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. TEST METHODS FOR INSULATED ELECTRIC WIRE 
L. 

FOREWORD 

This document contains a series of test methods for aerospace wire which were 
designed for both process/quality control tests and to assist electrical design 
personnel in the selection of a wire for use in a individual aerospace vehicle. 
No one method can predict all the variables to which a wire can be exposed. 

These test methods were collected from a number of aircraft manufacturers. Not 
all o f  these are needed for all applications in all vehicles. Some will be 
applicable for one vehicle, some for another. 

It is intended that the test results from this document will be helpful to the 
electrical designer in making a selection based on the demonstrated performance 
of a wire under a variety of conditions. The designer may choose to develop 
additional tests for any unusual requirements of a new vehicle which are not 
covered in this document. As such this document should be viewed as a check list 
of baseline criteria for evaluation purposes. 
reflect requirements not contained herein. 

A number of  the tests contained herein are not short term procedures. 
these tests should be considered for evaluation purposes only, and not as a check 
on the quality conformance of a wire. This document also contains some new tests 
that have not been rigorously confirmed as reproducible. 
identified under the precision and bias statements in the individual test methods. 

It should be supplemented to 

As such 

Such new tests are 

SAE Technical Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. 
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement 
arising therefrom, is the sole responsibility of the user.” 

Copyright 1990 Society of Automotive Engineers, Inc. 
All rights resewed. 
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1. SCOPE: 

Th is  standard descr ibes t e s t  methods for  i n s u l a t e d ,  s i n g l e  conductor, 
e l e c t r i c  w i r e  intended for  aerospace a p p l i c a t i o n s .  P a r t i c u l a r  requirements 
for  the w i r e  be ing t e s t e d  need t o  be s p e c i f i e d  i n  a procurement document or 
o t h e r  d e t a i l  s p e c i f i c a t i o n .  Suggested minimum requirements are i nc luded  i n  
the  notes a t  t he  end o f  some o f  the t e s t  methods. SAE Performance Standard 
AS4372 uses some o f  t he  t e s t s  i n  t h i s  document for  e v a l u a t i n g  comparative 
performance o f  aerospace w i r e s .  

1.1 Contents: 

Th is  document i s  comprtsed o f  the  f o l l o w i n g  Sect ions:  

1. 
2, App l i cab le  Documents 
3. Index o f  Sect ions and T e s t  Methods 
4. T e s t  Methods and T e s t  Procedures 

Scope i n c l u d i n g  contents  and Numbering System 

1.2 T e s t  Method Numbering: 

The t e s t  methods are assigned numbers, such as 101, 102, e t c ,  from the  
appl i cab1 e group as f o l  lows : 

Group : 

1 O0 
200 
300 
400 
500 
600 
700 
800 
900 

Assembly, Handling, and Repair Tests 
Chemical, B i o l o g i c a l ,  Rad io log i ca l  (CBR) Tests 
Combat Damage T e s t s  
Conductor T e s t s  
E l e c t r i c a l  T e s t s  
Envi ronmental T e s t s  
Mechani c a l  T e s t s  
Thermal T e s t s  
Weight and Dimensional Tests 

When a t e s t  method r e v i s i o n  i nco rpo ra tes  a t e c h n i c a l  change, a decimal 
number s h a l l  be added o r  consecu t i ve l y  increased, such as 101.1 fo r  the  
f i r s t  r e v i s i o n  o f  method 101. 
a t e c h n i c a l  change may be assigned an e n t i r e l y  new t e s t  method number. 

A l t e r n a t e l y ,  a t e s t  method t h a t  i nco rpo ra tes  

2.  APPLICABLE DOCUMENTS: 

The f o l l o w i n g  documents of  the  i s s u e  l i s t e d  i n  the  issue o f  the  Department o f  
De fense  Index of S p e c i f i c a t i o n s  and Standards (DODISS) s p e c i f i e d  i n  the 
s o l i c i t a t i o n  form a p a r t  o f  t h i s  standard t o  the e x t e n t  spec i f i ed  he re in .  

2.1 Federal S p e c i f i c a t i o n s :  

TT-1-735 I sop ropy l  Alcohol  
TT-M-268 Methyl I s o b u t y l  Ketone (For Use i n  Organic Coat ing) 
TT-S-735 Standard T e s t  F l u i d s ,  Hydrocarbon 
UU-T-450 T i  ssue 
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2.2 

2.3 

2.4 

Mi 1 i tary Specif i cations : 

MIL-A-8243 
MIL-C-5809 
MIL-C-87936 

MI L-C-436 1 6 
MIL-G-3056 
MIL-G-5572 
MIL-H-5606 

MIL-H-33282 

MI L-L-6082 

MIL-L-7808 

MIL-L-23699 

MIL-P-26536 
MIL-P-26539 
MIL-P-27402 

MIL-T-5624 
MIL-T-43435 
MI L-T-8 1 533 

MI L-W-5088 
MIL-W-22759/32-35,41-46 

MS3320 

Federal Standards: 

Anti-Icing and Deicing-Defrosting Fluid 
Ci rcui t Breaker 
Cleaning Compounds, Aircraft Exterior Surfaces, 

Water Dilutable 
C1 eani ng Compound, Aircraft Surface 
Gasoline, Automotive, Combat 
Gasoline, Aviation, Grades 80/87, 100/130, 1151145 
Hydraulic Fluid, Petroleum Base, Aircraft, Missile 

and Ordnance 
Hydraulic Fluid, Fire Resistant, Synthetic 

Hydrocarbon Base, Aircraft, Metric, NATO Code 
Number H-537 

Lubricating Oil, Aircraft Reciprocating Engine 
(Pi ston) 

Lubricating Oil, Aircraft Turbine Engine, Synthetic 
Base, NATO Code Number 0-148 

Lubricating Oil, Aircraft Turbine Engines, 
Synthetic Base 

Propellant, Hydrazine 
Propellant, Nitrogen Tetroxide 
Propellant, Hydrazine-Uns-Dimethylhydrazine 

Turbine Fuel, Aviation Grades JP-4 and JP-5 
Tape, Lacing and Tying 
Trichloroethane, l , l , l ,  (Methyl Chloroform) 

Inhibited, Vapor Degreasing 
Wiring, Aerospace, Vehicle 
Wire, Electrical, FTuoropolymer Insulated Copper or 

Copper Alloy 
Circuit Breaker-Aircraft, Trip-free, Push Pull, 

1 Thru 20 Amps, Type 1 ,  -55 to +121 Degrees C 

(50 percent N2H4 -50 percent UDMH) 

FED-STD-228 Cable and Wire, Insulated, Methods of Testing 

Mi 1 i tary Standards : 

MIL-STD-202 Test Methods for Electronic and Electrical Component Parts 

The following documents form a part of this standard to the extent specified 
herein. The issues of the documents which are Department of Defense (DoD) 
adopted shall be those listed in the issue of the DODISS specified in the 
solicitation. The issue of the documents that have not been adopted shall 
be those in effect on the date of the cited DODISS. 
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2.4 American Soc ie ty  for  Tes t ing  and Ma te r ia l s :  

ASTM D 256 Impact Resistance o f  P l a s t i c s  and E l e c t r i c a l  I n s u l a t i o n  

ASTM D 1868 

ASTM D 3032 
ASTM F 814 

ASTM G 53 

ASTM D 412 _________________--__ 

Mater i a l  s 
De tec t i on  and Measurement o f  P a r t i a l  Discharge (Corona) Pulses 

i n  Eva lua t ion  o f  I n s u l a t i o n  Systems 
Hookup Wire I n s u l a t i o n  
S p e c i f i c  O p t i c a l  Dens i ty  o f  Smoke Generated by S o l i d  M a t e r i a l s  

for Aerospace Appl i ca t ions  
Operat ing L igh t -  and Water-Exposure Apparatus (F luorescent  

UV-Condensation Type) for  Exposure o f  Non-metal 1 i c  M a t e r i a l s  

2.5 Soc ie ty  o f  Automotive Engineers: 

SAE AS1241 Hydrau l i c  F l u i d  
CAE AS4372 

3. INDEX OF SECTIONS AND TEST METHODS: 

3.1 Test  Methods Group 100 - Assembly, Handl ing,  and Repair  Tests:  

Met hod 
No e T i t l e  

1 O0 
102 
103 
104 
105 
106 
107 
108 
1 o9 

Concentr i  c i t y  and Wal 1 T l i i  ckness 
I n s u l a t i o n  Bonding t o  P o t t i n g  Compounds (TBD)1 
I n s u l a t l o n  Pul 1-off' Force (TBD) 
I n s u l a t i o n  Removabi 1 i t y  (TBD) 
I n  su 1 a t  i on Shr i nkage / Expans i on 
Sol derabi  1 i t y  
Thermal/Mechanical Resistance - S ing le  Wire 
Thermal/Mechanical Resistance - Bundle 
Solder Pot Test for I n s u l a t i o n  Shrinkage 

3.2 Test Methods Group 200 - Chemical, B i o l o g i c a l ,  Rad io log ica l /Nuc lear ,  
B i o l o g i c a l ,  Chemical CCBR(NBC)I: 

Met hod 
No. 

T B D ~  

T i t l e  

3.3 Test Methods Group 300 - Combat Damage Tests 

Met hod 
No. T i t l e  

30 1 Dry Arc Resistance and F a u l t  Propagat ion 

'TBD = To be determined. 
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3.4 T e s t  Methods Group 400 - Conductor T e s t s :  

M e t  hod 
No. T i t l e  

40 1 Conductor Diameter 
402 
403 
404 Conductor Resistance 
405 Conductor Strand B lock ing  

Sof t IAnnealed Copper E longat ion  and Tens i l e  Breaking St rength  
High St rength  Copper Al loy E longat ion  and Tens i l e  Breaking St rength  

3.5 Test Methods Group 500 - E l e c t r i c a l  Tests: 

M e t  hod 
No, T i t l e  

50 1 
502 
503 
504 
505 
506 
507 
508 
509 
51 O 
51 1 

D i e l e c t r i c  Constant 
Corona I n c e p t i o n  and E x t i n c t i o n  Vol tages 
Impulse D i e l e c t r i c  
I n s u l a t i o n  Resistance 
Spark T e s t  o f  F in ished Wi re  I n s u l a t i o n  
Surface R e s i  stance 
T i  me/Current t o  Smoke 
Vol tage Rat ing  (TBD) 
Wet Arc Track ing 
Vol tage Withstand (Wet D i e l e c t r i c )  
Wire Fusing T ime  

3.6 Test Methods Group 600 - Environmental T e s t s  

M e t  hod 
No. T i t l e  

601 F 1.u i d Immer s i on 
602 Forced Hydro l ys i s  
603 Humidi ty Resistance 
604 
605 P r o p e l l a n t  Resistance 
606 Weathering Resistance 
607 W i  c k i  ng 

Weight Loss Under Temperature and Vacuum 

- 5 -  
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3.7 Test Methods Group 700 - Mechanical Tests:  

Met hod 
No. T i t l e  

70 1 
702 
703 
704 
705 
706 
707 

709 
710 
71 1 
712 
713 
71 4 

708 

Abrasion (TBD) 
Cold Bend 
Dynamic Cut Through 
F lex  L i f e  (TBD) 
I n s u l a t i o n  Impact Resi stance (TBD) 
I n s u l a t i o n  Tens i l e  S t rength  and E longat ion  
Notch Propagat ion 
S t i f f n e s s  and Springback 
V i  b r a t i o n  (TBDI  
Mandrel and Wrap Back Test 
Wr ink le  Test 
D u r a b i l i t y  o f  C o l o r / I d e n t i f i c a t i o n  
Wire Surface Markabi li ty (TBD) 
Bend Test  

3.8 Test Method Group 800 - Thermal Tests:  

Met hod 
No. T i t l e  

801 
802 
803 
804 
805 
806 
807 
808 
809 
810 
81 1 
81 2 
81 3 

F1 ammabi 1 i t y  
High Pressure/High Temperature A i r  Impingement ( B u r s t  Duct)  
Smoke Q u a n t i t y  
Thermal Index 
Thermal Shock Resistance 
T o x i c i t y  (TBD) 
Proper ty  Reten t ion  A f t e r  Thermal Aging 
Mu l t i day  Heat Aging Test 
B1 o c k i  ng 
Lami n a t i o n  Seal i ng 
Topcoat Cure 
C r o s s l i n k  Proof Test 
Flame Resi stance 

3.9 Test Methods Group 900 - Wire Diameter and Weight: 

Met hod 
No. 

901 F in ished Wire Diameter 
902 F in ished Wire Weight 

T i t l e  
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4. TEST METHODS AND TEST PROCEDURES: 

4.1 

4.1.1 Method 101, C o n c e n t r i c i t y  and Wall Thickness: 

4.1.1.1 Scope: Th is  t e s t  i s  t o  be used t o  determine the  w a l l  th ickness  and 

4.1.1.2 Samples: Unless o therw ise  s p e c i f i e d  by the  d e t a i l  s p e c i f i c a t i o n s ,  a 

T e s t  Methods Group 100 - Assembly, Handl ing and Repair  Tests:  

c o n c e n t r i c i t y  o f  an i n s u l a t e d  w i r e  sample. 

w i r e  sample o f  n o t  l e s s  than 6 i n  (152.4 mm) s h a l l  be tes ted .  

4.1.1.3 T e s t  Equipment: 

4.1.1.3.1 Magn i fy ing  D e v i c e :  A microscope or o p t i c a l  comparator equipped w i t h  
devices capable o f  making measurements rep roduc ib le  to  a t  l e a s t  
0.013 mm or 0,0005 i n  s h a l l  be used. 

4.1.1.4 T e s t  Procedure: 

4.1.1.4.1 Wholly Tape Wrapped Const ruc t ions :  Measurements o f  w a l l  th ickness  
s h a l l  be by measuring the  f i n i s h e d  w i r e  i n s u l a t i o n  a t  i t s  t h i n n e s t  
p o i n t .  The w a l l  th ickness  measurement s h a l l  be the  s h o r t e s t  d is tance 
between the  outerinost r i m  o f  the  f i n i s h e d  w i r e  and t h e  o u t e r  r i m  of 
t h e  outermost s t rand  o f  the  conductor.  

4.1.1.4.2 0 the r .Cons t ruc t i ons :  A l l  o t h e r  cons t ruc t i ons  s h a l l  have w a l l  
th ickness  measurements performed i n  accordance w i t h  ASTM D 3032. 

4.1.1.4.2.1 C o n c e n t r i c i t y :  C o n c e n t r i c i t y  o f  other than who1 l y  tape wrapped 
cons t ruc t i ons  s h a l l  be c a l c u l a t e d  f rom the  w a l l  th ickness  as shown 
below: 

1 .  S ize 30 through 10 
% Concentr i  c i t y  = Minimum w a l l  th ickness  x 100 

Maximum w a l l  th ickness  

2. S ize 8 through O000 
% Concentr i  c i t y  = Minimum w a l l  th ickness  x 100 

Average w a l l  th ickness  
o f  4 measurements taken 
90" a p a r t  

4.1.1.5 Resu l ts :  Report w a l l  th ickness  measurements for a l l  cons t ruc t i ons .  
Report  c o n c e n t r i c i t y  fo r  those cons t ruc t i ons  t h a t  a re  n o t  who l l y  tape 
wrapped. 

4.1.1.6 I n f o r m a t i o n  Required i n  D e t a i l  Spec i f i ca t i on :  Number o f  samples, w i r e  
s i z e  of  samples, number o f  measurements. 

4.1.1.7 P r e c i s i o n  Bias:  A minimum c o n c e n t r i c i t y  o f  70% i s  u s u a l l y  des i rab le .  

- 7 -  
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4.1.2 Method 102, I n s u l a t i o n  Bonding t o  P o t t i n g  Compounds: TO BE DETERMINED2 

4.1.3 Method 103, I n s u l a t i o n  Pul l - O f f  Force: TO BE DETERMINED3 

4.1.4 Method 104, I n s u l a t i o n  Removabi 1 i ty :  TO BE DETERMINED4 

4.1.5 Method 105, I n s u l a t i o n  ShrinkagelExpancion: 

4.1.5.1 Scope: This  t e s t  i s  t o  determine the  l o n g i t u d i n a l  shr inkage or 
expansion exper ienced by a w i r e  i n s u l a t i o n  a f t e r  b r i e f  heat  aging. 

4.1.5.2 Samples: The sample s h a l l  be a 13 i n  (330 mm) l e n g t h  o f  w i r e  c u t  f l u s h  
on bo th  ends. 

4.1.5.3 Test Equipment: 

4.1.5.3.1 A r a z o r  b lade or equ iva len t  dev ice t o  remove a i n s u l a t i o n  s l u g  from 
conductor.  

4.1.5.3.2 A dev ice capable o f  measurement t o  0.001 i n  (0.025 mm). 

4.1.5.3.3 A c i r c u l a t i n g  a i r  oven w i t h  temperature c a p a b i l i t y  up t o  300°C (572"F).. 

4.1.5.4 Test Procedure: S t r i p  1 /2 i n  (12.7 mm) o f  i n s u l a t i o n  s h a l l  be from each 
end o f  the  f i n i s h e d  w i r e  specimen. Use a r a z o r  blade (or equ iva len t )  
h e l d  perpend icu la r  t o  the  a x i s  o f  the  w i r e  t o  remove the  i n s u l a t i o n .  
The l e n g t h  o f  the  exposed conductor a t  each end o f  the  specimen s h a l l  be 
measured t o  the  n e a r t e s t  0.005 i n  (0.13 mm). The specimen s h a l l  be 
exposed fo r  6 h t o  a minimum temperature o f  30°C k 3 (86°F -1- 5) above 
the  r a t e d  temperature o f  the  specimen. An a i r  c i r c u l a t i n g  oven s h a l l  be 
used for  t h i s  exposure. A t  t he  end o f  6 h, remove the  specimen from the  
oven and a l  low i t  t o  r e t u r n  t o  room temperature.  The l o n g i t u d i n a l  
shr inkage or expansion o f  the  i n s u l a t i o n  s h a l l  then be c a l c u l a t e d  as the  
g rea tes t  d is tance any l a y e r  o f  i n s u l a t i o n  has moved on e i t h e r  end. 

i n s u l a t i o n  i n  inches or min. 
4.1.5.5 Resul ts :  Report  oven temperature and maximum shr inkage or expansion o f  

4.1.5.6 I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  Number o f  samples, w i r e  
s i z e  o f  samples, and r a t e d  temperature o f  samples. 

