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NOTICE

i
The discuss ions or opi nions concerni ng 1
comerci al products herein do not con-
sti tute an endorsement or condemnation
by the Government , nor do they convey
or imply the right to a license for use
of such products . Information obtained
In the report shal l not be given to un-
authori zed persons .
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NAFI TR-2210

PREFACE

This report describes an investi gation into the ability

of the insulation on aircraft electri cal wi re to withstand exposure

to cleaners which are used on aircraft surfaces. It is a continuation

of work reported in NAFI TR—21453, TR—2l99~ and TR—22Ol~.

Thi s work was performed for NAVAIR under Work Request
No, 68E95.

PREPARED BY: __________________________

W~ 0. WATKINS

APPROVED BY: ____________________________

F. H. GAHIMER , Head , Organi c
Ma ter i a l s Branc h

~ .O
W~ C, VAUI~ N, Di rector, Materials
Laboratory and Consul tants Di vision
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NA FI TR—2210

ABST RAC T

Several types of insulated electri cal wi re purchased

to MIL—W-81044 were imersed in cleaners purchased to MIL-C—43616.
The ability of the insulation to withstand degradation by the
cleaners was determi ned by subj ecting the condi tioned wire to a
dielectric wi thstand voltage test. The electri cal insulation
DC resistance was also dete rmined.
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I. CONCLUSIONS

1. None of the insulations tested were degraded enough to
cause a dielectri c wi thstand failure.

• 2. Halar~ and Kynar~’ ja cketed polyalkene wi re resisted the
cleaners equally well as evaluated by dielectri c wi thstand
testing. However, Halar may have some s uperiori ty in regards
to DC resistance testing.

3. Removi ng the Halar and Kynar jackets did not affect the
performance in dielectri c withstand testi ng.

4. Kapton ins ul ated wire  may fail on naval aircraft after seven

to twenty—one years service . More complete field failure reports

concerning both Poly.-X and Kapton insulate d wire are necessary in

order to imp rove this estimate of the servi ce life of Kapton
insulate d wire .

1
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II. RECOMMENDATIONS

1. The follow i ng four wires should be considered for general
use in Navy aircraft on the basis of all testing performed to date:

MIL-W-81044/30 and /31 (Proposed)
MIL-W-81044/9 and /12
MIL—W-22759/16 and /18
55A0811

2. It is recommended that a twofold eva luation program be
instituted for the above wi res. One part would consist of
qualifi cation testing of each wire . The second part would in-
volve performi ng 28 day imersion tes ts in a broad spectrum of
fluids as in the early evaluations done by NARF-NORIS 4.

3. The DC resistance should be determined on a 25 ft. speci-
men in future sol vent resistance testing.

4. In order to obtain a better esti mate of the Kapton servi ce
life based on the Poly-X servi ce experience it is recommended that:

a. All failures of Poly—X insulated wire on Navy aircraft
should be reported , identi fying the aircraft type, aircraft BUNO ,
type of failure (arc—thru , low resistance, etc.), and location on
the aircraft.

b, Failed Poly—X insulated wires or cables should be sent
to NAFI , 0/713, along with a copy of the failure report, wi th the
failed wire tagged or otherwise marked. NAFI will perform further
failure analysis and positi vely identi fy wire insulation type.

2
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III~ INTRODUCTION

In a previous report1 it was recoRunended that newly
developed polymers used as insulation on electri ca l wire be
eval uated for their resistance to solvent and fl uid damage. Two
relatively new plasti c materials have since been proposed for
use in aircraft electrical wi re.

One is ECTFE (Hala r’~) jacketed polyalkene which is
radiati on crosslinked. This wire is described in specifi cations
MIL-W-81044/30 (Proposed) and /31 (Proposed). It is similar in
construction to MIL-W-81044/9 and /12, which is polyvinylidene
fluoride (~yfl~~®) jacketed polyalkene and is also radiation cross-
linked,

The other is Irradiated Modi fied ETFE (Tefzel®) which
is radiation crossljnked. This wi re is described in a commercial
specifi cation and is referred to as Spec “55” wire . It is similar
to MIL-W-22759 / ].6 or /18 which are insulate d wi th unmodified Tefzel .

