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THE O R I G I N  OF PERFORMANCE DIFFERENCES BETWEEN 

TWO CONDUCTING COMPOSITION ( C C )  PRIMERS 

Robert J. Spear and Lance D. Redman 

Materials Research Labora tor ies ,  P.O. Box 50, 

Ascot V a l e ,  V ic to r i a ,  3032, Aus t ra l i a  

ABSTRACT 

Performance of model CC primers based on production 

M52 DEFA and M52A3B1 primers are compared. The r e l a t i o n s h i p s  

between the carbon black conten t  and experimental  parameters 

r e s i s t a n c e ,  r e s i s t ance  spread, energy s e n s i t i v i t y  and 

func t ioning  times are determined. Although both types of 

primer have comparable energy s e n s i t i v i t y  a t  equal  carbon b lack  

conten t ,  r e s i s t ances  are much h igher  and func t ioning  times 

longer f o r  the H52A3B1 type. It  is  suggested t h a t  the longer 

func t ion ing  t i m e s  r e s u l t  from a slower buildup t o  f a s t  burning 

following igni t ion .  The consequences of t h i s  f o r  developing a CC 

primer with low energy s e n s i t i v i t y  are ou t l ined .  
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INTRODUCTION 

Electrical i n i t i a t i o n  is  one of the  most common methods 

employed f o r  i g n i t i o n  of p rope l l an t  and explosive t r a i n s .  In  t h i s  

process,  e l e c t r i c a l  energy i s  degraded t o  hea t  which i n  t u r n  

raises the temperature of a smal l  q u a n t i t y  of (usua l ly  primary) 

explosive above i t s  i g n i t i o n  temperature,  r e s u l t i n g  i n  i g n i t i o n .  

Although various systems could be designed t o  achieve this, i n  

p rac t i ce  two systems are used almost exc lus ive ly :  bridgewire (BW) 

and conducting composition (CC) .  A EW device c o n s i s t s  of a smal l  

metallic f i l amen t  connected ac ross  t w o  e l e c t r o d e s  and embedded i n  

pressed or p l a s t i c  bonded explos ive .  Passage of c u r r e n t  h e a t s  o r  

explodes t h e  f i l amen t  and i g n i t e s  t he  explosive.  CC devices  have 

tm e lec t rodes  separa ted  by a gap ac ross  which i s  pressed an 

explosive composition made conductive by admixture of ( u s u a l l y )  

graphi te .  Passage of c u r r e n t  above a threshold  l e v e l  r e s u l t s  i n  

ign i t i on .  

The electrical  c h a r a c t e r i s t i c s  of bo th  types  of devices  

depend on a number of va r i ab le s  such a s  e l ec t rode  conf igu ra t ions ,  

p ress ing  load, f i l amen t  p r o p e r t i e s  ( f o r  BW) dnd the  percentage and 

physical p rope r t i e s  of the  conducting material ( f o r  C C ) .  I n  

p rac t i ce ,  it has been much more d i f f i c u l t  t o  c o n t r o l  t hese  

parameters f o r  CC systems, r e s u l t i n g  i n  production batches having 

a wide range of r e s i s t a n c e s  and consequently cons iderable  

va r i a t ion  i n  e l e c t r i c a l  s e n s i t i v i t y .  Despite these  t e c h n i c a l  

l imi t a t ions ,  CC devices  are cheap t o  produce, robus t ,  ope ra t e  
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r e l i a b l y  under extremes of c l imate ,  have f a s t  func t ion ing  times 

and can be designed to be very s e n s i t i v e  e.g., r e l i a b l e  func t ion  

from about 100 VJ. The major app l i ca t ion  f o r  CC devices i s  i n  

c a r t r i d g e  case primers f o r  high rate of f i r e  s m a l l  c a l i b r e  

munitions and f a s t  reac t ion  t ime/limited power supply e l e c t r o n i c  

fuzes.  

