continues throhgh last two steps
535 '
Insulation at center slipped
662 -
Insulation strips off -~ turns translucent
758 Electrodes burn-off with discha. ge

Insulation almost completely gone -- wire
glows

Remaining insulation is in strips
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Wire No. 10 (10-TIB-1)

Chamber Pressure - 254 mm.
Current - Increasing
Heater Coil - Not Used

Elapsed . I Temp.,
Time
(min.) (amperes) ©c) Remarks
Start 20 /
1 18.8 150
2.5 30
3 30 T 286
5 32.5
6 32.3 465 Slightly Discolored
7.5 35
7.75 Brown in color
8 34.2 536
8.5 Darkened - shrunk in length,
Swelled in dia,
9 34.9 584
9.5 Black - beads formed on insulation
10 37.5
13 41.3 740 Black - charred - wire glowed
15 42.5 Wire glowed red -
15.5 42.8 960 Insulation fell off
Very bright flash occurred at the spark
gap electrodes
17 off

Insulation started to unwrap where cut to accept the thermocouple. Continued
to unwrap throughout the test after the 37.5 amp. step had been reached.

Slight whitish deposit observed around upper terminal block.
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Wire No. 10 - (10-I1B-2)

Chamber Pressure - 254 mm.
Current - Increasing
Heater Coil -~ Not Used

Elapsed 1 Temp.
Time
(min.) (amperes) (°0) Remarks
Start 20
1 18.8 142
2.5 30
4 30 381
5 32.5
5.5 Discolored
6 34.5 502
7 33 513 Black, beads formed, shrunk in length
8 36 572 Tape unwrapped
10 37.5
10.5 38 629 Beads formed along with bubbling in
the insulation
12.5 40
13 39.8 681 Wire glowed, insulation charred and
flaked away
14 41.3 817
15 42.5
17 42,7 901

Most of wire bared, some insulation stayed on wire near terminal blocks.
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Wire No. 10 (10-11B-3)

Chamber Pressure - 254 mm.
Current - Increasing
Heater Coil - Not Used

Elapsed I Temp.
Time
(min,) (amperes) (°c) Remarks
Start 27
1 26.8 241 .
2.5 30
3.5 29.2 337
4.5 Discolored
5 32.5
7 33 437
7.5 35
8 24,5 479 Dark brown color
8.45 479 Bead formed
10 37.5 " Wrap loosened
10.5 Beads appeared to boil
11 37.2 522 White deposit formed
12 38.8 546
12.5 40
13 -~ 40.5 598 Black
15 42,5 Conductor glowed
15.5 42,7 663
15.75 Insulation flaked off
16 41.3 - 632
17.5 45 Wire bright red
18 45 754

Most of the insulation disappeared after 18 min., the current was then
increased until the wire melted. At this point there was no flame.
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Wire No. 11

Chamber Pressure - 254 mm.
Curre >t - Increasing
Heater Coil - Wot Used

(11-1IB-1)

Elapsed - " Temp. T
Time ) g ,
(min.) (amperes)  (°C) , Remarks
Start 20 - ' : »
2 19.8 125
2.5 30 ) )
4.5 28,9 260 -
5 32.5 y
7 . . 31.6 - 330 \ .
7.5 35 ' -
9 35.2 . 366 ) - E
10 315 . .
12 ¢ 38.2 - - 430 <
12.5 40 . |

14,5 39.8 460 - - s
15 42.5. L o .

15,25 - - - " -~ surface deformed AR
15.5 | 7 Insulation swelléd . g . / ’
16 C3.1 526 | )
17 4 42.4 523 Blisters appeared- 7
17.5 45 . : - ; -
18 45 ‘ 646 Smoke -- 1nsu1ation bubbled and fe‘l

off -- wire glowed o Qws, ‘

- 19 45 ‘ 72§ White deposit formed 44 ] wiid )
20 47.5 o ~ A
21,25 off : L g
Specimen almost completely bcre except near terminal blocks. ) . - i
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Wire No. 11 (11-I1B-2)

Chamber Pressure - 254 mm,
Current - Increasing
Heater Coil - Not Used

Elapsed 1 Temp.
Time
(min.) (amperes) (°c) Remarks
Stact 20 ’ '
2 . -18 102
2.5 30
4 29 228
5 32.5
7 32.5 283
i 05 35
8.5 . 36.8 328
10 315
L r2 37.1 346
. 25 40 g .
. 14.5 42 431 ,
’ 7: 15 . 42 o 439 Small blisters or pits observed
o a7 40.5 41; a
o 17.75 Smoke
18 - 44,2 496
18.5 - - ‘Wire red -- insulation fell off
“19 45.8 162 Smoke still apparent '
21 - 47.6 - - ’8177 Alt‘po,st ali insulation was gone --

current w1s increasel until wire fused --
no flame resulted

fog
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Wire No. (11-I1IB-3)
Chamber Pressure - 254 mm.
Current - Increasing
Reater Coil - Not Used

Elapsed I Temp.

Time

(min.) (amperes)’ (°€) Remarks
Start 20

2 18.8 112

30

4.5 30.8 267

5 32.5

7 33 314

7.5 35

9.5 35.2 355

10 37.5 '

12 37.5 393

12.5 40 |

14 39.6 435

15 42.5

16 42.8 488 Small blisters or pits cbserved
17 43.5 511 - Change in surface>appeared along a

) 2" space at the center of the wire

17.5 45 .

18.25 580 Smoke

19 45 636 Wire red -- insulation fell off
19.5 45.8 664

20 ] Insulation almost completely disabpeared

- Off

With these specimens it is apparent that the temperature stays fairly constant
at the set current until the insulation falls off or is burned away, then with
the current still fairly constant at the same value the temperature increases

at a rapid rate,
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Wire No. 12 (12-11B-~1)

Chamber Pressure - 254 mm.
Current - Iucreasing
Heater Zoil - Not Used

Elapsed I Temp.
Time
(min.) (amperes) (°c) Remarks
Start 20
2 18.8 116
2.5 30
4.5 30.8 28.3
5.25 32.5 Smoke
6.5 33.8 323 Smoke
7.5 35
9 32.6 355
10 37.5
10.25 Heavier smoke
10.75 39 465
12 38.2 455 : Smoke disappeared
12.5 40
13 Smoke
14 40.4 515
15 42.5
15.5 44,2 624 Smoked heavily
17 45 664 ~ "Blistered -- chamber filled with smoke
19.5 45.8 682
22 47.6 754 Insulation appeared crazed
22.75 Wire glowed beneath material remaining
on surface
23.5 49.1 518 Smoked heavily
24.75 51 844 ’
25 52.5 Wire glowed very brightly -- remnants
of insulation still on wire
29.5 55.5 951 '
35 63.8 >950 Wire fused -- no fire resulted -- charred
remnants of insulation still adhered to
the wire
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Wire No. 12 (12-11B-2)

Chamber Pressure - 254 mm.
Current - Increasing
Heater Coil - Not Used

Elapsed 1 Temp.
Time
(min.) (amperes) (°C) Remarks
Start 20
1.25 21 120
2 20.2 118
2.5 30
3 200
3 min. Smoke
3.5 30 233
5 32.5
5.5 Heavier smoke
7 33 305
7.5 35
9.5 36 331
10 37.5
12 36.8 347
14 39.8 426 Heavy smoke
14.5 Gases appear to be slightly combustible
ignited with spark gap
15 42.5
15.5 Very dense smoke
16 42,5 483
17.5 45
19 45.8 606 Chamber filled with sroke
21.5 46,5 655
22 46,5 637
22,75 Wire started to glow through remnants
of insulation
23.5 49.5 713 Some insulation cracked away --
wire glowed
25.5 51.8 767 Wire glowed brightly --
several bare spots formed on wire
27.5 52.5 793
28 Off ~339-



Wire No, 12 (12-11B-3)

Chanber Pressure - 254 mm,
Current - Increasing
Heater Coil - Not Used

Elapsed 1 Temp.
Time
(min.) (amperes) (°c) Remarks
Start 20
2 18.8 109
2.5 20
3.5 29.2 237
4 Smoke (wisps)
4.5 30.8 264
5 32.5
5.25 Heavier smoke (light in color)
6 33 315
7.5 35
8.5 35.2 355
9.5 36 351
10 37.5
12 37.5 395
12.5 40
13 40.5 443 Smoke
14.5 39.4 435
15 42,5
15.25 4290 Heavy smoke
16 44,2 562
16.33 570 Chamber filled with smoke . When spark

gap was energized, specimen started to

flame and then extinguished itself when
current and the spark gap were de-energized.
The specimen continued to glow and the glow
progressed both up and down the specimen °
until it almost reached the terminal blocks,
A white residue remained where the wire had
burned.,
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Wire No. 13 (1}-11IB-1)

Chamber Pressure - 254 mm.
Current - Increasing
Heater Coil -~ Not Used

Elapsed 1 Temp ,
Time
(min.,) (amperes) o) Remarks
Start 20
2 19.2 89
2.5 30
4,5 29.2 213
5 32.5
7 32.3 251
7.5 35
NS5 33 269
10.25 37.5
12 37.5 364 Small blisteres formed
Outer coat shrunk
13 40
14.5 3%.7 381
15 42,5
15.5 395 Smoke
Blisters spread to cover 2-2%" of
insulation over center portion of the wire
17 41.3 436
17.5 45 534 Heavy smoke
17.75 542 Fire initiated by spark gap
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Wire No. 13 (13-11B-2)

Chamber Pressure - 254 mwm,
Current - Increasing
Heater Coil - Not Used

Elapsed I Temp.
Time
(min.) (amperes) oC Rema rks
Start 20
2 19.9 107
2.5 30
2,75 180 Overcoat shrunk rapidly
insulation split longitudinally
3.75 30 237 Large blisters formed
4.5 29.2 241
5 32.5
7 33 301
7.5 35
9.5 35.2 355
10 37.5
11.5 430 Smoke blisters formed
12 ) 3R,2 435
12.5 40 Wire sagged away from spark gap
12.75 523 Smoke
14.5 41,0 541
15 45 Smoke filled chamber
16 45 6 ! Wire glowed
16.5 740 Insvlation peeled and fell away
18.5 44,2 074 Smoke disappeared
19 Off

Center of specimen bared -- white "ashes" adheve to remainder of the conductor.
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Wire No. 13 (13-1IB-3)

Chamber Pressure - 254 mm.
Current - Increasing
Heater Coil - Not Used

Elapsed I Temp.
Time
(min.) (amperes) £c) Remarks
Start 20
2 18 108
2.5 30
2.75 190 Kynar jacket shrunk
3 Large blisters formed
4 30 242
5 32.5
7 32.2 292
7.5 35
9 34.5
9.5 36.8 355 Fire started by the spark --

progressed upward -- very slowly after
first initiated
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Wire No. 14 (14-IIB-1)

Chamb:r Pressure - 254 mm.
Current - Increasing
Hecater Coil - Not Used

Elapsed 1 Temp.
Time
(min.) (amperes) (°c) Remarks
Start 20
2 20.2 89
2.5 30
4.5 30 206
5 32.5
7 32.2 242
7 35
8 34.5 281 Darkened -- swelled
10 37.5
11 36.8 296 Wrap appeared to shrink logitudinally
12 36.8 301
12,5 40
13.5 40.1 368
14.5 40.5 373
15 42.5
15.25 42.8 422 Smoke
15.66 462 Fire started by the spark extinguished

when current was reduced

Since very little damage to the specimen could be observed the same current (I)
was reapplied (42.5 amps.) Fire was not restarted with the spark until the
thermocouple indicated approximately the same temperature as that at which the
first fire occurred,
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Wire No. 14
Elapsed I
Time
(min.) (amperes)
Start
1 18.8
2.5 30
3.5 29.2
5 32.5
6 32.6
8 35
8.5
9 34.5
12.5
12.5 40
13 41.2
15 42.5
16 42.8
17.5 45
17.75
19
20 47.5
21
22,5 49.5
23 50.2
27 52.5
off

(14-11B-2)

Chamber Pressure - 254 mm.
Current - Increasing
Heater Coil - Not Used

Temp.

(°c)

121

264

328

381

413

452

754

>900

Remarks

Darkened

Swelled

Rubber swelled particularly around the

thermocouple junction

Smoke (wisps)

Smoke (light)

Heavy smoke

Film shrunk considerably
very black

smoked
Smoke poured from specimen

Unwrapping -~ conductor glowed

Wire glowed ~-- smoked

-345-

lower part of specimen unwrapped --
upper part flaked and fell away
conductor still covered by ash from
silicone rubber



Wire No. l4 (14-118-3)
Chauber Pressure - 254 wum,
Current - Increasing
Heater Coil - Not Used

Elapsed I Temp.
Time
{min.)  (amperes) Qo) . Remarks
Start 20
1 20.6 108
2.5 30
3.5 29,2 232
5 32.5
6.5 33 297
7.5 35
9 34.5 359 Darkened -- swelled
10 37.5
11 - 37.5 386 Arap 1oosened
12.5 40
13.5 40.5 452 ‘
14.5 40.5 452 Very dark
15 42.5
16 42,7 53 Chamber filled witlL 7:i nt smoke
17.5 45
18.5 44,2 576
19.5 45 571
20 47.5
21 48 668 Large puff of smoke from lower end of
specimen .
22 47.2 664 Chamber filled with dense smoke
22.5 49.5 Lower portion unwrapped
wire glowed through decomposed insulation
at certer -- smoked heavily
23.5 50.2 758 Continued to unwrap -- rubber appeared

to be an ash like material

The current was increased until the wire fused. Fusing current was 62 amps.
No flame occurred. During the tast the specimen sagged until a sizeable gap
between the wire and the spark gap developed. If this had not occurred it is
felt that a fire would have deviloped when the specimen was smoking heavily.
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Wire no. 15 (15-i1B-1)

Chamber Pressure - 254
Current - Increacing
Heater Coil - Not Used

Elapsed 1 Temp.

