
E L E C T R I C A L  S T A B I L I T Y  O F  D E T O N A T I O N  

O F  C O N D E N S E D  E X P L O S I V E S  

P R O D U C T S  

P .  I .  Z u b k o v ,  L .  A.  L u k ' y a n e h i k o v ,  UDC 537.527 
a n d  Y u .  V .  R y a b i n i n  

The development  of the va r ious  a r ea s  of expe r imen ta l  physics  and technology r equ i r e s  the crea t ion  of 
h igh-power ,  h igh-speed  switching devices  [1]. The mos t  p romis ing  f r o m  the point of view of obtaining the 
n e c e s s a r y  switching p a r a m e t e r s  are commuta to r s  based on the use of condensed explos ives .  A study of the 
e l ec t r i c a l  p r o p e r t i e s  of the detonation products  of explos ives ,  filling the gaps in the e l ec t r i ca l  chain and defin- 
ing the switching c h a r a c t e r i s t i c s  of c i rcui t  b r e a k e r s ,  has been s t imulated by the creat ion of the opt imum de-  
sign of an explosive  switch. 

In [2], the e l ec t r i ca l  s tabi l i ty  of the detonation products  of a charge  of PETN (pentaerythr i ty l  t e t ran i t ra te ) ,  
located between the ends of cyl indr ica l  e l ec t rodes ,  was invest igated.  It is shown that,  with the exper imen ta l  
accuracy ,  the s tabi l i ty  of the gap up to a specif ied s tage of expansion of the detonation products  is constant 
(E =100-120 kV/cm).  L a t e r ,  the s tabi l i ty  fails rapidly.  Compar i son  of the exper imenta l ly  obtained dependence 
of the e l ec t r i ca l  s tabi l i ty  of the gap on the t ime  in the section of rapid decline with the p r e s s u r e  dependence in 
the products  has  pe rmi t t ed  the following assumpt ion  to be made: The e l ec t r i ca l  s tabi l i ty  of the detonation 
products  at a given s tage of expansion is de te rmined  main ly  by the i r  densi ty.  

In the p r e sen t  paper  the pr inc ipa l  expe r imen ta l  r e su l t s  of an investigation of the e l ec t r i ca l  s tabi l i ty  of 
the expandingdetonat ion products  of condensed explos ives  under  the condition that  the i r  densi ty  is cons iderably  
lower  than the densi ty  in the detonation wave and also of the s ta t ic  s tabi l i ty  of the products  in the p r e s s u r e  
range  1-11 a tm are given. 

1.  E l e c t r i c a l  S t a b i l i t y  o f  t h e  D i s p e r s i n g  D e t o n a t i o n  P r o d u c t s  

A cyl indr ica l  charge  of the explos ive  being studied was ignited with a high-vol tage pulse in a me ta l  case .  
Af ter  e m e r g e n c e  of the detonation wave at the end of the charge,  the detonation products  s t a r t ed  to expand into 
a tube with in ternal  d i a m e t e r  10 m m  and then into a channel with d imensions  4 • 48 mm,  in which e lec t rodes  
with a d i a m e t e r  of 10 m m  and having a fixed gap were  instal led flush with the walls .  The dis tance between the 
e l ec t rodes  was 4 �9 0.1 m m .  A shock wave was fo rmed in the air  ahead of the products .  Af ter  the shock wave 
pa s sed  the e l ec t rodes ,  a voltage pulse was applied to them at dif ferent  t imes ;  the pulse had a front  r i se  of 
l ess  than 10 -~ sec  and a subsequent  exponential  decay of 9 .10  -3 see.  The amplitude of the voltage wave was in- 
c r ea sed  f r o m  expe r imen t  to exper iment ,  until  breakdown coinciding with the instant of application of the voltage 
occu r red .  Then a t ime step was p e r f o r m e d  on the delay in application of the voltage to the e l ec t rodes ,  and  the 
expe r imen t s  were  repea ted  until the m a x i m u m  e l e c t r i c a l  s tabi l i ty  of the detonation products  for  a given type 
of explosive no longer  developed.  

The voltage on the gap was applied f r o m  a mul t ip l ie r  c i rcui t .  The vol tage amplitude on the capac i to r s  in 
the mul t ip l ie r  c i rcui t  was r eco rded  with an S-96 k i lovo l tme te r  and that  on the e l ec t rodes  by means  of a capaci ty  
d iv ider  on an S1-42 osc i l lograph .  The accuracy  in de te rmin ing  the voltage amplitude amounted to 3%. 