CC P r i m e r s  f a l l  i n t o  two broad types based on their 

f i l l i n g s .  This is i l l u s t r a t e d  i n  Table 1 by the M52 DEFA and 

M52A3B1 Primers. The M52 DEFA, of French design, c o n s i s t s  of a 

conducting increment of lead styphnate/graphi te , which is  pressed  

in f i r s t ,  followed by a l a r g e r  priming increment. The M52A3B1, of 

US design, cons i s t s  of a s i n g l e  multi-component f i l l i n g  which 

se rves  the  dua l  purpose of i n i t i a t i o n  and priming. Both types of 

primers have been i n  use f o r  over 30 years  and the  c u r r e n t  f i l l i n g  

a r e  l a rge ly  unchanged from the  o r i g i n a l  formulations.  

primers c h a r a c t e r i s t i c a l l y  have wide r e s i s t a n c e  spread and h igh  

s e n s i t i v i t y  t o  i g n i t i o n  by capac i to r  d i scharge ,  with ene rg ie s  f o r  

50% functioning p robab i l i t y  genera l ly  being below 100 pJ (Table 1 )  

Production 

A t  HRL we have been undertaking a study t o  develop a CC 

primer f o r  20 mm ammunition which meets t h e  performance 

spec i f i ca t ions  of the M52A3B1 but  with s i g n i f i c a n t l y  l o w e r  

s e n s i t i v i t y  than e i t h e r  the  M52A3B1 o r  M52 DEFA. A s  such it was 

necessary to understand the o r i g i n  of performance d i f f e r e n c e s  

between these  two types of primer. This paper p re sen t s  t he  

r e s u l t s  of t h i s  inves t iga t ion .  
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TABLE 1 

A COMPARISON OF REPRESENTATIVES OF THE TWO BASIC TYPES OF 

CC PRIMERS I N  CURRENT SERVICE USE 

M52 DEFA 

Compone n t/Pa rame ter Conduct ing Priming M52A3B1 
Increment  Increment  

Lead s t y p h n a t e  ( % )  95  -0-95 - 5  48 40 f 2.5 

G r a p h i t e  ( % )  4.5-5.0 2 

Acetylene b lack  ( % )  0.75 f 0.25 

Bar ium n i t r a t e  ( % )  1 2  44.25 f 2-5  

Potassium p e r c h l o r a t e  ( $ 1  28 

C a l c i u m  s i l i c i d e  ( % )  10 13.0 f 2.5 

Gum a r a b i c / s t y p h n i c  a c i d  ( % )  1.0 f 0.25 e a  

T o t a l  mass (mg) 30 160 170 

R e s i s t a n c e  S p e c i f i c a t i o n  (0) 20-250 1 k - 1.2 M 

S e n s i t i v i t y  t o  capacitor 60-1 2& 38 - S& 
d i s c h a r g e  (50% l e v e l ,  UJ) 

a D a t a  f r u n  Ref. 1 

b Data from Ref. 2 

- 
- 
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MATERIALS 

A l l  p a r t i c l e  s i z e s  quoted below were determined on a Malvern 

p a r t i c l e  s i z e  analyser. Lead styphnate was type RD1303 with 

average p a r t i c l e  s i z e  of 115 pm, prepared a s  a s i n g l e  batch a t  

MRL . 
Carbon black was Tintacarb 140 obtained from Aust ra l ian  

Carbon Black. The mater ia l  as received was passed through a 

106 u m  s ieve  t o  break up ba l led  agglomerates. Average p a r t i c l e  

s i z e  w a s  9.5 Urn. Graphite used i n  t he  DEFA primer mix w a s  a 1 : l  

mixture of Merck syn the t i c  and NK n a t u r a l  obtained from MFF St. 

Marys. 

Barium n i t r a t e  was a commercial sample which was ground and 

passed through a 150 Um s i eve  then a 106 pm s ieve .  The material 

used was a 1 :1 mix of material re ta ined  on  and passed through the  

106 Um sieve.  Calcium s i l i c i d e  w a s  a commercial sample which was 

passed through a 75 pm sieve.  Potassium perchlora te  was a 

commercial sample which w a s  milled and passed through a 

125 pm sieve.  Styphnic acid and gum a rab ic  were commercial 

samples used as received. 

Unfil led M52 DEFA primer bodies were from a s tandard  

production l o t  from MFF St. Marys. Production M52 DEFA primers 

were obtained from MFF St. Marys and M52A3B1 primers from Dynamit- 

Nobel. 
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P r e p a r a t i o n  of M52 UEFA (Type) Pr imers  

Lead s t y p h n a t e  and carbon b l a c k  w e r e  weighed s e p a r a t e l y  i n  

t h e  correct p r o p o r t i o n s  t o  g ive  a t o t a l  o f  2 g. The m a t e r i a l s  

were then  p laced  on a s h e e t  of  paper  and fold-mixed u n t i l  t h e  

mixture  appeared t o  be homogeneous. 

