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The dynamic v o l t - a m p e r e  c h a r a c t e r i s t i c s  a re  obtained for  a p l a s m a t r o n  with an in te re lec -  
t rode inser t ion  at la rge  ampli tudes  (I A > 50 A) and smal l  r a t e s  of change (dI /d t  -_ 5 A / s e c )  
of cu r ren t .  The r e su l t s  of an investigation by the method of smal l  pe r tu rba t ions  of a p l a s -  
m a t r o n  with fixed a rc  length, in the f requency range  0.2-20 kHz, a r e  given.  

One of the mos t  impor tant  p rob l ems  in the p rac t i ca l  use of p l a sma t rons  is the es tab l i shment  of the 
boundar ies  of s tabil i ty of i ts  operat ing conditions in U - I  coordinates ,  i .e.,  the de te rmina t ion  of the l imi ts  
of var ia t ion  of i ts  p a r a m e t e r s  (IA, UA, Gg, etc.).  

Exist ing methods of calculat ing the stat ic  U - I  c h a r a c t e r i s t i c s  a re  notable for  their  low accuracy  [3-6] 
or  can be applied only to physical ly  s implif ied models  of p l a sma t rons  [1, 2]. Hence the single and re l iable  
method of de termining  the region of s tabil i ty of a p l a s m a t r o n  is by exper iment .  Knowledge of the l imits  
within which the cur ren t ,  voltage and gas  flow ra te  va ry  is the s tar t ing  point and the p re requ i s i t e  for  the 
invest igat ion of the U - I  c h a r a c t e r i s t i c s  in dynamic conditions.  

The invest igat ion of the dynamic U - I  c h a r a c t e r i s t i c s  of p l a s m a t r o n s  for var ious  r a t e s  of cur ren t  
change is n e c e s s a r y  for  the solution of p rob l ems  in the automatic  s tabi l izat ion and p r o g r a m m e d  control  of 
the s t r e a m  p a r a m e t e r s  and allows the effect  of the energy s to rage  e lement  of the e lec t r ic  a rc  on the nature  
of i ts  r e s i s t ance  to be explained. 

This  pape r  is devoted to an invest igat ion of the region of s tabi l i ty  and the dynamic U - I  c h a r a c t e r i s t i c s  
of p l a sma t rons  with an in te re lec t rode  inser t ion  at la rge  ampli tudes  (I A > 50 A) and smal l  r a t e s  of change of 
cu r r en t  (d I /d t  _< 5 A/sec ) ,  and also to an invest igat ion of the stat ic  and dynamic U - I  c h a r a c t e r i s t i c s  of a 
p l a s m a t r o n  with fixed a rc  length at smal l  ampli tudes  (~A < 3A) and la rge  r a t e s  of change of cur ren t  (d I /d t  
> 102 A / s e c ) .  

Exper imenta l  Appara tus .  A block d iag ram of the e lec t r ic i ty ,  water ,  and gas  supply is shown in 
Fig. I .  

The direct current source (U A = 400 V, I A = 200 A) consists of a step-down power transformer T of 
type TMOA-63, a power rectifier I, consisting of a three-phase bridge circuit using diodes of type VK-200 
and thyristors of type VKDU-150, a commutator, and a protective apparatus. The supply voltage could 
be varied smoothly from 50 to 400 V. 

To smooth fluctuations in the voltage rectifier, a square filter consisting of a battery of condensers 
C I (5120 pF, 450 V), C 2 (4500 pF, 600 V) and a choke coil L (40 IVI}I) was provided. 

The system 4 includes remote control, monitoring, signalling, and protection functions. 

In the power circui t ,  in s e r i e s  with the p l a sma t ron  5, were  connected wire  r e s i s t o r s  R I = 0.1-1.4 
and R 2 = 0.05-0.4 ~2 which could be va r i ed  smoothly and in s teps .  
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F ig .  1. B l o c k  d i a g r a m  of the 
e l e c t r i c  a r c  a p p a r a t u s :  1) p o w e r  
r e c t i f i e r ;  2) shunt ;  3) m o d u l a t o r ;  
4) c o n t r o l  s y s t e m ;  5) p l a s m a t r o n ;  
6) m e a s u r i n g  s y s t e m ;  7) g a s  s u p -  
p ly  s y s t e m ;  8) w a t e r  supp ly ,  o b s e r v e d  on the S1-18  s c r e e n  and the p h a s e  m e t e r  F2 -1  shows  the 

p h a s e  angle ,  which  i s  z e r o .  

To m a k e  m e a s u r e m e n t s  on the p l a s m a t r o n  the s y s t e m  6 was  s w i t c h e d  to the po in t s  d, e, g.  

The modulator 3 was included in the power circuit to excite 

periodic oscillations of various shapes, frequencies (0.2-20 kHz), 

and amplitude (0-3.0 A). 

The gas in the plasmatron 5 was supplied from the system 7 
consisting of a high pressure tank, and reduction, control, and 
closing apparatus. 

The gas flow rate was measured by a flow meter and a critical 
flow meter. 

To cool the elements in the plasmatron discharge chamber the 
water supply system 8 was used. 

The arc current and voltage in static and dynamic conditions 
for dI/dt < 5 A/sec were recorded by recording instruments of type 
N352 and by a loop oscillograph of type N700o The dynamic U-I 
characteristics were reproduced directly by a two-coordinate milli- 
voltmeter of type N359. 