Both Tefzel and Irradiated Modified Tefzel were previously
tested~ for sol vent damage by immersion . Both have excellent re-
sistance to damage by high pH fluids (pH~~13) even at 75° C. There
were no dielectric withstand failures after 28 days immersion . The

Halar jacketed polyalkene wire was not previously tested,

It is the purpose of this investigation to:

1. Compare the sol vent resistance of Halar and Kynar jacketed poly-

alkene wire immersed at 25°C and 75°C wi th and without jackets.

2. Measure the DC electri cal resistance of the wire insulation

duri ng sol vent ininersion,

3
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IV, MATERIALS

A. Flui ds

Two fl uids were chosen for this investi gation. Flui ds A
and N are MIL-C-436 16 cleaning compounds which were previously
employed~’~’

3 and are identi fied in the same manner as in the
previous reports . A complete descri ption of the fl uids is given
in Appendix C.

B. Wires

Several combi nations of two di fferent insul ated wi res were

used . The insulation systems are either Halar or Kynar jacketed

polyalkene . They were also tested with the jackets removed. They

are i denti fied as follows :

Wi re No. Specifi cation

19 MIL-W-81O44/30-20-9 (Proposed)
MIL-W-81044/31-20-9 (Proposed)
No. 19 wi th jacket removed
No. 20 wi th jacket removed
MIL-W-81O44/12-20—9
No. 22 wi th jacket removed

The wires are listed by code number and speci fi cati on in Tables
1 and 2. A complete description appears in Appendi x C.

V. PROCEDURE

The fl uids were used in the concentrated “straight
from the can” form. Periodi cally throughout the testing it was
necessary to “ reconsti tute” some of the fluids by adding distilled

wate r to compensate for loss due to evaporation. The evaporati on

of consti tuents other than water was assumed to be negligible.

4
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NAFI TR-2210

Three specimens from each of the five wi re samples
were tested in each of the fl ui ds (A and N) for immersion times
of 1 through 7 consecutive days, 2 weeks, 3 weeks, and 4 weeks ,

both at 25°C and 75°C.

The wi re samples were cut to 2 foot lengths wi th the
ends stripped on an automatic Eubanks wi re cutti ng machine. The
specimens were formed from the 2 foot length s by making a single
turn loop with the ends of the wi re run through the loop twice to
secure the loop. The loop was formed to a 1 i nch diameter on a
rod of that size and the stripped conductor ends twisted together,
Identi fication tags were attached to each specimen indicating the
wi re and fl uid code and the time and temperature of immersion ,

All specimens (#1, #2, and #3) were immersed in the
test flui d in the “as looped” condition,

Afte r immersion , all three specimens were ri nsed in tap
water and then immersed in 5% salt water for 1 hour. The DC re-
sistance of the insulation was determi ned after one minut e electri—

ficati on using 500v DC.

Specimen #1 was then immersed for 1 hour in tap water
containing an anionic wetting agent. While still in the tap
water the insulation was subjected to a 1 minute dielectri c with-

stand test of 2500 vol ts rms.

Specimen #2 was rinsed in tap wate r, uncoiled , and

allowed to dry for 1 hour at room ambient condi tions. It was

then subjected to the “double reverse wrap ” on a 0,125” diameter

mandrel as speci fied in the solvent resistance test procedure of

the wi re specifi cations~. Following this, the specimen was formed

into a loose coil and immersed in tap water for 1 hour before

5
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being subjected to a 1 minute dielectric withstand test of

2500 vol ts rms.

