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NOTICE 

EIA Engineering Standards and Publications are designed t o  serve the public 
interest through eliminating misunderstandings between manufacturers and 
purchasers, faci l i tat ing interchangeability and improvement o f  products, and 
assisting the purchaser in selecting and obtaining w i th  minimum delay the 
proper product for his particular need. Existence of such Standards and Pub- 
lications shall not  in any respect preclude any member or non-member o f  €IA 
f rom manufacturing or selling products not conforming t o  such Standards and 
Publications, nor shall the existence of such Standards and Publications preclude 
their voluntary use by those other than EIA members, whether the standard is 
to be used either domestically or internationally, 

Recommended Standards and' Publications are adopted by E IA  without regard to  
whether or not  their adoption may involve patents on articles, materials, or 
processes. By such action, EIA does not  assume any l iab i l i ty  t o  any patent owner, 
nor does it assume any obligation whatever t o  parties adopting the Recom- 
mended Standard or Publication. 
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EFFECT OF THE W I R E  DIAMETER 
ON WIREWOUND RESISTOR RELIABILITY 

AS JUDGED BY 
ENVIRONMENTAL AND LIFE TEST RESULTS 

INTRODUCTION 

For many years  t he  quest ion of t he  minimum wire s i z e  which 
could be s a f e l y  used f o r  wirewound r e s i s t o r s  has been debated. 
I n  Mi l i t a ry  spec i f i ca t ions  the  minimum wire diameter has  been 
spec i f i ed  which ind ica t ed  t h a t  below t h a t  diameter unsa t i s -  
f ac to ry  operat ion could be expected. Many hours have been 
spent  d i scuss ing  whether t he  minimum should be 0.00175", 
O.OOl5", 0.001", 0 . 0 0 0 8 ~ ~ ,  o r  some o the r  s i z e .  Opinions on 
t h i s  requirement have 'va r i ed  g r e a t l y  between wirewound 
r e s i s t o r  manufacturers, and between persons who have con- 
ducted t e s t s  t o  ob ta in  an answer t o  the  problem. 

To obta in  an Industry-wide so lu t ion ,  the  EIA WorMng Group 
P-1.4 on Wirewound Res i s to r s  has conducted an Industry-wide 
t e s t i n g  program. A t o t a l  of e i g h t  wirewound r e s i s t o r  
manufacturers pa r t i c ipa t ed  and a t o t a l  of 2400 r e s i s t o r s  
were tested.  

Three types of r e s i s t o r s  were included i n  the test .  The 
companies p a r t i c i p a t i n g  f o r  each type a r e  shown below. 

POWER WIREWOUND RESISTOR 
Charac te r i s t i c  G per  Mil-R-26C 

Dale E lec t ron ic s ,  Inc.  
In t e rna t iona l  Resis tance Co. 
P.R. Mallory & Co., Inc.  
Mepco, Inc.  
.Ward Leonard E l e c t r i c  Co. (submitted 

2 r e p o r t s )  

POWER WIREWOUND RESISTOR 
Charac te r i s t i c  V per  m 1 - ~ - 2 6 c  

Dale E lec t ron ic s ,  Inc.  
In t e rna t iona l  Resistance Co. 
P.R. Mallory & Co., Inc .  
Ward Leonard E l e c t r i c  Co. 

PRECISION WIREWOUND RESISTOR 
per  Mil-R-93C 

Dale E lec t ron ic s ,  Inc.  
In t e rna t iona l  Resis tance Co. 
The Daven Corp. 
Mepco, Inc.  
Resis tance Products Co. 
Sha l lc ross  Manufacturing Co. 
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The eva'yuation was conducted on the  basis of comparative 
t e s t s  on r e s i s t o r  u n i t s  made from three  d i f f e r e n t  wire 
s i z e s .  

The 0,0012 inch diameter wire represented the l a r g e s t  wire 
s i z e  ( t h i s  s i z e  i s  genera l ly  accepted as s a t i s f a c t o r y  by 
nea r ly  ali users  and the Mi l i ta ry  Serv ices) .  

The 0.0009 inch diameter wire represented the medium s i z e ,  
and i s  i n  the a rea  t h a t  i s  p resen t ly  being spec i f i ed  a s  a 
minimum by most customers and the Mi l i t a ry  specif icat j -ons.  