2There i s  no standard t e s t  for  t h i s  requirement.  A t e s t  method has been 

3A new t e s t  method - S t r i p  Force Test - has r e c e n t l y  been re leased as Sec t ion  27 

4There i s  no standard t e s t  for  t h i s  requirement t o  determine the  l i m i t s  on 

requested from another subcommittee o f  AE-8. 

o f  ASTM D 3032. 
nex t  r e v i s i o n  o f  t h i s  standard.  

sp lay ing  o f  conductor s t rands.  
r e v i s i o n  o f  t h i s  standard.  

The Task Group w i l l  use t h i s  as a bas is  for  Method 103 i n  the  

A new t e s t  method i s  be ing  d r a f t e d  fo r  a f u t u r e  
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4.1.5.7 P r e c i s i o n  Bias:  A maximum l o n g i t u d i n a l  shrinkage or expansion o f  
0,125 i n  (3.13 mm) i s  u s u a l l y  d e s i r a b l e  fo r  s izes  12 and smal ler .  A 
maximum shr inkage or expansion requirement o f  0.250 i n  (6.25 mm) i s  
u s u a l l y  d e s i r a b l e  for  s izes 10 and l a r g e r ,  

4.1.6 Method 106, S o l d e r a b i l i t y :  

4.1.6.1 Scope: This t e s t  i s  t o  be used t o  determine the  s o l d e r a b i l i t y  of  t i n  
coated copper conductor. A t  present,  the s o l d e r a b i l i t y  o f  w i r e s  w i t h  
o t h e r  coat ings have n o t  been v a l i d a t e d  t o  t h i s  or o t h e r  t e s t  methods. 

4.1.6.2 Samples: Unless otherwise s p e c i f i e d  by the  d e t a i l  s p e c i f i c a t i o n ,  a w i r e  
sample o f  n o t  l e s s  than 10 i n  (254 mm) s h a l l  be used. 

4.1.6.3 T e s t  Equipment: 

4.1.6.4 T e s t  Procedure: See Sect ion 4 o f  Method 208, MIL-STD-202. One of  the  

See Sect ions 2 and 3 o f  Method 208, MIL-STD-202. 

th ree  t e s t  c o n d i t i o n s  l i s t e d  below s h a l l  be used. 

Hours o f  
Condi t i o n  Steam Aging F1 ux 

A 
B 
C 
D 

8 R 
1 R 
O R 
O RMA 

4.1.6.5 R e s u l t s :  Report the  ac tua l  and average r e s u l t  o f  the  s o l d e r a b i l i t y  t e s t  

4.1.6.6 I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  Number o f  samples t o  be 

4.1.6.7 P r e c i s i o n  Bias:  This i s  a new method t h a t  has n o t  had the  b e n e f i t  o f  

4.1.7 Method 107, Thermal/Mechanical Resistance - Sing le  Wi re :  

4.1.7.1 

and the  c o n d i t i o n  used. 

tes ted ,  w i r e  s i z e  o f  sample, t e s t  c o n d i t i o n  requ i red .  

any round-robin t e s t i n g  t o  determine p r e c i s i o n .  

Scope: 
thermal/mechanical cut- through r e s i s t a n c e  o f  an i n d i v i d u a l  i n s u l a t e d  
w i r e  and to  s imulate poss ib le  w i r e  damage d u r i n g  removal o f  overbra ids  
from w i r e  bundles. 

sample of  n o t  l e s s  than 12 i n  (305 mm) s h a l l  be tes ted .  

This  t e s t  i s  t o  be used to  determine t h e  combined 

4.1.7.2 Samples: Unless otherwise s p e c i f i e d  by the d e t a i l  s p e c i f i c a t i o n ,  a w i r e  

4.1.7.3 T e s t  Equipment: 

4.1.7.3.1 Ungar E l e c t r o n i c  So lder ing  System 9000 o r  e q u i v a l e n t  w i t h  screwdr iver  
t i p  #9016 ( t i p  measures approximately 0,105 i n  (2.67 rnm) w i d t h  by 
0.05 i n  (1.27 mm) t h i c k  or e q u i v a l e n t ) .  

- 9 -  
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4.1.7.3.2 I C  Thermo E l e c t r i c  M in iM i te  Temperature I n d i c a t o r  or  equ iva len t .  

4.1.7.3.3 Fairbanks Morse Company Scale C75 l b s  (34.1 k g ) l  or equ iva len t .  

4.1.7.3.4 Moment ex te rna l  l i m i t  swi tch.  

4.1.7.3.5 60 min standard t i m e r .  

4.1.7.3.6 C o n t i n u i t y  de tec to r  box. 

4.1.7.3.7 Test f i x t u r e .  

4.1.7.4 Test Procedure: 

4.1.7.4.1 Test Setup: A recommended t e s t  setup i s  shown i n  F igu re  1 and 
descr ibed i n  the  f o l l o w i n g  paragraphs, 
f i x t u r e s  t o  h o l d  the  s o l d e r i n g  i r o n  or boxes to  de tec t  c o n t i n u i t y  are 
acceptable.  

Use o f  equ iva len t ,  a l t e r n a t e  

4.1.7.4.1.1 B u i l t  a t e s t  f i x t u r e  t o  h o l d  the  s o l d e r i n g  i r o n  i n  a v e r t i c a l  
p o s i t i o n .  F igure  1 shows a clamp at tached t o  a l e v e r  arm w i t h  no 
f r i c t i o n .  The so lder  i r o n  s h a l l  be weighted v i a  t h e  l e v e r  arm t o  
p rov ide  a 5 l b  (2.27 kg) load t o  the  s o l d e r i n g  i r o n  t i p .  
PTFE sheet w i l l  p rov ide  a non-heat-conducting sur face  fo r  the  w i re  
t o  r e s t  on and a small groove i n  the  PTFE sheet w i l l  h e l p  t o  keep 
the  w i r e  sample i n  p lace  d u r i n g  t e s t .  The l i m i t  sw i t ch  used t o  
s t a r t  t he  t i m e r  cou ld  be p laced i n  e i t h e r  o f  the  two l o c a t i o n s  shown 
i n  F igure  2. The f i r s t  l o c a t i o n  i s  a t tached t o  the  v e r t i c a l  stand 
so t h a t  the  l i m i t  sw i tch  i s  a c t i v a t e d  by the  l e v e r  arm as i t  i s  
lowered o n t o  the  w i re  and the  second l o c a t i o n  i s  beneath the  PTFE 
sheet so t h a t  t he  f o r c e  associated w i t h  the  s o l d e r i n g  i r o n  r e s t i n g  
on the  w i r e  a c t i v a t e s  the  swi tch.  

A 1- in  

4.1.7.4.1.2 The schematic for  a suggested c o n t i n u i t y  t e s t e r  box w i t h  a t imer  
c i r c u i t  i s  shown i n  F igure  3. 

4.1.7.4.1.3 Check fo r  the  5 l b  (2.27 kg) load a t  so lder  i r o n  t i p  by l ower ing  the  
so lder  i r o n  t i p  onto the  sca le  and adding weights to  the  c o n t r o l  arm 
u n t i l  sca le  r e g i s t e r s  5 l b  (2.27 kg) .  

4.1.7.4.2 Test Procedure: 

4.1.7.4.2.1 Place w i r e  specimen i n  groove o f  1 i n  (25.4 mm) on PTFE sheet and 
secure w i  r e  us i ng tape. 

4.1.7.4.2.2 Connect i ron-constantan thermocouple t o  so lder  i r o n  t i p .  Connect t o  

Ad jus t  so lder  i r o n  t o  o b t a i n  r e q u i r e d  temperature.  
IC Min iM i te  or equ iva len t  t o  measure the  exac t  temperature o f  the  
so lder  i r o n  t i p .  

4,1’.7.4,2.3 Connect c o n t i n u i t y  de tec to r  c i r c u i t  us ing  20 gauge lead w i r e  w i t h  
a l l i g a t o r  c l i p s  t o  so lder  i ron and t o  the  end o f  the  w i r e  specimen. 
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4.1.7.4.2.4 Lower the  so lder  i r on  onto the  w i r e  specimen. Record the  t ime i t  
takes the  so lder  i r o n  t o  penet ra te  through the  w i r e  i n s u l a t i o n  as 
measured by the  t imer .  
w i re  specimen, 0.5 i n  (12.7 mm) a p a r t  from each o t h e r .  
p e n e t r a t i o n  does not occur w i t h i n  1 min, stop the  t e s t .  Cont inue 
w i t h  nex t  sample. 

4.1.7.4.2.5 Clean so lder  i ron  t i p  by l i g h t l y  b u f f i n g  w i t h  emery paper to  remove 
res idues  a f t e r  each t e s t .  

4.1.7.4.2.6 If f a i l u r e  occurs a t  398°C (750"F), repeat  same t e s t  a t  343°C 
(650°F) on same w i r e  specimen. 
repeat  same t e s t  a t  288°C (550°F) on same w i re  specimen. 

Repeat t e s t  f o u r  d i f f e r e n t  t imes on each 
I f  

If f a i l u r e  occurs a t  343°C (U50°F), 

4.1.7.5 Resul ts :  The t ime recorded as the  t ime r e q u i r e d  for p e n e t r a t i o n  o f  the  
so lder  i r o n  t o  the  i nne r  conductor s h a l l  be the  average t ime o f  the  
measurements taken. 

4.1.7.6 In fo rma t ion  Required i n  D e t a i l  S p e c i f i c a t i o n :  Number o f  samples and 
w i r e  s i z e  o f  samples. 

4.1.7.7 P rec i s ion  Bias:  This  i s  a new method t h a t  has no t  had the  b e n e f i t  o f  
any round-robin t e s t i n g  t o  determine p r e c i s i o n .  

4.1.8 Method 108, Thermal/Mechanical Resistance - Bundle: 

4.1.8.1 

4.1.8.2 

4.1 .G.3 

4.1.8.4 

Scope: This  t e s t  i s  t o  be used t o  determine the  a b i l i t y  o f  a bundle o f  
i n s u l a t e d  w i r e  specimens t o  w i ths tand the  heat  o f  a s o l d e r i n g  i r o n  when 
the  i r o n  r e s t s  on the  bundle. 

Samples: 
s h a l l  be used fo r  each bundle t o  be tes ted .  The bundle s h a l l  be formed 
by s t r i n g  t y i n g  the  grouped w i res  every 3 i n  (76 mm) from e i t h e r  end. 

Test Equipment: The t e s t  equipment used, i n c l u d i n g  m o n i t o r i n g / t i m i n g  
c i r c u i t r y  and exc lud ing  the  t e s t  f i x t u r e ,  s h a l l  be as descr ibed i n  
Method 107 o f  t h i s  document, 

Ten 12- in  (305 mm) i n s u l a t e d  w i r e  specimens o f  the  same s i z e  

Test Procedure: 
and use t h i s  lead t o  de tec t  c o n t i n u i t y  between the  i r o n  and any 
conductor.  See F igure  3 o f  Method 107 f o r  a c o n t i n u i t y  d e t e c t i o n  
c i r c u i t .  L i m i t  sw i t ch  l o c a t i o n  s i m i l a r  t o  the  second l o c a t i o n  o f  the  
l i m i t  sw i t ch  shown i n  F igure  2 o f  Method 107 may be used, 
b a r r e l  o f  the  so lderng i r o n  pe rpend icu la r l y  across t h e  bundle so t h a t  i t  
does n o t  touch any s t r i n g  t i e .  
achieve con tac t .  Measure the  t ime for  the  i r o n  t o  make con tac t  w i t h  any 
conductor I n  the  bundle.  The t e s t  may be te rmina ted  i f  no p e n e t r a t i o n  
occurs w i t h i n  5 min. 
343°C (650"F>, and 288°C (550°F). 
temperature,  making sure t h a t  each p o i n t  o f  contac t  i s  a t  l e a s t  0.5 i n  
(13 mm) from any prev ious  p o i n t  o f  contac t .  
a t  lower temperatures i f  no p e n e t r a t i o n  occurs a t  398°C (750°F). 

Connect the  s t r i p p e d  end o f  a l l  w i res t o  a common lead 

Lay the  

I f  necessary, e leva te  the  bundle t o  

Test w i t h  the  s o l d e r i n g  i r o n  a t  398°C (750°F), 
Test a t  t h ree  l o c a t i o n s  fo r  each 

I t  i s  n o t  necessary to t e s t  
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4.1.8.5 R e s u l t s :  Report the t i m e  t o  pene t ra t i on  a t  a l l  t e s t  temperatures. 
4.1.8.6 I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  Number and w i r e  s i z e  o f  

4.1.8.7 P r e c i s i o n  Bias:  This i s  a new method t h a t  has n o t  had the  b e n e f i t  o f  

4.1.9 Method 109, Solder Pot T e s t  for  I n s u l a t i o n  Shrinkage: 
4.1.9.1 Scope: This  t e s t  i s  t o  be used to  assess the i n s u l a t i o n  shr inkage of  a 

4.1.9.2 Samples: The sample s h a l l  be a l e n g t h  o f  i n s u l a t i o n  n o t  l e s s  than 6 i n  

4.1.9.3 Test Equipment: The equipment s h a l l  be as s p e c i f i e d  i n  Sec t ion  3.1 o f  

4.1.9.4 Test Procedure: The t e s t  procedure s h a l l  be as s p e c i f i e d  i n  Sec t ion  4.1 

samples to  be tes ted .  

any round-robin t e s t i n g  t o  determine p r e c i s i o n .  

w i r e  a f t e r  exposure t o  h o t  so lder .  

(152 mm). 

FED. TEST METHOD STD. NO. 228, Method 8231. 

o f  FED. TEST METHOD STD. NO. 228, Method 8231. The shr inkage s h a l l  be 
measured as the  g rea tes t  d is tance any l a y e r  o f  i n s u l a t i o n  has moved. 

sample tes ted .  

samples t o  be tes ted .  

increments. 

4.1.9.5 Resul ts :  

4.1.9.6 I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  Number and w i r e  s i z e  o f  

4.1.9.7 P rec i s ion  Bias:  The r e s u l t s  o f  t h i s  t e s t  should be expressed i n  1/32 i n  

4.2 T e s t  Methods Group 200 - Chemical, B i o l o g i c a l  and Rad io log i ca l  

Record the  amount o f  shr inkage t o  the  neares t  1/32 i n  fo r  each 

Tests/Nuclear,  B i o l o g i c a l  and Chemical (CBRINBC): 

4.2.1 When r e q u i r e d  by a user,  specimens o f  i n s u l a t i o n  m a t e r i a l  s h a l l  be t e s t e d  
t o  the  CBR/NBC requirements as s ta ted  I n  Army Regu la t ion  70-71. 
the  A i r  Force has es tab l i shed  an ex tens ive  da ta  base on the  chemical 
c o m p a t i b i l i t y  o f  m a t e r i a l s  for  use i n  aerospace veh ic les .  
base as a whole i s  c l a s s i f i e d  i n fo rma t ion .  i t  has been made a v a i l a b l e  t o  
pr ime aerospace con t rac to rs .  
WRDC-MEA, Wright Pat te rson AFB, Ohio, phone 513-255-5117. I n  a d d i t i o n ,  
the  Army has done e x t e n s i v e . t e s t i n g  of a number of m a t e r i a l s  and should be 
consul ted be fore  t e s t i n g  t o  determine if a candidate i n s u l a t i o n  m a t e r i a l  
has a l ready  been tes ted .  
Army CR&D, Edgewood, MD, phone 301-671-3410. 

Note t h a t  

While t h i s  da ta  

Cur ren t  con tac t  fo r  t h i s  da ta  base i s  a t  

Contact  fo r  t h i s  i s  NBC S u r v i v a b i l i t y  O f f i c e ,  

The i n t e n t  o f  t h i s  m a t e r i a l  t e s t i n g  i s  t o  assure i ne r tness  o f  a m a t e r i a l  
t o  the  CBR/NBC exposure. 
a dozen q u a l i f i e d  l a b o r a t o r i e s  t o  do t h i s  type o f  CBR/NBC t e s t i n g ,  b u t  
these l a b o r a t o r i e s  are n o t  empowered to  determine the  su i  t a b i  1 i ty  of  an 
i t e m  such as a w i r e  a f t e r  exposure, b u t  o n l y  to  determine if there  i s  an 
e f f e c t  on the  m a t e r i a l s  used fo r  i n s u l a t i o n ;  nor  i s  i t  recommended t h a t  
hand l ing  o f  i t e m s  a f t e r  exposure be done ou ts ide  of  these q u a l i f i e d  labs 
due t o  personnel sa fe ty  cons idera t ions .  

The A i r  Force and the  Army has es tab l i shed  over  
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4.3 Test Methods Group 300 - Combat Damage Tests:  

4.3.1 Method 301, Dry Arc Resistance and F a u l t  Propagat ion:  

4.3.1.1 Scope: T h i s  t e s t  i s  t o  be used t o  measure the  res i s tance  t o  a r c i n g  and 
propagat ion o f  f a u l t s  i n  a bundle. 
t o  ad jacent  w i r e s  i n  a bundle which are n o t  d i r e c t l y  i nvo l ved  i n  the  arc .  

