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NAFI TR-2199

PREFACE

This report describes an investigation into the ability
of the insulation on aircraft electri cal wi re to wi thstand exposure
to cleaners and paint removers which are used on aircraft surfaces.
It is a continuation of work reported in NAFI TR-2145~

1.

This work was performed for NAVAIR under Work Request
No. 68E95.

PREPARE D BY: _______________________________
W. D. WATKINS

AP PROVED BY : __________________________________

~~1L GAHIMER , HeadOrganic Materials Branch

B. C. VAUG~N, Di rector, Materials
Laboratory and Consultants Division
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NAFI TR-2199

ABSTRACT

Several types of insulated electri cal wi re purchased
to MIL-W-5086, MIL-W-81044 and MIL-W-81381 were immersed in
solvents purchased to MIL-C—43616 and TT-R-248. The ability of
the insulation to wi thstand degradation by the solvents was
determi ned by subjecting the conditioned wi re to a dielectri c
withstand vol tage test. On some wi re types the electrical in-
sulation DC resistance was also determi ned.
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I. CONCLUSIONS

1. Kapton insulated wi re is superior to Poly-X insulated wire in
solvent resistance at room temperature . The wi res tested herein
are ranked in the order of decreasi ng resistance to solvent damage
as follows .

Wire M ilita ry Insulation Type

16 M81381/17—20-9 Double Wrap Kapton *
14 M81381/7-20-9 Single Wrap Kapton *
11 M81381/11-20-N Double Wrap Kapton
3 M81044/16-20-9 Double Extruded Poly-X
10 M81381/7-20-N Single Wrap Kapton

4 M81044/18-20-9 Single Extruded Poly-X

* Topcoat is white fl uorocarbon polymer.

2. Kynar jacketed polyalkene insulated wi re is superior to nylon
jacketed PVC in sol vent resistance at room temperature . However , both
insulations exhibi t low electri cal insulation DC resistance after sol vent
i mmersion. The Kynar jacketed polyalkene takes longer to be affected
and the values observed are higher than on nylon jacketed PVC .

3. The new MIL—C-43616 cleaning fluid (with a pH of 9.2) produced only
one failure in all the wires tested. This is a definite impro vement
over previous types with pH of 11 and over.

I I .  RECOMMENDATIONS

1. Al l Navy aircraft currently in service and wired wi th Poly-X wire
to MIL—W—81044/16 through /19 should be inspected on a regular basis

1 
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NAF 1 TR-~ 199

for i n s u l a t i on dama ge . Particular attention should be jiven

MIL -W -81044/ 18 and / 19 wire .

2. Electri cal wire insulated with newl y developed pol ymers should
not be used in Navy aircraft until its resistance to solvents has

been determined.

3. Only electrical wire which is resistant  to solvents and cleaners
should be used in high performance aircraft.

I I I ~ INTRODUCTION

Electri cal wi ri ng in Navy aircraft is often subjected to

i na dver ten t ex posure to solven ts and chemi ca ls used to clea n the a ir-
craft surfaces in the course of maintenance operations. Previous

test i n g”~ had indicated that some wi re purchased to MIL-W-81044 and

MIL-W-81381 were particularly prone to damage by MIL-C-43616 cleaners

and TT-R-248 paint removers .

Tef lon ’~ (TFE) and Tefzel~ (ETFE) insulated wire specified

by MIL-W-22759 were not degraded by immersion in any of the test fluids
for periods up to and including 28 days.

Stilan~ (Polyarylene) insulated wire specified by MIL-W-
81044/20 through /29 was show n to be prone to stress cra ck ing or cra z ing

when in~nersed in alcohol , glycol -wate r solutions and highly acid solut ions.
This wire is no longer manufactured.

Pol y-X~ (Alkane-imide ) insulated wi re specified by MIL-W-

81044/16 through /19 was damaged by highly alkaline cleaning solutions
and paint removers . Ka p ton~ (polyiini de tape ) insulated wi re speci fied by

MIL-W-8]381 was also shown to be prone to insulation damage by the same

solutions. Unfortunate ly, the time periods used previous ly to test the

2
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NAFI TR -2 199

wir e were suc h that the i nves tig a ti on did not i ndicate wh i ch would w i th-
stand damage the longest. Although Poly-X is no longe r available , the re
is a considerable amount installed in the Navy F-14 aircraft . Kapton

wi re is currently available and is used in commercial aircraft and the

Air Force F-15.