The 0.0006 inch diameter wire was t e s t e d  a s  represent ing  
the very f i n e  wire and what i s  being used by the more 
advanced manufac turers where high values a r e  required.  

Manufacturers were i n s t r u c t e d  t o  make s tandard Mi l i t a ry  
s p e c i f i c a t i o n  r e s i s t o r s  (RW-67 for the  Power Wirewound 
and RB-55 f o r  the Precis ion R e s i s t o r s )  with no s p e c i a l  
ca re  o r  handling. The r e s i s t ance  values were t o  b e -  
whatever b e s t  represented the  normal manufacturing pro- 
cedures f o r  each s p e c i f i c  wire s i z e .  F i f t y  u n i t s  were 
manufacturerd by each par t icapant  f o r  t e s t i n g  of each wire 
s i z e  f o r  each s t y l e ,  

From each group of 50 r e s i s t o r s ,  10 u n i t s  were t e s t e d  on 
environmental t e s t s  and 40 u n i t s  were t e s t e d  on a .2000 . , 

hour load l i f e  t e s t .  Por the  Precis ion r e s i s t o r s ,  the 
environmental t e s t s  cons is ted  of s h o r t  time overload, 
temperature cycl ing,  and a 20 day moisture r e s i s t ance  
t e s t  w i t h  a measurement a f t e r  10 days. For the  Power 
r e s i s t o r s ,  the environmental t e s t s  were thermal shwk ,  
momentary overload, and a 20 day moisture r e s i s t ance  
t e s t  with a measurement a f t e r  10 days. I n  a l l  cases ,  
t e s t i n g  procedures were set  up t o  fol low Military s p e c i f i -  
ca t ions  as c lose ly  as possible .  

Tests  were conducted by each manufacturer on h i s  own 
product and a summary of t he  t e s t  r e s u l t s ,  along w i t h  
the  raw data, was submitted t o  the  EIA Marketing 
Services  Office Where i t  was handled i n  a completely 
conf iden t i a l  manner. The r e s u l t s  from the  var ious 
p a r t i c i p a t i n g  companies were then combined t o  obta in  
over -a l l  averages as wel l  as d i s t r i b u t i o n  f i g u r e s  f o r  
the  group. 
add i t iona l  s t a t i s t i c a l  work. i f  required,  

The o r i g i n a l  raw data  a r e  ava i l ab le  f o r  

The over-al l  r e s u l t s  of the  program ind ica t e  t h a t  t he re  
i s  no one d i s t i n c t  w i r e  diameter,  below which u n i t s  a r e  
s a t i s f a c t o r y  and above which a l l  u n i t s  a r e  s a t i s f a c t a r y .  
The t e s t s  on the units.wound with 0.0006 inch diameter 
wire show t h a t  although the average r e s i s t ance  change 
may be even less than t h a t  shown by the l a r g e r  wire,  

t he re  i s  a tendency t o  have a g r e a t e r  number of e r r a c t i c  
u n i t s  o r  ca tas t rophic  f a i l u r e s .  These e r r a t i c  u n i t s  
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can be understood, s ince  there  i s  c l o s e r  con t ro l  required 
i n  the f i n e  wire manufacturing, and manufacturing e r r o r s  
cause more e f f e c t  on the end u n i t  t e s t  r e s u l t s .  

There was a su rp r i s ing ly  high number of f a i l u r e s  i n  a l l  
s i z e s  of wire,  including the 0.0012 inch diameter which 
Industry has accepted a s  being s a t i s f a c t o r y  and r e l i a b l e .  

The overload and thermal t e s t s  provided l i t t l e  i nd ica t ed  
d i f fe rence  between the wire s i z e s .  A graph i s  a t tached  
showing the r e s u l t s  o f  the  20 day moisture t e s t  and the 
1000 and 2000 hour load l i f e  t e s t s  f o r  each s t y l e .  

A conclusion from the program might be t h a t  the  use of a 
wire diameter down t o  0.0009 i s  as sa fe  as any o ther  
minimum which could be spec i f ied .  The use of smaller  
wire diameters down t o  0.0006 w i l l  depend on the  users  
confidence i n  the a b i l i t y  of the  manufacturer t o  process 
u n i t s  without the  in t roduct ion  of "spor t s"  o r  non- 
homogeneous p a r t s .  