Specime n #3 was rinsed in tap wate r, uncoiled , and
allowed to dry for 24 hours at room ambient condi tions . Next ,
it was subj ected to the “doubl e re verse wrap ” on a 0.125”
mandre l , formed into a loose coi l , and immersed in tap water for
1 hour. The insulation was then subjected to a 1 minute dielectri c
withstand test of 2500 vo l ts rms,

V I , RESULTS AND DISCUSSION

A. pH TESTING

The pH of the fluids was as follows :

Fluid Code Specifi cation
_____________- Conc, 1:4 1:9

As A MIL-C—43616 13~3 11.9 11.6
Received 

- 

N (New) MIL-C-43616B, Amend #2 9~2 -__
9.2 9.1

After 28
days at 75°C A MIL-C-43616 10.4 10.1 10.2
(tested at N MIL—C-43616B, Amend #2 8~7 8.8 8,9
room temp.)

Agi ng for 28 days at 75°C signifi cantly l owers the pH

of Fl ui d A and only slightl y l owers the pH of Fl uid N~

B. Fl ui d Immersion

There were no failure s in either Halar jacketed polya lkene wire

(MIL—W—81044/ 30 or /31, Proposed) or Kynar jacketed polyalkene wire

(MIL-W-81O44 /12) in ei ther of the flui ds at 25°C or 75°C.

6
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There were no failures in the above wi res wi th
jackets removed and subjected to the same test condi tions.

The averages of measured DC electrical resistance
val ues are listed in Tables 1 and 2. The DC resistance of wires
immersed at room temperature is l ower at the end of 28 days

. 
immersion than ~t the start. This trend is clearly seen for all
wires tested in Fluid A (pH = 13.3). It is also seen for wi res
wi th jackets removed and tested in Fluid N (pH = 9.2).

The DC resistance of wi res immersed at 75°C in Fl uid A
are also lower at the end of 28 days ;mmers i on than ~t the start.

The daily variation in DC resistance data can be attri-
buted to the short length of the specimen. Only 12 inches of the

specime n is i ninersed and measured for DC resistance. When test-
ing is performed strictl y to the speci fication , the DC resi ~ance

is measured on a 25 ft. length, It is felt that future te5~ing
of DC resistance after fluid immersi on should be done using the

25 ft. specimen.

Curve fi tting (wi th data smoothing) was performed on
some of the DC resistance data collected at room temperature and
the resultant curves are shown in Graph 1. These curves are
useful in showing trends and relati ve position , but the values
of DC resistance shown are not accurate due to the variation

in the original data ,

It is encouragi ng that no individual determination
of DC resistance on any of the wi res was below the minimum resist-

ance speci fied for cable harness assemblies at the NARFs ,
100MII (1 x 1O~ci), 

- -
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The measured values of DC resistance are lowered
by removing the Halar and Kynar jackets about 4O~:. due to loss
in material alone. It is obvious that the measured difference
is much greater than 40%. It is concluded that both jackets
enhance the insulation construction for protection against flui d

degradation,

C, Summary

A summary of the results to date of dielectric wi th-

stand testing after fluid immersion is gi ven in Table 3. Only

wire types currently used or proposed for use are listed.

D. Wire Service Life

Wi res 3 and 4 (Poly—X) are purchased to MIL—W—81044/16

and /18 respecti vely. These speci fications were added to MIL-W-

81044 on 2 January 1970. The wi re was used on the F—4N aircraft ,

and in September 1975 the fi rst mal function due to the Poly-X

degradation was recorded b. The wire coul d not have been in
service more than five years.

Poly-X wi re was also used on the F—14 aircraft, which

has been operational for about six years. Field failures of Poly-X

wire have also been reported for the F—14. While the reports

have not accurately established the time of failure , it appears

to be no sooner than about three years.

The laboratory tests have indi cated that single extr’uded

Poly-X will fai l before double extruded Poly-X. The field failure

reports do not list which of these caused the mal function. The

preponderance of the wire used in both aircraft is double extruded.

But there is doubt as to which one to choose in trying to correlate

the three year minum uni fi ve year maximum estima te of service life .