The charge  p a r a m e t e r s  were  as follows: PETN and H e x o g e n -  d i ame te r  7 ram, height 45 mm,  and densi ty 
1.0-1.1 g/eroS; Tro ty l  and ammoni te  (6ZhV) - d i a m e t e r  9 ram, 7-8 m m  PETN for  ignition of the main charge,  
and 50 m m  of the explos ive  being Studied (with a densi ty  of 1.0-1.1 g/cm~). 

The r e su l t s  of p r o c e s s i n g  the expe r imen t s  to find the e l ec t r i ca l  s tabi l i ty  of the expanding detonation 
products  are  shown in Fig. 1 [1) Trotyl ;  2) ammoni te  (6ZhV); 3) PETN; 4) Hexogen; 5) PETN with the addition 
of Teflon]; it can be seen,  f i r s t  of  all, that  the s tabi l i ty  i nc reases ,  r eaches  a max imum,  and then faUs. In 
addition to pure  explos ives ,  PETN with d i f ferent  addit ives was also invest igated.  Fo r  example ,  the addition of 
NaC1 in amounts up to 40% of the charge  weight did not inc rease  the s tabi l i ty .  The expe r imen t s  were  conducted 
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at the m a x i m u m  voltage for pure  PETN, and breakdown was always obse rved .  The addition of a Teflon chip 
led to an inc rease  of s tabi l i ty  by 25%. No quanti tat ive e s t i m a t e s  of the pe rcen tage  content of  f luorine were  
made.  

It  was not poss ib le  to find the m a x i m u m  e l ec t r i c a l  s tabi l i ty  of the Tro ty l  detonation products  on this 
fac i l i ty ,  s ince i% is not c lea r  to what the onset  of breakdown at a potent ial  of 44 kV belongs,  i .e.,  to the b r e a k -  
down of the Tro ty l  detonation products  or  to the breakdown over  the su r faee  of the d ie lec t r i c  in the channel. 
By inser t ing  p la tes  of Pe r spex  between the e l ec t rodes ,  having the s ame  dimensions  as the channel, breakdown 
over  its su r face  occu r r ed  at a voltage ampli tude of 36-38 kV. In the expe r imen t s  with Trotyl ,  the products  did 
not breakdown even at 40 kV. Moreover ,  on the o s c i l l o g r a m s  for  Tro ty l  at vol tage ampli tudes of 39-40 kV, no 
breakdown was obse rved  with a delay,  which is c h a r a c t e r i s t i c  for o ther  explos ives ,  and for  which the magnitude 
of the delay d e c r e a s e d  with inc rease  of the voltage ampli tude.  

In o r d e r  to de t e rmine  the nature  of the change of the detonation product  p a r a m e t e r s  on the t ime  in the 
region of the e l ec t rodes ,  p r e s s u r e  m e a s u r e m e n t s  were  ca r r i ed  out. The probe  desc r ibed  in [3] was used in the 
expe r imen t s .  The signal  f rom the probe  and the attached capac i to r  (C = 7.5 �9 10 -9 F) was applied to the input of 
the C1-42 osc i l loscope .  Static ca l ibra t ion  of the probe  was c a r r i e d  out o n  a hydraul ic  p r e s s  by means  of  a U5-6 
e l e c t r o m e t r i e  ampl i f ie r .  The pr inc ipa l  e r r o r  in de te rmin ing  the p r e s s u r e  is the osc i l lographic  e r r o r .  The 
accu racy  of the p r e s s u r e  ampli tude value amounted to 10-15%. 