Kyna r~ jacketed polyalkene insulated wi re (often referred

to as “Spec 44” wi re) wh ich is specified by MIL-W—81044/2 through /15

was not p rev iousl y tested. Nylon jacketed PVC insulated wi re specified

by MIL-W-5086 also was not previously tested. The la tter wi re was previously

al low ed for use i n a i rcra ft w i r i ng but i s now pro hib i te d .

It is the purpose of this investigation to:

1. Compare the solvent resistance of Poly-X and Kapton insulated wire .

2. Compare the solvent resistance of Kynar jacketed polya l kane , ny lon
jacketed PCV and the insulations previously tested.

3. Compare the degree of damage caused by the new MIL-C-43616 cleaning

fl uid (pH 10) to that caused by hi gh pH cleaners previously tested.

IV MATERIALS

A. FLUIDS

Three fluids were chosen for use in this investigation. Fluid A

(MIL—C —436 16 cleaner) and Flui d G (TT-R-248 paint remover) are the same

as Fluids A and G used in TR-~145
1. Fluid N is a new MIL-C-43616B cleaning

fluid wi th a pH less than 10 in accordance wit h Amendment 2. A complete

description of the fluids used is given in Appe ndl\ C.

R . WIRES

Ten different insulated wires i~. ’re used . Wire s with code

3 
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numbers 3, 4, 10, 11 , 14 and 16 are the same as those used in TR— 2 145 ’
and identified therein by the same code numbers . Four new wires were

added; wire codes 1, II , III and IV .  The wires are l is ted by code
number and mil itary spec i f icat ion in Tables 1—3. A complete description
appears in Appendix C.

V . PROCEDURE

The fl uids were used in the concentrate d “straight from the
can ” form. This is the usual procedure for using the paint removers .
While the cleaning solutions a~e s ometime s used in the concentra ted
condition , they are usual ly diluted for use. Specif ications requiri ng
ph to be measured use a 1:4 dilution wi th water. For this i nvesti gation ,

pH of the solutions was measured in concentra ted ,1:4 dilution and 1.9

di l u t i on form .

Three spec i mens from each of the ten w i re sam p les were tested
in each of the three fluids for ininersion time s of 1 though 7 consecuti ve
days , 2 weeks , 3 weeks an d 4 weeks.

The wire samples were cut to 2 foo t lengths with the ends
stripped on an automatic Eubanks wire cutting machine . The specimens
were formed from the 2 foo t lengths by making a single turn loop with
the ends of the wire run through the loop tw ice to secure the loop .
The loo p was formed to a 1 inch diameter on a rod of that size and the
stri pped conductor ends twisted together. Identi fication tags were p lace d

upon each specimen indicating the wire and fluid code and the time of

imm ersion .

All specimens (41 , a2, and #3) were i mmersed in the test fluid

in the “as looped” condition .

4 
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After immersion , specimen ~1 was rinsed in tap wate r and
allowed to dry one hour at room ambient condit ions. It was then
immersed for 1 hour in tap wate r containin g an anionic wettin g agent.
While sti l l  in the tap water the i n s u l a tion was su bjected to a 1

m i nute d ielec tr i c w it hstan d tes t of 2500 vo l ts rms .

Afte r iniriersion , specimen ~2 was r i nse d in tap wate r , un-
coile d and a l lowe d to dry for 1 hour at room ambient condi ti ons. It

was then subjected to the “double reverse wrap ” on a 0.125” diame te~—
mandrel as specif ied in the solvent resistance test procedure of the
wire specifi cations. Following this , the specimen was formed into a
loose coil and immersed in tap wate r for 1 hour befo re being subjected
to a 1 minute dielectr ic withstand test of 2500 vo lts rms .

After immersion , specimen #3 was rinsed in tap wate r ,
uncoiled , and al lowed to dry for 24 hours at room ambient condit ions.
Next , it was subjected to the “double reve rse wrap ” on a 0.125” mandrel ,
formed into loose coi l , and immersed in tap water for 1 hour. The insula-
tion was then subj ected to a 1 minute dielectri c wi thstand test of 2500
volts rms .

Note : The mandrel diame te r was 0.250 ” for wire rode IV due to its
large finished diame ter.

During dielectric withstand testing some specimens exhibited
excessive current leakage but maintained the voltage without breakdown.
These specimens were subj ected to insulation resistance testing using
500 VDC appl ied for 1 minute .