Th is  t e s t  a l s o  examines the  damage 

4.3.2 Samples: 

4.3.2.1 Wire Specimens: Each bundle s h a l l  be comprised o f  i n s u l a t e d  w i r e  
specimens i n  the  q u a n t i t i e s  and lengths  l i s t e d  below. 

Number Length 
Wire o f  o f  Segments 
Size Segments (kl i n )  (k2.54 cm) 

26 , t w s t  p r  
26 
26 

22 t w s t  p r  
22 
22 
20 
20 
16 

48 
4% 

1 O0 
48 

1 O0 
48 

1 O0 

48 

48 

( 1  22) 
(1  22) 
(254) 
(122) 
( 1  22) 
(254) 
( 1  22) 
(254) 
(122) 

S ize 24 may be used i f  26 i s  n o t  a v a i l a b l e .  

4.3.2.2 Bundle Fabr i ca t i on :  Each o f  the  fou r teen  48- in (122 cm) segments s h a l l  
have one end terminated w i t h  a #10 r i n g  tongue te rm ina l  and the  o t h e r  
end s t r i p p e d  o f  114 i n  (6.3 mm) of i n s u l a t i o n .  
then be grouped i n  a bundle w i t h  a cross sec t i on  t h a t  approximates the  
one shown i n  F igure  4. The th ree  100-in (254 cm) segments are common 
i n t e g r i t y  c i r c u i t s .  Both ends o f  each segment s h a l l  f l o a t  and s h a l l  be 
a t  t he  same end o f  the  bundle as the  r i n g  tongue te rm ina t ions .  A t  t he  
oppos i te  end the  common i n t e g r i t y  w i r e s  s h a l l  be bent  from the  bundle 
e x i t  p o s i t i o n  t o  the  e n t r y  p o s i t i o n  w i t h  a loop no t  extending more than 
2 i n  from the  s t r i p p e d  ends o f  the  o t h e r  w i res  i n  the  bundle. 
bundle s h a l l  then be s t r i n g  t i e d  a t  2 i n  (50.8 mm) i n t e r v a l s  for a t o t a l  
of 36 i n  (91.4 cm). 
s h a l l  be approx imate ly  1 /2  i n  (12.7 mm) from the  i n s u l a t i o n  end. 
F igure  4 for  i 11 u s t r a t i o n .  

The w l r e  speclmens s h a l l  

The 

The s t r i n g  the  c l o s e s t  t o  the  s t r i p p e d  w i r e  ends 
See 
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SAE AS4373 

4.3.2.3 Equipment: 

4.3.2.3.1 Circuit Breaker Panel of Box: 
termination points for the ring tongue terminals on the test bundle, 
circuit breaker protection for powered circuits, and input terminals 
for the power source leads is required. 
as follows: 

A panel or box that provides 

The circuit breakers shall be 

Wire Size Circuit Breaker 

26 MS3320-4 
24 ( i f  used) MS 3 320- 5 
22 MS3320-7.5 
20 MS3320-1 O 
16 MS3320-15 

4.3.2.3.2 Generator: An aircraft generator rated at 40 kVA minimum shall be 
used to supply three-phase, 115 V, 400 Hz power. 

4,3.2,3.3 Transformer Rectifier: A representative aircraft transformer 

4.3.2.3.4 Video Camera: A video camera shall be used to document the test and 

4.3.2.4 Test Procedure: A single 32 AWG or smaller strand shall be wrapped and 

rectifier rated at 75 amps minimum shall be used to supply 28 VDC. 

provide a record to time the duration of arcing and/or flaming. 

tied around the bundle periphery at the stripped end to compress the 
conductors together and establish contact. Horizontally mount the 
harness as shown in Figure 4 and attach the ring tongue terminals to the 
circuit breaker box. Use size 12 wire with a maximum length of 15 ft 
(457 cnt) to apply the signals below and on Figure 4. 

Locat i on Power 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13/17 
14/19 
15 
16/20 
18 

A 
B 
C 
A 
DC 
AC Neutral 
6 
C 
C 
DC GND 
A 
AC Neutral 
Common Integrity 
Common Integrity 
DC GND 
Common Integrity 
AC Neutral 
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4.3.2.4 (Cont inued):  

S t a r t  t he  v ideo  tape s h o r t l y  be fo re  app ly ing  power s imul taneously  t o  the  
14 c i r c u i t s  t h a t  a re  t o  be powered. Note and reco rd  the  number and type 
of  c i r c u i t  breakers i n t e r r u p t e d ,  any phys i ca l  evidence o f  carbonized 
i n s u l a t i o n ,  and the  l e n g t h  o f  the  i n s u l a t i o n  consumed d u r i n g  the  a rc .  
The th ree  common i n t e g r i t y  c i r c u i t s  s h a l l  then be removed from the  
bundle and checked w i t h  the  Vol tage Withstand (wet d i e l e c t r i c )  Test  

1 b u t  6 i n  (15.0 cm) o f  each end o f  the  specimens 
two conductor ends t i e d  toge the r .  

Method 510'. Immerse a 
and apply  power t o  the  

4.3.2.5 Resu l ts :  Report  the  c 
approximate a rc  and/or 
and the  w e t  d i e l e c t r i c  
i n t e g r i t y  c i r c u i t s .  

r c u i t  breakers t h a t  were i n t e r r u p t e d ,  t he  
f lame d u r a t i o n  as determined from the  v ideo tape, 
t e s t  r e s u l t s  for  each o f  the  th ree  common 

4'3.2.6 I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  Number o f  bundles t o  be 
t e s t e d  and whether s i z e  26 or 24 I s  to  be used i n  t h e  bu.ndle. 

4.3.2.7 P r e c i s i o n  Bias: This  i s  a new method t h a t  has n o t  

4.4 T e s t  Methods Group 400 - Conductor T e s t s :  

4.4.1 Method 401 Conductor Diameter: 

4.4.1.1 Scope: This  t e s t  i s  t o  be used t o  de te rm in t  t he  d 
conductors.  

4.4.1.2 Samples: Unless o therw ise  s p e c i f i e d  i n  the  d e t a i l  
i n s u l a t e d  w i r e  o f  n o t  less than 24 i n  (610 mm) sha 

4.4.1.3 T e s t  Equipment: 

any round-robin t e s t i n g  t o  determine p r e c i s i o n .  
had the  b e n e f i t  o f  

ameter o f  stranded 

s p e c i f i c a t i o n ,  an 
1 be tes ted .  

4.4.1.3.1 M ic romete r :  
t he  neares t  0.0001 i n  (0.0025 min). 

A micrometer o r  equ iva len t  dev ice capable o f  measuring to  

4.4.1.3.2 Measuring Tape: L u f k i n  Tape Rule #W606PD or equ iva len t .  

4.4.1.4 T e s t  Procedure: Remove the  i n s u l a t i o n  w i t h o u t  damaging or d i s t o r t i n g  
the  conductor.  
d iameter i n  a t  l e a s t  t h ree  l o c a t i o n s  a long the  l e n g t h  o f  the  sample. 
Each measurement s h a l l  c o n s i s t  o f  two micrometer read ings  taken 90' from 
each o t h e r .  For s i z e  8 and l a r g e r ,  a c i r c u m f e r e n t i a l  measuring tape 
c a l i b r a t e d  for  diameter may be used (such as Lu fk in  Tape Rule #W606 PD 

Determine the  conductor diameter by measuring the  o u t e r  

or e q u i v a l e n t ) .  

4.4.1.5 Resu l ts :  Report measured conductor d 
for  each sample tes ted :  

4.4.1.6 I n f o r m a t i o n  Required i n  D e t a i l  Spec i f  
conductor s i z e  o f  samples, and number 

4.4.1.7 P r e c i s i o n  Bias:  

ameters and the  average diameter 

c a t i o n :  Number o f  samples, 
of measurement l o c a t i o n s .  

\ 
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4.4.2 Method 402, Soft/Annealed Copper Elongat ion and Tensi l e  Breaking Strength:  

4.4.2.1 

4.4.2.2 

4.4.2.3 

4.4.2.4 

4.4.2.5 

4.4.2.6 

4.4.2.7 

Scope: This t e s t  i s  t o  be used t o  determine the  t e n s i l e  break ing 
s t r e n g t h  and e longa t ion  o f  sof t  or annealed copper s t r a n d  or conductors. 

Samples: 
TEST METHOD STD. NO. 228, METHOD 3211, 

The t e s t  sample s h a l l  be as descr ibed i n  Sec t i on  2.1 o f  FED. 

T e s t  Equipment: The t e s t  equipment s h a l l  be as descr ibed i n  Sect ion 3.1 
o f  FED. TEST METHOD STD. NO. 228, METHOD 3211. I n  a d d i t i o n ,  a c h a r t  
recorder  s h a l l  be used i n  con junc t i on  w i t h  the t e s t i n g  machine t o  reco rd  
the t r a v e l  d i s tance  o f  the power-actuated g r i p .  

Test Procedure: The t e s t  s h a l l  be conducted as descr ibed i n  
Sect ions 4.1-5 o f  FED. TEST METHOD STD. NO. 228, Method 3211, except 
t h a t  t he  e longa t ion  s h a l l  be determined by means o f  a r e c o r d i n g  c h a r t  
t h a t  measures the t r a v e l  o f  the power-actuated g r i p  r a t h e r  than by 
measuring the specimen a f t e r  the break. For w i r e  s i zes  20 and l a r g e r ,  
the t e s t s  s h a l l  be performed on i n d i v i d u a l  s t rands taken from the  
conductor o f  the f i n i s h e d  w i r e .  For s i zes  22 and smal ler ,  t he  t e s t s  
s h a l l  be performed on the  whole conductor removed from the  f i n i s h e d  w i r e  
and the e longa t ion  s h a l l  be measured when the f i r s t  s t rand  o f  the  
conductor breaks as i n d i c a t e d  on the r e c o r d i n g  c h a r t .  I n s t e a d  o f  
t e n s i l e  s t reng th ,  the t e n s i l e  break ing s t r e n g t h  s h a l l  be measured as the 
t o t a l  t e n s i l e  f o r c e  i n d i c a t e d  by the t e s t i n g  machine a t  break o f  the 
first st rand.  

Resul ts :  
sample of  s t rand  or conductor. 

Report t he  t e n s i l e  break ing s t r e n g t h  and e longa t ion  fo r  each 

I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  The conductor s i z e  and 
number o f  samples t o  be tes ted .  

Precis ion Bias:  

0054523  7 m 

4.4.3 Method 403, High S t reng th  Copper Al loy Elongat ion and Tens i l e  Breaking 
Strength : 

4.4.3.1 Scope: T h i s  t e s t  i s  t o  be used t o  determine the  t e n s i l e  break ing 
s t r e n g t h  and e longa t ion  o f  h i g h  s t r e n g t h  copper a l l o y  conductors. 

4.4.3.2 Samples: 
TEST METHOD STD. NO. 228, METHOD 3211, except t h a t  t e s t  samples s h a l l  be 
the whole conductor fo r  a l l  s izes.  

The t e s t  equipment s h a l l  be as descr ibed i n  Sect ion 3.1 
o f  FED. TEST METHOD STD. NO. 228, METHOD 3211. I n  a d d i t i o n ,  a c h a r t  
recorder  s h a l l  be used i n  con junc t i on  w i t h  the t e s t i n g  machine to  reco rd  
the t r a v e l  d i s tance  o f  the  power-actuated g r i p .  

The t e s t  sample s h a l l  be as descr ibed i n  Sec t i on  2 . 1  o f  FED. 

4.4.3.3 T e s t  Equipment: 
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4.4.3.4 T e s t  Procedure: The t e s t  s h a l l  be conducted as descr ibed i n  
Sect ions 4.1-5 o f  FED. TEST METHOD STD. NO. 228, METHOD 3211, except 
t h a t  t he  e longa t ion  s h a l l  be determined by means o f  a r e c o r d i n g  c h a r t  
t h a t  measures the  t r a v e l  of the  power ac tua ted  g r i p  r a t h e r  than by 
measuring the  specimen a f t e r  t he  break. I n  a d d i t i o n ,  t h e  r a t e  o f  t r a v e l  
o f  the  power-actuated g r i p  s h a l l  be 2.0 i n  11 0.5 (51 mm f 13)/min.  
I ns tead  o f  t e n s i l e  s t reng th ,  t he  t e n s i l e  b reak ing  s t r e n g t h  s h a l l  be 
measured as the  t o t a l  t e n s i l e  fo rce  i n d i c a t e d  by t h e  t e s t i n g  machine a t  
break o f  the  first s t rand,  

4.4.3.5 Resu l ts :  Report t he  t e n s i l e  b reak ing  s t r e n g t h  and e l o n g a t i o n  fo r  each 
sample of  each s i z e  tes ted .  

4.4.3.6 I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  The conductor s i z e  and 
number o f  samples t o  be tes ted .  

4.4.3.7 P r e c i s i o n  Bias:  

4.4.4 Method 404, Conductor Resistance: 

4.4.4.1 Scope: This  t e s t  i s  t o  be used t o  measure or c a l c u l a t e  t h e  DC 
r e s i s t a n c e  o f  a conductor a t  20°C (68°F). 
t o  a l l o w  fo r  r e s i s t a n c e  measurements taken a t  o t h e r  than 20°C (68°F). 

C o r r e c t i o n  va lues are  g iven 

4.4.4.2 Samples: See Sec t ion  2 o f  Method 6021, FED. TEST METHOD STD. NO. 228. 

4.4.4.3 Test  Equipment: See Sec t ion  3 of Method 6021, FED, TEST METHOD STD. 

4.4.4.4 T e s t  Procedure: See Sec t ion  4 o f  Method 6021, FED. TEST METHOD STD. 

4.4.4.5 Resu l ts :  Report measured r e s i s t a n c e  o f  sample, measured l e n g t h  of  

NO. 228. 

NO. 228. 

sample, c a l c u l a t e d  r e s i s t a n c e  per  1000 f e e t  (305 M ) ,  and t e s t  
temperatures.  

conductor s i z e  o f  samples, acceptable r e s i s t a n c e  va lues.  

o t h e r  than 20°C (68°F) s h a l l  be as descr ibed i n  Sec t i on  5.1.2 o f  
Method 6021, FED. TEST METHOD STD. NO. 228 ( temperature c o e f f i c i e n t  o f  
r e s i s t a n c e  (a lpha t) = .O034 fo r  h igh  s t r e n g t h  copper a l l o y s  (PD 135)). 

4.4.4.6 I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  Number o f  samples, 

4.4.4.7 P r e c i s i o n  Bias:  Cor rec t i on  method for r e s i s t a n c e  values measured a t  

4.4.5 Method 405, Conductor St rand B lock ing :  

4.4.5.1 This  t e s t  p rov ides  a method fo r  examinat ion of  7 and 19 s t rand  

4.4.5.2 Samples: The sample s h a l l  be a 6 i n  (152 mm) l e n g t h  o f  f i n i s h e d  w i r e .  

Scope: 
conductors fo r  conductor s t rand  b l o c k i n g  (adhesion).  

~ 
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4.4.5.3 Test Equipment: 

4.4.5.3.1 Wire insulation stripping tool. 

4.4.5.3.2 Fine needle or thin blade. 
4.4.5.3.3 Device to sever conductor strands. 

4.4.5.4 Test Procedure: 

4.4.5.4.1 Preparation of Sample: With the insulation stripping tool, initiate a 
stripping action 2 in (51 mm) from one end of the sample and, without 
kinking or otherwise damaging the conductor, move the insulation slug 
endwise until approximately 3 /4  in (19 mm) of the conductor i s  
exposed. Remove the specimen from the stripping tool and proceed. 

4.4.5.4.2 Procedure: 

4.4.5.4.2.1 For 19 strand Unidirectional Lay and all 7 strand: 

a. Grip the insulation with the fingers at both ends of the exposed 
portion of the conductor and rotate one end o f  the secimen so as . 
to untwist the exposed strands and make them parallel with the 
conductor axis. 
i s permi tted. 

Retain the grip position used to untwist the strands and 
carefully push the ends of the exposed portion of the conductor 
toward each other in the conductor axis, causing the strands to 
spread apart i n  a "bird cage" effect. 

Gently probe unseparated strands with a fine needle or thin 
blade to determine whether they are fused together by metallic 
bonding or simply lying side by side. Metallic-bonded pairs or 
groups of strands which cannot be separated along the whole 
"bird cage" length, without forcing the needle or blade between 
the strands, shall each be counted as one in step d. 

The use of rubber pads or similar holding aids 

b. 

c. 

d. Count the number of unbonded single strands plus the number of 
metallic-bonded pairs or groups of strands in the conductor. 

4.4.5.4.2.2 For 19 Strand "True Concentric" Lay: 

a. 

b. 

c,, d, 

Perform step a as for unidirectional l ay ,  but use only the 
rotation needed to untwist the 12-strand outer layer. 

Perform step b as for unidirectional lay, using pressure needed 
to "bird cage" the outer layer. 

On the "bird cage" outer layer, perform steps c and d as for 
uni di recti onal 1 ay. 
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4.4.5.4.2.2 (Cont inued):  

e .  Us ing a s u i t a b l e  t o o l ,  sn ip  through each unbonded s i n g l e  s t rand  
and each bonded p a i r  or group of s t rands o f  t h e  outer l a y e r  
approx imate ly  i n  the  center  o f  the  " b i r d  cage" and f o l d  the  
snipped ends back toward the  r e s p e c t i v e  ends o f  t h e  specimen. 
Do n o t  c u t  t he  7-strand core o f  the  conductor.  

f. Repeat s t e s  a, b, c ,  and d w i t h  the  7-s t rand core. 

g. Add the  count o f  unbonded s i n g l e  s t rands  and bonded p a i r s  or 
groups of st rands i n  the  core t o  the  count p r e v i o u s l y  de r i ved  
from the  ou te r  l a y e r .  
e n t i r e  19-strand conductor.  