1ime

(min,) (amperes) c) wemarks
Start 20

2 18.8 112

2.5 30

4.5 286 246

5 32.5

7 32.2 297

7.5 35

9.5 34.5 340

10 37.5 Discolored

12 36.8 - 386

12.5 40 ‘ Darkened

14.5 40,5 476

15 42.5 - Very dark brown

17 42 482

17.5 45 Outside wr~p shrunk
19.5 43,5 553 Almost black

20 47.5 '

21 7 Unwrapped ]
22 47,2 652 Flaked -- fell off
22,5 50 Red glow -- smoke '
23.5 871 Centar section bared ~- wire glcwed

brightly ~- wire fused at 61.5 amperes --
no fire resulted
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Wire No. 15 (15-11B-2)

Chamber Pressure - 254
Current - Increasing
Heater Coil - Not Used

Elapsed I Temp.
Time
(min.) (amperes) (&Y) Remarks
Start 20
2 19.5 120
2.5 3u
4.5 29.2 236
5 32.5
7 33 350
7.5 35
9.5 33.8 319
10 ) -37.5 -
10.5 Co ‘ Discolored
12.5 4C 443 Quter wrap shrunk
 14’ 42 511 - Wrap loosened
15 45 Very dark brown
16.5 45 596 A
17.25 ) 607 Flaked
17.5 48 o
17.75 : 654 Wire glowed
18.25 - About 1 in. around center portion was bare
18.5 47.2 692
19 . 694 : Wire continued to flake cff
200 46.5 682 : -
20.5 _ 56 901 Wire fused -- smoke -~ no fire resulted
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Wire No. 15 (15-11B-3)

Chamber Pressure - 254
Current - Increasing
Heater Coil - Not Used

Elapsed I Temp.
Time
(min.) (amperes) C) Remarks
Start 20
2 17.2 98
2.5 30
4.5 29.2 263
5 32.5
7 32.6 334
7.25 » Dispersion overcoat shrunk
7.5 35
8 Discolored
9.5 34.9 386
10 37.5
10.5 436 Continued to darken and shrink
11 38.2 462
2 38.2 476
12.5 40
14 39.8 496
>15 . - 42,5 Overcoat stripped back about % inch --
- may have shrunk this much -- under layer
still was bonded to wire -- very dark brown
17 42 558
17.5 45 - Wrap loosened especially around upper part
-18.5 Very dark ‘
19 612 Flaked off
20 ' off 621

Tests with wire no. 15 produced a white deposit in the chamber.
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Wire No. 16 (16-11B-1)

Chamber Pressure - 254
Current ~ Increasing
Heater (cil - Not Used

.

Elapsed 1 Temp.
Time
{min,) (amperes) {9oC Remarks
Start 20
2 18 107
2.5 30
4.5 31.5 292
5 32.5
7 33 345
7.5 35
7 min. 50 sec. 372 Dispersion overcocat started to shrink
9.75 36 381
10 37.5
10.25 426 Shrunk faster
12 36.8 431
12.5 40
13.5 522 Flim wrép loosened
A split developed in the overcoat which
followed the wrap spiral -- blistered
15 42.5 Film was very dark where it was exposed
through the open overcoat
16 52.8 550
16.5 Blistering spread along the length of the
wire
17 42 550
17.5 45
18 min. 25 sec. 692 Smoke
18 min. 55 sec. 725 Glowed -- insulation flaked off
19.5 46.5 735 About 1 inch around center bared --
insulation blackened and flaked off
20 48.8 ‘
21 Off 790 Much of the wire was bared



Wire No. 1o

Elapsed I
Time

(min.) (amperes)
Start 20
2 18.8

. 2.5 30
4.75 28.5
5 32.5
7.25 32.2
7.5 35

7 min. 55 sec.
9.5 35.6
10 37.5
12 37.9
12.5 40
13.5

14

14.5 40.5
15 42.5
16.5

17 41.2
17.5 45
17 min. 50 sec.
18.5

19.5 45
20 47.2
21 47.2

-22 off

(16-I1B-2)
Chamber Prussure - 254

Current - Increasing
Heater Coil - Not Used

Temp.

SOC! Remarks

124

236

309

372 Dispersion overcoat shrunk a little

390

452

513 Overcoat wrinkled

541 Blistered

522 Exposed film became black

576 Blistered over approximately 3 inches
558

Film unwrapped

654 Smoked

664 Wire glowed dully -- insulation flaked off
664 Insulation did not ignite even though strips

hung directly in spark gap
725 Wire glowed -- insulation fell off in
) large flakes
744
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Wire No. 16 (16-11B-3)

Chamber Pressure - 254
Current - Increasing
Heater Coil - Not Used

Elapsed 1 Temp .
Time
{min.) (amperes) (°C) Remarks
Start 20
2 18 111
2.5 30
4.5 29.2 270
5 32.5
5.15 338 Shrunk very slightly
7.25 34.5 372
7.5 37.5
8.25 421 Surface deformed -- general pattern of
underlying wrap became evident
9.5 36.8 436 )
10 40
10.5 496 : Exposed film became quite dark
11.25 511 Surface continued to wrinkle
12 39.8 492 Rlisters formed
12.5 42
14.5 42.8 588 Large blisters formed -- cracks opened
along film wrap "line" -- exposed film
became black
15 45.8
15.5 692 Wire glowed -- insulation feli off
16.5 45.8 699
17.25 44,6 . 664
17.5 48.8
17.75 48.8 144 Wire glowed brightly -- insulation flaked
) off
18.5 Off 735

All number 16 specimens have a strong acrid odor after test and form white
deposits in the chamber,

-352-



Wire No. 7 (7-c-1)

Chamber Temperature - 27C

Chamber Pressure - Atmospheric - Room Air
Current - As Specified
Heater Coil - Not Used

Elapsed I Temp.
Time
(min,) (amperes) ©c) Remarks
Start 30
2 29.2 304
2.5 32.5
4.5 33.0 355 Discolored -- some odor
5 35
6 34.5 329 Light brown color
6.5 37.5
7 min. 23 sec. 522 Fire -- initiated by spark gap
continued to burn without current flow
Wire No. 7 (7-C-2)

Chamber Temperature - 27C
Chamber Pressure - Atmospheric - Room Air
Current - As Specified
- Heater Coil - Not Used

Elapsed I Temp.

Time

(min.) (amperes) (°c) , Remarks

Start 30

2.25 29.2 214

2.5 33

3.5 283 Slight discoloration

4,75 32.2 264

5 37.5 ‘

5.5 : 329 Light brown

5.75 355 ‘ Flame started -- not self sustaining --
required spark gap to ignite it

6.5 Fire -- initiated by spark gap

continued for a short distance up the -
specimen then extinguished itself
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Wire No. & (8-C-1)
Chamber Temperature - 27C
Chamber Pressure - Atmospheric - Room Air
Current -~ As Specified
Heater Coil - Not Usad
Elapsed 1 Temp.
Time
(min.) (amperes) (&(9) Remarks
Start 20
2 19.5 111
2 30
3 Smoked
4.5 228
4,75 32.5 273 Smoked heavily
6.75 300 Fire initiated by spark gap -- black smoke,
insulation continued to burn with no power
applied
This test specimen sagged to within 1/4 in.
of the spark gap ~- considerable smoke
observed before ignition
Wire No. (8-C-2)

Chamber Temperature - 27C

Chamber Pressure - Atmospheric - Room Air
Current - As Specified
Heater Coil - Not Used

2.75

Elapsed 1 Temp.
Time
(min.) (amperes) (°c) Remarks
Start 20
. 1.5 19.5 125
2 30
Fire was initiated by the spark gap and

continued to burn with no power applied
accampanied by considerable black smoke
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26, Chemical Compatibility

The effect of exposing wire to chemicals and contaminants has been
investigated by measurinrg voltage breakdown and insulation resistance of twisted
pairs and also mandrel flexibility at 23C and -196C before and after exposure

to the chemical.

Degradation from Exposure to Fuels and Oxidizers

The degradation resulting from four fuels and two oxidizers is reported

in tables as follows:

Mandrel Voltage Insulation
Chemical Flexibility Breakdown Resistence
UDMH 26-1 26-2 26-2
MMH 26-3 26-4 26-4
Hydrazine 26-5 26-6 26-6
A-50 26-7 26-8 26-8
Nitrogen
Tetraoxide 26-9 26-10 26-11
Fluorine 26-12 26-13 26-14

The results ha&e been plotted also as ratios in Figures as follows:

Chemical Voltage Breakdown Insulation Kecistance
UDMH 26-1 26-2

MMH 26-3 26-4
Hydrazine 26-5 26-6

A-50 26-7 26-8
Tetzaonide 26-9 261
Fluorine 26-11 26-12

The average of the ratio of the maximum and minimum values has been plotted for

voltage breakdown. For insulation resistance, a log average bas been used.
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A number of observation can be made in respect to these results:

a. Only N appears to degrade Teflon.

2%

b. MMH, N204 and A-50 (hydrazines) degrade H-film (Wires #3, 4,
5, 6, 10, 11 -ad 14). To a greater or less extent, the FEP
coating on the H-film, overcoating Teflon dispersion (#3 and
6) and overcoating TFE tape (#11) protect the H-film from
attack. The TFE dispersion coating on Wire #3 is particularly

effective in preventing such attack.
c. UDMH does nct appear to cause significant attack on H-film.

d. Except for fluorine all of the fuels and oxidizers seriously
attack the irradiated modified polyolefins (Wires #7 and 8)

even when protected with a Kynar jacket (Wire #7).

e. All of the materials attack the silicone rubber in Wires #12,
13 and 14. Curiously, the attack on Wire #13 with a Kynar
jacket and on #14 with an overcoating of FEP bonded H-film
is often greater than on the silicone rubber alone (Wire #12).
It is conjectured that the contaminant may collect at the
interface between the rubber and the jacket. 1In addition,
the jacket may slow down the volatilization of the contaminant

out of the rubber.

f. The fuels improve the cryogenic flexibility of Wires #1 and #2
because they attack and largely remove the ML overcoating which

limits flexibility in liquid nitrogen.

g. It was difficult to obtain exposure in fluorine without starting a
fire. After experimental problems were overcome it became
apparent that fire was initiated at some spots and not at others
on the surface of the wire. It was surmised that surface

contaminant was responsible - perhaps human perspiration.

h. As noted in the tables, many of the wire specimens burned at the
time of voltage breakdown because of residual absorbed or
trapped fuel. It is remarkable how persistently some of the
wires retained the fuel. Unfortunately, time did not permit

a quantitative study.
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Degradation from Exposure to Oils, Salt and Glycol Solutions

The

effect of exposure to lubricating oil (MIL-L-7808), a hydraulic oil

(MIL-H-5606) , 5% sodium chloride in distilled water, salt fog (MIL Std. 810)
and ethyleme glycol (67.5%) and water (32.5%) with inhibitors per Air Res.

Spec. RS-89 is reported in tables as follows:

Mandrel Voltage Insulation
Exposed to Flexibility Breakdown Resistance
Lube 0il 26-15 26-16 26-17
Hydraulic 0il 26-18 26-19 26-20
5% NaCl 26-21 26-22 26-23
Salt Fog 26-24 26-25 26-26
Ethylene Glycol/ 26-27 26-28 26-29

water

Since degradation is not severe or general (as with the fuels and

oxidizers)

comparative figures have not been plotted. The following detailed

observations are made:

a.

Silicone rubber, Wire #12, is badly swelled by hydraulic oil and
the Kynar jacket of Wire #13 does not provide protection against the
oil., The fused FEP - H-film wrap of Wire #14 does provide protection

against the degradation of the oil.

Both lube and hydraulic oil appear to penetrate wires #4, 5, 6, 7 and
11 and adversely affect flexibility at -196°. Conversely, the

absorption of the oil sometimes improves voltage breakdown.

Lube and hydraulic oils hoth incr:ase voltage breakdown in silicone
rubber (Wire #12) despite and perhaps because of the sweeling they
cause. Even though hydraulic oil swells silicone rubber so badly

that the Kynar jacket splits, the voltage breakdown surprisingly is

not adversely affected.
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d.

The absorbed oils produced fires at voltage breakdown in several
wires, as noted in the tables. It is interescing that wires over-
coated with ML enamel (#1 and 2) both burn at voltage breakdown

after exposure to lube oil. It is difficult to account for the flame

with these wires.

The 5% sodium chloride solution appears to affect significantly only
the voltage breakdown of the irradiated polyolefin (Wire #8). Why
the insulation resistance is also not adversely affected is difficulit
to explain. It is conjectured that the rather highly filled material
absorbs the solution. The salt fog exposure produces similar results
with Wire #8.

Salt fog exposure severely degrades Wires #4 and 5 and appears to
adversely affect Wires #6 and 1l to some extent. It is considered
probable that hydrclytic instability of the H-film is involved. The
dispersion coating appears to protect Wire #3. The absence of attack

with Wire #10 is difficult to explain.

Curiously, the cryogenic flexibility of Wires #1 and 2 is also
adversely affected after salt fog exposure. Probably hydrolytic

instability of the ML coating is involved in this case also.

The ethylene glycol solution appears to degrade significantly only

the silicone rubber.

Degradation from Exposure to Solvents

The effect of exposure of the wires to a variety of solvents is shown in

tables as follows:

Mandrel Voltagé Insulation
Solvent Flexibility Breakdown Resistance
Ethyl Alcohol 26-30 ’ 26-31 26-31
JP-4 26-32 26-33 26-33
Feon 114 26-34 ) 26-35 26-35
Trichloroethylene 26-36 26-37 26-37
Acetone 26-38 26-39 26-39
Freon 113 26-40 - 26-41 26-41
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The detailed observations can be made as follows:

a.