V I .  RESULTS AND DISCUSSION

A . pH TESTING

The pH of the f luids was as follows :

S 
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Fluid L i e  Up ec i f i~ ition pH

M I L - C - 4 3 6 16  Conc. 1:4 1:9
13.3 11. 9 11.6

C TT-R-248 11.6 11.2 11.0

N (New) MIL-C-43616B , Amend . ~2 9.2 9.2 9.1

B. FLUID IMME RSION

The dielectric withstand failures are shown in Tables 1—3

fo r each per i od of imme rs i on. Also shown are the val ues of electr i~~.l

resistance (in M ~2 — 1000 ft.) of specimens exhibiting current leakage

during the dielectri c wi thstand test.

Elec t r i cal res i s tance va lues  of the w i re in s u l a t i on af te r
drying and subsequent immersion in wa ter are shown in Table 4.

There were no dielectri c withstand failures of either Kynar

jacke ted po lyalke ne or ny lon jacke d PVC w ir e (w ir e co des I , I I , I I I  an d

IV) . However severa l of these wires exhibited low insulation resistance .

Su bse qu e n t d ryi n g restored some o f the elec tri cal res i sta nce , but upon

reimersion in wate r the values again were l owered (see Table 4). “Low
in sulat i on res i s tance ’ for the purposes of reporting was arbitrarily

chosen to be those values below 500 M Q - 1000 ft. This is at least

one order of magnitude less than the specification requirement for

Kynar jacketed polyalkene but an order higher than that specified for

ny lon jacke ted PVC.

Note : Finished cable harnesses before installation into an aircraft

generally mus t provide 100 M ~ (mm .) be tween iii~ wire and all others

electr ically tied together.