Th is  t o t a l  i s  t he  count a p p l i c a b l e  to  the  

4.4.5.5 R e s u l t s :  

4.4.5.6 I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  Number o f  samples, 

Report  the  count of unbonded s i n g l e  s t rands  and m e t a l l i c  
bonded p a i r s  or groups i n  the  conductor.  

conductor s i z e  o f  samples, and the  minimuni number o f  unbonded st rands.  

4.4.5.7 P r e c i s i o n  Bias:  This  i s  a new method t h a t  has n o t  had the  b e n e f i t  of 
any round-robin t e s t i n g  t o  determine p r e c i s i o n .  

4.5 Test Methods Group 500 - E l e c t r i c a l  T e s t s :  

4.5.1 Method 501, D i e l e c t r i c  Constant:  

4.5.1.1 Scope: This  t e s t  i s  to  be used t o  determine the  d i e l e c t r i c  cons tan t  (K) 
of the  i n s u l a t i o n .  

4.5.1.2 Sample: A 15 f t  (4.6 m) l e n g t h  of s i z e  22 w i r e  s h a l l  be used. 

4.5.1.3 T e s t  Equipment: The t e s t  equipment s h a l l  be se lec ted  i n  accordance w i t h  
Sec t i on  3, Method 6271 o f  FED. TEST METHOD STD. NO. 228. 

4.5.1.4 Test  Procedure: See s e c t i o n  4.3, Method 6271 o f  FED. TEST METHOD STD. 
NO. 228 to  measure the  conductor diameter (d)  and the  capaci tance.  
I n s u l a t i o n  Diameter ( D l  s h a l l  be measured us ing  Method 901 o f  AS4373. 
The d i e l e c t r i c  cons tan t  s h a l l  be c a l c u l a t e d  us ing  s e c t i o n  5.1 o f  
Method 6271 of FED. TEST METHOD STD. NO. 228. 

The 

4.5.1.5 Resu l ts :  Record the  d i e l e c t r i c  cons tan t  (0, capaci tance ( C l ,  conductor 
diameter (d) and i n s u l a t i o n  diameter ( D I .  

4.5.1.6 I n f o r m a t i o n  Required i n  the  D e t a i l  S p e c i f i c a t i o n :  Report  t he  d i e l e c t r i c  
cons tan t .  

4.5.1.7 P r e c i s i o n  Bias: 
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4.5.2 Method 502, Corona I n c e p t i o n  and E x t i n c t i o n  Vol tages: 

4.5.2.1 

4.5.2.2 Samples: 

4.5.2.3 Test Equipment: 

4.5.2.4 Test Procedure: See Sec t ion  25.4 of ASTM D 3032. 

4.5.2.5 Resu l ts :  Report dimensions o f  specimen, type  o f  ground e l e c t r o d e  used, 

4.5.2.6 I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  

4.5.2.7 P r e c i s i o n  Bias:  

4.5.3 Method 503, Impulse D i e l e c t r i c :  

4.5.3.1 Scope: Th is  t e s t  descrbes a method fo r  d e t e c t i n g  de fec ts  i n  f i n i s h e d  

Scope: Th is  t e s t  i s  to be used t o  determine t h e  corona i n c e p t i o n  and 
e x t i n c t i o n  vo l tages  ( C I V  and CEV) f o r  an i n s u l a t e d  w i r e  specimen. 

Samples s h a l l  be se lec ted  i n  accordance w i t h  Sec t i on  25.3.2.1 
of ASTM D 3032 and s h a l l  be prepared as descr ibed i n  Sec t i on  25.3.2.2. 

The t e s t  equipment r e q u i r e d  fo r  t h i s  t e s t  i s  descr ibed 
i n  Sec t i on  7 o f  ASTM D 1868. 

C I V ,  CEV, and t e s t  cond i t i ons ,  i f  o t h e r  than ambient. 

tes ted ,  w i r e  s i z e  o f  samples, and t e s t  c o n d i t i o n s  o t h e r  than ambient. 
Number o f  samples to  be 

i n s u l a t i o n  w i t h  an impulse d i e l e c t r i c  t e s t .  w i r e  

4.5.3.2 Sainp 

4.5.3.3 Test 

4.5.3.4 Test 

4.5.3.5 Resu 

es: See Sec t ion  13.5 o f  ASTM D 3032. 

Equipment: 

Procedure: See Sec t ion  13.6 o f  ASTM D 3032. 

t s :  Report impulse vo l tage  used. 

See Sect ions 13.3 and 13.4 o f  ASTM D 3032. 

4.5.3'6 I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  Peak impulse v o l t a g e  for 
t e s t .  

4.5.3.7 P r e c i s i o n  B ias :  A minimum peak impulse vo l tage  o f  6.5 kV i s  recommended. 

4.5.4 Method 504, I n s u l a t i o n  Resistance: 

4.5.4.1 Scope: 
o f  a f i n i s h e d  w i r e  sample. 
impedance c i r c u i t s  and as a measure of q u a l i t y  c o n t r o l .  
i n s u l a t i o n  r e s i s t a n c e  may i n d i c a t e  d e t e r i o r a t i o n  o f  o t h e r  p r o p e r t i e s .  

Th is  t e s t  i s  t o  be used t o  determine t h e  i n s u l a t i o n  r e s i s t a n c e  
I n s u l a t i o n  r e s i s t a n c e  i s  o f  i n t e r e s t  i n  h i g h  

Changes i n  

4.5.4.2 Samples: See Sect ion  6.3 o f  ASTM D 3032. 

4.5.4.3 Test Equipment: See Sec t ion  6.2 of ASTM D 3032. 

4.5.4.4 Test Procedure: See Sect ion  6.4 o f  ASTM D 3032. The l a s t  sentence of 
Sec t ion  6.4.1, "Discard any specimen w i t h  a gross de fec t . . . " ,  s h a l l  n o t  
be app l i cab le .  
descr ibed i n  Sec t i on  6.5 o f  ASTM D 3032. 

C a l c u l a t i o n  o f  i n s u l a t i o n  r e s i s t a n c e  s h a l l  be as 
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4.5.4.5 Resul ts :  Report t he  measured res i s tance ,  t he  immersed length ,  and the 

4.5.4.6 In fo rma t ion  Required i n  D e t a i l  S p e c i f i c a t i o n :  Number and w i r e  s i z e  o f  

4.5.4.7 P rec i s ion  Bias:  A minimum i n s u l a t i o n  res i s tance  o f  1000 Ma - 1000 ft 

4.5.5 Method 505, Spark T e s t  o f  F in ished Wi re  I n s u l a t i o n :  

4.5.5.1 Scope: This  t e s t  descr ibes a method fo r  d e t e c t i n g  de fec ts  i n  f i n i s h e d  
w i r e  i n s u l a t i o n  wi th  a spark t e s t .  

4.5.5.2 Samples: See Sec t ion  13.10 o f  ASTM D 3032. 

4.5.5.3 Test Equipment: See Sect ions 13.8 and 13.9 o f  ASTM D 3032. A GO-Hz 
waveform may be used ins tead  of a 3 kHz, i f  desi red.  

4.5.5.4 T e s t  Procedure: See Sect ion  13.11 o f  ASTM D 3032. 

4.5.5.5 Resul ts :  Report f requency and ampl i tude o f  t e s t  s i g n a l .  

4.5.5.6 In fo rma t ion  Required i n  D e t a i l  S p e c i f i c a t i o n :  T e s t  s i gna l  f requency and 

4.5.5.7 P r e c i s i o n  Bias:  A minimum t e s t  vo l tage  of  1500 V r m s  i s  recommended. 

4.5.6 Method 506, Surface Resistance: 

c a l c u l a t e d  i n s u l a t i o n  res is tance.  

samples. 

i s  u s u a l l y  des i rab le .  

amp1 i tude. 

4.5.6.1 

4.5.6.2 

4.5.6.3 

4.5.6.4 

4.5.6.5 

4.5.6.6 

4.5.6.7 

Scope: 
f i n i s h e d  w l r e  sample. 
ou te r  b r a i d  as p a r t  of  the  i n s u l a t i o n  system. 

This  t e s t  i s  t o  be used t o  determine the surface res i s tance  o f  a 
This  t e s t  was i n i t i a l l y  developed fo r  w i res  w i t h  

Samples: See Sect ion  2 o f  Method 6041, FED. TEST METHOD STD. NO. 228. 

T e s t  Equipment: See Sec t ion  3 o f  Method 6041, FED. TEST METHOD STD, 
NO. 228, 

T e s t  Procedure: Sect ion 4 of Method 6041 s h a l l  be f o l l o w e d  except a l l  
specimens, a f t e r  be ing prepared w i t h  e lec t rodes  b u t  p r i o r  t o  t e s t i n g ,  
s h a l l  be cleaned by the procedure descr ibed i n  Sect ion 2.1 o f  
Method 6041. I n  add i t i on ,  the  specimen s h a l l  be pos i t i oned  i n  the  t e s t  
chamber so t h a t  the  ends are  a t  l e a s t  1 i n  (25.4 mm) from any w a l l  o f  
the  chamber. 

Resul ts :  Report the DC p o t e n t i a l  and sur face res i s tance  values. 

I n fo rma t ion  Required i n  D e t a i l  Speci f icat ion. :  Nuniber and w i r e  s i z e  o f  
samples t o  be tes ted .  

P rec i s ion  Bias:  A minimum sur face res i s tance  va lue o f  5 Mhlin i s  
u s u a l l y  des i rab le .  
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4.5.7 Method 507, Time/Current t o  Smoke: 

4.5.7.1 Scope: This  t e s t  i s  t o  be used t o  determine the  t ime and c u r r e n t  a t  
which a f i n i s h e d  w i r e  specimen produces smoke. 

4.5.7.2 Sample: A 12-111 (304.8 mm) l e n g t h  of s i z e  16 or smal le r  w i r e  specimen 
s h a l l  be tes ted .  

4.5,7,3 Test Equipment: 

4.5.7.3.1 I sop ropy l  A lochol  

4.5.7.3.2 DC Constant Cur ren t  Source 

4.5.7.3.3 B lack  c o n s t r u c t i o n  paper or equ iva len t  fo r  background 

4.5.7.3.4 Timer 

4.5.7.3.5 Cur ren t  meter 

4.5.7.4 Test Procedure: The w i r e  sample s h a l l  be precleaned u s i n g  a c l o t h  
dampened w i t h  i sop ropy l  a lcoho l  and then s t r i p p e d  o f  0.5 i n  (13 mm) 
i n s u l a t i o n  a t  each end. A DC cons tan t  c u r r e n t  source s h a l l  be used to  
supply the  r e q u i r e d  c u r r e n t  and a s u i t a b l e  measuring dev ice s h a l l  be 
used to  v e r i f y  c u r r e n t  a p p l i c a t i o n .  The w i r e  sample s h a l l  be suspended 
h o r i z o n t a l l y  i n  a i r  and the  background s h a l l  be a v e r t i c a l  sheet of  
b lack  c o n s t r u c t i o n  paper or equ iva len t  adequately i 1 luminated to see the  
smoke. Apply 10 A for  30 s ,  then 15 A for  30 s and cont inue t o  increase 
c u r r e n t  i n  5 A steps every 30 s u n t i l  t he re  i s  evidence of  smoke. 

p e r t i n e n t  unusual observa t ion  of the  i n s u l a t i o n  c o n d i t i o n  a t  t he  end o f  
the  t e s t .  

4.5.7.5 Resul ts :  Report  c u r r e n t  and t ime when smoke first appears and any 

4.5.7.6 I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  Number and w i r e  s i z e  o f  

4.5.7.7 P r e c i s i o n  Bias:  This  i s  a new method which has n o t  had the  b e n e f i t  o f  

4.5.8 Method 508, Vol tage Rat ing:  TO BE DETERMINED5 

samples. 

any round-robin t e s t i n g  t o  determine p rec i s ion .  

5There i s  n o t  c u r r e n t l y  an approved t e s t  under ASTM D 3032 t h a t  cc 1 

requirement,  b u t  d r a f t s  are be ing worked on and the  Task Group has 
awa i t  the  issuance o f  the  ASTM t e s t .  

rs t h i s  
decided to  
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4.5.9 Method 509, Wet Arc Tracking: 

4.5.9.1 Scope: 
wire under wet arc tracking conditions, 
standard as of March 1989. 

(400 mm) long. 

This test is to be used to evaluate the performance of insulated 
Note that this test i s  a B S I  

4.5.9.2 Samples: Each sample shall be a bundle o f  seven size 20 wires, 16 in 

4.5.9.3 Test Equipment: 

4.5.9.3.1 PROPAN-2-OL fluid. 

4.5.9.3.2 MIL-T-43435-B type IV ties or equivalent. 

4.5.9.3.3 Three-phase power supply (200/115 V ,  400 Hz). 

4.5.9.3.4 200/240 V 15 W lamps. 

4.5.9.3.5 MIL-C-5809 or equivalent 7.5 A circuit breakers. 

4.5.9.3.6 Electrolyte solution of 2% by mass of ammonium chloride and 0.1 i 0.01% 
by mass of Iso-octylphenoxypolyethoxyethanol, the polyethoxy chain t o  
contain approximately 10 ethoxy units. 

4.5.9.3.7 A pipette with an internal exit orifice diameter of 1.0 mm f 0.1, 
capable of delivering a 100 mg/min -t- 10, at approximately 2 drops per 
min. 

4.5.9.4 Test Procedure: 

CAUTION 
This test can produce severe electrical arcing and associated ejection 
of molten metal. Appropriate precaution should be taken, including the 
provision of a transparent screen to protect personnel. 

4.5.9.4.1 Sample Preparation: Seven 16-in (400 mm) lengths shall be cut 
consecutively from 1 length of size 20 wire and shall then be cleaned 
with PROPAN-2-OL fluid. 
the entire circumference at the midpoint of each piece. 
the cut penetrates to the conductor and i s  0.5 mm f 0.1 wide. 
the bundle by laying the wires parallel, six around one. 
the bundle at 30 mm intervals, ensuring that the cut areas are 
equidistant between ties. The two cut wires must be adjacent to each 
other and the cuts longitudinally separated by 10 mm f 0.5. All wires 
must be in continuous close contact during the test and the bundle 
shall be positioned so that the two cut wires are uppermost, 

Damage two of the pieces by cutting around 

Form 
Ensure that 

String tie 
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4.5.9.4.2 

4.5.9.4.3 

E l e c t r i c a l  Connections: The seven w i r e s  s h a l l  be connected t o  the 
power supply as shown i n  F igu re  5. Use i n d i c a t i n g  lamps connected 
l i n e  t o  n e u t r a l  t o  show when a sample becomes an open c i r c u i t ,  so t h a t  
the p o t e n t i a l  f a u l t  c u r r e n t  i s  n o t  a f f e c t e d .  
breakers and a th ree  phase power supply de r i ved  from a r o t a r y  machine 
g i v i n g  200 V l i n e  t o  l i n e ,  400 Hz and having cont inuous r a t i n g  o f  not 
l e s s  than 5 kVA. I n c l u d e  a noninduct ive 1.0 0 r e s i s t a n c e  o f  
app rop r ia te  ,power r a t i n g  t o  w i ths tand  the  s h o r t  c i r c u i t  c u r r e n t ,  i n  
each o f  the  th ree  l i n e  feeders connect ing the  generator  t o  the t e s t  
c i r c u i t  b u t  n o t  i n  the  n e u t r a l  connection. The supply s h a l l  be 
connected t o  the upper end o f  the bundle (see F igu re  6 )  and the  lamps 
s h a l l  be connected t o  the o t h e r  end. 

Use 7.5 A c i r c u i t  

Procedure: 
Support t he  bundle i n  f r e e  a i r  a t  a 10" angle t o  h o r i z o n t a l .  
the p i p e t t e  so t h a t  t he  e l e c t r o l y t e  contacts  the  bundle from a h e i g h t  
o f  10 mm 2 2 above the  uppermost w i r e s  a t  a p o i n t  1 to  2 mm f rom the  
nearest, c u t  area on the h ighe r  end o f  t he  bundle. See F igu re  6. 
Energize the bundle and s t a r t  the e l e c t r o l y t e  flow a t  100 mg/min 5 10. 
Care should be taken t o  ensure the  e l e c t r o l y t e  flows between the  
damage s i t e s  as evidenced by steaming o f  t he  e l e c t r o l y t e  and/or 
s c i n t i l l a t i o n ,  The t e s t  s h a l l  be r u n  ( con t inuous ly  i f  p o s s i b l e )  u n t i l  
an a c t i v e  o r  pass ive f a i l u r e  occurs,  sub jec t  t o  the  l i m i t a t i o n s  below. 

Perform the t e s t  a t  an ambient temperature o f  23°C 5 5. 
P o s i t i o n  

An a c t i v e  f a i l u r e  i s  one t h a t  produces a d i s r u p t i v e  a rc  such t h a t  an 
open c i r c u i t  o f  the  conductor and/or t he  t r i p p i n g  o f  a c i r c u i t  breaker 
and/or f i r e  propagat ion r e s u l t s .  