An o s c i l l o g r a m  of  the p r e s s u r e  of the Tro ty l  detonation products  is shown in Fig. 2. The osc i l lograph  
was t r i gge red  s imul taneous ly  with the application of the initiating pulse .  The sca le  value is 25 t tsec/divis ion 
hor izonta l ly  and 100 tech .  a i m / d i v i s i o n v e r t i c a l l y .  The i n i t i a l p e a k o n t h e  osc i l l og ram co r r e sponds  to the  p r e s s u r e  
at the shock front .  The subsequent  p r e s s u r e  drop is explained by the flow nonuniformity.  When the shock 
e m e r g e s  f r o m  the tube into the channel of l a r g e r  c r o s s  sect ion,  the l a t e ra l  r e l i e f  waves reduce  the p r e s s u r e  
behind it. Then the p r e s s u r e  of the detonation products  i nc rea se s  until no r e l i e f  wave a r r i v e s  at the e lec t rodes  
f r o m  the end of the charge ,  a f ter  which it fa l ls .  When the p r e s s u r e  o sc i l l og rams  and the graphs  of the e l ec t r i ca l  
s tabi l i ty  of the gap are  compared ,  it is obse rved  that  the s t a r t  of i nc rease  of the p r e s s u r e  coincides with the in- 
c r e a s e  of e l ec t r i c a l  s tabi l i ty .  It should be noted that the p r e s s u r e  of the detonation products  in the region of 
the e lec t rodes  changes cons iderably  m o r e  s t rongly  than the i r  s tabi l i ty .  Moreover ,  according to the o s e i l l o -  
g r a m s ,  the p r e s s u r e  m a x i m a  for the detonation products  of  PETN and ammoni te  begin 25 and 40 t~sec e a r l i e r  
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than the cor responding  m a x i m a  of the i r  e l ec t r i ca l  s tabi l i ty .  The noncoincidence of the m a x i m a  of s tabi l i ty  and 
p r e s s u r e  can be explained,  if it is a s sumed  that  the s tabi l i ty  of the detonation products ,  together  with the to ta l  
concentra t ion of pa r t i c l e s  and the t e m p e r a t u r e ,  depends on the concentrat ion of the in termedia te  products ,  

(which have a low ionization potent ia l  and burn-up during d ispers ion) .  

The r e su l t s  obtained do not contradic t  the data of [2] (where the m a x i m u m  of the s tabi l i ty  of the products  
was not c l ea r ly  e x p r e s s e d  andonly  sa tura t ion  was observed) ,  s ince there  the densi ty  of the detonation products  
between the e l ec t rodes  always d e c r e a s e d  with t ime .  This can also explain the lower  magnitude of the m a x i m u m  
e l e c t r i c a l  s tabi l i ty  of PETN detonation products  in this case  (E = 70 kV/cm) by compar i son  with [2] (E =100-120 
kV/cm) since they co r re spond  to different  densi ty  va lues .  

The inc rease  of the e l ec t r i c a l  s tabi l i ty  of PETN detonation products  with the addition of Teflon to the 
explosive  can be explained by a reduct ion of the concentrat ion of f ree  e lec t rons  in the products  as a r e su l t  of 
the high affinity of f luorine for  e l ec t rons .  

2 .  S t a t i c  S t a b i l i t y  o f  t h e  D e t o n a t i o n  P r o d u c t s  

The detonation products  were  produced in a spec ia l  explosion chamber ,  which allowed res idua l  p r e s s u r e s  
af ter  explosion of the charge  of up to 15 tech. arm. The chamber  was connected with a d i s c h a r g e r  (spark-gap) ,  
whose volume was much less  than the volume of the chmnber ;  t h i s m a d e  it poss ible  to conduct the exper imen t s  
on the detonation products  of a given charge  s e v e r a l  t i m e s .  The p r e s s u r e  in the d i s c h a r g e r  was m e a s u r e d  
with a m a n o m e t e r  having an absolute e r r o r  of 0.1 tech.  atm. The d i s cha rge r  was ca l ibra ted  with a i r .  The d i s -  
tahoe between the e l ec t rodes  in the expe r imen t s  was 0.95 �9 0.05 ram. In o r d e r  to reduce  the pe rcen tage  content 
of a i r  in the detonation products ,  the chamber  was evacuated down to a p r e s s u r e  of 10 -1 to 10 -~ m m  Hg p r i o r  
to the explosion.  

The d i s c h a r g e r  was connected to the explosion chamber ,  blown out, and filled with detonation products  up 
to a p r e s s u r e  of 11 tech.  arm 20-30 minutes  af ter  the detonation of the explosive charge .  Then a slowly in- 
c r ea s ing  vol tage was applied to the e l ec t rodes .  The magnitude of the voltage was r eco rded  at breakdown of the 
gap; the a c c u r a c y  in de te rmin ing  th is  was 3~0. The expe r imen t s  were  conducted at one and the s a m e  p r e s s u r e  
s e v e r a l  t i m e s  in o r d e r  to d e t e r m i n e  the dependence of the breakdown stabi l i ty  of  the gap on the n u m b e r  of 
b reakdowns .  Af t e rward ,  the p r e s s u r e  was reduced to 1 tech.  arm and the expe r imen t s  were  repea ted .  In th is  
way, the Paschen  c u r v e s  were  plot ted (asymptot ic  s tabi l i ty  with a la rge  number  of breakdowns)  fo r  each  p o r -  
t ion of detonation p redue t s ,  and then these  cu rve s  were  averaged .  