Experimental  p r imers  f o r  measuring energy  s e n s i t i v i t y  

( c a p a c i t o r  d i s c h a r g e )  were prepared  by p r e s s i n g  t h e  l e a d  

s typhnate /carbon b lack  mix ( 4 6  f 0.5 m g )  i n t o  a n  empty M52 DEFA 

primer body us ing  an El tor  p r e s s  a t  a p r e s s u r e  of 123 MPa (400 kg  

dead l o a d ) .  Lead n i t r a t e  (185  f 15 mg) was t h e n  added on t o p  and 

pressed  a t  t h e  same p r e s s u r e .  The l e a d  n i t r a t e  s e r v e s  to 

reproduce t h e  c o n s o l i d a t i o n  of a pr iming  increment  w h i l e  

minimizing t o t a l  e x p l o s i v e  c o n t e n t .  

Experimental  p r i m e r s  f o r  measuring f u n c t i o n i n g  times w e r e  

prepared by p r e s s i n g  t h e  l e a d  s typhnate /carbon b l a c k  mix (46  f 0.5 

mg) as above fol lowed by DEFA pr imer  mix (145 f 1 mg), p repared  as 

i n  Table 1 ,  a t  t h e  same p r e s s i n g  load .  

Note t h a t  t h e  masses of conduct ing  and pr iming mixes d i f f e r  

from those  f o r  p r o d u c t i o n  M52 DEFA ( T a b l e  1 ) . I n  t h e  product ion  

method t h e  conduct ing and pr iming i n c r e m e n t s  are added 

s u c c e s s i v e l y  fol lowed by p r e s s i n g .  It w a s  dec ided  t o  p r e s s  each  

increment  s e p a r a t e l y  f o r  g r e a t e r  r e p r o d u c i b i l i t y ,  hence a large 

conduct ing  increment  and smaller pr iming increment  were chosen. 
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P r e p a r a t i o n  of M52A3B1 (Type)  Pr imers  

An M52A381 t y p e  primer mix was made us ing  t h e  i n g r e d i e n t s  

d e t a i l e d  i n  Table  1 b u t  o m i t t i n g  a c e t y l e n e  b lack .  P o r t i o n s  of 

t h i s  mix and carbon b lack  were weighed s e p a r a t e l y  i n  t h e  correct 

p r o p o r t i o n s  to  g i v e  a to ta l  of 29, then  fold-mixed on a s h e e t  of 

paper  till the mixture  appeared homogeneous. 

Experimental p r imers  f o r  measuring energy s e n s i t i v i t y  were 

prepared  i n  6 2  DEFA primer empt ies  from t h e s e  mixtures  (46 f 0.5 

mg) and l e a d  n i t r a t e  (185 f 15 mg) e x a c t l y  as d e s c r i b e d  f o r  t h e  

M52 DEFA primers .  

Experimental  p r imers  f o r  measuring f u n c t i o n i n g  times were 

prepared by adding t h e  prepared  mixture  (175 f 1 mg) to an M52 

DEFA empty t h e n  p r e s s i n g  t w i c e  a t  123 MPa. 

METHODS 

Res is tance  Measurements 

R e s i s t a n c e s  were measured u s i n g  a Kioki  3208 Calcu Hi T e s t e r .  

Funct ioning Times 

A f i r i n g  box d e s i g n e d  to  meet the t e s t  s p e c ' i f i c a t i o n s  of the 

M52A3B13 w a s  c o n s t r u c t e d  a t  MRL. 

system are a 160V p o w e r  s u p p l y  t o  c h a r g e  the 2 IAF c a p a c i t o r . a n d  a 

s p e c i a l l y  c o n s t r u c t e d  timer to t e r m i n a t e  t h e  o u t p u t  p u l s e  from t h e  

c a p a c i t o r  a f t e r  10 us. F a s t  a p p l i c a t i o n  of  energy w a s  ach ieved  by 

The b a s i c  components of t h e  
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a mercury wetted r e l a y  switch. E’unctioninq times were measured 

using a microsecond timer t r igge red  by a synchronised pulse  from 

t h e  f i r i n g  box f o r  s t a r t  and the  output  from a PBX 25 photoce l l  

f o r  s top .  