Fo l l ow ing  an a c t i v e  f a i l u r e  as de f i ned  here, t he  e l e c t r o l y t e  flow 
s h a l l  be stopped and the e l e c t r i c a l  power s h a l l  be switched o f f .  The 
t r i p p e d  c i r c u i t  breaker(s1 s h a l l  be r e s e t .  E l e c t r i c a l  power s h a l l  
then be r e a p p l i e d  for the  t i m e  necessary fo r  any f a u l t  c o n d i t i o n  t o  
f u l l y  develop b u t  thermal c i r c u i t  breakers s h a l l  n o t  be r e s e t .  

A pass ive f a i l u r e  w i l l  n o t  t r i p  c i r c u i t  breakers b u t  w i l l  u s u a l l y  
i n v o l v e  the  progress ive e ros ion  o f  conductors w i t h o u t  a d i s r u p t i v e  a rc  
u n t i l  an open c i r c u i t  occurs on one or bo th  o f  the  i n i t i a l l y  damaged 
w i r e s .  A t o t a l  t e s t  d u r a t i o n  o f  24 h from the  onset  o f  e l e c t r o l y t i c  
a c t i o n  s h a l l  be completed f o r  t h i s  f a i l u r e  mode. 

NOTE: I t  i s  recognized t h a t  the nature o f  some i n s u l a t i n g  m a t e r i a l s  
and/or t he  sur face f i n i s h  o f  some w i r e  cons t ruc t i ons  may r e s i s t  t h i s  
f a i l u r e  mode when the  w i r e s  are new, c lean, and i n  the  p a r t i c u l a r  
c o n f i g u r a t i o n  de f i ned  for  t h i s  t e s t .  
i s  a c h a r a c t e r i s t i c  t h a t  i s  worthy o f  note fo r  assessment, i t  i s  n o t  
j u s t i f i c a t i o n  for  d i s c o n t i n u i n g  what i s  e s s e n t i a l l y  a d e s t r u c t i v e  
t e s t .  Should a t e s t  cont inue beyond a normal working day, t he  
e l e c t r o l y t e  and power may be shut o f f  o v e r n i g h t  and the  t e s t  cont inued 
the nex t  day. A t o t a l  o f  f i v e  t e s t  specimens s h a l l  be t e s t e d  w i t h  a 
new specimen employed f o r  each t e s t .  

While t h i s  r e s i s t a n c e  t o  f a i l u r e  
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4.5.9.5 Resu l ts :  Report  d e t a i l s  o f  observa t ions  made d u r i n g  t h e  t e s t  i n c l u d i n g  
t ime t o  and type o f  f a i l u r e ,  c i r c u i t  breaker a c t i v i t y ,  and damge t o  
i n s u l a t i o n  i n c l u d i n g  l e n g t h  o f  char.  
w i res .  

Photo document damage areas on any 

4.5.9.6 I n f o r m a t i o n  Required i n  D e t a i l  Spec i f i ca t i on :  Wire type  and number o f  
sainpl e bund1 es. 

4.5.9.7 P r e c i s i o n  Bias:  This  i s  a new method and round-robin t e s t i n g  t o  
determine p r e c i s i o n  i s  i n  progress.  

4.5.10 Method 510, Vol tage Withstand (Wet D i e l e c t r i c ) :  

4.5.10.1 Scope: Th is  t e s t  p rov ides  a method t o  determine i n s u l a t i o n  i n t e g r i t y  
f o l l o w i n g  any type  o f  performance t e s t .  

4.5.10.2 Samples: See Sect ion  8.3 o f  ASTM D 3032. 

4.5.10.3 Test  Equipment: See Sect ion  8.2 of  ASTM D 3032. 

4.5.10.4 Tes t  Procedure: See Sect ion  8.4 o f  ASTM D 3032. 

4.5.10.5 Resu l ts :  Report  e l e c t r i f i c a t i o n  t ime, vo l tage,  and t ime o f  f a i l u r e  i f  
f a i  l u r e  occurs.  

4.5.10.6 I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  Performance t e s t i n g  
preceding Vol tage Withstand and maximum vo l tage  app l i ed .  

4.5.10.7 P r e c i s i o n  Bias:  A t e s t  vo l tage  o f  a t  l e a s t  2.5 k V  i s  recommended. 

4.5.11 Method 511, Wire Fusing Time: 

4.5.11.1 Scope: T h i s  t e s t  i s  t o  be used t o  determine the  t ime for  an i n s u l a t e d  
w i r e  t o  i n t e r r u p t  c u r r e n t  under ove rcu r ren t  cond i t i ons .  

4.5.11.2 Samples: Each sample s h a l l  be a 12 i n  (305 mm) l e n g t h  o f  w i r e  w i t h  the  
i n s u l a t i o n  s t r i p p e d  0.5 i n  (13 mm) a t  bo th  ends. 

4.5.11.3 Test Equipment: 

4.5.11.3.1 DC cons tan t  c u r r e n t  supply,  

4.5.11.3.2 Timer. 

4.5.11.4 Test  Procedure: The specimen s h a l l  be mounted so t h a t  i t s  l e n g t h  i s  

See F igu re  3 o f  MIL-W-5088 fo r  t h e  f r e e  a i r  r a t e d  c u r r e n t .  

h o r i z o n t a l l y  suspended i n  f r e e  a i r  and n o t  r e s t i n g  on any sur face .  
us ing  a DC cons tan t  c u r r e n t  supply,  app ly  2.5 t imes the  f r e e  a i r  r a t e d  
c u r r e n t .  
Measure the  t i m e  t o  i n t e r r u p t  c u r r e n t  (open c i r c u i t ) .  
be te rmina ted  a f t e r  5 min i f  no c u r r e n t  i n t e r r u p t i o n  occurs.  

The t e s t  s h a l l  
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4.5.11.5 Resul ts :  Report t e s t  c u r r e n t  and t i m e  t o  i n t e r r u p t  c u r r e n t .  

4.5.11.6 I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  Number and w i r e  s i z e  o f  

4.5.11.7 P r e c i s i o n  Bias:  This  i s  a new method t h a t  has n o t  had the  b e n e f i t  o f  

4.6 T e s t  Methods Group 600 - Environmental T e s t s :  

4.6.1 Method 601, F l u i d  Immersion: 

4.6.1.1 Scope: This  t e s t  i s  t o  be used t o  determine the  e f f e c t s  o f  va r ious  

4.6.1.2 Samples: Three 24-in (610 mm) w i r e  specimens s h a l l  be used for  each 

4.6.1.3 T e s t  Equipment: 

4.6.1.3.1 Containers l a r g e  enough t o  immerse t o  w i t h i n  6 i n  (152 mm) o f  each end 
o f  the w i r e  sample, for  each f l u i d  i n  the f l u i d  t a b l e  below. 

samples. 

any round-robin t e s t i n g  t o  determine p r e c i s i o n .  

f l u i d s  t o  the i n s u l a t i o n  on the  w i r e  sample. 

t e s t  f l u i d .  

4.6.1.3.2 Q u a n t i t i e s  o f  each of t he  f l u i d s  se lec ted  from Table 1 .  

4.6.1.3.3 A micrometer o r  o t h e r  device capable o f  measurement t o  0.001 i n  
(0.25 mm). 

4.6.1.3.4 A device t o  remove the  i n s u l a t i o n  o f f  each end o f  t h e  w i r e  sample 

4.6.1.4 T e s t  Procedure: 

4.6.1.4.1 Each 24- in (610 mm) specimen, fo r  each t e s t  f l u i d  i n  Table 1,  sha 
have i t s  diameter measured and s h a l l  then be immersed t o  w i t h i n  6 

4.6.1.5 

4.6.1.6 

4.6.1.7 

1 
i n  

(152 mm) o f  each end fo r  the  t i m e  and temperature s p e c i f i e d .  Dur ing 
immersion, t he  r a d i u s  of bend o f  the w i r e  s h a l l  be n o t  l e s s  than 14 
nor  more than 35 t i m e s  the  s p e c i f i e d  maximum diameter o f  the  w i r e  
under t e s t .  Upon removal from the  t e s t  f l u i d ,  t he  specimen s h a l l  be 
wiped d r y  and then remain for  1 h i n  f r e e  a i r  a t  room temperature. 
The diameter s h a l l  be measured and compared t o  the  i n i t i a l  d iameter.  
The i n s u l a t i o n  s h a l l  be removed f o r  a d i s tance  o f  0.5 i n  (13 mm) from 
each end o f  the specimen. The specimen s h a l l  then be subjected t o  the  
Bend T e s t  Method 714 and Vol tage Withstand (Wet  D i e l e c t r i c )  Method 510. 

Resul ts :  Report t he  i n i t i a l  diameter and the diameter a f t e r  immersion; 
the t i m e  and temperature o f  immersion and the  r e s u l t s  o f  the  Bend T e s t  
Method 714 and o f  the  Vol tage Withstand (Wet D i e l e c t r i c )  T e s t  Method 510. 

I n f o r m a t i o n  Required i n  D e t a i l  S p e c i f i c a t i o n :  The w i r e  s i z e  and the  
f l u i d s  t o  be used f o r  immersion. 

P r e c i s i o n  Bias:  
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TABLE 1 - F l u i d  Table 

T e s t  f l u i d  T e s t  temperature Immersion 
E°C ( " F I 1  t i m e  

(h) 

a 

b 

C 

d 

e 

f 

4 

h 

i 

j 

k l  

11 

m 

n 

MIL-L-23699, Lub r i  c a t i  ng O i ' l  i A i r c r a f t  
Turb ine Engine, Syn the t i c  Base 

MIL-H-5606, Hydrau l i c  F l u i d ,  Petroleum 
Base, A i r c r a f t ,  M i s s i l e ,  and Ordnance 

TT-1-735, I sop ropy l  A lcohol  

MIL-T-5624, Turb ine Fuel, A v i a t i o n ,  
Grade JP-4 

MIL-A-8243, A n t i - I c i n g  and Deic ing-  
D e f r o s t i n g  F l u i d ,  u n d i l u t e d  

MIL-A-8243, A n t i - I c i n g  and Deic ing-  
D e f r o s t i n g  F l u i d ,  d i l u t e d  60140 
( f l u i d í w a t e r )  r a t i o  

MIL-C-43616, Cleaning Compou.nd, 
A i r c r a f t  Surface 

TT-M- , Methyl  I s o b u t y l  Ketone 
(For Use i n  Organic Coat ings) 

SAE-AS-1241, F i  r e  R e s i  s t a n t  Hydraul i c 
F l u i d  for  A i r c r a f t  

MIL-L-7808, L u b r i c a t i n g  O i l ,  A i r c r a f t  
Turb ine Engine, Syn the t i c  Base 

48-50 (118-122) 

48-50 (118-122) 

20-25 ( 68-77) 

20-25 (68-77) 

48-50 (118-122) 

48-50 (118-122) 

48-50 (118-122) 

20-25 ( 68-77 1 

48-50 (118-122) 

118-121 (244-250) 

MIL-C-25769, Cleaning Compound, A i r c r a f t  63-68 (145-154) 
Surface, A l k a l i n e  Waterbase, u n d i l u t e d  

A i r c r a f t  Surface, A l k a l i n e  Waterbase, 
d i l u t e d  25/75 ( f l u i d / w a t e r )  r a t i o  

Hydrocarbon, Type I 

Hydrocarbon, Type II 

MIL-C-25769, Cleaning Compound, 63-68 ( 1  45-1 54) 

TT-S-735, Standard T e s t  F l u i d s ;  20-25 (68-77) 

TT-S-735, Standard Test  F l u i d s ;  20-25 (68-77) 

20 

20 

168 

168 

20 

20 

20 

168 

20 

30 

20 

20 

168 

168 

1The s p e c i f i c a t i o n  fo r  t h i s  has been cance l led  and superceded i n  MIL-C-87936. 
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TABLE 1 (Continued) 
Test fluid Test temperature Immersion 

C O G  ( " F I 1  time 
í h) 

TT-S-735, Standard Test Fluids; . 
Hydrocarbon, Type III 

TT-S-735, Standard Test Fluids; 
Hydrocarbon, Type VII 
D i  electri c-cool ant fl ui d, syntheti c 
si 1 icate ester base, Monsanto Coolanol 
25 or equivalent 

MIL-T-81533, 1,1,1 Trichloroethane 
(Methyl Chloroform) Inhibited, Vapor 
Degreas i ng 

Azeotrope of  tri chl orotri f 1 uoroe thane 
and methylene chloride, Dupont Freon 
TMC or equi valent 

MIL-G-3056, Gasoline, Automotive, Combat 

20-25 (68-77) 168 

20-25 (68-77) 168 

20-25 (68-77) 168 

20-25 (68-77) 168 

20-25 (68-77) 168 

20-25 (68-77) 168 

4.6.2 Method 602, Forced Hydrolysis: 

4,6.2.1 Scope: This test was developed for tape wrapped polyimide insulated 
wires and results may not indicate the hydrolytic stability of other 
constructions. 

4.6.2.2 Samples: A 30-in (762 mm) specimen shall be used to run this test. 

4.6.2.3 Test Equipment: 

4.6.2.3.1 PTFE coated steel mandrels that are 6 times the diameter of the wire. 

4.6.2.3.2 0.5 lb (0,227 kg) weights capable o f  being attached to the wire 
i nsu 1 at i on. 

4.6.2.3.3 A temperature measuring device capable of measurements to within 45°C 
of the wire's rated temperature. 

4.6.2.3.4 A variable current source capable of applying the rated free air 
current Por each wire. 
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4.6.2.4 T e s t  Procedure: 

4.6.2.4.1 Heat Condi t ioned Wi re :  

4.6.2.4.1.1 Sample Prepara t ion :  A 30-111 (762 mm) specimen s h a l l  be wrapped 10 
A f t e r  wrapping t i g h t  t i m e s  around a 6X PTFE coated s t e e l  mandrel. 

a t t a c h  a 0.5 l b  (0.227 kg) weight  to  the  i n s u l a t i o n  on each end. 
Y 

4.6.2.4.1.2 Procedure: Apply the  approp r ia te  s i n g l e  w i r e  i n  f r e e  a i r  c u r r e n t  

Measure the  s t a b i l i z e d  i n s u l a t i o n  temperature 
for  t h e  sample's r a t e d  temperature ob ta lned from MIL-W-5088, 
F igure  2, fo r  8 h. 
w i t h  a thermocouple at tachment.  
immerse i n  5% s a l i n e  s o l u t i o n  a t  70°C (158°F) w i t h  a t  l e a s t  2 i n  
( 5  cm) o f  each end o u t  of the  water fo r  672 h. 
s o l u t i o n ,  r e t u r n  t o  room temperature and per fo rm T e s t  Method 510 a t  
2500 V AC. 

Remove c u r r e n t  and weights  and 

Remove specimen from 

4.6.2.4.2 Uncondi t ioned Wi re :  Repeat 4.1.2 o m i t t i n g  the  requi rement  to  r a i s e  
t h e  w i r e  t o  i t s  r a t e d  temperature fo r  8 h. 

4.6.2.5 Resu l ts :  For the  heat  cond i t i oned  w i r e  r e p o r t  t he  c u r r e n t  a p p l i e d  fo r  
the  sample's r a t e d  temperature and the  s t a b i l i z e d  i n s u l a t i o n  
temperature.  
d i e l e c t r i c  f a i l u r e  o f  the  w i r e  if any f a i l u r e  occurs.  

For bo th  heat  cond i t i oned  and uncond i t ioned w i r e  r e p o r t  

4.6.2.6 I n f o r m a t i o n  Required iii D e t a i l  S p e c i f i c a t i o n :  Number o f  samples and 
w i r e  s i z e  to  be tes ted .  

4.6.2.7 P r e c i s i o n  Bias:  Th is  i s  a new method t h a t  has n o t  had t h e  b e n e f i t  o f  

4.6.3 Method 603, Humid i ty  Resistance: 

4.6.3.1 

4.6.3.2 Samples: 

4.6.3.3 Test Equipment: 

any round-robin t e s t i n g  t o  determine p r e c i s i o n .  

Scope: 
temperature c y c l i n g  on the  w i r e  sample's i n s u l a t i o n .  

s h a l l  be tes ted .  

Th is  t e s t  i s  t o  be used t o  determine the  e f f e c t s  o f  humid i t y  and 

A 52 f t (16 m) l e n g t h  of s i z e  12 or smal le r  specimen o f  w i r e  

4.6.3.3.1 A t e s t  chamber capable o f  ma in ta in ing  an i n t e r n a l  temperature o f  
70" -t- 3 (158°F f 5) and an i n t e r n a l  r e l a t i v e  humid i t y  o f  95% 2 5. 
t e s t  chamber s h a l l  be capable o f  be ing  sealed t o  r e t a i n  the  t o t a l  
moisture conten t  i n  the  t e s t  space. The heat  loss from t h e  chamber 
s h a l l  be s u f f i c i e n t  t o  reduce the  i n t e r n a l  temperature from the  above 
s p e c i f i e d  o p e r a t i n g  temperature t o  n o t  more than 38°C (100°F) w i t h i n  a 
p e r i o d  o f  16 h from the  t i m e  o f  removal of  t h e  source of  heat .  