Ethyl alcohol appears to penetrate wires #4, 5, 6, 7 and 11 s> as to
decrease flexibility when measured at -196°¢. Otherwise, the alcohol

appears *o cause no significant degradation.

All of the other solvents, like alcohol, decrease cryogenic
flexibility with Wires #4, 5, 6, 7 and 11,

Silicone rubber is considerably swollen by exposure to JP-4, Freons
113 and 114, and tricholoroethylene., These solvents penetrate the
Kynar jacket of Wire #13 so that the wire swells and splits the
jaclet, With Wire #14, either the H-film overcoat prevents the
penetration of sufficient solvent to cause damage or the tape is
strong erough to prevent damage. Some swelling of the rubber under

the H-film is apparent in that the overcouat i3 noticeably tighter.

Acetone attacks the Kynar jacket of Wire #13 directiy, producing
"shreds'" f polymer. The acetone does not appear to appreciably

attack or swell the éilicone rubber.

r

Acetone does not attack the Kynar jacket of Wire #7. It is suggested
that irradiation of the Kynar in this case has improved its resistance

to acetone. =

JP-4 quite markedly improves the voltage breakdown of silicone ruﬁber
#12 and the irradiated polyolefin #R, Yet these same wires with a

Kynar jacket, #13 and #7, show a decrease in breakdown with exposure _:
to JP-4., The increase in oreakdown voltage may be due to swelling or
pessibly impregnation. The ~eason for the decrease with-the Kynar

jacketed wires is unexplained.

Exposure to Freons 113 and 114 and trichloroethylene_markedly'iﬁCreases;‘»
the voltage breakdown in the polyolefin Wire #8, but does égg’ e »
significantly improve the silicone ruber #12, Exposure to Fredn,1}3;ﬁ%“€%

like JP-4, does decrease the voltage breakdown in che Kynar jackgfed

silicone rubber (Wire #13). However, in contraet,‘Freon»113'does“ndtf“'%m

©
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adversely affect the Kynar jacketed polyolefin (Wire #7) and the
Freon 114 as well as trichlorocethylene do not damage either of the

Kynar jacketed wires {#7 and #13).

The increase in voltage breakdown for extruded TFE Teflon (Wire #9)
with =xpcsure to all of the sclvents is surprising. After exposure
to acetone the vaiuz of voltage breakdown almost doubles! Apparently
impregnation of the sintered structure is involved. It is difficult
to explain why acetone exposure causes the most marked increase.

It is obvious that the sintering of the Teflon is quite incomplete.
Such variations in the homogenity of the TFE extrusion may well

accouunt for the considerable variability in Wire #9.

Exposure to all of the solvents increase the tendency for several

of the wires - particularly the jacketed ones - to flame or burn
at the time of voltage breakdown. While JP-4 and acetone exposure
produce the greatest tendency for the wires to burn, it is surprising
that the Freons and trichloroethylene also increase the tendency to
flame. Many subtle differences between the various wires and:
different solvents exist and the data in the tables may be examined

in this respect.
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TABLE 26-1

EFFECT OF 20 HOURS EXPOSURE TO UDMH ON MANDREL FLEXIBILITY

Ratio of Mandrel Diam. - Exposed/Unexposed
No Damage Slight Damage Severe Damage
’ glexed at glexed at Flexed at
Wire # 23°C -196 C 23°C -196 C <196 C
1 - - 1X - 1.75
1X 0.5
2% ——- ——— 1X - 2.0
1X 1.75
1X 0.5
4 . . 0.25 1.0 .
1X .125
5 . . X 0.50 0.25
1x .125 075
6 1X . . e 0.25
1X 0.25
1X 1.75
8 1X —— -—- .- >3.0
1X <->3.0
9 X ——- .- —— 0.59
1X
1X 1.0
10 1X 0.25
1X 1.0
1 1% 0.5
12 Swelled and eroded - dried to flaky material - no test possible.
13 Kynar jacket discolored %% ;g*%
- "brown'", but appears to : ’
protect rubber physically.
o 0.25 >3.0
14 ' 1X >3.0

*ML softened and in some afeas~paft1y eroded away,

**'"Mud flat" cracking in the unflexed FEP coating opens with flexing.

Note: Color changes are recorded elsewhere.
-361-



TABLE 26-2

EFFECT OF 20 HOURS EXPOSURE TO UDMH -~ TWISTED PAIRS

Wire #

O O N B W

Pt
w N = O

14

Wires #1, 7, 8 and 11 ignite

(= R - ALY, B R W R

= e e
S LN - O

Ratio of Breakdown Voltage (KV) - Exposed/Unexposed

Maximum Values

22.5
18.3
30.5
18.5
23.0
33.2
12.5
3.5
23.4
25.5
15.0
8.8
0
0

28.

/ 20.
/ 21.
/ 28.
/ 18.
/ 19.
/ 30.
! 25.
/ 29.
/ 20.
/ 23.
/ 13.
/ 18.
/ 22,
/ 25.

[V, I I Y N« V. I~ Y B BV, B o ST, S o JE

Minimum Values

18.
15.
29.
16.
14.
30.

7.

2.
21.
13.
12.

-

A VNN DO W o= O

TN NN NN N N NSNS S SN N

N
N
. -
Qo W

15.8
15.
25.
17.
13.
25.
21.
26.
14.
18.
10.
16.
18.
20.

~ O~
«©

T~

O v &M O N O O VO oW

~

and continue to burn when power is removed.

Ratio of Insulation Resistance (Ohms) - Exposed/Unexposed

- w 0 N W v o

[ B = AT

13
12
14
14
13
14
9

.7x10
.6x10
.6x10
.4x10
.4x10
.2x10
.8x10
.3x10’

14
10

.3x10
.6x10
.3x10t*
.3x1010

7

.0x10
.4x1013

13
13
14
13
15
14
12
13
15

/ 2.8x10
/ 1.6x10
/] 6 x10
/5 x 10
/ 2.5x10
/ 3.6x10
/ 8.9x10
/ 6.3x10
/ 1.1x10
/ 1.0x10*

/ >6.0x10%%
/ 3.5x1013

/ 7.8x10t2

/ 4.5x10%3
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13

.6x10°~

11

.6x10

14

.1x10

13

.6%x10

12

.2x10

13

.3x10
.7x108
.3x10°

14

.2x10

10

.0x10
.1x1014
.1x1010

7

.6x10
.2x1012

12
12

/ 8.6x10
/ 9.8x10
/ 2.5 %10
/ 3.8x10M%
/ 5.9x10
/ 2.3x10
/ 3.6x10
/ 8.3x10
/ 3.6x10
/ 1.5x10
/ >6.0x10
/ 1.4x10t3
/ 5.0x10'2
/ 3.1x1013

14
12
12
14
13

14

14

14
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TABLE 26-3

EFFECT OF 20 HOURS EXPOSED TO MMH ON MANDREL FLEXIBILITY

Ratio of Mandrel Diam.- Exposed/Unexposed

No Damage Slight Damage Severe Damage
Flexed at Flexed At Flexed at
Wire # 23°c  -196% 23°%  -196% -196°c

3 1xx I

X 0.5
4 Too damaged to tests- H-film degraded to a yellow-green powder
5 Tco damaged to tests- H-film degraded to a yeilow-green powder
6 =075 - - 0.50 —-

X 0.25

9 X - . .- 0.50

X 0.50

*'Mud flat" cracking in the unflexed FEP coating opens with flexing.

Note: Wire #6 exhibits small yellow spots of degraded H-film.

(continued)

[y
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TABLE 26-3 (continued)

EFFECT OF 20 HOURS EXPOSURE TO MMH ON MANDREL FLEXIBILITY

Ratio of Mandrel Diam., - Exposed/Unexposed

No Damage Slight Damage Severe Damage

oFlexed at o oFlexed at o Flexedoat

Wire # 23°C -196 C 23°C =196 C -196 C
1% 1X . . L 0.25
.075 0.50
2% 1X . . . .75
.075 1.75
1X 1.75
8 X - . ——- 23.0
1X >3.0

10 H-film decomposed to greenish-yellow powder - no tests.

11 TFE overwrap % --- %)_59 Some H-film
protects H-film : areas became a
only in limited green-yellow
areas where tests powder.
were made.

12 %% (swelled in some areas - color g%*g

reddish brown) ) :
14 1x >3.0
13 Silicone rubber 1X 33.0

softened somewhat
14 H-film decomposed to yellow-green powder - silicone rubber soft -
no tests

*ML overcoat eroded away almost completely.

Note: Color changes are recorded elsewhere.
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TABLE 26-4

EFFECT OF 20 HOURS EXPJSURE TO MMH - TWISTED PAIRS

Ratio of Breakdown Voltage (KV) - Exposed/Unexposed

Wire # Maximum Values Minimum Values
1* 17:5 / 20.2 15.5 / 15.8
2 16.5 / 21 15.6 / 15
3 29.2 [/ 28.5 28.2 / 25.5
4 1.5 / 18.0 1.0 / 17.5
5 4.1 / 19.5 2.0 / 13.0
6 26.0 / 30.0 23.0 / 25.5
7 9.0 / 25.5 7.5 / 21
8 2.5 [/ 29 2.5/ 2%

9 20.8 / 20.5 17.0 / 14.5
10 <0.5 [/ 23 <0.5 / 18
11 7.0 / 13.5 3.5 / 10.5
12 6.5 / 18.5 6.0 / 16.5
13 9.0 / 22.4 6.0 / 18.0
14 5.0 [/ 25.5 3.0 / 20.6

*ML overcoat eroded away in most areas.

Note: Wires 1, 5, 7, 8, 10, 11, 13 and 14 ignite and continue to burn when
power is removed.

Katio of Insulation Resistance (Ohms) - Exposed/Unexposed

i
P |

MOV

S er veed

Stbin ian

v 2y
.

e et

1 3.6x10'3 / 2.8x10" 1.2x10"3/ 8.6x10'2
2 5.0x10%2 / 1.6x10%3 1.9x1023/ 9.8x10'2
3 1.3x10™ / 6 x 10™* 7.8x1013/ 2.5x10
4 2.2x10%2 / 5 x 1013 1.2x10'1/ 3.8x10M
5 3.9x1012 / 2.5x10%° 2.3x10'Y/ 5.9x10M
6 1.5x10'% / 3.6x10'* 5 x 1013/ 2.3x101%
9 12 8 12
7 6.7x10° / 8.9x10 1.8x10° / 3.6x10
8 8.0x10’ / 6.3x10%3 5.1x10° / 8.3x10%2
9 1.5%10%° / 1.1x10%° 1.1x107/ 3.6x10™*
10 } Shorted / 1.0x1014' Shorted / 1.5x1013
1
11 3.3x10™* / >6.0x10™ 2.1x10%/ >6.0x10™
12 4.2x10'° / 3.5x10%3 1.1x10%3/ 1.4x10'3
5 12 4 12
13 1.0x10° / 7.8x10 7.0x10" / 5.0x10
14 1.0x10" / 4.5x10%3 1.0x10’ / 3.1x10*3
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TABLE 26-5

EFFECT OF 20 HOURS EXPOSURE TO HYDRAZINE ON MANDREL FLEXIBILITY

Ratio c¢f Mandrel Diam, - Exposed

Unexposed
No Damage Slight Damage Severe Damage
o Flexed at o o Flexed at o Flexeg at
Wire # 23°C -196°C 23°C -196 C -196 °C
; 1x* ] ] 0.5 ]
1X 0.5
4 Too damaged to test - H-film degraded to a yellow powder,
5 Too damaged tc test - H-film degraded to a yellow powder.
6 .50 . - .50 -
1X : ‘ .25
. I ] ] 275 )
X .75

*"Mud flat" cracking in the unflexed FEP coating opens with flexing.

(continued)
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TABLE

EFFECT OF 20 HOURS EXPOSURE TO HYDRAZINE ON MANDREL FLEXIBILITY

No Damage Slight Damage
oFlexed at o oFlexed at o
Wire # 23°C -196 °C 23 °C -196 C
., 1X
1* ~075 ' - T
5 1X
2% .075 )
.075
7 T T 1X T
1X
8 X o T T
10 H-film decomposed to yellow (with spots of
Too damaged to test.
11 Nearly all H-film is decomposed = 1.0
1X 0.5
to orange colored powder,
visible when TFE overcoat is
removed.
1X .
12 Ix (Developed brown color with some
purple areas)
. . . 1X
13 Liquid at interface between Ix -——

14

Note:

26-5 (continued)

Ratio of Mandrel Diam. -

jacket and rubber. Silicone

rubber is brown, but turns to
purple color when exposed to air.

Exposed
Unexposed

Severe Damage
Fiexeg at
=196 C
0.25%*
0.50

0.50

|

N =
O 0~
W

ol
L

1.
>3.
>3.

orange) colored powuer,

>3.0
>3.0

>3.0
>3.0

H-film decomposed to orange past - silicone rubber is purple color and
swelled - no test,

Color changes reccrded elsewhere.

%ML overcoat eroded away - almost completely.



TABLE 26-6

EFFECT OF 20 HOURS EXPOSURE TO HYDRAZINE - TWISTED PAIRS

Wires #4, 5, 7, 8, 10, 11, 13 and 14 ignite and continue to burn

is removed.

1%
2%
3

4
5
6
7
8
9

10
11
12
13
14

*ML overcoat eroded away in most areas.

Maximum Values

20.
21.
29.

4.

5.
16.
16.

}
i

22.
<0.
3.
7.
3.
12,

O\IOO'J’I-‘-\.C)OG\HD—‘MJ-\U\

5.6x10%3
13

4,2x10
5.6x1014

5x1013

2.5x1013

7.8x10%3

1.0x10'!

1.4x10M

3.6x10%°

Sliorted

2,3x10M%
2.3x10’
6

7.1x10

6.0x10°

e e T e

NN O Y Y N O OSSN
= = O O W NN NN =N

¥

/
/
/

20.
21.
28.
18.
19.
30.
25.
29.
20.
23.
13.
18.
22,
25.