Flu id C (paint -en~ v e )  l owered the electrical resistance

of bo th Kynar  jacke te d po l yal~ en and nylon j ac k e t e~1 PVC. Bo th flu i ds
A and ‘I lowered the electrical re sistan c - of ‘~y lon jack e te d PVC , but

~~~~~~~~~~ TITT~~ ‘.‘~ L~~-~-~ L~ LELL~~ ~
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did not l ower the resistance of Kynar jacketed polyalkene be low

500 M ~I — 1000 ft. Thus , Kyna r jacketed polyalkene is superior to

nylon jacketed PVC .

Two methods of an al yz i n g the da ta were used to rank the
solvent resistance characteristics of the wire . One method invol ves

summi ng up all dielectri c withstand failures for each wire and then
r ank ing  them accor d i n g to tha t num ber , as shown i n Ta b le 5. The other
me tho d involves  computing the pe rcent failures for each wire for each
immersion time and plotting the results as shown in Graph 1. The rank

is the same in both methods .

Gra p h 1 gi ves some additi onal in forma ti on .  The curves shoul d

be sha ped l ik e those shown for w i re c odes 4 and 10 , but wire code 3 is
not. The initial failures of wire code 3 (double extruded Poly-X) in

Fluid C were probably caused by a conibinatio r of alkali and methylene

chlor i de , while the late r failures were due to alkali alone (after the

methy lene chloride had evaporated).

It is concluded that double extruded Poly-X is superior to

single extruded Poly-X. Double wrap Kapton is superior to single wrap

Kapton . Kapton with a fluorocarbon topcoat is superior to Kapton with

a modified imi de topcoat. Kapton is superior to Poly-X.

The new MIL-C-43616 cleaner wi th a pH of 9.2 caused only one

dielectric withstand failure and that was on single ext r uded Poly—X after

28 days immersion . I t  l owered U i n s u l a t i o n ~--‘~~~tance of nylon jacketed

PVC but had no effect on the electri cal resistance of any other. Since

Kapton wire and Kynar jackete d polyalker wire are the only wi re types

currently ava i lab le  (of those tested herein ) and since MIL-C -436 16B
Amend. # 2 f luid has no adverse ef fect  on then , both of these wire types

look promising for use. 
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TABLE 5.

RANKING OF WIRE IN ORDER

OF DECREASING RESISTANCE TO FLUID

WIRE TOTAL NUMBERRANK CODE SPECIFICATION OF FAILURES

1 I MIL-W-81044/12-20-5 0

II MIL-W-81044/12-20--6 0

III MIL-W -81044/2-20-9 0
IV MIL -W-5086/2-18-9 0

2 16 MIL-W—8 138 1/1 1-20—9 10

3 14 MIL -W-8 1381/7-2 0-9 12

4 3 MIL-W —8 1044/ 16-20-9 27
11 MI L—W —8138 1/ 11—20— N 27

5 10 MIL-W—81381/7—20-N 31

6 4 MIL-W-81044/18-20-9 51
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APPENDIX C 1

DESCRIPTION OF FLUIDS AND WIR ES USED

A. FLUIDS

The flui ds chosen for this investi gation are as follows :

1.. MIL-C-43616 , “Clean in g Com pound , Ai rcraft Surface ” . This

cleanin g compound use d by the Nav y is water rinsable and require d to be

9O~ biodegradable. The flash point is 1420F (m m )  and the pH of a 1:4

wa ter dilution mus t fall between 8.0 and 12.0. The specification does

no t l i m it the com pos i t ion of the cleaner;  however , i t  does l i s t a com p-
ar i son formula w i th wh ich to com pare the cle an i n g effec ti veness , and a
recent amendment (2) limi ts the pH to 10 max. Two fl uids were used :

Fl ui d A (previously tested) wi th a pH of 13.3, and a new flu id (N) with

a pH of 9 2 (both pH’ s measured in the concentrated form).

2. TT-R-248 , “Remove r , Pa int and Lac quer , Sol vent Type ”.

This is a non—fl aoiiiable, wa ter r i nsa b le solvent  type pa i n t an d lacque r
remover. I t  must no t contain phenol , cresol , creoso te o i l, cresy l i c
acid , benzene , car bon tetrachlor id e , perchloroethylene , trichloroethylene ,

or di chiorethylene . I t may conta i n ot her ch lori na ted hydrocar bons if

shown to have no deleter i ous effect  on the a i rcraf t. There i s no re-
qu i rement for pH . The specif i cat i on does not conta in  a com par i son
formula . Flu id G (previously tested), con taining methylene chloride

and having a pH in concentra ted form of 11.6, was used.

B. WIRES

The wi res chosen for this i nvestigation are as follows :

1. MIL-W-81044/16-20-9. This is a double extruded ~lkane-

imi de with an isi i de topcoat. It has a tin coated 19 strand copper

conductor (AWG 20) an d is wh i te (-9). This wire was tested in TR-2145~
and ident ified by wi re code #3.

Cl
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2. MIL—W—81044/18-20-9. This is a single extruded alkane-
imide wi th an iniide topcoat. It has a tin coated 19 strand coppe r

conductor (AWG 20) and is white ( -9). This wi re  was tested in TR -2145 1

and identi fied by wire code ~4.

3. MIL —W — 8 128 1/ 7-2 0—N. This is a f luorocarbon / polyimi de
insulated wire wi th  imi de topcoat. It has a s i lve r coated 19 strand
copper conductor (AWG 20) and is natura l color ( -N) .  This wire was
tested in TR-2145~ and identified by wi re code #10.

4. MIL-W—81381/7—20-9. This wire is the same as 3 above except

that the color is white (—9). This wire was tested in TR-2145 and identi-

fied by wire code #14.

5. MIL —W—8 138 1/ 11—20—N. This is a fl uorocarbon/polyimide
insulated wire with imi de topcoat. It is the same as MIL—W -8 138 1/ 7 -20-N
wire except that the insulation is thicker. It is natura l (-N) color.

This wire was tested in TR-2145 1 and identified by wire code # 11 .

6. MIL— W — 8138 1/ 11-20—9. This is the same as 5 above except
tha t the color is white (-9). This wire was tested in TR-2145~ and
identified by wire code #16.

7. MIL -W-8 1044/12—20— 5 and -6. This is a crosslinked poly—

vin ylidene flouri de (Kynar) jacketed polyalkene . Two colors were used

because they were available. This wire was not previousl y tested . The

f i n i she d d i ameter is 0.055 i nches .

8. MIL-W-8 1044/2-20-9 . This is the same as 7 a bove exce pt the
co lor is white an d the fi n i shed di amete r i s 0.07 8 i nches .

9. M I L—W -5086/2-18-9. This wire is ny lon jacketed PVC with a
glass fiber bra id beneath the nylon jacket. ~he color is white and the
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finished diameter is 0.095 inches . It would have been preferable to
test AWG 20 bu t AWG 18 was all that was in~iediatel y available.
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