The 

4.6.3.3.2 D i s t i l l e d  or deminera l ized water s h a l l  be used to  o b t a i n  t h e  r e q u i r e d  
humi d i  t y  . 
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4.6.3.4 Test Procedure: The specimen s h a l l  be p laced i n  the  t e s t  chamber and 
the  temperature and r e l a t i v e  humid i ty  r a i s e d  over  a 2 h p e r i o d  to the  
values s p e c i f i e d  i n  3.1 and mainta ined a t  such for  a p e r i o d  o f  6 h. 
the  end o f  the  hour p e r i o d  the  heat  s h a l l  be shut  o f f .  Dur ing  the  
f o l l o w i n g  16 h pe r iod ,  the  temperature s h a l l  drop t o  38°C 
or lower.  A t  the end o f  the  16 h per iod ,  heat  s h a l l  be again supp l ied  
for  a 2 h p e r i o d  t o  s t a b i l i z e  t o  70°C 2 3 (158°F f 5). This  c y c l e  ( 2  h 
heat ing ,  6 h a t  h igh  temperature, 16 h coo l i ng )  s h a l l  be repeated 15 
t i m e s  t o  extend the  t o t a l  t i m e  o f  the  t e s t  t o  360 h. A t  t he  end o f  the  
f i f t e e n t h  cyc le ,  t he  50 f t  (15.25 m) cen ter  sec t i on  o f  the  specimen 
s h a l l  be tes ted  for i n s u l a t i o n  res i s tance  i n  accordance w i t h  Method 504 - I n s u l a t i o n  Resistance. 

A t  

3 (100OF 3. 5) 

4.6.3.5 Resul ts :  Report t he  i n s u l a t i o n  res i s tance  i n  MO-1000 ft. 

4.6.3.6 I n f o r m a t i o n  Required i n  the  D e t a i l  S p e c i f i c a t i o n :  The number and w i r e  
size o f  samples. 

4.6.3.7 P rec i s ion  Bias:  

4.6,4 Method 604, Weight Loss Under Temperature and Vacuum: 

4.6.4.1 Scope: 
specimen when subjected t o  vacuum and temperature.  Some p r e c o n d i t i o n i n g  
may be requ i red .  

This  t e s t  i s  used t o  determine the  weight loss from a w i r e  

4.6.4.2 Samples: A 24- in (610 mm) w i re  specimen s h a l l  be used fo r  t h i s  t e s t .  

4.6.4.3 Test Equipment: 

4.6.4.3.1 A chamber capable o f  33 mm Hg and the  temperature r a t i n g  o f  the  w i re  
sample f o r  384 h opera t ion .  

4.6.4.3.2 A dev ice t o  measure the  weight o f  the  samples. 

4.6.4.4 Test Procedure: 

4.6.4.4.1 Each specimen s h a l l  be weighed. 

4.6.4.4.2 If p r e c o n d i t i o n i n g  i s  s p e c i f i e d  i n  the  d e t a i l  s p e c i f i c a t i o n ,  then such 
p r e c o n d i t i o n i n g  s h a l l  be performed. 

4.6.4.4.3 When p r e c o n d i t i o n i n g  i s  requ i red ,  the  specimens s h a l l  be weighed again 
a f t e r  complet ion o f  the  precondi  t l o n i n g .  
t r a n s f e r r e d  t o  the  chamber p rese t  a t  the  w i r e ' s  r a t e d  temperature.  As  
soon as p r a c t i c a l ,  the  chamber pressure s h a l l  be reduced t o  33 mm Hg, 
The specimens s h a l l  remain i n  t h i s  pressure and temperature c o n d i t i o n  
i n  the  chamber f o r  384 h. 

The specimens s h a l l  be 

4.6.4.4.4 A t  the  complet ion o f  t h i s  384 h t e s t ,  the  samples s h a l l  be removed 
from the  chamber and weighed again w i t h i n  30 min. 
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4.6.4.5 R e s u l t s :  The i n i t i a l  weight,  the  weight  a f t e r  p r e c o n d i t i o n i n g  ( i f 
app l i cab le ) ,  and t h e  f i n a l  weight  s h a l l  be repor ted .  The a p p l i c a b l e  
weight  loss va lue may be ca l cu la ted .  
a p p l i c a b l e )  and the  temperature and pressure o f  t h e  chamber s h a l l  be 
repor ted .  

The p r e c o n d i t i o n i n g  c o n d i t i o n s  ( i f  

4.6.4.6 I n f o r m a t i o n  Required i n  the  D e t a i l  S p e c i f i c a t i o n :  The number and w i r e  
s i z e  o f  the  samples, t he  p r e c o n d i t i o n i n g  parameters, and the  chamber 
temperature and pressure,  

4.6.4.7 P r e c i s i o n  Bias:  Th is  i s  a new method t h a t  has n o t  had t h e  b e n e f i t  of  
any round-robin t e s t i n g  t o  determine p r e c i s i o n .  

4.6.5 Method 605, P r o p e l l a n t  Resistance: 

4.6.5.1 Scope: Th is  t e s t  i s  to  be used t o  determine t h e  e f f e c t s  o f  va r ious  
p r o p e l l a n t s  on the  i n s u l a t i o n  on the  w i r e  sample. 

4.6.5.2 Samples: Three 24- in (610 mm) w i r e  samples s h a l l  be used for  each 
p r o p e l l a n t .  

4.6.5.3 Test  Equipment: 

4.6.5.3.1 Conta iners l a r g e  enough t o  immerse to  w i t h i n  1-1/2 i n  (38 inm) o f  each 
end o f  the  w i r e  sample fo r  each p r o p e l l a n t  l i s t e d  below. 

4.6.5.3.2 Q u a n t i t i e s  of  each o f  t h e  p r o p e l l a n t s  se lec ted  from t h e  l i s t  below. 

4.6.5.3.3 A device t o  remove the  i n s u l a t i o n  o f f  each end o f  t h e  w i r e  sample. 

PROPELLANT IMMERSION T IME 
(min) 

MIL-P-26536, P r o p e l l a n t ,  Hydrazine 30 

MIL-P-27402, P r o p e l l a n t ,  Hydrazine-Unsymmetrical 30 
Dimethy lhydraz ine (50"L N2H4 - 50"L UDMH) 

MIL-P-26539, P rope l l an t ,  N i t rogen Te t rox ide  1 

4.6.5.4 Test  Procedure: Each 24- in  (610 mm) specimen o f  f i n i s h e d  w i r e  s h a l l  be 
immersed t o  w i t h i n  1.5 i n  (38 mm) of each end i n  each o f  the  above 
p r o p e l l a n t s  fo r  the  s p e c i f i e d  t i m e  a t  normal room temperature,  us ing  a 
separate specimen for  each p r o p e l l a n t .  Dur ing  the  immersion, t he  r a d i u s  
o f  bend o f  the  w i r e  s h a l l  be not l e s s  than 14 nor  more than 35 t i m e s  t h e  
s p e c i f i e d  maximum diameter o f  the  w i r e  under t e s t .  Upon removal from 
t h e  p r o p e l l a n t s ,  t h e  specimens s h a l l  remain for no more than 48 h i n  
f r e e  a i r  a t  room temperature.  The i n s u l a t i o n  s h a l l  be removed for  a 
d i s tance  o f  one i n c h  f rom each end o f  the  specimens and the  specimens 
s h a l l  be subjected t o  the  Vol tage Withstand (Wet D i e l e c t r i c )  Test  
Method 510. 
vo l  tage w i ths tand.  

Examine the  specimen for sur face  cracks or c r a z i n g  p r i o r  t o  
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4.6.5.5 Resul ts :  Cracks or c raz ing  s h a l l  be repor ted .  Resul ts  of the  Vol tage 

4.6.5.6 I n f o r m a t i o n  Required i n  the  D e t a i l  S p e c i f i c a t i o n :  The number and w i re  

4.6.5.7 P r e c i s i o n  Bias:  

4.6.6 Method 606, Weathering Resistance: 

4.6.6.1 

4.6,6,2 Samples: 

4.6.6.3 Test Equipment: 

4.6.6.3.1 A UV l i g h t  chamber per  ASTM G 53 requirements.  

4.6,6.3.2 A chamber capable o f  condensation exposure per  ASTM G 53 requirements.  

Withstand (Wet D i e l e c t r i c )  Test Method 510 s h a l l  be repor ted .  

s i z e  o f  the  samples and the  p r o p e l l a n t s  t o  be used for t e s t i n g .  

Scope: 
condensation exposure t o  the  i n s u l a t i o n  on the  w i r e  samples. 

This  t e s t  i s  t o  be used t o  determine the  e f f e c t s  of  UV l i g h t  and 

A 36-111 (914 mm) w i re  sample s h a l l  be used for t h i s  t e s t .  

4.6.6.4 

4.6.6.5 

4.6.6.6 

4.6.6.7 

Test Procedures: This  t e s t  s h a l l  be conducted by f o l l o w i n g  ASTM G 53 
for ope ra t i ng  u l t r a  v i o l e t  (UV) l i g h t  and water exposure apparatus.  
the  f o l l o w i n g  parameters for  UV and condensation c y c l i n g :  

Use 

8 h UV a t  70°C 3. 3 (158°F 2 5) 
4 h Condensation a t  40°C c 3 (104°F 4 5) 

= 1 cyc le  

Perform 120 cyc les  o f  UV and condensation exposure. 
specimens a f t e r  120 cyc les  and sub jec t  them t o  the  Bend Test  Method 714 
and the  Vol tage Withstand (Wet D i e l e c t r i c )  Test Method 510. 
p o r t i o n  exposed t o  UV i s  i n  f l e x  area. 

Remove the  

Insu re  w i re  

Resul ts :  
the  i n s u l a t i o n  or markings and the  r e s u l t s  o f  the  Bend and Vol tage 
Withstand Tests.  

Report any c rack ing  or s p l i t t i n g  and any v i s i b l e  changes t o  

I n f o r m a t i o n  Required i n  the  D e t a i l  S p e c i f i c a t i o n :  
s i z e  o f  the  samples. 

P rec i s ion  Bias:  
any round-robin t e s t i n g  t o  determine p r e c i s i o n .  

The number and w i re  

This  i s  a new method t h a t  has n o t  had the  b e n e f i t  o f  

4.6.7 Method 607, Wicking: 

4.6.7.1 Scope: This  t e s t  i s  app l i cab le  o n l y  for  m u l t i l a y e r e d  or overbra ided 
w i res .  This  t e s t  i s  t o  be used t o  determine the  l e n g t h  o f  dye t r a v e l  
w i t h i n  or between laye rs  of  i n s u l a t i o n  and t o  determine dye t r a v e l  i n  
overbra ided w i re .  I t  i s  n o t  a p p l i c a b l e  for  de termin ing  w ick ing  o f  
f l u i d s  i n  the  conductor.  
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4.6.7.2 Samples: The w i r e s  t o  be t e s t e d  s h a l l  be 4 i n  1/16 (102 mm i 1.6) i n  

4.6.7.3 T e s t  Equipment: 

l e n g t h  w i t h  square-cut ends. 

4.6.7.3.1 

4.6.7.3.2 

4.6.7.3.3 

4.6.7.3.4 

4.6.7.3.5 

4.6.7.3.6 

A con ta ine r  to  hang the  specimens i n  t o  a depth o f  2 i n  (51 mm). 

A q u a n t i t y  o f  standard dye s o l u t i o n  s u f f i c i e n t  t o  meet the  
requi rements of  3.1 above. The dye s o l u t i o n  s h a l l  be prepared as 
f o l  1 ows : 

E thy l  A l  coho1 30 mL 
Rhodamine B dye 0.02 gm 
Aerosol OT 3 mL 
D i s t i l l e d  water to  make 2 L 

The dye s h a l l  be d i sso l ved  i n  the  e t h y l  a l coho l  be fore  adding t o  the  
water.  
s h a l l  be prepared eve ry  30 days. A new p o r t i o n  o f  the  s o l u t i o n  s h a l l  
be used fo r  each t e s t  conducted. 

A sharp b lade t o  remove the  w i r e  i n s u l a t i o n .  

A c lean d r y  l i n t f r e e  c l o t h .  

A UV l i g h t  source. 

A sca le  capable of measurements t o  1/16 i n .  

The s o l u t i o n  s h a l l  be kep t  stoppered and a f r e s h  s o l u t i o n  

4.6.7.4 Test  Procedures: Wicking of  the  dye s h a l l  be determined as f o l l o w s :  

4.6.7.4.1 M u l t i l a y e r  Wire:  The specimen s h a l l  be p laced u p r i g h t  w i t h  t h e  lower  
2 i n  (51 mm) of i t s  l e n g t h  immersed i n  the  dye solution (3.2) i n  an 
open con ta ine r  and s h a l l  be l e f t  fo r  24 h a t  room temperature i n  a 
d r a f t  f r e e  area. I t  s h a l l  then be removed from the  dye s o l u t i o n ,  t he  
sur face  of the  i n s u l a t i o n  s h a l l  be wiped w i t h  a c lean,  d ry ,  l i n t  f r e e  
c l o t h  and w i t h i n  5 min a f t e r  removal f rom the  s o l u t i o n ,  t he  specimen 
s h a l l  be observed under u l t r a v i o l e t  l i g h t  t o  determine to  t h e  neares t  
1/16 i n  the  d i s tance  the  dye s o l u t i o n  has t r a v e l e d  i n . a n y  p a r t  o f  t h e  
i n s u l a t i o n  by w ick ing  a c t i o n .  The l a y e r s  of i n s u l a t i o n  may be 
d i ssec ted  away w i t h  a sharp blade, work ing from t h e  upper end of t h e  
specimen t o  f a c i l i t a t e  observa t ion .  

4.6.7.4.2 Overbraided Wi re :  Repeat immersion and UV observa t i on  b u t  determine 
the  w ick ing  a c t i o n ,  i f  any, t o  the  neares t  1/16 i n  i n  t h e  o v e r b r a i d  
o n l y .  

4.6.7.5 R e s u l t s :  Report  t he  d is tance t r a v e l e d  by the  dye s o l u t i o n  by e i t h e r  4.1 
or 4.2 depending upon the  type o f  w i r e  be ing  tes ted .  
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4.6.7.6 I n f o r m a t i o n  Required i n  the  D e t a i l  S p e c i f i c a t i o n :  The number and s i z e  
o f  the  samples and which procedure t o  use w i t h  or  w i t h o u t  t he  dye 
sol u t  i on. 

4.6.7.7 P r e c i s i o n  Bias:  

4.7 Test Methods Group 700 - Mechanical Tests:  

4.7.1 Method 701, Abrasion: TO BE DETERMINED6 

4.7.2 Method 702, Cold Bend: 

4 .7,Z. l  Scope: 
t o  c rack ing  a t  low temperatures w h i l e  be ing  wrapped around a mandrel. 

Th is  t e s t  i s  t o  be used t o  evaluate a w i r e  specimen's res i s tance  

4.7.2.2 Samples: A 36-111 (914 mm) specimen s h a l l  be used i n  t h i s  t e s t .  

4.7.2.3 Test Equipinent: 

4.7.2.3.1 

4.7.2.3.2 A r o t a t a b l e  mandrel for  i n s t a l l a t i o n  i n t o  the  above chamber. 

A chamber capable o f  ma in ta in ing  -65'C rfi 3 (-85°F 1 5 )  and a l lows 
mechanical access for wrapping the  specimen around a mandrel. 

4,7$2.3.3 A sharp blade t o  remove the  specimen i n s u l a t i o n .  

4.7.2.3.4 A t e s t  weight s u f f i c i e n t  t o  ho ld  the  specimen t a u t  on t h e  mandrel. 

4.7.2.4 Test Procedure: One end o f  the  specimen s h a l l  be secured t o  the  
r o t a t a b l e  mandrel i n  the  c o l d  chamber and the  o t h e r  end to  the  t e s t  
weight s u f f i c i e n t  t o  h o l d  the  specimen t a u t  on the  mandrel. 
s h a l l  be made for  r o t a t i n g  the  mandrel by means o f  a handle or c o n t r o l  
Vocated ou ts ide  the  chamber. 
be cond i t ioned a t  -65°C f 3 (-85°F f 5) fo r  4 h. A t  t he  end of  t h i s  
p e r i o d  and w h i l e  bo th  mandrel and specimen are s t i l l  a t  t h i s  low 
temperature, t he  specimen s h a l l  be wrapped h e l i c a l l y ,  fo r  i t s  e n t i r e  
l e n g t h  or for  20 tu rns ,  whichever i s  the  l esse r  number o f  t u r n s ,  around 
the  mandrel w i thou t  opening the  chamber. The bending s h a l l  be 
accomplished a t  a un i fo rm r a t e  o f  2 2 1 rpm. A t  t he  complet ion o f  t h i s  
t e s t  t he  specimen s h a l l  be removed from the  c o l d  box and from the  
mandrel w i t h o u t  s t ra igh ten ing .  The specimen s h a l l  be examined fo r  
cracks i n  the  i n s u l a t i o n .  Allow specimen t o  r e t u r n  to  room temperature 
and then remove the  i n s u l a t i o n  f o r  a d is tance o f  1 i n  (25.4 mm) from 
each end o f  the  specimen and sub jec t  the  specimen t o  Method 510 - 
Vol tage N i  ths tand Test w i th  the  bent  p o r t i o n  submerged, 

Withstand as requ i red .  

P rov i s ions  

The specimen o f  w i r e  and the  mandrel s h a l l  

4.7.2.5 Resu l ts :  Report  any c rack ing  o r  the  r e s u l t s  o f  Method 510 - Vol tage 

6There i s  n o t  c u r r e n t l y  an approved . test  under ASTM D 3032 which covers t h i s  
requirement,  b u t  d r a f t s  a re  be ing worked on and the  Task Group has decided t o  
awai t  t he  issuance of the  ASTM t e s t .  
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4.7.2.6 I n f o r m a t i o n  Required i n  t h e  D e t a i l  S p e c i f i c a t i o n :  The number and w i r e  
s i z e  o f  the  samples and mandrel s i z e  and weight .  

4.7.2.7 P r e c i s i o n  Bias:  This  t e s t  can be used fo r  two purposes, des ign 
e v a l u a t i o n  or for process c o n t r o l .  Mandrel s i zes  and weights w i l l  
d i f f e r  fo r  each purpose. 