LoV OoOWVOoOWVOoOUVOoON

.8x1013
13

.6x10
X 1014
X 1013
.5x1015
14

.6x%10

.9x1012

.3x1013

.1x1015

.ox10%%

.0x1014

3.5x1003

7.8x1012
13

4,5%10
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Ratio of Breakdown Voltage (KV) - Exposed/Unexposed

Mininum Values

14.
17.
26.
3.
3.
15.
9.
7.
17.
<0.

oot ouwvLmunmwLoounmoWwm

1
6
3.
2

9.6x10-2

3.1x1013

2.9x1014

2.3x10%3

2x1010
12

3.9x10
1.0x108

2.3x108

1.2x10%

Shorted

l.9x108

6.8x106

3.3x10°

S.Oxlo4

/ 15.
/ 15.
/ 25.
/ 17.

~

N

o)}
NOULMULOWNMOOoOWVOUWLWnNnG

when power

Ratio of Insulation Resistance (Ohms) - Exposed/Unexposed

1
1

/ 8.6x10
/ 9.8x10
/ 2.5x10
/ 3.8x10
/ 5.9x10
/ 2.3x10
/ 3.6x10
/ 8.3x10
/ 3.6x10
/ 1.5x10
/ >6.0x10
/ 1.4x10
/ 5.0x10
/ 3.1xl0

1

1
1

1

2
2

14

3

14
14

2
2

14

3

14
13
12
13



TABLE 26-7

EFFECT OF 20 HOURS EXPOSURE TO A-50 ON MANDREL FLEXIBILITY

l Ratio of Mandrel Diam. - Exposed
Unexposed
No Damage 51light Damage Severe Damage
i o Flexed at o o Flexed at o Flexeg at
b1 Wire # 23°C -196"°C 23°C =196 C ~196 C
- 3 .]ii - - 0.5 -
1X 0.5
4 Too damaged to test - H-film degraded to a brigh yellow powder.
5 Too damaged to test - H-film degraded to a yellow-gold powder.
6 1X _ - 0.25 i
1X 0.25
9 X - . ) 0,50
1X 0.50

*'"Mud flat" cracking in the unflexed FEP coating opens with flexing.

.- Note: Wire #6 exhibits yellow spots of degraded H-film plus extensive crazin
in the yellow areas. :

| . ' - -369- (continued)



TABLE 26-7 (continued)

EFFECT OF 20 HOURS EXPOSURE TO A~50 ON MANDREL FLEXIBILITY

Ratio of Mandrel Diam. - Exposed _

Unexposed
No Damage Severe Damage 3evere Damage
oFlexed at glexed at Flexedoat
Wire # 23°C -196 C 23°C -196°C -196 C
1 1X . . . 0.125%
.075 0.50
2% X__ - - - 0.30
.075 1.75
1X 1.75
1X >3.0
10 H-film decomposed to yellow (With93pots of deep orange) colored
powder, Too damaged to test.
11 Nearly all H-film is X L. -—--
1X .5
decomposed to orange
colored powder, visible
when TFE overcoat is
removed,
12 (Developed brown color X --- 23.9
. <1X >3.0
~with purple spots)
13 Rubber appears to be X “—- 23.0
1X >3.0
damaged.
14 H-£ilm decomposed to orange paste, silicone rubber is a purple

color - No test,

*ML overcoat eroded away almost completely.

Note: Color changes are recorded elsewhere,
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TABLE 26-8

EFFECT OF 20 HOURS EXPOSURE TO A-50 - TWISTI'™M PAIRS

Ratio of Breakdown Voltage (KV) - Exposed/Unexposed

Wire # Maximum Values Minimum Values
1% 20.5 / 20,2 14.0 / 1-.8
2 17.6 / 21.0 14.3 / 15.0
3 28.4 / 28.5 24.0 / 25.5
4 4.4 [/ 18.0 4,0 / 17.5
5 4.1 / 19.5 2.0 / 13.0
6 23.0 / 30.0 15.5 / 25.5
7 6.5 / 25.5 6.0/ 21.0
8 4,0 / 29.0 1.5 / 26.0
9 22.3 / 20.5 18.4 / 14.5
1C , <C.5 / 23.0 <0.5 / 18.0
11 11.0 / 13.5 5.0 / 10.5 -
12 8.3 / 18.5 5.7 / 16.5 a
13 6.7 / 22.4 5.6 / 18.0e » ..
14 ‘ 2.1/ 25.5 1.5 / 20.6 s U

~%Wires #7, 11, 13 and 14 burn continuously - Wire #8 flame goes out.when power
i3 removed, .

Ratio of Insulation Resistance (Ohms) - Exposed/Unexpose&)~

1 1.0x10'% / 2.8x1013 s, 3x1011'/ g.6x101% [T -¢ 7
13 13 » 12 .
2 1.9x10° / 1.6x10" - 1.0x10"3 / 9,8x10’
3 1.4x10™* / 6 x 10M% Ce.extol? Jo2saolt
b 1.4x10'% / 5 x 1013 > 1o10 /380t
s 2.3x10'% / 2.5x10% | 8.9x101% / 5.0x101%
6 6x10"®  / 3,6x10'% 1.8x 1013/ .3x10M%.
7 Shorted / 8.9x16° 5 Shortpd 4. 3.6x1012
8 3.2x10° / 6.3x1013 —3J1xto /8ot
9 1x10°  / 1.1x10" expo! 7 3.6x10 4'?;*~'
10 Shorted / 1,0x10M% B horteu /1551013
11 5.9x10™% /56, 0x101% 1.5x102 /36, oxot
12 3.9x10° / 3.5x10° 1.5x10% / 1.4x1ot? T
13 3.0x20° / 7.8x10!2 1.5x10° / 5.0x10
| 4 13 b 13
14 4.8x10° / 4.5%10 z.6x10° / 3.1x10
. R 'A"r:l
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TABLE 26-9

EFFECI Orf 20 HOURS EXPOSURE TO N 0, ON MANDREL FLEXIBILITY

274
Ratio of Mandrel Dia. ~ _Exposed
Unexposed
No Damage Slight Damage 5evere Damage
Flexed at Flexed at Flexed at
Wire # 23%  -196°%c - 23% -196°¢ -196°C
1 X 9.5
X s .5
1X
2 -7 ML decomposed to yellow 0.75
]_x ——
powder 2.0
* x . 1.0
1X 0.25
4 0.25 3.0
1X .075
5 , 0.25 2.0
.075
6 .0.25 2.0
- = <X 0.25
: 7 0.25 3.0
1X .75
- gkk 1X >3.0
: 1X >3.0
o X 0.5
1X 0.5
. 10 X 0.25
. 1X 1.75
N .075 0.25
12 ’ ) Completely destroyed
13 Rubber swelled sufficiently to 4%%2 ) %%‘%

split Kynar jacket
14 Rubber appears like driad paste - too damaged to test

* Red color faded _
*% Tinted green .
j***'NZO4 trapped under jacket is released when wire is cut

v

-372- ) .
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TABLE 26-19

EFFECT OF i0 HOURS EXPOSURE TO N,0

2% ON VOLTAGE BREAKDOWN - TWISTED PAIRS

Rat io of Breakdown Voltage (KV) - ﬁﬁigggggg

Wire # Max. Values Min. Values
1* 13.4/20.2 10.2/15.8
2 4.8/21.0 3.6/15.0
3 19.0/28.5 17.5/25.5
- 4 1.0/18.0 c.8/17.5
- 5 2.5/19.5 1.0/13.0
l 6 16.2/30.0 13.8/25.5
7 7% 11.0/25.5 8.5/21.0
f» ik 17.5/29.0 15.0/26.0
I 9 18.5/20.5 12.5/14.5
2 10 2.9/23.0 1.5/18.0
o 11 7.5/13.5 3.5/10.5
. N 12 Completely destroyed
; 13 7.6/22. 3.3/18.0
.- 14 9.5/25.5 6.0/20.6
i * Flamed briefly
i **Burned fiercely
-373-



TAELE

EFFECT OF 10 HOURS EXPOSURE TO N

26-11

Ratio of Insulation Resistance (Ohms) -

Wire #

10

11

13

14

5.0
4.2
9.3
2.5
1.7
4.2
1.1
8.3
1.3
1.9
2.6
Completely destroyed
2.3

6.7

Max. Values

X

X

X

O, ON INSULATION RESISTANCE - TWISTED PAIRS

2°4

1012/ 2.8
10'%/ 1.6
10t/ 6.0
1013/ 5.0
101/ 2.5
1011/ 3.6
1019/ 8.9
10° / 6.3
10%°/ 1.1

108 7 1.0

1014/>6.0

101% 7.8

108 / 4.5

-374-

10"

1013

14

1013

1015

1015

1012

1013

101

1014

1014

1012

1013

Exposed

Unexposed

Min. Values

6.4 x 10° / 8.6

1.3
6.9
1.0
8.6
1.0
56
4.4
4.5
8.9

7.1

1.7

1.5

X

X

109/ ¢.8
1011/ 2.5
10° / 3.8
10° / 5.9
10'%/ 2.3
108 / 3.6
108 / 8.3
1014/ 3.6
10’ /1.5

1012/>6.0

109 / 5.0

102 /3.1

-r

= 10

12

102

1014

1()‘]'3

L
101,

1014

1012

1012

14

1013

1014

1012

1013



TABLE 26-12

EFFECT OF 20 HOURS EXPOSURE TO FLUORINE ON MANDREL FLEXIBILITY

Ratio ~f Mandrel Dia. - _Exposed

Unexposed
No Damage Slight Damage Severe Damage
Flexed at Flexed at Flexed at
Wire # 23% -196°C 23°% -19¢6°% -196°c
. X 0.5
1X 0.5
) 1X 1.75
1X 1.75
5 X 0.5
1X 0.5
4 0.25 0.25
X .075
5 0.25 0.5
X 075
s 1X 0.5
X 0.25
7 .075 3.0
X 1.75
8 X >3.0
X ~3.0
9. IX 0.75
X 0.50
1X 0.75
10 1X 0.50
1X 1.5
11 X 0.75
12(1) Too damaged to test
13 Started to burn - flushed with nitrogen - no test
0.25 >3.0
14 X 3.0

% Areas of ML overcoat completely eroded away, some spalling also. Results
are for FEP only.

*% Some areas of surface are charred (apparently at fingerprints?). Sample
flushed with nitrogen after only 5 minutes exposure to extinguish fire.

@) Cauéht fire after 5 minutes exposure and was flushed with nitrogen - no tests.
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TABLE 26-13

EFFECT OF 10 HOURS EXPOSURE TO FLUORINE ON VOLTAGE BREAKDOWN - TWISTED PAIRS

Ratio of Brec:down Voltage (KV) - _Expnsed

Unexposed

Wire # Max. Values Min. Values
1% 23.5/20.2 21.0/15.8
2 20.0/21.0 18.0/15.0
3 31.5/28.5 24.5/25.5
4 9.0/18.0 7.0/17.5
5 10.0/19.5 10.0/13.0
6%% 32.5/30.0 27.5/25.5
7 30.5/25.5 21.0/21.0
8 29.0/29.0 26.0/26.0

18.5/20.5 17.5/14.5

10 18.5/23.0 13.5/18.0
11 14,5/13.5 10.0/10.5
12%% Too damaged to test

13 Started:to burn - flushed with nitrogen - no test
14 ©13.8/25.5 9.9/20.6

* ML enamel overcoat is completely eroded away in some areas.

** Caught fire after 5 minutes exposure and was flushed with nitrogen
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TABLE 26-14

EFFECT OF 10 HOURS EXPOSURE TO FLUORINE ON INSULATION RESISTANCE - 'WISTED PAIRS

Ratio of Insulation Resistance (Ohms) - _Exposed
Unexposed

Wire # Max. Values Min. Values
! 1% 8.3 x 102/ 2.8 x 10" 1.9 x 10'%/ 8.6 x 10'?
2 3.6 x 1013/ 1.6 x 1003 2.1 x 101°/ 9.8 x 102
3 1.2 x 1013/ 6.0 x 10™ 1.9 x 1072/ 2.5 x 10%
4 4.2 x 1083/ 5.0 x 102 7.6 x 109/ 3.8 x 103
5 2.6 x 10"/ 2.5 x 10" 8.6 x 107/ 5.9 x 10™
px 1.4 x 1043/ 3.6 x 10%° 8.6 x 1012/ 2.3 x 10t
7 2.0 x 1073/ 8.9 x 102 5.6 x 1072/ 3.6 x 102
B 8 3.5 x 103/ 6.3 x 107 7.0 x 10'%/ 8.3 x 102
| 9 1.2 x 10°/ 1.1 x 107 5.6 x 1074736 x 1014
10 9.1 x 1011/ 1.0 x 1014 5.6 x 1010/ 1.5 x 1013
11 4.5 x 1043/>6.0 x 10%* 3.2 x 103/56.0 x 10™
12%%% Too damaged to test / 3.5 x 1013 / 1.4 x 1013
13 SFarted to burn - flushed with nitrogen - no test
14 3.6 x 10°/ 4.5 x 10%° 1.3 x 10t/ 3.1 x 1o!?

*  Areas of M. <namel overcoat are completely eroded away.