S e n s i t i v i t y  t o  Capacitor Discharge (Energy S e n s i t i v i t y )  

The f i r i n g  box used here  cons is ted  of a 0.1 pF capac i to r  

which could be charged from 0-3OOV. Fas t  a p p l i c a t i o n  of energy 

was achieved by a mercury wetted r e l a y  switch.  The t e s t i n g  

procedure w a s  the Bruceton staircase method4 f o r  sample s i z e s  of 

20-25 primers,  us ing  cons t an t  log(energy) increments of 0.05 or 

0.10, o r  the P rob i t  method’ f o r  batches of 100-125 primers.  

High Speed Photography 

The mixes f o r  which burning r a t e s  were t o  be determined were 

pressed i n t o  perspex tubes on a bridgewire device,  f u l l  d e t a i l s  of 

which have been published previously6. 

were 4.12 mm i n t e r n a l  diameter and the  bridgewire was nichrome 

g iv ing  a r e s i s t ance  of about 1 0. The devices  were f i r e d  by 

capac i to r  d i scharge  ( 2  pF, 270V) and photographed us ing  a Cordin 

model 330 ul t ra -h igh  speed r o t a t i n g  mir ror  camera opera t ing  i n  t h e  

s t r e a k  mode. 

me a c t u a l  devices  used 

RESULTS AND DISCUSSION 

Resis tances ,  energy s e n s i t i v i t y  d a t a  and func t ioning  times 
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are de ta i l ed  i n  Table 2 f o r  lead s typhnate  mixes conta in ing  1 - 5% 

carbon black, and M52A3B1 mixes conta in ing  0 . 7 5  - 5% carbon 

black. Data f o r  production M52 DEFA and M52A3B1 primers are also 

shown fo r  comparison. 

Reduction i n  carbon black con ten t  i n  the  lead s typhnate  mixes 

r e s u l t s  i n  s u b s t a n t i a l  i nc reases  i n  the r e s i s t a n c e  with 

corresponding decreases i n  the  energy requi red  for 50% funct ioning  

probabi l i ty .  A p a r t i c u l a r  f e a t u r e  bestowed by t h i s  carbon black 

i s  the low standard devia t ions  f o r  t he  r e s i s t ances .  Functioning 

t i m e s  also i n i t i a l l y  decrease b u t  then  inc rease  aga in  for 2 and 1 %  

carbon black. Times f o r  the 4% and 3% mixes a r e  about 10% higher  

than production ~ 5 2  DEFA primers,  bu t  no a t tempt  has been made t o  

optimise this parameter. The 95:s and 96:4 mixes, which a r e  

nominally analogous to  M52 DEFA, have q u i t e  d i f f e r e n t  resistance 

and energy s e n s i t i v i t y  t o  production M52 DEFA (Tables 1 and 2 ) .  

This a r i s e s  because both the lead s typhnate  and conducting 

materials d i f f e r  from those used i n  ffi2 DEFA. 

In comparison w i t h  the corresponding lead  s typhnate  mix, t he  

M52A3B1 mixes e x h i b i t  s u b s t a n t i a l l y  g r e a t e r  r e s i s t a n c e s  and 

r e s i s t ance  ranges, but comparable energy s e n s i t i v i t y .  However one 

d i f f e rence  is immediately evident:  func t ion ing  times reduce 

d r a s t i c a l l y  when the carbon b lack  con ten t  changes from 5% t o  1%. 