4.7.3 Method 703, Dynamic Cut-Through: 

4.7.3.1 Scope: 
i n s u l a t i o n  of a w i r e  specimen t o  the  p e n e t r a t i o n  o f  a c u t t i n g  sur face.  

This  t e s t  i s  t o  be used t o  eva lua te  the r e s i s t a n c e  o f  t h e  

4.7.3.2 Samples: The specimen s h a l l  be 18 i n  (450 mm) i n  l e n g t h  fo r  t h i s  t e s t .  

4.7'3.3 Test Equipment: See Sect ion 22.2 o f  ASTM D 3032 fo r  the  necessary 
equipment t o  per form t h i s  t e s t .  For the e leva ted  temperature t e s t ,  the 
c u t  through apparatus must be f i x e d  i n s i d e  the  t e s t  chamber so t h a t  t he  
t e s t  can be performed w i t h o u t  d i s t u r b i n g  t h e  thermal environment. Also,  
t he  standard c u t t i n g  edge s h a l l  be a 20 m i l  d ia ineter sewing needle. 

4.7.3.4 T e s t  Procedure: 
t e s t  procedure. 

See Sect ions 22.4 through 22.5 o f  ASTM D 3032 fo r  the 

4.7.3.5 Resul ts :  Report t he  f o r c e  t o  cut- through each sample and the  
temperature o f  the  t e s t .  .. 

4.7.3.6 I n f o r m a t i o n  Required i n  the  D e t a i l  S p e c i f i c a t i o n :  The number and w i r e  
s i z e  o f  the samples and the  t e s t  temperature, 

4.7.3.7 P r e c i s i o n  Bias:  This i s  a new method t h a t  has n o t  had the  b e n e f i t  o f  
any round-robin t e s t i n g  t o  determine p r e c i s i o n .  Note t h a t  ASTM D 3032 
s t a t e s  t h a t  p r e c i s i o n  fo r  t h i s  t e s t  i s  n o t  yet known and t h a t  o p t i o n a l  
c u t t i n g  edges may be considered for  d i f f e r e n t  s i zes  o f  w i res .  
c u t t i n g  edges a re  used they should be covered i n  the  d e t a i l  
s p e c i f i c a t i o n  sheet. 

I f  o t h e r  

4.7.4 Method 704, F lex  L i f e :  TO BE DETERMINED7 

4.7.5 Method 705, I n s u l a t i o n  Impact R e s i  stance: TO BE DETERMINED8 

4.7.6 Method 706, I n s u l a t i o n  T e n s i l e  S t reng th  and Elongat ion:  

4.7.6.1 Scope: 
c o n t r o l  and s p e c i f i c a t i o n  o f  ext ruded e l e c t r i c a l  i n s u l a t i o n .  

This  t e s t  i s  t o  be used t o  produce t e n s i l e  p r o p e r t y  da ta  f o r  

7There i s  n o t  a c u r r e n t  standard t e s t  t o  adequately d i s t i n g u i s h  between coductor 
l i f e  and i n s u l a t i o n  l i f e  under f l e x i n g  o f  i n s u l a t e d  w i re .  The Task Group has 
requested t h a t  t he  user members o f  AE-8D develop such a new t e s t .  

8The p r e v i o u s l y  considered t e s t  method has shown to  have poor rep roduc i  b i  1 i t y  
and w i l l  be considered for  r e d r a f t i n g  by NAC. 
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4.7.6.2 Samples: See Sect ion  17.3 o f  ASTM D 3032 fo r  sample p repara t i on .  

4.7.6.3 Test Equipment: See Sect ion  17.2 o f  ASTM D 3032 fo r  t e s t  apparatus,  

4,7.6.4 Test Procedure: 
t e s t  procedure. 

4.7.6.5 Resul ts :  Report the  r a t e  o f  jaw separat ion,  the  t e n s i l e  s t r e n g t h  and 
e longat ion .  

4.7.6.6 I n f o r m a t i o n  Required i n  the  D e t a i l  S p e c i f i c a t i o n :  
separa t ion  the  minimum a l lowab le  t e n s i l e  s t reng th  and e longat ion ,  the  
temperature o f  the  t e s t ,  any spec ia l  c o n d i t i o n i n g  requirements,  the  w i re  
s ize ,  and number o f  samples t o  be tes ted .  

Reference ASTM D 412 for  the  p r e c i s i o n  of  t h i s  t e s t .  
I t  should be noted t h a t  a var iance o f  t 10  t o  20"L from the  average va lue 
i s  t y p i c a l  for  t h i s  t e s t ,  and t h a t  d i f f e r e n t  m a t e r i a l s  w i l l  t y p i c a l l y  
have h ighe r  or lower var iances t h a t  cannot be p r e d i c t e d  i n  advance o f  
the  t e s t .  

See Sect ions 17.4 through 17.5 o f  ASTM D 3032 for the  

The r a t e  o f  jaw 

4.7.6.7 P r e c i s i o n  Bias:  

4.7.7 Method 707, Notch Propagat ion:  

4.7.7.1 Scope: 
f i n i s h e d  w i r e  t o  w i ths tand no tch ing  or n i c k i n g  w i t h o u t  p ropagat ing  the  
notch complete ly  through the  i n s u l a t i o n  t o  the  conductor.  

Th is  t e s t  i s  t o  be used t o  determine the  s u s c e p t i b i l i t y  o f  

4.7.7.2 Samples: A 6 - in  (150 mm) specimen s h a l l  be used for  t h i s  t e s t .  

4.7.7.3 Test Equipment: 

4.7.7.3.1 A no tch ing  tool as descr ibed i n  F igure  7. 

4.7.7.3.2 A 6X mandrel for wrapping of the  specimen. 

4,7.7.4 Test Procedure: A no tch ing  tool s h a l l  be b u i l t  for  each o f  the  notch 
depths requ i red .  Use the  tool t o  notch a 6 - in  (150 mm) specimen. Wrap 
and reverse  wrap the  e n t i r e  specimen around a 6X mandrel. 
examine the specimen a t  t he  end of each 10 cyc les  t o  d e t e c t  when the  
notch penetrates t o  the  conductor.  
cont inue u n t i l  t he  conductor has been exposed ( f a i l u r e )  or u n t i l  100 
cyc les  have been completed. 
recorded. 

V i s u a l l y  

The wrap and unwrap cyc le  s h a l l  

The number o f  cyc les  t o  f a i l u r e  s h a l l  be 

4.7.7.5 Resul ts :  Report  the  number o f  cyc les  t o  f a i l u r e  and the  notch depth for  
each f a i l u r e .  

4.7.7.6 I n f o r m a t i o n  Required i n  the  D e t a i l  S p e c i f i c a t i o n :  
s i z e  o f  the  samples and the  notch depth(s).  

4.7.7.7 P r e c i s i o n  Blas:  This  i s  a new method t h a t  has n o t  had the  b e n e f i t  o f  
any round-robin t e s t i n g  t o  determine p r e c i s i o n .  

The number and w i re  

- 42 - 
 

Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
43

73

https://saenorm.com/api/?name=5d76bffd0c998b28f202b63facafe2f5


- - - -II_. 

. S A E  AS*4373 90 8357340 0 0 5 4 5 4 4  8 

USE 1/4" STEEL . 

SA€ AS4373 

.50 

REMOVE THIS '  PORTION 

BLADE DIMENSIONS ARE 
NOT CRITICAL 

I -  
I I  I I  

MAKE TEST TOOLS AS SHOWN BELOW, BEING EXTREMELY CAREFUL 
NOT TO DAMAGE ANY PORTION OF RAZOR BLADE EDGE. 

I I  ! I 

DRILL APPROPRIATE 

ROUND HEAD SCREWS 
HOLES FOR 8-32 

CENTER BLADE BETWEEN 

F R O N T  V I E W  

CUT AND 
I N  THIS 

\ 

.ir 
3/16" 

THESE SURFACES TO BE 

7 CRITICALLY MACHINED 

MEASURE 
AREA 1 

S I D E  

ON ZND, 3RD, 4TH, 
AND 5TH TOOLS 
PROTRUSIONS ARE TO BE 
.002", .003", .004" 

(RESPECTIVELY) 

ALL TOLERANCES ARE - +.001" EXCEPT AS 
NOTED. 

MEASURING AT DISCRETE 
POINTS ALONG THE PORTION 
OF THE BLADE TO BE USED 
I N  THE NOTCHING PROCEDURE. 

B O T T O M  

FIGURE 7 - Notching Tool 
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4.7.8 Method 708, S t i f f n e s s  and Springback: 

4.7.8.1 Scope: 
samples us ing  the  same s t i f f n e s s  and spr ingback apparatus.  S t i f f n e s s  
and spr ingback a f f e c t  harness manufactur ing,  harness and cab le  
i n s t a l l a t i o n ,  and maintenance opera t ions .  

An 8- in  (203 min) f i n i s h e d  w i r e  specimen s h a l l  be used fo r  t h i s  
t e s t .  The specimen s h a l l  be s t ra igh tened  p r i o r  to  t e s t i n g  t o  remove the  
m a j o r i t y  o f  curva ture  from storage on the  supply r e e l s .  

Th is  t e s t  i s  used t o  generate da ta  for  comparison between 

4.7.8.2 Samples: 

4.7.8.3 Test  Equipment: 

4.7.8.3.1 An apparatus c o n s i s t i n g  o f  a p i v o t i n g  arm mounted i n  the  center  o f  a 
scaled p l a t e  s h a l l  be f a b r i c a t e d  accord ing t o  F igures 8 and 9. 

4.7.8.3.2 A torque meterlwrench. 

4.7.8.3.3 A l l i g a t o r  c l i p  and s t r i n g  or equ iva len t .  

4.7.8.4 Test Procedure: The t e s t  f i x t u r e  s h a l l  be p laced on a f l a t  sur face  w i t h  
the  edge o f  the  p l a t e  on the  s ide  o f  the  w i r e  specimen e x i t  p o i n t  from 
the  hub loca ted  nex t  t o  a c l e a r  v e r t i c a l  drop. The span s e l e c t o r  s h a l l .  
be ad jus ted  for  the  des i red  l eng th  of  bend. 
r o t a t e d  t o  the  90" p o s i t i o n  ( a t  r e s t  l o c a t i o n ) .  One end o f  the  w i r e  
specimen s h a l l  be terminated w i t h  a spade lug .  The unterminated end o f  
the  w i re  specimen s h a l l  be rou ted  through the  ho le  i n  the  t e s t  f i x t u r e  
hub. The spade l u g  s h a l l  be at tached a t  t he  base o f  the  span s e l e c t o r .  
A weight  as l i s t e d  i n  Table 2 s h a l l  be at tached to  the  unterminated end 
o f  the  w i r e  specimen us ing  an a l l i g a t o r  c l i p  and s t r i n g .  
s h a l l  be hung over  the edge o f  the  p l a t e  such t h a t  t he  w i r e  specimen and 
s t r i n g  are d i r e c t e d  a long the  same r a d i a l  l i n e  as the  h o l e  i n  the  hub. 

Using the  torque meter, slowly r o t a t e  the  p i v o t  arm t o  the  O" p o s i t i o n .  
The maximum torque va lue observed du r ing  the  bending i s  t he  s t i f f n e s s .  
The p i v o t  arm s h a l l  be h e l d  a t  the  O" p o s i t i o n  for about 10 s .  While 
ho ld ing  the  arm, the  torque meter s h a l l  be removed. While ma in ta in ing  
f i n g e r  con tac t  w i t h  the  arm, the  arm s h a l l  be a l lowed t o  slowly r o t a t e  
back toward the  90" p o s i t i o n  due t o  any tens ion  i n  the  w i r e  specimen. 
Allow 10 s a f t e r  spr ingback a c t i o n  stops. The i n d i c a t e d  angle i s  the  
spr ingback, 

The p i v o t  arm s h a l l  be 

The weight  

I TABLE 2 

WIRE SIZE WEIGHT I N  l b  (kg) 

1.0 (0.45) 
0.5 (0.23) 
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4.7.8.5 Resul ts :  Report the torque needed t o  p u l l  the specimen through the 90" 
bend and the  degrees of springback. 

4.7.8.6 In fo rma t ion  Required i n  the D e t a i l  Spec i f i ca t i on :  The number and w i re  
s i z e  o f  the samples t o  t e s t  and the span se lec to r  l eng th  for  t e s t i n g .  

4.7.8.7 P r e c i s i o n  Bias:  This i s  a new method t h a t  has n o t  had the b e n e f i t  o f  
any round-robin t e s t i n g  t o  determine p rec i s ion .  
i nd i ca tes  the f o l l o w i n g  w i l l  b i as  comparison t e s t  r e s u l t s :  

L im i ted  t e s t i n g  

a. Use of d i f f e r e n t  conductor cons t ruc t ions  (un i  l a y ,  concent r i c ) ,  
ma te r ia l s  (copper, aluminum, a l l o y ,  p l a t i n g ) ,  s izes (22 AWG versus 
24 A%), and d i f f e r e n t  conductor s t randing.  

b. use o f  d i f f e r e n t  wa l l  th ickness o f  i n s u l a t i n g  m a t e r i a l .  
c .  Use of d i f f e r e n t  span se lec to r  s e t t i n g s  ( the  shorter the span the 

more pronounced the  performance d i f f e r e n c e  between -cons t ruc t ions) .  

4.7.9 Method 709, V i b r a t i o n :  TO BE DETERMINED9 

4.7.10 Method 710, Mandrel and Wrapback T e s t :  

4.7.10.1 Scope: This  t e s t  i s  to  be used t o  determine whether a specimen w i l l  
c rack when wrapped upon i t s e l f  or around a mandrel. 
has been used for  process c o n t r o l  purposes w i t h  w i r e s  i n s u l a t e d  w i t h  
PTFE to  determine the degree o f  s i n t e r i n g  o f  the i n s u l a t i o n .  

The wrapback t e s t  

4.7.10.2 Sainples: Use 12- in (305 inm) f i n i s h e d  w i r e  samples f o r  the  wrapback 
t e s t  and 12 i n  (305 mm) p lus  the a d d i t i o n a l  l eng th  requ i red  f o r  winding 
on the  niandrel fo r  the  mandrel t e s t .  

4.7.10.3 T e s t  Equipment: 

4.7.10.3.1 An oven capable o f  sustained temperatures as s e t  f o r t h  by the D e t a i l  
Spec i f i  c a t  i on. 

4.7.10.3.2 T e s t  mandrels as c a l l e d  o u t  i n  the  D e t a i l  S p e c i f i c a t i o n .  

4.7.10.4 Test Procedure: 

4.7.10.4.1 Wrap Back T e s t :  Th is  t e s t  app l i es  t o  s izes 10-30 f nished w i r e  for  
a l l  i n s u l a t i o n s .  The 12-in (305 mm) specimen s h a l l  be bent back on 
i t s e l f  a t  the mid-por t ion on a rad ius  no t  l e s s  than the rad ius  o f  the 
w i r e ,  and one end of  the specimen s h a l l  be wound ti h t l y  around the  
o the r  end as a mandrel fo r  a t o t a l  o f  f o u r  c lose tu rns  and placed i n  
an e leva ted  temperature oven for  a t ime pe r iod  as s p e c i f i e d  i n  the  
D e t a i l  S p e c i f i c a t i o n  (see F igure 10). A f t e r  removal from the  oven, 
the  specimen s h a l l  be examined v i s u a l l y ,  w i thou t  the a i d  o f  
magn i f i ca t i on  fo r  cracks. 

9There c u r r e n t l y  i s  no acceptable procedure or v i b r a t i o n  l e v e l  t h a t  can be 
tes ted  t h a t  w i l l  p r e d i c t  an acceptable performance l e v e l  fo r  t h i s  p roper ty .  I t  
appears t h a t  t h i s  p roper t y  i s  more o f  a systeni t e s t  than a w i r e  t e s t .  The Task 
Group does n o t  have a s o l u t i o n  to  t h i s  dilemma and has requested.help from AE-8D 
for t h i s  problem. 
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FIGURE 10 - Wrap Back Test 

4.7.10.4.2 Mandrel Test:  This. t e s t  app l i es  t o  s izes 0000-8 f i n i s h e d  w i r e  f o r  
a l l  i n s u l a t i o n s .  
t he  a d d i t i o n a l  l eng th  requ i red  fo r  winding on the  mandrel, s h a l l  be 
wound t i g h t l y  for  two c lose t u r n s  around a mandrel diameter and 
temperature as s p e c i f i e d  i n  the Procurement Document. 
s h a l l  be accomplished manually and s h a l l  be i n  the middle p o r t i o n  o f  
the specimen so t h a t  6 i n  (152 mm) o f  each end s h a l l  remain 
s t r a i g h t .  The specimen s h a l l  then be removed from the  mandrel 
w i t h o u t  unwinding, examined v i s u a l l y  for  cracks,  and subjected t o  the  
Voltage Withstand Test Method No. 510. 

The specimen, w i t h  a l e n g t h  o f  12 i n  (305 mm) p lus  

The winding 

4.7.10.5 Resul ts:  Report any c rack ing  o f  the i n s u l a t i o n .  Report t he  Vol tage 
Withstand Test r e s u l t s  f o r  .the Mandrel t e s t  o f  Procedure 4.7.10.4.2. 

4.7.10.6 I n f o r m a t i o n  Required i n  the  D e t a i l  S p e c i f i c a t i o n :  The w i r e  s i z e  and 
the number o f  samples f o r  e i t h e r  t e s t ,  t he  temperature and the  t ime a t  
temperature for  the Wrapback T e s t  and the  mandrel diameter and the t e s t  
temperature f o r  the Mandrel Test. 