8
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Most of the damaged wire found in the aircraft was in SWA1~P*
areas ,

Wi res 11 and 12 (Kapton) have been used in the
S-3A aircraft, including SWAMP areas, and have been operational
for about four years. No field fai l ures have been reported.

Laboratory testing indicated that light weigh t
Kapton (M81381/7) will fai l at about the same time as normal
weight Kapton (M81381/11) in high pH cleaners , Compared to
Poly-X (Table 3, Col umn 1), Kapton insulation may last from
2.3 to 7 times longer , depending upon whe ther the comparison is
made with single or double extruded Poly-X.

If it is assumed that there is reasonable correlation
between l aboratory tests and service experi ence , then Kapton
insulated wire may fail after 7-21 years of service , The use of
mi lder cleaning compounds to MIL-C-43616, Amend . 2 (pH ~ 10)
should extend the servi ce life of the insulation ,

It is important to be able to predict if and when
Kapton insulation will fail in service to determi ne whether rework
may be necessary in present equipment , and to make intelligent
decisions in future appl i cations bf Kapton. It is necessary to
obtai n better failure data on Poly—X now in servi ce so that a
better estima te of Kapton servi ce life can be made. For the
present, Kapton should not be used in SWAMP areas,

In order to determi ne more accurately the failure
history of the Poly—X in service , and thus obtain a better

* SWAMP = Seve re Wind And Moisture Problem

9
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estimate of the Kapton servi ce life :

a. All cable harnesses which fail electrically shoul d be

reported, identi fying the date of failure , the ai rcraft type,

aircraft BUNO , locati on of cable in aircraft, age of aircraft

(or harness) if known.

b. Failed cable harness assemblies (includi ng connectors,

if unusable) should be sent to NAFI , D/713, for further failure

analysis and positive i denti fication of wire insulation type.

S
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NAFI TR-2210

APPENDIX C1

DESCRIPTION OF FLUIDS AND WIRES US ED

A. FLUIDS

The fluids chosen for this investigation are as follows :

1. MIL-C-43616, “Clean ing Compound , Ai rcraft Surface . This
cleaning compound used by the Navy is wate r rinsable and requi red to be
90% biodegradable. The flash point is 142°F (mm ) and the pH of a 1:4

wa ter dilution mus t fall be tween 8.0 and 12.0. The specifi cation does
not limi t the composition of the cleaner; however, it does list a comp-
arison formula wi th which to compare the cleaning effectiveness, and a

recent amendment (2) limi ts the pH to 10 max. Two fl ui ds were used:
Fluid A wi th a pH of 13,3, and a new fl uid (N) wi th a pH of 9.2 (both
P11’ S measured in the concentrated form).

B. WIRES

The wires chosen for this investi gation are as follows :

1. MIL—W—81044/30—20—9 (Proposed). This is a radiation
crosslinked ethylenechlorotetrafl uoroethylene (ECTFE , Halar~ ) jacketed
polyal kene insulate d electri cal wi re. It has a tin coated 19 strand

copper conductor (AWG 20) and is whi te (—9 ) .  It is similar in construction

to MIL’-W—81 044 / 12— 20— 9 . The finished diameter is 0.055 inches and is a
Il light weight” wire . It is identi fied herein as Wire No. 19.

2. MIL—W—81044/31-20-9 (Proposed). This is identi cal to

MIL-W-81044/30-20-9 wi re except the finished wire di ameter is 0.070

inches and is a “medium wei gh t” wi re. It is similar in construction

to MIL-W-81044/9-20-9 wi re. It is identi fied herein as Wire No, 20,

C-i 
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3. MIL-W-81044/12-20-9. This is a radiati on crosslinked

polyviny lidene fluoride (Kyna r~ ) jacketed polyalkene insulate d
electrical wi re. It has a tin coated 19 strand copper conductor

(AWG 20) and is white (-9). The finished diameter is 0.055 i nches

and is a “li gh t weigh t1’ wire . It is identi fied herein as Wi re No. 22.
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