*% Caught fire after 5 minutes exposure (apparently at fingerprints) and was
flushed with nitrogen. '

*%% Caught fire after 5 minutes exposure and was flushed with nitrogen - no tests
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TABLE 26-15

EFFECT OF 16 DAYS FXPOSURE TO LUBE OIL N MANDREL FLEXIBILITY

Ratio of Mandrel Diam. - Exposed/.nexposed

No Damage Slight Damage Severe Damage
Flexed at Flexed at Flexed at
Wire # 23°C -196°C 23°¢ -196°C -196°C
’ 1X 0.5
4 - e X _25 —
1X . 125
1X .125 .075
6 1X . . 0.50 o
1X 0.25
7 1X . . L 3.0
.075 1.75
8 X 3.0
X 3.0
X 0.5
% L5
1 X 0.5
) 2.0 X
2.0 1X
1X 0.50
10 X 0.50
1X 0.75
11 X 0.25
1x 3 >3'o
12 X Swelled slightly 30
13 Penetration of oil between % ?%—%
rubber and ijacket. oo
1X >3.0
14 X 3.0
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TABLE 26-16

EFFECT OF 14 DAYS EXPOSURE TO LUBE OIL ON VOLTAGE BREAKDOWN -

TWISTED PAIRS

Ratio of Breakdown Voltage (KV) - Exposed/Unexposed

Small flame occufred with wire # 1, 2, 12, 13 and 14

-379-

Wire # Max. Values
3 31 / 28.5
4 26 / 18
5 20.8/ 19.5
6 38.4/ 30
7 23 [/ 25.5
8 34 /| 29
9 21.5/ 20.5
1 20.7/ 20.2
2 18.4/ 21.0
10 24.8/ 23.0
B § | 16.2/ 13.5
12  24.3/  18.5
13 23.3/ 22.4
14, 24.5/  25.5

27

14
35
18
29

19.
l6.
15.
18.
15.
19.
17.
21.

4/
24,

4/

!

4

.2/

5/
1/
1/
0/
o/
8/
6/
4/

Min, Values

25.5
17.5
13

25.5
21

26

14.5
15.8
15.0
18.0
10.5
16.5
18.0
20.6



TABLE 26-17

EFFECT OF 14 DAYS EXPOSURE TO LUBE OIL ON INSULATION RESISTANCE -
TWISTED PAIRS

Ratio of Insulation Resistance (ohms) - Exposed/Unexposed

3 2.0 x 10%/6  x 10! 1.4 x 1253/2.5 x 101*
4 6 x 10%/5 x 1083 4.2 x 19%%/3.8 x 1013
5 1.3 x 10%/2,5 x 10*° 8.9 x 1042/5.9 x 10
6 3.6 x 10:%/3.6 x 10%* 2.2 x 103/2.3 x 10'*
7 2.3 x 1013/8.9 X 1612 2.2 x 1012/3.6 x 1012
8 1.2 x 10%3/6.3 x 1013 3.6 x 107%/8.3 x 1012
9 ’ 3.9 x 107%/1.1 x 10 23 x 101%/3.6 x 10%*
1 9.8 x 10272, x 10*3 " 2.6 x 10'%/8.6 x 102
2 1.7 x 10116 x 10%3 1.4 x 1013/9.8 x 10
10 1.1 x 1013/1.0 x 10t 7.1 x 1012/1.5 x 1012
11 3.9 x 10°3/56.0 x 10 3.6 x 10°3/>6.0 x 10'%
12 1.9 x 108%3.5 x 1083 1.6 x 10°%/1.4 x 103
13 3.6 x 1072/7.8 x 10%? 2.9 x 10*%/5.0 x 102
14 7.1 x 10%%/4.5 x 10*3 6.4 x 1012/3.1 x 1013
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TABLE 26-18

EFFECT OF 14 DAYS EXPOSURE TO HYDRAULIC OIL ON MANDREL FLEXIBILITY

Ratio of Mandrel Diam. - Exposed/Unexposed

No Lamage Slight Damage Severe Damage
Flexed at Fleved at Flexed at
Wire # 23°% -196°C 23%  -i96°C -196°C
X 0.5
X .125
5 ——- —- X 225 ——
X .125
6 .S 0.50 —— - -
X 0.50
.075 1.75
1X 3.0
&% X - mo- - 3.0
X 0.5
. X . L5
o T 1X ) 0.5
) 1X . 2.0
T o 1X B 1.75
1X 0.5
10 T T ‘11X 0.5 T
1X 0.75
11 mee X T 0.25
12 Badly swelled - no test
13 Rubber swelled and Kynar split
_ 1X 3.0
14 mer moT X T >3.0

*Insulation stained - pink color
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TABLE 26-19

EFFECT OF 14 DAYS EXPOSURE TO HYDRAULIC OIL ON VOLTAGE BREAKDOWN -

TWISTED PAIRS

Wire #

10
11
12
13

14

Max. Values

31.4/28.5

23.7/18

25 /19.5

36.2/30

25.2/25.5
35.1/29

19.9/20.5
21.4/20.2
24.3/21/0
20.1/23.0
16.5/13.5
21,0/18.5
23.3/22.4

25.5/25.5

Ratio of Breakdown Voltage (KV) - Exposed/Unexposed

28.9/25
19.3/17.5
20 /13

35 /25.5
18.4/21

30 /26

18.7/14.5
17.6/15.8
17.3/15.0
17.0/18.0
14.6/10.5
18.5/16.5
18.0/18.0

21.5/20.6

Small flame occurred in wires #2, 11. Wires #7, 12, 13 and l4 burned with

a bright flame,
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TABLE

26-2C

EFFECT OF 14 DAYS EXPOSURE

10

11

12

13

14

Ratio of Insulation

TG HYDRAULIC OIL

Resistance (ohmsg) - Exposed/Unexposed

Max, Values . Min, Values

1.4 x 102/ 6 x 10 8. x 10'%/ 2.5 x 10'

L1x 10 5 x 1083 6.1 x 1012/ 3.6 x 10"

9.8 x 10'%/ 2.5 x 107 8.3 x 10/ 5.9 x 16

1.1 x 103/ 3.6 x 10" 6.8 x 10%/ 2.3 x. ‘

2.3 x 1053/ 8.9 x 10* 1.5 x 1083, 376 x

L6x 10/ 6.3x102  © 14x10%/ 83x

2.9 x 1013/ 1.1 x 107 2.0 10%% 306 x

1.6 x 103/ 2.3 x 107 1.0 x 10°%/ "8 x

1.5 x 1083/ 1.6 x 10" 115 10 9.8x

1.0 x 10/ 1.0 x 10 5.1 3';O¥275»1a§_g

6.9 x.10'3/ 6.0 x 10 3.9 x 1073/ >6,0 x

2.9 x 102/ 3.5 x 1013, 2.2 x 1072/ l.ax ;

4.5 x 1012/ 7.8 x 102 2.6 x 101/ 5.0.x 53 sl

9.3 x 101 4.5 x 107 5.0 x 101 3.1x 107
i
-383-
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- TABLE 26-21

EFFECT OF 1{; DAYS EXPOSURE TO 5% NaCl ON MANDREL FLEXIBILITY

Ratio of Mandrel Diam. - Exposed/Unexposed

No Damage Slight Damage Severe Damage
Flexed at Flexed at Flexed at
Wire # 23°C -196°¢ 23°¢ -196°¢ - -196°¢c
3 X . — 0.50 —-
1X 0.50
i - —een X 0.25 -
) , X 125
5 o e 825 —_— 0.25
1X .075
R 6 1X . - 0.25 L
) SIX B 1 0.25
; X 20
~ < 0075 /_‘ 2.0 -A
8 E - - - - - = -3—-.—0-
X - 3.0
.9 X — — - 9.5
e L‘ - . B - 0.5
. ) i 1% 1.0 L :
- 1 - oo X 0.75
~ : 0.250 _ 2.0
, 2: - " X - 1.75
G- - 10 ) e - X 0.5 ]
- 1r- T Tt IX 0.50
S e B ™ e T T eI . >3.0.
: i >3.0 e

]
L]
]

"13- Developed blue-vhité blotches -
v underneath jacket . = -% -

{
v .
s
.
[~ =]

‘ I
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TABLE 25-22

EFFECT OF 14 DAYS EXPOSURE TO 5% Na Cl1 ON VOLTAGE BREAKDOWN - TWISTED PAIRS

Ratio of Breakdown Voltage (kv) - Expoaed/Unexposed

Wire #

10

1
12
13

14

Mcx. Values

.26.5/ 28.5

16.6/ 18
15_ / 19.5

29205 / 30

" 20.5/ 25.5
2% /29
20.5/ 20.5

$20.5/ 20.2-

19.6/ 21.0
26.5/ 23.0
12.0/ 13.5
19.1/ 18.5

20.5/ 22.4

24.5/ 25.5

Min. Values

25.5/ 25.5
8.7/ 17.5
12.5/ 13
27 | 25.5
19.5/ 21

17.5/ 14.5

16.5/'15.8

16.1/ 15.0

19.0/ 18.0

L

12.0/ 10.5

17.1/°16.5

19.5/ ‘18.0

- 21:4/ 20.6




TABLE 26-23

EFFECT OF 14 DAYS EXPOSURE TO 5% Na*G¢l ON INSULATION RESISTANCE -
TWISTED PAIRS

Ratio of Insulation Resistance (ohms) - Exposed/Unexposed

Wire # Max Valu:s Min, Values
3 " 2a1x10%/ 6 x 10" 7.8 x 1013/ 2.5 x 10"
6“ 1.9 x 1013/ 5 x 103 2.8 x 10°2/ 3.8 x 1013
5 1.6 x 10'%/ 2.5 x 107 8.6 x 107/ 5.9 x 10™
6 3.5 x108373.6 x 101 2.3x10% 2.3 x 101
7 2.5 x 103/ 8.9 x 1012 1.7 x 103/ 3.6 x 10*%
« 8 6.3 x 103/ 6.3 x 1013 1.9 x 1013/ 8.3 x 10!2
9 , 7.1 x 10/ 1.1 x 108° 2;9 x 10%/ 3.6 x 101
1 ‘  3.3x 102/ 2.8 x 1013 2.3 x 10'1/ 8.6 x 102
2 5.0x10° /1.6 x 10> 3.9x 10"/ 9.8 x 1012
10 . 3.1 x 10'%/ 1.0 x 1014 6.9 x 1071/ 1.5 x 10"
i 2.3x 10%56.0 x 108 1.4 x 104/56.0 x 10
) 2 78w 10 3.5 x 10" 6.0 x 102/ 1.4 x 10"
13 : 3.6 x 10'%/ 7.8 x 10'2 -.2.0 x 10'%/ 5.0 x 10"
% ‘ 45x10% 45210 3axwZarz




TABLE 26-24

EFFECT OF 14 DAYS EXPOSURE TO SALT ¥OG CN MANDREL FLEXIBILITY

Wire #

"

.10

11

13

14

Ritio of Mandrel Dias. - _Exposed
Ur.exposed

No Damage
Flexed at
23°% -196°C
X -
1X
X -
IX
075 .
.075
X -
X
X .
IX
. x B
IX

Slight Danuge

Flexed at
23°%¢ -196°¢C
X .
1X
0.75 L

X
- 0.75

0.50
0.25 L

X
.075 L

1X

. 1.0

0.25

1X 0.50

1X 0.50

X 0.75

X 0.50
0.25 .

X
X .
1X

Sevare Damage
Flexed at

-196°C



TABLE 26-25

EFFECT OF 14 DAYS EXPOSURE TO SALT FOG ON VOLTAGE BREAKDOWN - TWISTED PAIRS

Wire #

11
12
13

14

Ratio of Breakdown Voltage (kv) - Exposed/Unexposed

27

[ 1Y

23
21

2%
18.5
20.5
1725
14.2
16.6
23.5

20.0

D N e e e T Y

28.5
18
19.5
30
25.5
29
20.5
23
20.2
721 .0
13.5
18.5
27.4

25.5

Min, Values

21.5 4

1.25 /

2.5 /
215 /
18/
L/
2 |/
17 /

13/

15.5 /
11.8 /
12.7 /
21.0° /

19.3 /

25.5
17.5
13
25.5
21
26
14.5
18
15.8
15.0
10.5
16.5
18.0

20.6
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TABLE 26-26

EFFECT OF 14 DAYS EXPOSURE IO SALT FOG ON INSULATION RESISTANCE -
TWISTED PAIRS

Wire #

10

™~

11

12

13

14

Ratio of Insulation Resistance (ohms) - Exposed/Unexposed

3.9
2.3
1.5

1.7

1.8
1.9
>1.0
2.5

3.1

2.3

Max.