The 5% MS2A3Bl mix i n  f a c t  does no t  pass  the  s p e c i f i c a t i o n  of 

func t ion  i n  less than 0.3 m s l  and about 16% of the  primers f a i l e d  

t o  f i r e  from the  energy de l ivered .  Production M52A3B1 primers 

function about 10% more quick ly  than the  M52A3B1 type mix 
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TABLE 2 

PERFORMANCE DATA FOR M52 DEFA AND M52A3B1 TYPE PRIMERS 

~ ~~ 

Funct ioning 
Ti  m e  s f Composi t i o n  [ s t d  .dev. ] S e n s i  t i v i  t p  

Res is tance  Enerqy 

cat (pJ) Istd.dev1 ( m s ;  

Lead Styphnate/Carbon Black 

95: 5 
96:4 
97: 3 
98:2 
99: 1 

M52A3B1 Primer (Type )% 
Carbon Black 

9.1 [0.71 1565 0.059 [0.0051 
14.0 [ l . O I  1330 0.049 [0.0041 
24.3 [2.41 140 0.048 [0.0061 
82.0 f6.61 215 0.061 [0.0121 
2567 [4601 130 0.061 [0.0081 

95: 5 16.4 14.11 1445 0.301 [0.03612 
97:3 73.5 [15.11 650 0.187 L0.0531 

99: 1 449 K [571 Kl 210 0.091 10.0241 
99.25:0.75 9/20 11.4 M 160 0.108 [0.0351 

98: 2 550.6 f162.31 280 0.154 [0.0381 

11/20 > 20 M 

M52 DEFA Primer 
(product ion)-  b 76.6 f22.01 104 0.043 [0.0051 

M52A3B1 Primer 
( p r o d u c t i o n ) c  121.7 K f57.2 K] 60 0.081 [0.0121 

19.3 L2.51 n o t  0.058 [0.0061 d C o m p o s i t e  Primer- 
de te rmined  

M52 DEFA Primer M i &  20/20 > 20 M 580' 0.052 [0.021] 

a Nominal composi t ion  per Table  1. 
- b E'rom s t a n d a r d  p r o d u c t i o n  b a t c h  e x  MFF S t .  Marys. 

- d Lead s typhnate /carbon b l a c k  (96:4, 46 mg) t h e n  M52A3Bl/carbon 

- e f i l l i n g  as d e s c r i b e d  under "Priming Increment"  i n  Table  1. 

- f 

g 2/12 f a i l e d  t o  f u n c t i o n .  

- 
- C From s t a n d a r d  p r o d u c t i o n  b a t c h  e x  Dynamit-Nobel 

b l a c k  (98:2, 145 mg): see t e x t .  

For 50% f u n c t i o n  as o b t a i n e d  by s t a n d a r d  Bruceton' or P r o b i t 3  
a n a l y s i s .  

- 
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c o n t a i n i n g  1 %  carbon b lack  b u t  a g a i n  no a t t e m p t  w a s  made t o  

opt imize t h i s  parameter .  D i f f e r e n c e s  between t h e  p r o d u c t i o n  

M52A3B1 primers  ( c o n t a i n i n g  0.75% a c e t y l e n e  b l a c k )  and t h e  1% and 

0.75% carbon b lack  exper imenta l  mixes are l a r g e l y  a t t r i b u t a b l e  to 

t h e  d i f f e r e n t  conduct ing p r o p e r t i e s  of  a c e t y l e n e  and carbon 

b lacks ,  and the  d i f f e r e n t  l e a d  s t y p h n a t e  types .  

The , reason  t h a t  such low carbon ( a c e t y l e n e )  b l a c k  c o n t e n t s  

must be used i n  product ion  M52A3B1 pr imers ,  wi th  t h e  consequent  

p e n a l t i e s  of very  h igh  r e s i s t a n c e s ,  wide r e s i s t a n c e  spread  and l o w  

t h r e s h o l d  f i r i n g  e n e r g i e s ,  can  t h u s  be i d e n t i f i e d :  to a c h i e v e  

d e s i r a b l y  s h o r t  f u n c t i o n i n g  times. The slaver f u n c t i o n i n g  t i m e s  

f o r  t h e  62A3B1 relative t o  t h e  M52 DEFA t y p e  p r i m e r s  c o n t a i n i n g  

t h e  same carbon b lack  p e r c e n t  c o n t e n t  could  r e s u l t  from t w o  

sources ,  i e  e i t h e r  t h e  M52A3B1 mix is  s lower  burn ing ,  or slower 

i g n i t i n g .  A comparison of  t h e  s t a n d a r d  M52A3B1 composi t ion  and 

the M52 DEFA priming mix (Table  1 )  s u g g e s t s  t h a t  the former might  

be a t  least  par t  of t h e  answer. 