The t e s t  s t rongly  ind ica t e s  the need f o r  a more extensive . 

program w i t h  c l o s e r  con t ro l .  

G. Carter  
Chairman 
EIA Working Group P-1.4 

on Wi-rewound Res is tors  
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Class 6 (Manganin) 

Other 

INDUSTRY SUMMARY 
OF 

EIA WORKING GROUP P-1.4 ON 
F I m  W I R E  EVALUATION .PROGRAM' 

POWER Wï:REWOUND RESISTOR TYPE-. 
FOR ' 

CHARACTERISTIC G 

I 

- 

RESISTOR ENCLOSURE MATERIAL 
Ma$e,rial . 1 . .  Nu,mber of Par t ic ipants  1 

Resistance 

Highest 

Average 

'Lowest 

W m  CLASS USED I N  W I N D I N G  (per  ASTM-.B?267.-60T) 
1 .Wire Class Number of Par t ic ipants  I 

Wire Size 
o 0012 o * 0009 ' o. 0006 

5,800 14J500 48 , O 0 0  

5,167 12,000 39 Y 647 

4 ,'500 10 , O 0 0  30 , o00 

Class 1 (800en / c i r  m i l  n icke l  base) 6 

Class 2 (8OOA. / c i r  m i l  ,iron base) . 

Class 3 o r  4 (60-808 nicke l ,  16-208 chrome) - 
Class 5 (55% copper, 45$.nickeï)  - 

- 
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rn Resistance Change 
Absolute Highest Percent 
Average Maximum P e r c e n t .  ' 

Average Absolute Mean' Percent 
Freauencv Di s t r ibu t ion  

Average Algebraic Mean Percent  

CHARACTERISTIC G 

'O. 0012 o. 0009 .' 0.0006 
0.826 o. 580 4.420 
o. 205 o. 121' O. ö32 
o. o15 O .  033 "0.106 
O. 046 0.043 O. 139 

THERMAL SHOCK 

(Number; of' Ünits i n  each group) 
"Open" 
- +2.00% bu t  no t  open 

- + L O O $  t o  - +1.gg$ 

1 

I - +0.75% t o  +0.99% I 1 1  

J 

I - +o. 25% t o  c +O. 49% 

- +O. 50% t o  - +O. 74% 

- +0.10$ t o  - +0.24$ 10 - 12 

+O. 05% to +O. 09% 1 2 .  - - 
0.00% t o  - +O.Ob% 48 46 

TOTAL UNITS REPORTED 1 60 60 o) 

- +0.10$ t o  -_ +0.24$ ' 10 12 I 

1 

Il 

1 1 

O. 00% t o  +O &. 04$ 
c 

I 

48 44 40 

10 t 

39 

d +1. oo$ to -+l. - gg$ 

- +0.25$ t o  - +0.49$ . I - .  
4 I .  

I I t I 

I I l 3 - +O.OS% t o  - +0.09$ 1 4 
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Wlre Size 
o. 0012 o. ooog o. 0006 Resistance Change 

Absolute Highest Percent , o. u10 O. 7'(0 .. 1,200 
Average Maximum Percent o. 281 o. 215 o, 503 
Average Algebraic Mean Percent O. 037 0.054 0.071 

A v e r a g e e a n  Percent o. 067 o. O'/b 0.136 
Frequency Distxibút ion 

(Number of u n i t s  i n  each group) 
"Open ' I  1 1 

I 

CHAR.&CTERISTIC G 

c +2.00% b u t  not  opén 

- + L O O %  t o  - +i.gg$ 1 

c +0.25$ to - +0.49% 3 .4 I " 
- +O. 10% to - +O. 24% 

- +O.OS% t o  - + O . O s  

7 11 9 -  

1--7- 
0.00% to - +0.04% 42 38 33 

TOTAL UNITS REPORTED ' 

Maximum 

Mean 

Minimum 

I 6o 

93 Y 650 

, 25,592 

535 . 

INSULATION RESISTANCE* 
I Resistance I Megohm I 

*Based on four  companies only. 
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