1043

10

1013

1013

1013

1013

1014

1013

1013

13

1015

1013
1012

10‘13

~ ~ '~ ~~ ~
i

W

wv

Values

2,5

8.9
6.3

1.1

e e e S T

3.6

10

1014

1013

1015

1014

1012

1013

1015

1014

13

10

1013

1014

13
1012

1013

2.5 x
3.9 x
1.9 x
5.9 x
1.9 x

1.8 x

2.9.x
1.4 x

1.4 x

5.0 x

1.8 x;

1,9 x

1.9 x

Min

. Values

1013

10

10

1011

13

1013

1014

1011

1013

1013

104

1013

1012

10}3

[\
L]
w

5.9
2.3
3.6
8.3
3.6

1.5

NN NN NN NSNS~

8.6

9.8

>6.0

5:0

~ ~ ~ ‘ S~ ~

3.1

10

1.4

1014

1013

1014

1014

1012‘

1012

14

1013

1012

1012

1014

1013

1012

1013




TABLE 26-27

EFFECT OF 14 DAYS EXPOSURE TO ETHYLENE GYLCOL/WATER ON MANDREL FLEXIBILITY

Ratio of Mandrel Dia. - —=XRosed

Unexposed
No Damage Slight Damage Severe Damage
Flexed at Flexed at Flexed at
Wire # 23°%¢ -196% 23°% -196°C -196°C
1 .- - X . 1.5
1X .5
5 X 3.0
“IX 2.9
lx O.S
3 1X B o 0.5 T
4 . L X 0.125 .
X 0.125
5 x 0.125
1X 0.125
6 X . . — 0.25
1X 0.25
7 1X . L L 2.0
075 1.75
8 X .- —— - 23.0
X >3.0
9 X e . . 9.5
1X 0.5
) 1X 0.75
10 --- --- = —o= ---
: : X 0.50
’ 1X 1.5
11 - -—- -—- = — ---
1X 0.75
1X >3.0
12 --- L --- 5= --- -y
X >3.0
‘ ; ‘ 1X >3.0
13  Fluid trapped under H fi]rm X -- 30
1 e .- 1X .- >3.0
4 ix

S>30




TABLE 26-28

EFFECT OF 14 DAYS EXPOSURE TO ETHYLENE GLYCOL/WATER ON VOLTAGE BREAKDOWN -
TWISTED PAIRS

Ratio of Breakdown Voltage (KV) - ﬁ%ﬁfs—d

Wire # Max. Values Min. Values

1 21.0 / 20.2 17.5 / 15.8

2 ‘ 16.8 / 21.0 14,0 / 15.0

3 30.C / 28.5 28.0 / 25.5

4 22.5 / 18.0 21.5 / 17.5

5 23.5 / 19.5 16.0 / 13.0

6 | 38.0 / 30.0 33.0 / 25.5

iy 7 23.5 / 25.5 21.5 / 21.0
“ 8 33.0 / 29.0 : 30.0 / 26.0
i 9 22.0 / 20.5 18.0 / 14.5
: 10 20.0 / 23.0 17.1 / 18.0
H 11 , ©13.5 / 13.5 13°0 / 10.5
Y 12 | 12.0 / 18.5 10.6 / 16.5
. | 13 ‘ 20.0 / 22.4 15.0 / 18.0
i | 245 /255 20.2 / 20.6




TABLE 26-29

EFFECY OF 14 DAYS EXPOSURE TO ETHYLENE GLYCOL/WATER ON INSULATION RESISTANCE -
TWISTED PAIRS

Ratio of Insulation Resistance (Ohms) - _Exposed

Unexposed
HiISLf Max., Values Min. Values
1 9.4 x 103/ 2.8 x 103 5.0 x 1072/ 8.6 x 10'2
2 5.0 x 1072/ 1.6 x 10° 1.8 x 1072/ 9.8 x 102
3 7.1 x 1013/ 6.0 x 1014 5.3 x 1013/ 2.5 x 1014
4 9.6 x 1012/ 5.0 x 100 2.3 x 1012/ 3.8 x 10%3
5 >2.0 x 107/ 2.5 x 10%° 7.1 x 101/ 5.9 x 10
6 3.8 x 10137 3.6 x 107 1.4 x 10°/ 2.3 x 10
7 5.0 x 1083/ 8.9 x 102 5.6 x 10'/ 3.6 x 102
8 - >1.0 x 107/ 6.3 x 1013 >1.0 x 10%°/ 8.3 x 102
o 7 >2.0x 1077 1.1 x 107 4.5 x 1083/ 3.6 x 10*
10 , 5.8 x 1013/ 1.0 x 10 1.7 x 102/ 1.5 x 10%3
11 ' 7.8 x 103/56.0 x 10% 3.3 x 1013/56.0 x 10%*
12 4.5 x 1011/ 3.5 x 1013 1.7 x 10° / 1.4 x 10"
13 3.6 x 1072/ 7.8 x 10'2 2.4 x 1072/ 5.0 x 102
14 ~ 9.1 x 1012/ 4.5 x 103 4.5 x 1012/ 5.1 & 10%




TABLE 26-~30

EFFECT OF i4 DAYS EXPOSURE TO ETHYL ALCOHOL ON MANDREL FLEXIBILITY

Ratio of Mandrel Diam. -~ Exposed
Unexposed

No Damage Slight Damage Severe Damage
oF].exed at o oFlexed at o Flexeg at
Wire # 23°C -196 C 23°C -196 C -166 C
1 . . 1X . G.75
1Y 0.50
2 L . 0.125 L 1.75
1X 1.75
3 1X . — 0.5
1X 0.5
4 - e X 0.5 .-
1X .125
5 e o X o 0.25
1X .075
1X 0.25
075 ) 1.75
3 1X e o . >3.0
1X >3,0
9 1x 0.5
1X 0.5
1X 0.5
10 ] oo o 1X 0.5 T
1X 0.50
ll oo T 1X o 0.25
1X . 3.0
12 1X o Tt 0T >3.0
13 Blue-white blotches =zt %% - ;%*%
interface between rubber ) )
and- jacket, .
P 1X : >3.0
‘ 14 ot T 1X ot >3.0
. =393~ .. . 3 N
v ‘ ) oo ~l* " ?”

PP Y o
- RS




TABLE 26-31

*

EFFECT OF 14 DAYS EXPOSURE TO ETHYL ALCOHOL - TWISTED PAIRS

Ratio of Breakdown Volt:ge (KV) - Exposed/Jnexposed

Wire # Maximum Values Minimum Values
1% 21.0 / 20.2 16.9/ 15.8
2 20.1 / 21.0 17.0/ 15.0
3 29.0 / 28.5 28.0/ 25.5
4 18.0 / 18.0 16.5/ 17.5
5 18.0 / 19.5 15/0/ 13.0
6 32.0 / 30.0 29.5/ 5.5
7 27.7 / 25.5 25.2/ 21.0
3 21.9 / 29.0 21.2/ 26.0
9 23.0 / 20.5 18.v/ 14.5

10 21.9 / 23.0 21.2/ 18.0
11%* 14.7 / 13.5 11.6/ 10.5
12 17.7 / 18.5 13.7/ 16.5
13 20.0 / 22.4 15.0/ 18.0
14% 21.5 / 25.5 17.6/ 20.5

*l'iome &t breakdown.

Ratio of Insulation Resistance (Ohms) - Exposed/Unexposed

1 6.7x10"3 / 2.8x1013 4.2x10'3 / 8.6x10'2
2 2.0x1013 / 1.6x1013 1.4x1013 / 9.8x1012
3 1.1x10* / 6.0x10"* 2.1x10'* / 2.5x10™
4 2.4x10™* / 5.0x103 1.0x10 / 3.8x10"3
5 8.3x10'% / 2.5x101" 4.2xi0% / 5.9x10M
6 3.1x10** / 3.6x10 1.4x10 / 2.3x10%

7 1.9x10'% / ¢.9x1012 1.1x10"3 / 3.6x10'2
8 L.4x10™* / 6.3x10%3 1.0x10 / 8.3x1012
9 4.2x10% 7 1.1x10%° 3.6x10%" / 3.6x10'
10 3.1x1013 / 1.0x10% 2.4x10% / 1.5x1013
1 >1.0x10%> /26.0x10M* >1.0x10%> />6.0x10%%
12 © 1.x1o!3 7 3.sx10t3 1.3x165 / 1.4x10"?
13 « 3.6x10'? / 7.8x10%2 2.4x10 ; 5.0x1012
1% | 3.6x1083 / 4.5x10%3 1.3x1013 / 3.1x10*3

-394- -




TABLE 26-32

EFFECT OF 14 DAYS EXPOSURE TO JP-4 ON MANDREL FLEXIBILITY

Ratio of Mardrel Diam. - _Exposea

Unexposed
No Damage Stight Damage Severe Damage
Flexed at Flexed at Flered at
Wire # 23°¢ -196%¢c 23% -196°¢ 190 C
1 . L .075 1.0 .
1X 0.75
2 . L .125 L 375
1X 1.75
1X 0.5
1X 25
5 . . 1X .250 L
X .125
1X 0.25
.075 1.75
X »>3.0
1X 0.5
]-X O'S
10 o o X 0.5
1X 1.0
1 X 0.5
12 Too badly swollen to test.
3 Rubber is swelled and Kynar jacket split - no test
1 3.0
14 T 1X - >3.0

«395-



TABLE

EFFECT OF 14 DAYS EXPOSURE TO JP-4 - "WISTED PAIRS

b o
e
OB NN WN e 8
oy

*Flame at breakdown.

£HWN e

O 0 NN 0

10
11
12
13

14

26-33

Maxiwmum Values

NEENMFENRNWEWRN SR -N
WSS LSNP W~ WA
NNONOOOWOOOWmMWLW
R e N

1.1x1014

2.5x1013

6.3x1014

1.3x1014
5x1013
9.8x1013
8.9x1013
14

2.4%10

4.2x1014

q
2.3x10%°

>1.0x10%
9.1x10+2

2.8x1012

/ 2.8x10
/ 1.6x10
/ 6 x 10
/5 x 10
/ 2.5x10
/ 3.6x10
/ 8.9x10
/ 6.3x10
/ 1.1x10
/ 1.0x10
/>€.0x10
/ 3.5x10
/ 7.8x10
1.6x10%2 / 4.5x10

. .

NN WHESNDNN
IANDOWWOLWVMOOYWI®e=O

13
13
14
13
15
14
12
13
15
14
14
13
12
13

~-396-

Ratio of Breakdown Voltage (KV) - Exposed/"ncxposed

Momimum Values

18.5
16.7
26.5
17.5
21.5
27.5
16.5
32.5
17.5
20.3
12.7
18.5

12.

22.0

5.0x103

1.5x1013

3.6x101%
5.6x1013
13

3.2xl0

1.5x1012

2x1013
2.3x10

3.1x10™

6.3x102
>1.0x10"°
3.9x10-2
2.1x1012
13

1.4x10

e e T e T

N et ot ek pd pd DN R N e p=t N e et

QLo WP UVWIWVULWKL
- L]

Ratio of Insulation Resistance (Ohms) - Exposed/Unexposed

/ 8.
/9.
/2.
/ 3.
/5.
/2.
/ 3.
/ 8.

/ 3.

/1.
/>6.
/ 1.
/5.
/ Z.

coLULoOULOOULO WG W

6x1012

8x10'2

5x1014

8x1013

9x1014

3x1014

6x1012

3x1012

6x1014

5x1013

ox10M*

4x1013

Oy 912

1x1013



TABLE 26-34

EFFECT Or 14 DAYS EXPOSURE TO FREON 134 ON MANDREL FLEXIBILITY

Ly Q
Ratio of Mandrel Diam. - _Exposed

Unexposed
No Damage Slight Damage Severe Damage
Flexed at Flexed at Flexed at
Wire # 23°% -196°% 23°% -196°¢ -196°C
1 .- o X 1.0 .-
1X 0.75
2 .- - 1X - 1.75
X 1.75
3 1X o - 0.5 -
X 0.5
4 - _——— £§ =125 -
1X .125
5 . L X .125 L
, X .125
6 IX L L .05 L
X 0.25
. 1X . L . 2.0
X 1.75
8 X - —— e 23.0
X >3.0
9 X - o - Q.75
X 0.50
iX 0.5
10 T o 1X 0.5 T
1X 1.0
11 " " X 0.25
1X >3.0
* ia —— _— — 224
12 1X >3.0
13 Rubber swelled sufficiently to split Kynar jacket
. . 1X >3.0
14 (H-film wringled before test) X 3.0

*swelled in solvent but recovered on being removed

-397-



TABLE 26-35

EFFECT OF 14 DAYS EXPOSURE TO FRECN #114

Wire #

%

O 00N O P WN e

*Flame at breakdown.

O 0N BN e

= s = = e
S~ W N = O

- TWISTED PAIRS

Maximum Values

16.3
12.4
27
19
24
31
24.5
30.0
24
21..5
12.3
19.3
24.0
27.7

2.8x1013

1.1x1013
5.6x1014
13

3.8x10

3.1x1014

;
2.3x10"4

1.4x1013

4.4x10t
>1012

3.9x1013

8.3x10%%

N R e e e e T
NN P NN NNNWESRNNN

/2.
/1.

/ 6x
/ 5x10

/ 2.
/3.
/ 8.
/ 6.
/ 1.
/1.
/>6

MNP WWOWOWWNMOWNWOOMEO

.0x10
13

1.1x10 / 3.5x10

4.2x1012 / 7.8x10

1.5x1013 / 4.5x10

(%] \noON

WhrLLhowo

8x1013

6x1013

1014
13

5x1015

6x1014

9x1012

3x1013

1x1015
14

0x10
14

13
12
13

-398-

Ratio oi Breakdown Voltage (KV) - Exposed/uUnexposed

Miaimum Values

13.
17.
24,
17.
13.
29.
22,
22,
15.
18.
12.
18.
21.
22.

.7x1013

.6x1012

.9x1014

.1x1013

.1x1014

.4x1013

.3x1012

.6x1013

8.3x10M

1.9x1013

7.1x10%%
7.7x1012
12

1.7x10

9.1x1012

WO O = N O

oSOV OOWUBULWVOVON

e e e T

/ 8.6x1C

/

/ 2.5x10
/ 3.8x10

/
/
/
/
/
/

/>6.,0x10

/
/
/

Y e N N R
COOOomPARHULLyULWLWL
COVMUVUOWUVOOWL VLo ®

Ratic of Insulation Resistance (Okms) - Exposed/Unexposed

12

9.8x1012
14

13
5.9x1014

2.3x1014

3.6x1012

8.3x10%2

3.6x10™%

1.5x10%3
14

1.4x1013
5.Ox1012
3.1,x1013

~f



TABLE 26-36

EFFECT OF 14 DAYS EXPOSURE TO TRICHLOROETHYLENE ON MANDREL FLEXTSILITY

Ratio of lfandrel Diam. - _Exposed
Unexposed

No Damage Slight Damage Severe Damage
Flexed at Flexed at Flexed at
o J o (o) o
Wire # 23 C -196°C 23 ¢ -196 C -196 C
1x 0.5
/ 1X 1.0
A —— ——- 4 _—— =
IX .075
5 . . X . 0.125
X .075
6 X . . 0.75 .
X 0.25
.075 1.75
8 X —— - 3.0
X 3.0
5 X 0.5
X 0.5
1% x V- - 1.0
.075 0.5
2 --- .- 1X - 2.0_
1X 1.75
10 .- .- iX 0.75 0.50
1X 0.50 0.2
.- - X 9.75
1 1X 0.50
12 Swelled, reeled and split - no test
13 Rubber badly swelled and Kynar jacket split - no test
1X >3.0
14 Rubb hat 11 = ——— Z2.Y
ubber somewhat swollen X 35

*ML overcoat appeared to be eroded and perhaps softened,

-399-



TABLE 26-37

EFFECT OF 14 DAYS EXPOSUPE TO TRICHLOROETHYLENE - TWISTED PAIRS

Wire #

>\L

*

O O NV WN R

*Flame at breakdown;

W00 N W NN

O e = e
N

Maximum Values

26.0
17.7
26.5
17

22

34

35.
46,
27.
17.
13.
18.
26.
28.