4.7.10.7 P r e c i s i o n  Bias: The wrapback t e s t  has n o t  had the  b e n e f i t  o f  
round-robin t e s t i n g  t o  determine i t s  s u i t a b i l i t y  fo r  i n s u l a t i n g  
m a t e r i a l s  o t h e r  than PTFE. 

4.7.11 Method 711, Wrinkle Test: 

4.7.11.1 Scope: 
a p p l i c a t i o n  and the a b i l i t y  o f  the i n s u l a t i o n  t o  r e s i s t  w r i n k l i n g .  
i s  a p p l i c a b l e  o n l y  t o  w i re  s izes 10 and smal ler .  

w i r e  

This t e s t  i s  t o  be used t o  evaluate the q u a l i t y  o f  i n s u l a t i o n  
I t  

4.7.11.2 Sample: The t e s t  sainple s h a l l  be a 12-in (305 mm) l e n g t h  o f  f i n i s h e d  

4.7.11.3 T e s t  Equipment: 

4.7.11.3.1 A device t o . p r o v i d e  3X magn i f i ca t i on .  

4.7.11.3.2 Steel  mandrels s ized a p p r o p r i a t e l y  for  the samples tested.  
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4.7.11.4 T e s t  Procedure: Bend the  w i r e  sample one f u l l  t u r n  around the  mandrel 
as s p e c i f i e d  below. 

N I  RE MANDREL 
S I Z E  S I Z E  

i n  (mm) 

24-30 
22 
20 
18 
16 
14 
12 
10 

1 /8  (3.2) 
3/16 (4.76) 
114 (6.4) 
5/16 (7.9) 
3 /8  (9.5) 
1 /2 (12.7) 
3 / 4  (19.0) 

1 (25.4) 

The w i r e  sample s h a l l  then  be examined a t  3X m a g n i f i c a t i o n  for  
w r i n k l e s .  I t  may be examined on the  mandrel or a f t e r  removal from the  
mandrel l e a v i n g  the  c o i l  i n t a c t .  

4.7.11.5 R e s u l t s :  Report  w r i n k l i n g  fo r  each sample tes ted .  

4.7.11.6 I n f o r m a t i o n  Required i n  the  D e t a i l  S p e c i f i c a t i o n :  Numbers and w i r e  
s i z e  o f  samples t o  be tes ted .  

4.7.11 ,i P r e c i s i o n  Bias:  

4.7.12 Method 712, D u r a b i l i t y  o f  C o l o r / I d e n t i f i c a t i o n :  

4.7.12.1 Scope: This  t e s t  s h a l l  be used t o  eva lua te  t h e  d u r a b i l i t y  o f  
co lor /mark ings a p p l i e d  to  the  w i r e  fo r  coding. 
a p p l i c a b l e  fo r  bra ided w i r e  cons t ruc t i ons .  

Th is  t e s t  i s  n o t  

4.7.12.2 Samples: For t h i s  t e s t ,  6 - in  (152 mm) f i n i s h e d  w i r e  specimens s h a l l  be 
used. 

4.7.12.3 Test  Requirement: 

4.7.12.3.1 The marking d u r a b i l i t y  t e s t  f i x t u r e  s h a l l  be designed t o  h o l d  a 6 - in  
(152 mm) specimen of f i n i s h e d  w i r e  f i rm ly  clamped i n  a h o r i z o n t a l  
p o s i t i o n  w i t h  the  upper l o n g i t u d i n a l  sur face  o f  the  specimen f u l l y  
exposed. The d u r a b i l i t y  apparatus,  such as the  GE Scrape Abrader 
Apparatus or equ iva len t ,  s h a l l  be capable o f  rubb ing  a small  
c y l i n d r i c a l  sewing needle,  0.025 i n  f 0.002 (0.63 mm f 0.05) i n  
diameter,  repeated ly  over  the  upper sur face  o f  t h e  w i r e  so t h a t  t h e  
l o n g i t u d i n a l  a x i s  o f  the  needle and the  specimen a re  a t  r i g h t  angles 
t o  each o t h e r .  A weight  a f f i x e d  t o  a j i g  above t h e  sewing needle 
s h a l l  c o n t r o l  t he  weight  normal t o  the  sur face  o f  the  i n s u l a t i o n .  A 
motor-dr iven,  r e c i p r o c a t i n g  cam mechanism and counter  s h a l l  be used 
to  d e l i v e r  an accurate number o f  abrading s t rokes  i n  a d i r e c t i o n  
p a r a l l e l  t o  the  a x i s  o f  the  specimen. The l e n g t h  of t h e  s t roke  s h a l l  
be 3/8 i n  (9.5 mm) and the  frequency of the  s t roke  s h a l l  be 120 
strokes (60 s t r o k i n g  c y c l e s )  per  minute.  
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4.7.12.3.2 A sewing needle t h a t  i s  0.025 i n  2 0.002 (0.63 mm ~r 0.05) i n  
diameter.  A f t e r  each t e s t ,  the a b r a i d i n g  sur face o f  t h e  needle 
should be examined f o r  wear and rep laced i f  worn. 

4.7.12.4 T e s t  Procedure: I n  per forming the t e s t ,  a specimen of  w i r e  s h a l l  be 
mounted i n  the specimen clamp and a 0.5 l b  (0.227 kg) weight s h a l l  be 
a p p l i e d  through the abrading sewing needle t o  the  c o l o r e d  or marked 
sur face,  The counter s h a l l  be s e t  a t  ze ro  and the  d r i v e  motor 
s t a r t e d .  The specimen s h a l l  be subjected to 250 st rokes (125 cyc les )  
and s h a l l  then be examined. I f  a continuous l i n e  of? s o l i d  c o l o r  
i n s u l a t i o n  c o a t i n g  o r  o f  the s t r i p e ,  band, or p r i n t e d  marking, as 
a p p l i c a b l e ,  has been removed or o b l i t e r a t e d  by the  needle, t he  specimen 
s h a l l  be considered f a i l e d .  Three specimens s h a l l  be t e s t e d  from each 
sample u n i t  and f a i l u r e  o f  any specimen s h a l l  c o n s t i t u t e  f a i l u r e  o f  the 
sample u n i t .  

4.7.12.5 Resul ts:  Report any specimen tha  

4.7.12.6 I n f o r m a t i o n  Required f n  the Deta i  
s i z e  o f  the  specimens. 

4.7.12.7 P r e c i s i o n  Bias:  

f a i  1 s.. 

S p e c i f i c a t i o n :  The number and w i r e  

4.7.13 Method 713, Wi re  Surface M a r k a b i l i t y :  TO BE DETERMINED10 

4.7.14 Method 714, Bend T e s t :  

4.7.14.1 

4.7.14.2 Samples: A 24- in (610 mm) w i r e  sample s h a l l  be used for  t h i s  t e s t .  

Scope: 
i n s u l a t i o n  t o  crack ing.  

(Longer l eng ths  may have t o  be used on some of t he  l a r g e  s i z e  samples.) 

This t e s t  prov ides a method t o  determine the  s e n s i t i v i t y  o f  the 

10Wire surface m a r k a b i l i t y  by h i g h  speed methods such as l a s e r ,  i n k  j e t ,  and 
con tac t  p r i n t i n g  i s  s t i l l  under i n v e s t i g a t i o n  by u s e r s .  
generat ing .the mark needs t o  be more c l e a r l y  de f i ned  i n  o rde r  t o  achieve a 
performance requirement.  
l a s e r ,  i n k  j e t  and con tac t  p r i n t i n g  is waived u n t i l  such a method can be 
developed. 

The method for 

I n  view o f  t h i s ,  the requirement for m a r k a b i l i t y  for  

This requirement i s  n o t  t o  be confused w i t h  a w i r e  d u r a b i l i t y  t e s t .  
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4.7.14.3 T e s t  Equipment: Mandrels and weights as s p e c i f i e d  i n  the  f o l l o w i n g :  

Wire Nomi na1 D i  ameter Winding Tension 
Size o f  Mandrel ( l b )  

30 
28 
26 
24 
22 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
1 
O 

O0 
O00 

O000 

50X 
50X 
50X 
50X 
50X 
50X 
50X 
50X 
50X 
40X 
40X 
30X 
30X 
30X 
30X 
30X 
20x 
2ox 
20x 
20x 

0.50 
0.50 
0.50 
O. 50 
1 .o0 
1 .o0 
1 .o0 
1 .o0 
3.00 
3.00 
3.00 
4.00 
4.00 
4.00 
6.00 
6.00 
6.00 
8.00 
8.00 

12.00 

4.7.14.4 Test Procedure: I n  a 20 t o  25°C (68 to  77°F) environment, one end o f  
t h e  sample s h a l l  be secured to  the  mandrel and the  o t h e r  end t o  the  
l oad  weight  g i ven  above. The mandrel s h a l l  be r o t a t e d  u n t i l  t he  f u l l  
l e n g t h  o f  the  specimen i s  wrapped around the  mandrel and i s  under 
t e n s i o n  w i t h  a d j o i n i n g  c o i l s  i n  con tac t .  The mandrel s h a l l  then be 
r o t a t e d  i n  reverse d i r e c t i o n  u n t i l  ' the f u l l  l e n g t h  o f  the  w i r e  which 
was o u t s i d e  d u r i n g  the  f i r s t  wrapping i s  now nex t  t o  the  mandrei. Th is  
procedure s h a l l  be repeated u n t i l  two bends i n  each d i r e c t i o n  have been 
formed i n  the  same s e c t i o n  o f  the  w i r e .  
s h a l l  then be observed fo r  c rack ing  of the  i n s u l a t i o n .  

on i n s u l a t i o n  crack ing.  

The o u t e r  su r face  o f  t h e  w i r e  

4.7.14.5 Resu l t s :  

4.7.14.6 I n f o r m a t i o n  Required i n  the D e t a i l  S p e c i f i c a t i o n :  None. 

4.7.14.7 P r e c i s i o n  Bias:  

Report t he  mandrel s i z e  and weight used and any obse rva t i on  

4.8 Test Methods Group 800 - Thermal T e s t s :  

4.8.1 Method 801, F lammabi l i ty :  

4.8.1.1 Scope: This t e s t  eva luates a f i n i s h e d  w i r e  sample's bu rn ing  

4.8.1.2 Samples: A 24-in (610 mm) f i n i s h e d  w i r e  sample s h a l l  be used for  t h i s  

c h a r a c t e r i s t i c s .  

t e s t .  
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4.8.1.3 Test Equipment: 

4.8.1.3.1 A Bunsen-type gas burner w i t h  a 1 /4 - in  (6.35 mm) i n l e t ,  a needle va lve  
i n  the  base for  gas adjustment,  a bore o f  3/8 i n  (9.53 mm) nominal, 
and a b a r r e l  l eng th  o f  approx imate ly  4 i n  (10.16 cm) above the  a i r  
i n l e t s .  

4.8.1.3.2 A thermocoupfe pyrometer. 

4.8.1.3.3 A sheet of f a c i a l  t i s s u e  conforming t o  UU-T-450, 

4,8,1,3,4 A specimen ho lder  designed so t h a t  the  lower end o f  a 24 i n  (60.96 cm) 
w i r e  specimen i s  h e l d  by a clamp, w h i l e  the  upper end o f  the  specimen 
passes over  a p u l l e y  and cann be s u i t a b l y  weighted t o  h o l d  the  
specimen t a u t  a t  an angle o f  60" w i t h  the  h o r i z o n t a l ,  i n  a p lane 
p a r a l l e l  to and approx imate ly  6 i n  (15.24 cm) from the  back of  the  
chamber (see 4.8.1.3.5). 

4.8,1.3.5 A t e s t  chamber approx imate ly  1 f t 2  (30.48 cm2) square by 2 ft 
(60.96 cm) i n  he igh t ,  open a t  the  top  and f r o n t  t o  p rov ide  adequate 
v e n t i l a t i o n  for  combustion b u t  t o  prevent  d r a f t s .  

4.8.1.4 Test Procedure: The 24-111 (60.96 cm) specimen o f  w i r e  s h a l l  be marked 
a t  a d is tance o f  8 i n  (20.32 cm) from i t s  lower end t o  i n d i c a t e  the  
p o i n t  for  f lame a p p l i c a t i o n  and s h a l l  be p laced i n  the  s p e c i f i e d  60" 
p o s i t i o n  i n  the  t e s t  chamber. The lower end o f  the  specimen s h a l l  be 
clamped i n  p o s i t i o n  i n  the  specimen ho lde r  and the  upper end s h a l l  be 
passed over  the  p u l l e y  o f  the  ho lder  and weighted w i t h  t h e  weight  
s u f f i c i e n t  t o  keep the  w i r e  t a u t .  With the  burner  h e l d  perpend icu la r  to 
the specimen and a t  an angle o f  30" from the  v e r t i c a l  p lane o f  the  
specimen, t h e  h o t t e s t  p o r t i o n  o f  the  f lame s h a l l  be a p p l i e d  t o  the  lower 
s ide  o f  the  w i r e  a t  t he  t e s t  mark. The pe r iod  o f  t e s t  f lame a p p l i c a t i o n  
s h a l l  be 30 s for  a l l  s izes  o f  w i r e  and the  t e s t  f lame s h a l l  be 
withdrawn immediately a t  t he  end o f  t h a t  per iod .  

4.8.1.5 Resu l ts :  Report  the  d is tance o f  f lame t r a v e l ,  t he  t ime o f  bu rn ing  a f t e r  
removal from the  t e s t  flame and the  presence or absence o f  f lame i n  the  
f a c i a l  t i s s u e  due t o  i ncend ia ry  d r i p  from the  specimen. 
or charred spots i n  the  t i s s u e  s h a l l  be ignored i n  the  absence o f  ac tua l  
f lame. Breaking o f  the  w i r e  specimens i n  s izes  24 and smal le r  s h a l l  no t  
be considered as f a i l u r e  p rov ided the  requirements fo r  f lame t r a v e l  
l i m i t s ,  d u r a t i o n  o f  f lame, and absence o f  i ncend ia ry  d r i p p i n g  are met. 

Charred holes 

4.8.1.6 I n f o r m a t i o n  Required i n  the D e t a i l  S p e c i f i c a t i o n :  The w i r e  s i z e  and 
number o f  samples. 

4.8.1.7 P rec i s ion  Bias:  
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4.8.2 Method 802, High Pressure/High Temperature A i r  Impingement (Bu rs t  Duct) :  

4.8.2.1 This  t e s t  i s  t o  be used t o  eva lua te  the  e f f e c t s  o f  a b u r s t  h o t  

4.8.2.2 Samples: A seven w i r e  harness s h a l l  be used i n  t h i s  t e s t .  

4.8.2.3 Test  Equipment: 

4.8.2.3.1 A c y l i n d r i c a l  tube o f  1 i n  (25 mm) i n n e r  diameter,  capable o f  c a r r y i n g  
315°C f 3 (600°F +. 5) a i r  a t  70 to  80 p s i  s h a l l  be used. A 0.015 i n  f 
0,0015 (0.38 mm 2 0.038 mm) wide s l i t  should be c u t  a long the  l e n g t h  
of the  tube for  1.00 i n  f 0.010 (25 mm lr 0.25) t o  enable the  a i r  t o  
impinge upon a w i r e  harness. 

Scope: 
a i r  duc t  on the  i n s u l a t i o n  o f  a f i n i s h e d  w i r e  specimen. 

4.8.2.3.2 A MS3320 - 7.5 A c i r c u i t  breaker .  

4.8.2.3.3 A power supply.  

4.8.2.4 

4.8.2.5 

4.8.2.6 

4.8.2.7 

Test  Procedure: The seven w i r e  harness s h a l l  be i d e n t i c a l  to  t h e  one 
shown i n  F igure  11 except the  center  w i r e  s h a l l  be p r o t e c t e d  w i th  a 
MS3320 - 7.5 c i r c u i t  breaker .  
above and perpend icu la r  to  t h e  s l o t  i n  t h e  tube w i th  a d i s tance  of  
1.0 i n  f 0.125 (25 mm 1 3 . 2 )  between them. 
and then i n i t i a t e  a i r  f low through t h e  tube. A i r  temperatures s h a l l  be 
mainta ined a t  315°C f 3 (600°F i 5) and a i r  pressure s h a l l  be mainta ine i  
a t  70 t o  80 p s i .  A f t e r  2 h ,  remove power, i n t e r r u p t  a i r  flow, and 
determine i f  any o f  the  f o l l o w i n g  c o n d i t i o n s  e x i s t  or e x i s t e d  d u r i n g  the  
t e s t .  

The w i r e  bundle s h a l l  be f i rmly  mounted 

Apply power t o  the  bundle 

a. C i r c u i t  breaker  open ( i n t e r r u p t e d )  
b. Bare conductor v i s i b l e  
c .  Conductor broken 
d. Continuous f l a m i n g  fo r  more than 3 s 

Ex is tence o f  one or more o f  these cond i t i ons  c o n s t i t u t e s  f a i l u r e  of  the  
t e s t  and s h a l l  be recorded. 

Resu l ts :  Report  any o f  the  aforement ioned cond i t i ons  i n  4.8.2.4. 

I n f o r m a t i o n  Required i n  the  D e t a i l  S p e c i f i c a t i o n :  The w i r e  s i z e  and 
number o f  samples to  be tes ted .  

P r e c i s i o n  Bias:  

4.8.2.7.1 Due t o  d i f f e r e n c e s  i n  v e h i c l e  performance, changes i n  pressure and 
temperatures fo r  d i f f e r e n t  veh ic les  should be considered for  t h i s  
t e s t ,  and the  t e s t  ad jus ted  to  r e f l e c t  these cond i t i ons .  

4.8.2.7.2 This i s  a new method t h a t  has n o t  had the  b e n e f i t  o f  any round-robin 
t e s t i n g  t o  determine p r e c i s i o n .  
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