20% more lead  s t y p h n a t e ,  which is v e r y  f a s t  burn ing ,  and t h e  more 

The M52 DEFA priming mix c o n t a i n s  

e n e r g e t i c  potassium p e r c h l o r a t e  whi le  t h e  62A3B1 c o n t a i n s  the 

less e n e r g e t i c  barium n i t r a t e .  

An a t t e m p t  to  r e s o l v e  this q u e s t i o n  w a s  made by p r e p a r i n g  

exper imenta l  "composite" primers c o n s i s t i n g  of a l e a d  

s typhnate /carbon b lack  (96:4)  conduct ing  increment  w i t h  a n  

M52A3Bl/carbon b lack  mix (98: 2 )  as priming increment .  As expec ted  

t h e  "composite" pr imer  was s i g n i f i c a n t l y  f a s t e r  t h a n  t h e  s t r a i g h t  

M52A3Bl/carbon b lack  (98:2)  pr imer  (0.058 v s  0.154 ms) b u t  w a s  
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almost a s  f a s t  as the 96:4 M52 DEFA primer (0.048 m s ) .  This 

suggests t h a t  much of the slowness of M52A3B1 type primers r e s u l t s  

from slow t r a n s i t i o n  from i g n i t i o n  t o  f a s t  burning, with 

d i f f e rences  i n  burning r a t e s  between the  t w o  priming compositions 

being only a secondary influence.  A primer f i l l e d  only with M52 

DEFA priming mix (Table 2 )  func t ions  as f a s t  a s  t he  composite M52 

DEFA primers hence slow i g n i t i o n  i s  no t  a un ive r sa l  problem i n  

these  mixes.  

Further i nves t iga t ions  were c a r r i e d  o u t  us ing  u l t ra -h igh  

speed photography. Three mixes were s tud ied :  M52 DEFA priming 

mix, M52A3B1 mix containing 2% carbon b lack ,  and lead s typhnate  

conta in ing  2% carbon black. However us ing  the  equipment a v a i l a b l e  

t o  us (see Experimental), only t h e  DEFA priming mix gave l i g h t  

ou tput  s u f f i c i e n t  to produce a usable  trace. A burning ra te  of 

about  560 m / s  was obtained. 

1963 t h a t  burning lead s typhnate  does n o t  e m i t  s u f f i c i e n t  l i g h t  

f o r  s t r e a k  photography. C lea r ly  an image-converter type camera, 

which can opera te  success fu l ly  with much lower l i g h t  i n t e n s i t i e s  

might provide f u r t h e r  information on burning rate d i f f e r e n c e s  i n  

these th ree  mixes. 

Leopold and McVaney7 had observed i n  

CONCLUSION 

The performance d i f f e rence  between CC primers of t he  M52 DEFA 

type conta in ing  separa te  conducting and priming increments and 

M52A3B1 type f i l l e d  only with a s i n g l e  multi-component f i l l i n g  
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would appear t o  o r ig ina t e  from slower i g n i t i o n  t o  f a s t  burning 

time i n  the lat ter.  Although energy s e n s i t i v i t y  ( capac i to r  

d i scharge)  of both types of primers is comparable f o r  i d e n t i c a l  

carbon black content,  the only p r a c t i c a l  way of achieving the  

des i r ed  f a s t  functioning times f o r  t he  M52A3B1 i s  t o  decrease the  

carbon black conten t  to 1% or less. However t h i s  r e s u l t s  i n  t h e  

obvious penalty of primers which have high r e s i s t ances  and 

consequently low threshold f i r i n g  energ ies .  In add i t ion ,  because 

multicomponent mixes tend to mix poorly,  r e s i s t a n c e  spread i n  

production batches is large.  

With regard t o  our aim of developing a low s e n s i t i v i t y  CC 

primer, the  da ta  presented here c l e a r l y  p o i n t  to a mix of the 

M52A381 type as being extremely un l ike ly  t o  l ead  t o  an acceptab le  

product. We are consequently examining two-increment primers of 

t h e  M52 DEFA type. Although this does involve a production 

penal ty  i n  t h a t  two f i l l i n g s / p r e s s i n g s  must be made, compared t o  

one i n  the  MS2A3B1, the  narrow reproducib le  r e s i s t a n c e  spread and 

lower s e n s i t i v i t y  f a r  outweigh any disadvantages.  
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