NP EREYUVWOO

1.1x10%%

8.8x1013

1.3x105°

1.3x1014

5x1014

3.6x1014

1.7x1013

1.8x1014

4.8x1014

1.0x10%3

>1.nx101?
1.4x1053
13

1.3x10

3.1x1013

20.2
21.0
28.5
18

19.5
30

25.5
29.0
20.5
23.0

B e L N N
—
(V%)
(¥, ]

N N =
L p o
v o

1
No physical damage in twist area.

13
13

/ 2.8x10
/ 1.6x10
/ 6x10'*
/ 5x1013
/ 2.5x10

/ 3.6x1014
/ 8.9x1012
/ 6.3x1013
/ 1.1x10%°
/ 1.0x10%
/>6.0x10'%
/ 3.5x10%3
/ 7.8x10*2
/ 4.5x10"3

15

-400-

Ratio of Breakdown Voltage (KV) - Exposed/Unexposed

Minimum Values

21.4
17.4
24.5
15

12.
27.
28.
45.
22

17.
11.
15.
19.
25.

O oL

= O WM

Ratio of Insulation Resistance (Chms) - Exposed/Unexposed

.5x1013

.9x1013

.8x1014

.6x1013

.5x1014

.3x1013

.6x1013

.ox10'3
Y/
.6x10""

.0x1012

.ox10%?

3.6x1011

5.4x10M

2.3x10-3

NN U e O W W

A

/
/

~

e .

NN NN N NN~
N U W N W

/
/
/

/>6.0x10

/
/
/

15.
15.

»o
W
bLn O™

17.
13

25,
21

26.
14.
18.
10.
16.
18.
20.

Wi

[N e RV RV, Ne NV, Nel

.6:“012
12

.8x10
14

.5x%10

.8xl013

.9x1014

.3x1014
3.6x1012
8.3x10%2
3, 6x10M*
1.5x1013
1.4x1003
5.0x10M2

3.1x10%3



S e vt

TABLE 25-38

EFFECT OF 14 DAYS EXPOSURE TO ACETONE ON MANDREL FLEXIBILITY

Ratio of Mandrel Diam. - Exposed

Unexposed
Tio Damage Slight Damage Severe Damage
Flexed at Flexed at Flexed at
Wire # 23% -196°C 23°¢ -196°C -196°C
1 - ——- X 0.75 -
1X 0.75
2 o - X . L.75
X 1.75
3 =075 ——- - 9.50 -
1X 0.50
4 L L 1X C.50 .
1X .125
s . L 1X 0.25 L
1X 1
6 X L . 0.50 .
X 0.25
7 - --- 0.25 3.0 2.0
1X 2.0 1.75
X >3.0
5 X 0.5
1X 0.5
1X 0.75
10 T T 1X 0.50 o
1X 1.5
11 o o 1X 0.5 T
1X >3.0
1 = —.—— - ——— L XA
2 X >3.0
13 Acetone attacks Kynar jacket but does not seem to swell rubber
1X >3.0
14 Rubber somewhat swelled. X 3.0
-401-



TABLE 26-39

EFFECT OF 14 DAYS EXPOSURE TG ACETONE - TWISTED PAIRS

Wire #

7%

8%

9
10
11*
12
13%*
14%

*Flame at breakdown.

O 0 N W =

[ i e
N = O

Maximum Values

17.
17.
25.
16.
18.
31.
29.
20.
38.
19.
14.
18.

7.
16.

LMUUNMNWEOODCOQOQOoOOWYN

7.6x1013

1.2x1013

1.7x1015

7.1x1013

5x10%3

5x1013
3.7x1012

2.8x1013

7.1x1015

3.1x1053

>1.0x10°

1.7x1013
1.3x107

3.6x103

Y

S~
N
wvn

/ 2.
/ 1.
/ 6x
/ 5%
/ 2.
/ 3.
/ 8.
/6.
/ 1.
/ 1.
/>6.
/ 3.
/7.
/ 4.

-402-

20.
21.
28.
18.
19.
30.
25,
29,
20.
23.
13.
18.
22.

UPRLULOLOULOoOLO WL O N

8x10-3
6x1013

1014

1013

5x10-2
6x10-*

9x10%2

3x1013

1x10%°

Ox1014

OxlO14
5x1013
12

8x10

5x1013

Ratio of Breakdown Voltage (KV) - Exposad/Unexposed

Minimum Values

Ratio of lnsulation Resistance (Ohms) - Exposed/Unexposed

13.8 / 15.8

15.8 / 15.9

23.0 / 25.5

16.0 / 17.5

11.0 / 13.0

28.5 [ 2.5

22.5 / 21.0

19.0 / 26.0

27.5 / 14.5

18.6 / 18.6

13.2 / 10.5

15.6 / 16.5

5.0 / 18.0

14.8 / 20.6
5.6x1013 / 8.6x10'?
1.0x10'3 / 9.8x102
6.3x10%% / 2.5x10%%
1.6x102 /7 3.8x10"3
4.2x10%3 / 5.0x10*
3.3x10% /7 2.3x10M
2.7x10'2 / 3.6x1012
1.7x10*2 / 8.3x102
5.9x10 / 3.6x10%%
5.0x10'2 / 1.5x1013
>1.0x10Y° />6.0x10%%
8 6x10'2 / 1.4x1013
5.0x10° / 5.0x1012
1.1x10°3 / 3.1x10"3



TABLE 26-40

EFFECT OF 14 DAYS EXPOSURE TO FREON 113 ON MANDREL FLEXIBILITY

Wire #

10

11

12

13

14

Ratio of Mandrel Diam.

No Damage
Flexed at

23°%

Rubber slightly swelled.

_ _Exposed

Unexposed

Slight Damage

Flexed at
23%  -196°C
- 0.5

0.5
1X 0.5
X 125
1X 0.25
X 125
. 0.25

0.25
1X 1.0
X 0.75
X .
X
X 0.75
1X 0.50
X 1.0
X 0.5

X
IX

-403-

Swells, cracks and peels - no tests possible

Severe Damage
Flexed at

-196°¢

Rubber swelled sufficiently to split Kynar jacket - no test



TABLE 26-41

EFFECT OF 14 DAYS EXPOSURL

TJ FREON 113 - TWISTED PAIRS

Ratio of Breakdown Voltage (KV) - Exposed/Unexposed

Wire #

10
11
12%%
13
14

*Flame at breakdown.
**Undamaged in twist area.

Maximum Val

24,
20,
29.
18.
22.
33.
29,
37.
24,
21.
15.
19.
17.
28.
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NINEHEFENONNDNDDNDNDWESNDNDN
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LMD WWOOWWVMO WO wWrEO

Minimum “alues

17.
17.
26.
18.
16.
29.
24,
35.
21.
18.
14,
13.
13,
25.

ocuVFEWLWPUHUNOOWLMOCOULO

R
N b= e b2 i = DO NN =N
CoOoOaOPWPOAF VWL ULWL

Ratio of Insulation Resistance (Ohms) - Exposed/Unexposed

(Yol SRR N - ALY I - R VR SR

-
= O

12

4.8x1013
5.0x10M*
4.2x70b3

1.8x1014

5.ox101%

1.8x10%%
2.4x1014
4.2x1014

>1015

3.9x10%3

5.0x1014

1.5x10%3

2.2x1013

2.9x1013

13
13

/ 2.8x10
/ 16.x10
/ 6x1014
/ s5x10-3
/ 2.5x10
/ 3.6x10
/ 8.9x10
/ 6.3x10
/ 1.1x10
/ 1.0x10
/>6.0x10
/ 3.5x10
/ 7.8x10
/ 4.5%10

15
14
12
15
15
14
14
13
12
13
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2.6x1013 / 8.6x%10
3.9x1013 / 9.8x10

7

13

.8x10

13
14
13
13
14
7x1014
13
14
12
12

13

3.5x10
1.9x10
8.5x10
7.6x10
2.3x10
6.

1.9x%10
3.6x10
9.3x10
3.6x10
2,5x10

/7.
/ 3.
/5.
/ 2.
/ 3.
/ 8.
/ 3.
/ 1.
/>6.
/ 1.
/5.
/ 3.

coLuoULwooLouLuo ®

12
12
14

5x10

8x1013

9x10%%

3x10t4

6x1012

3x1012
6x10?
13

5x10

0x1014

4x1013

ox10-2

1x10%3
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27, Offgassing in Oxygen

The % weight loss at 150°%C in 5 psi oxygen, based on the weight
of the wire, is given in Table 27-1. A similar table - 27-2 - is based on
*te weight of the insulation. The cumulative loss after about %, 1% and 15
»o.rs i recorded ‘actval experimental times are shown). Finally, the
estimate rate of loss at 15 hours is included. Thie rate ‘s based on
values running from about one to several hours beyond the 15 hour time, but
the acruracy of the result is limited. At any rate, the rate is measurable
orly with the polyolefir Wires #7 and 8 and the silicone rubber Wires #12,
13 and 14. For these wires also the actual amount of gas evolved is
relatively large. The jackets about the silicome rubber in Wires #13 and
14 do seem to decrewse the weight loss somewhat. In contrast, the amount

ot gas evolved for Wires #9 and 11 is very low.

Some idea of weight loss at 300°C was obtained by increasing
the temperature in about 1.5 hours to 300°C and then holding the temperature
as long as the test time schedule would permit. The additional weight
ioss is tabulated in Table 27-3. The ccomparative order of results is

about the same as at 15000,

~417-



CUMUZATIVE 7% WEIGHT LOSS AT 150°C IN 5 PSI OXYGEN
(Based on Total Weight of Wire)

Estimated
Etagpsed A Elapsed % Elapsed % Rate after

Wire T:me 11sg Time Loss Time Loss 15 hrs.%/hr.
1 @ mir.  .025 1.5 hrs.  .050 14.5 hrs.  .038%D) *

! 1 025 1.5 .038 14.5 028 *

2 '8 .037 1.5 .049 15.25 .049 *

2 -8 .625 1.5 .050 15.25 .050 *

3 - 049 1.0 .061 14.5 .o43§ig *

3 17 L0549 1.0 .049 14.5 .025 *

3 3 .0L9 2.0 .098 14.5 .098 *

: 15 .037 1.5 037 1y 1425 .037 *

. i5 .075 1.5 .086 14.25 .075 *

5 i5 .062 1.5 .062 14.5 .02 {§) *

5 15 .037 1.5 049 14.5 .00 *

6 15 .098 1.5 .098 15.5 .027§1§ *

5 15 074 i.5 .086 15.5 .037 *

- i3 ,098 1.5 0.195 14.5 0.282 .012
7 i3 0.110 1.5 0.193 14.5 0.258 012
3 is .086 1.5 0.184 16 0.273 .0065
8 15 .049 1.5 0.172 16 0.258 0041
9 18 027 1.5 .037 14.25 -OOE%; &

9 18 J012 1.5 .012 14.25 .00 *
20 17 .050 1.5 ,050 13.5 .o37§%; *
10 17 .037 1.5 .050 13.5 .037 *
it i 012 1.5 .025 14.5 .or2H) *
1 14 00 1.5 .00 14.5 .00 *
12 :5 .123 1.5 0.308 14.75 0.295 (7
12 15 .098 1.5 0.295 14.75 0.28 .0l
1 13 .150 1.5 0.375 14.5 0.388 (1)
N 13 2222 i.5 0.345 14.5 0.345 .005
13 16 .037 1.5 0.112 15.5 0.233 (7
13 16 .049 1.5 0.136 15.5 0.235 ,012
14 15 .062 1.5 .099 15.5 0.136 )
1% 15 .049 1.5 ,099 15.5 0.123 .011

* Too iow to measure.

(.) Incrzase or decrease is not significant. -418
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TABLE 27-2
CUMUGLATIVE % WEIGHT LOSS AT 150°C IN 5 PSI OXYGEN
(Based on Weight of [nsulation)
Elapsed Elapsed Elapsed Estimated Rate
Time Toss Time Loss Time Loss After 15 hrs.
Wire # Minutes % Hours % Hours % %/hr.
1 14 0.12 1.5 0.24  14.5 o.185§}g *
1 14 0.12 1.5 0.18° 14.5 0.13 *
2 18 0.17 1.5 0.22  15.25  0.22 *
2 18 0.11 1.5 0.23  15.25  0.23 *
3 17 0.25 1.0 0.31  14.5 o.zzﬁig *
3 17 0.25 1.0 0.25  14.5 0.13 *
3 15 0.25 2.0 0.50  14.5 0.50 *
4 15 0.29° 1.5 0.29°  14.25 0.29%1) *
4 i 0.60 1.5 0.69  14.25  0.60 *
5 15 0.41 1.5 0.41  14.5 0.1751; x
5 15 0.25 1.5 0.33  14.5 0.00 *
{
6 15 0.58 1.5 0.58  15.5 o.1azi; *
6 15 0.44 1.5 0.51  15.5 0.22 *
7 13 0.52 1.5 1.63  14.5 1.48 .063
7 13 0.58 1.5 1.02  14.5 1.38 .063
8 15 0.45 1.5 0.97 16 1.44 .034
8 15 0.26 1.5 0.21 16 1.36 ' .022
9 18 0.11 1.5 0.14  14.25 .oogfg *
9 18 .046 1.5 046  14.25 00" *
10 17 0.50 1.5 0.50  13.5 o.37§ig *
10 17 0.37 1.5 0.50  13.5 0.37 *
(.
11 14 0.12 1.5 0.25 14.5 0.121 *
11 14 .00 1.5 0.00  14.5 .00 *
12 15 0.65 1.5 1.62  14.75 1.56&}% (7)
12 15 0.52 1.5 1.56  14.75  1.48 .05
12 13 0.79 1.5 1.98 14.5 2.10 7
12 13 1.17 1.5 1.82  14.5 1.82 .026
13 16 0.13 1.5 0.41  15.5 0.85 (7)
13 16 0.18 1.5 0.50  15.5 0.86 . 044
14 15 0.22 1.5 0.35  15.5 0.49 (7)
14 15 0.17 1.5 6.35  15.5 0.44 .039

* Too low to measure.