F igure  3 shows the Paschen  curves  of the detonation products  af ter  the explosion of the charge  [1) air ;  
2) PETN;  3) Hexogen; 4) ammoni te  (6ZhV); 5) E W - 8 G ;  the s ta t ic  s tabi l i ty  of the Tro ty l  detonation products  
coincides with the s tabi l i ty  of the Hexogen detonation products] ;  it can be seen that the cal ibrat ion curve  for  
a i r  at  p r e s s u r e s  g r e a t e r  than 9 tech. arm s t a r t s  to deviate f r o m  a s t ra igh t  line. This can be explained by the 
s t rong  nonuniformity  of the field in the vicini ty  of the opening in the e lec t rode ,  through which filling of the d is -  
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charger  with the detonation products is effected. In the experiments at increased pressure ,  a displacement of 
the cathode spots to the region of large electrode curvatures was observed. 

The lower electr ical  stability in comparison with air and the increase of this difference with increase of 
p ressure  are common.for the detonation products of all the explosives investigated. It should be noted that the 
electr ical  stability of the detonation products for the f i rs t  breakdowns after filling the discharger  is lower than 
for subsequent breakdowns. For example, wi thTroty l  20-30rain after explosion, it was 25% less than the asymp- 
totic stability for a large number of breakdowns. Over 24 h, this difference amounted to 15%. Similar experi-  
ments with ]~VV-8G gave, respectively,  50% lower stability 20-30 min after explosion of the charge and 25% 
after 24 h. The same tendency for the other explosives investigated is expressed to a considerably lesser  de- 
gree (order of exper imental  accuracy 5-7%). 

The dependence of the electr ical  stability of the detonation products on the time between the explosion of 
the charge and the application of the voltage to the discharger ,  and also the increase of stability of the gap with 
increasing number of breakdowns, can be explained by the  continuing chemical reactions in the detonation 
products. The intermediate products, having a lower ionization potential by comparison with the final detonation 
products,, burn up with the passage of time, and in the spark this same process occurs more rapidly. The 
weaker decrease of stability of the dispersing detonation products [2] after explosion of the charge as compared 
to the corresponding measurements of their density can also be explained by this. 

1. 
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PROBLEM 

IN L I Q U I D  

O F  D E T E R M I N I N G  ION C O L L E C T I O N  E F F I C I E N C Y  

I O N I Z A T I O N  C H A M B E R S  

V.  S. Z a v g o r o d n i i  UDC 537.57 

In certain areas of physics, in part icular,  in ionizing radiation dosimetry employing liquid ionization 
chambers ,  the necessi ty of measuring the ion collection efficiency in liquids is encountered. Measurement of 
the ionization current  is carr ied out*by means of complex measurement devices. The saturation current  of a 
liquid is difficult to obtain even with voltages which are close to breakdown, and therefore its determination is 
frequently carr ied out by an extrapolation method. 

It is possible to determine the ion collection efficiency in dielectric liquids by a method using the ponder- 
omotive forces (PMF) of an e lect r ic  field. For this purpose, a pair of electrodes of known width a, height he, 
and fixed interelectrode separation d is partially immersed in the dielectric liquid, poured into a vessel  (see 
Fig. 1). This system, which has a certain capacitance C and high dielectric propert ies ,  is charged from an 
e l ec t r i c  voltage source to a certain potential difference U 0. In consequence of the action of the PMF, in the 
interelectrode gap a r i se  of the liquid dielectric to a certain height h 0 is observed, determined by the equation 
[1] 

2pgd 2 c o s  

where ~l and ~g are the relative dielectric cons t~ t s  of the liquid and gaseous dielectrics,  respectively; p is 
the density of the liquid dielectr ic ;  e0 is the electr ical  constant; g is the acceleration of gravity; and ~ is the 
angle between the longitudinal axis of the electrodes and the direction of the fo rce  of gravity. 
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