(1) Increase cr decrease is not significant. -419-



TAsLE 27-3

ADDITIONAL % WEIGHTI LOSS AT 300°C IN 5 PSI OXYGEN

Based on Weight of Wire Based on Weight of Insulation
Increased to at Increased to at
300°C 300°¢C 300°¢c 300°¢C
Wire # %_Loss Min. % Loss % _Loss Min,. % Loss
.050 150 .062 .25 150 .30
. 062 15 . 062 .30 15 .30
? .086 155 .074% .39 155 34%
2 . 086 15 .086 .39 15 .39
3 .098 150 .111 .50 150 .57
3 .124 10 124 .63 10 .63
3 .123 150 .148 .63 150 .76
4 .025 157 .025 .20 157 .20
4 .049 15 .049 .39 15 .39
5 .037 150 .037 .24 150 .29
5 .049 15 .061* .33 15 A1F
6 . 025 165 .037 . 147 165 .22
5 .049 15 .049 .29 . 15 .29
‘ .63 30 1.21 3.3 30 6.4
7 .60 30 1.32 3.15 30 6.9
8 Not run
8 Not run
9 .050 150 .050 .19 150 .19
9 .037 15 .037 14 15 R 3
10 .050 165 .050 .50 165 .50
:0 .037 15 .037 .37 15 .37
[ .037 150 .025% .37 150 .25%
il .025 15 .025 .25 15 .25
i2 .333 135 435 1.75 135 2,28
{2 . 355 15 .321 1.87 15 1.95
12 .301 -- -- 1.59 -- -
72 .307 10 .333 1.62 10 1.75
i3 .480 155 .613 1.75 155 2,23
13 .480 15 .508 1.75 15 1.84
14 .210 160 445 0.75 100 1.59
14 .236 18 .295 0.85 18 1.05

*Increase or decrease over time indicated is not significant,
-420-
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28. Volatility in Vacuum

The 7% weight loss at 150°C in vacuum based on the weight of the
wire is given in Table 28-1. 4 similar table - 28-2 - is based on (ke
weight of the insulation. The cumulative loss after %, 1 and 15 hours is
recorded as well as the rate of loss at 15 hours. This rate is measurable
only with the polyolefin Wires #7 and 8 and the silicone rubber Wires #12,
13 and 14. Since the loss was large for the silicones, results are shown
also at 23°C. It is perhaps unfortunate that similar tests at 23°C were
not made with the polyolefin wires #7 and &, which showed a relatively
very high loss at 150°c. As in oxygen, the weight loss with Wires #9 and
11 is the lowest of all.

Because of time and somewhat greater experimental problems,

. . 0
no attempt was made to measure weight loss in vacuum at 300°C.

-421-



TABLE 28-1

CUMULATIVE 7% WEIGHT LOSS AT 150o IN VACUUM
(Based on Total Weight of Wire)

Fstimated
Rate after 15 hrs.

Wire after hr. 1 hr. 15 hrs. %/hr.
1 .041 .063 .077 <.0006
1 .038 .054 0.1015 <.00025
2 .0074 .016 .049 <.00033
2 . 0049 .025 .049 <.00025
3 .045 .050 .051 <.00025
3 .017 .052 .055 <.00033
2 .018 .022 .026 <.0002
4 .035 .035 .035 <.0002
5 .060 : .063 .079 <.0002
5 .074 .087 0.10 <.0002
6 - .060 064 .074 ' <.0002
6 .072 .075 .078 <.0002
7 0.343 0.503 0.772 .0067
7 0.408 0.629 0.985 .0041
8 0.333 - .0.492 0.713 .0037
8 £ 0.370 . 0.535 0.769 .0024
9 .011 .017 .035 <.00025
9 .020 .030 : .035 <.00025
10 .047 .0542 .0542 <.00025
10 .052 .0595 .0595 <.00015
11 .0111 .0185 .0234 <.0003
11 .0346 .0592- .0931 <.00025
12 at (zsgc) 00995 .0248 0.1305 .0021
12 at 150C  0.313 0.472 0.572 (?)

12 at 150°%C 0.273 0,485 0.562 ("
13 0.293 0.493 0.567 (7
14 ac (23°¢) .0187 .0432 .0553 . .0019
14 at (100°C)  .Oll1 .0493 0.142 ..0017
14 at- (150

c) 0.128 0.278 0.671 - .0017

422~ .
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TABLE 28-2

CUMULATIVE 7, WEIGHT LOSS AT 15000 IN VACUUM
(Based on Weight of Insulation)

Estimated
Rate after 15 hrs.
Wire # after % hr. 1 hr. 15 hrs. %ihr.
1 0.20 0.31 0.38 <.003 |
1 0.19 0.26 0.495 <.0012
2 .034 .073 0.22 <,0015
2 .022 0.114 0.22
3 0.23 0.26 0.26 <.0013
3 .087 0.27 0.28 <.0017
4 0.14 0.18 0.21 <, 0016
4 0.28 0.28 0.28 <,0016
5 0.40 0.42 0.53 <.0013
5 0.49 0.58 0.67 <.0013
6 ' 0.35 0.38 0.44 - <.0018
6 0.42 0.44 0.46 <.0018
7 1.81 2,66 4.07 .035
7 2.15 3.30 5.10 : .022
8 1.76 2.60 3.76 ‘ .0195
8 1.95 2,82 4,05 .013
9 .042 .065 0.13 <,001
9 -.077 0.116 0.13 <,001
10 0.47 0.54 0.54 <.0025
10 0.52 0.60 0.60 <,0015 .
11 0.11 0.19 0.23 <.003
11 0.35 0.59 0.93 <.0025
12% .052 0.13 0.69 011
12 . 1.64 "2.48 3.01 (7
12 1.48 2.50 2.96 €))
13 - 1.06 1.79 2.06 (7
14% ’ ,068 0.154 0.20 ,007
14%% .040 _ . 0.176 0.51 .006
14 0.465 1.01 2.44 ) .006
* at 23°%

*kat 150°C -423-



29, Analysis of Evolved Gas

The analysis of the gases evolved from hook-up wire at high

temperature is important in at least several ways:

a. The likelihood that such gases will introduce
operational hazards may be considered.

b. The possible toxicity may be estimated.

c. The mechanism of chemical change and aging in the

insulation may be studied.

Both vacuum and 5 PSI oxygen ambients are common spacecraft
environments and have, therefore, been used in this program. A temperature
of ISOOC is the top temperature expected in normal spacecraft applications.
A 300°C test temperature has been included.also to provide some idea of the

character of the off-gassing under wire overload conditions.

Results at 150°C have been summarized in Table 29-1. It is
immediately apparent that the gas evolved is largely absorbed water in most
cases with some nitrogen and COZ’ both of which are most likely dissolved
in the insulation rather than the result of chemical decomposition. The
large amount of water and also the oxygen in this atmosphere decrease the
discriminéting capability of the test. In order to make comparison easier,
results have been plotted with the nitrogen, water, and oxygen subtracted

from the total,

The larger amount of CO2 in the oxygen atmosphere is probably
due to the fact that it was absorbed and has not been pumped out of the
insulation. It is, of course, still possible that some decomposition takes
place. It is possible, too, that some of the gas reported as nitfogen might
actually be casbon monoxide (CO) which has the same mass peak. When a
sufficient quantity of the gas was present to make measurements worthwhile,

the gas was shown to be nitrogen rather than CO.

At 150°C, except for water, the total outgassing is small, as
shown in the values at the bottom of Figure 29-1. As noted before, the
greater outgassing in oxygen may be due simply to the fact that dissolved
gases are not pumped out, In éupport of this view, the jacketed wires
#1, 7, 13 and 14 appear to trap gas. Moreover, ML overcoated Wire #2, which
is known tc have a tightly adherent coating evolves less gas than Wire #l
with a loose ML coating. 424~
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It should be noted that outgassing in Wires #9 and 11 is particularly low,
but that the others are roughly comparable. Very small amounts of organic
components of several kinds are noted, particularly hydrocarbons. Such
hydrocarbons may be due to oily contamination or may come from binders or
extrusion lubricants such as those used with TFE Teflon (Wire #9). In some
cases very small amounts of low molecular weight polymer fragments may come
off, i.e., silanes from the silicone rubber in Wires #12, 13 and 14. The
amines and the ethyleneamines from Wires #1, 3, 4, 5, 6 and 10 are probably
unreacted constituents from the polyimide polymerization or perhaps

decomposition products from such unreacted or partially reacted constituents.

fhe picture at 300°C is much more complicated, as shown in
Tables 29-2A and 29-2B. In Table 29-2A it is noted that the amount of gas
evolved is generally greater at 300 than at 150°C even though much less
water is evolved. In this case much of the water is undoubtedly a product
of polymerization or degradation reactions, since most of the absorbed water
should have been pumped off when tests were made on the same specimens at
150°c ﬁrior to exposure at 300%. 1t is interesting tc note also that with
a few exceptions, the tctal amount of gas evolved is greater in oxygen than
in vacuum*. The amount of CO2 evolved is also greater (with two exceptions)

in oxygen as compared to vacuum. Undoubtedly, oxidation is involved and the

insulation is literally "burning-up'". Curiously, and in contrast, the amount

of water is proportionately less in the oxygen atmosphere than in vacuum.
Apparently carbon rather than hydrogen "burns" and water results from
condensation or other reactions which do not depend upon an oxygen

atmosphere.

From the toxicity point of view the presence of carhon monoxide
(CO) is important¥*¥, Unfortunately, the oxygen in this atmosphere tended
to "swamp out" the detection of small amounts. Moreover, CO appears to be
a common component of the evolved gas from all of the wires. It appears
generally to be more prevalent, where detection was possible, in the oxygen

atmosphere., However, oxygen does not appear to change the C02/CO ratio

*This contradicts a popularly held notion that outgassing will be greater
in vacuum.

*%Here again the mass spectrograph may cause confusion because it is

difficult to separgte N2 from CO. However, most of the absorbed nitrogen
was evolved at 150°C.
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in a significant faszhion.

In rable 29-2B it can be seen thaf many organic compounds are
evolved. rolymer fragmentaion, further condensation and polymerization as
well as other types of degradation are obviously involved. It should be
noted that the silicone tetrafluoride (SiFQ) undoubtedly comes from the
reaction of the HF evolved with the silica walls of the equipment., It is

possible that other materials evolve and combine in the gaseous phase.

In the oxygen atmosphere very small quantities of the same
materials, which were detected under vacuum conditions,may have been present,
but could not be detected. Keeping the lack of sensitivity for the
measurements in oxygen, a number of observations concerning gases evolved at
300°C can be made:

a, Hydrocarbons (C2 to C8) are evolved in both vacuum and

oxygen with all of the wires. There is generally less
in the oxygen atmosphere perhaps because oxidation takes
place. The hydrocarbons may be traced for TFE Teflon
(Wire #9) to ine lubricant used in the extrusion process.
The relatively large amount with Wire #3 may be trace-
able to residues from the dispersion coating process.

b. While the amount of gas evolved from Wires #7 and 8

is relatively high, the composition seems to be relatively
simple. 1In additiom to the hydrocarbons, some oxygenated
hydrocarbons are noted. With Wire #7 the polyvinyidene
fluoride jacket apparently breaks down to give a
relatively large émount of HF which is reported as SiF

4
and also some CF,.

c. The gas from TFEaTeflon (Wire #9) show, in addition to
the hydrocarbons, some formaldehyde, which is unexplained.
However, the absence of fluorocarbons is remarkable and
-indicates how very little decomposition occurs with TFE
Teflon at 300°C. The TFE taped overcoat of Wire #11 also

shows no evidence of decomposition.

-426-
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d.

The SiF4 from Wire #2 indicates either that the TFE Teflon
is breakdown down in this case or that some FEP? may have
been used tc achieve adhesicn to the ML coating. The SiF4
in the spectra from Wires #l, #5 ard #6 may be iraceable

to the FEP Teflon bond. It is difificult to explain no
evidence of fluorocarbons from Wires #3 and #4 which also
contain some FEP Teflon bond., fhe absence of hexa-
fluoropropylene with Wire #1 at 300°C is rather surprising
since it was indicated at 150°C. Perhaps it was physically

absorbed and was all '"pulled off" at 150°C.

The hydrazine noted in the spectra from the polyimide ML
coatings on Wires #1 and 2 may be a decomposition product

of the polymer, but is more likely a decomposition product
of unreacted or partially reacted residual constituents from
the polymerization. The nitric oxide and amines in the
polyimide H-film taped Wires #3, 4, 5, 6, 10 and 11 probably
can be trared also to unreacted constituents in the polymer.
The silanes from the silicone rubber (Wire #12) are expected,
but their absence for the silicone in Wires #13 and 14 is
unexplained. (They were noted at 150°¢c). However, both
methanol and formaldehyde in the spectra of Wires #12, 13 and
14 can be explained as oxidation of the methyl groups in

the silicone rubber.
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