The measuring system measures, observes, and records the 
dynamic U-I characteristics of a direct current arc, its variable 
components, and the phase shift between them for f = 20 Hz-20 kHz 
and the current in the power circuit up to 100 A and more. It in- 
cludes selective measuring amplifiers of type U2-6, a lamp milli- 
voltmeter of type V3-2A, single and double oscillographs of types 
EO-7 and SI-18, and a phase meter of type F2-1. 

Current and voltage signals were taken from the wire resis- 
tors R 3 = R 4 = 0.i 2 and fed to the input of the measuring system 6. 
During adjustment at fixed frequency it was switched to the points 
s, f, g of the circuit. In this case the dynamic U-I characteristics 
can be observed on the EO-7 oscillograph screen as a straight line 
at a certain angle of slope to the coordinate axes. At the same time 
two components of these characteristics, coincident in phase, are 

A P l a s m a t r o n  w i t h  a n  I n t e r e l e c t r o d e  I n s e r t i o n  

The  S ta t i c  V o l t - A m p e r e  C h a r a c t e r i s t i c s .  The  i n v e s t i g a t i o n  w e r e  m a d e  us ing  a s p e c i a l l y  p r e p a r e d  
p l a s m a t r o n  with an i n t e r e l e c t r o d e  i n s e r t i o n ,  a d i a g r a m  of which  i s  g iven  in  F i g .  2a .  

The  p l a s m a t r o n  d i s c h a r g e  c h a m b e r  i s  f o r m e d  by  w a t e r - c o o l e d  c o p p e r  e l e c t r o d e s  1 and 5 and by s e c -  
t ions  of the  i n t e r e l e c t r o d e  i n s e r t i o n  3, i n s u l a t e d  f r o m  each  o t h e r  and f r o m  the e l e c t r o d e s .  

The  e n c l o s e d  e l e c t r o d e  1 was  the ca thode  and the e l e c t r o d e  5 at  the  o t h e r  end was  the anode .  The  
ca thode  and anode  d i m e n s i o n s  w e r e  d i a m e t e r  and length,  r e s p e c t i v e l y ,  d c = 10 ram,  lc = 100 ram,  d a = 15 
ram,  1 a = 100 m m .  The  i n t e r e l e e t r o d e  i n s e r t i o n  3 was  m a d e  in t h r e e  s e c t i o n s  of d i a m e t e r  d s = 10 m m  and 
l eng th  ls  = 10 m m  each  so  as  to e l i m i n a t e  i n t e r s e c t i o n a l  d i s c h a r g e  which in a s u f f i c i e n t l y  l a r g e  p o t e n t i a l  
d i f f e r e n c e  could  l e a d  to t h e i r  b r e a k d o w n  [7-9].  

A i r  a t  a f low r a t e  of G~ = 1.0 g / s e c  was  a p p l i e d  t a n g e n t i a l l y  in the gap  b e t w e e n  the ca thode  1 and the 
i n t e r e l e c t r o d e  i n s e r t i o n  3. A i r  was  a l s o  s u p p l i e d  t a n g e n t i a l l y  in the r e m a i n i n g  gaps  at  a f low r a t e  G 2, 
which  v a r i e d  d u r i n g  the i n v e s t i g a t i o n s .  B e c a u s e  the  g a s  supp ly  was  o r g a n i z e d  in  th is  way it  was  p o s m b l e  ~' 
not  only  to v a r y  the e l e c t r i c  f i e ld  s t r e n g t h  a long the a r c ,  but  a l s o  to a f fec t  the b r e a k d o w n  p o t e n t i a l  be tween  
t h e m .  

The  s t a t i c  U - I  c h a r a c t e r i s t i c s  of a p l a s m a t r o n  with an i n t e r e l e e t r o d e  i n s e r t i o n  w ork ing  with a i r  a r e  
shown in F i g .  2b. 
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Fig. 2. P lasmat ron  with interelectrode insert ion.  
a) Diagram of apparatus:  1) cathode; 2) magnetic 
field coil; 3) interelectrode insert ion; 4) electr ic  
arc;  5) anode; 6) plasma s t ream,  b) Static volt 
- a m p e r e  charac te r i s t i cs :  air ;  d c = 10 ram; d s 
= 1 0 m m ; n  s = 3 ; d  a = 1 5 m m .  ABC) Reg ionof  
stable operation; 1, 2) Gg = 1.25 g / s e c ;  3, 4) 1.5; 
5, 6) 2.0; 7, 8) 2.5; 9, 10) 3.5; I1, 12) 4.5; 1') R 
= 1.4 ~; 2') 1.25; 3') 1.2; 4') 1.1; 5') 1.0; 6') 0.9; 
7') 0.85; 8') 0.8; 9') 0.75; 10') 0.65; 11') 0.6; 12') 
0.55. 

When Gg = const, R = var, these charac te r i s t i c s  are  falling curves  which strat i fy and shift in the 
direction of high voltages as the gas flow rate increases .  

In a p lasmatron  with a self-adjusting arc  length the voltage increase is determined both by the in- 
c rease  in the arc  length and by the increase  in the field strength E of a unit column blown out in the longi- 
tudinal direction.  In our case the arc  length is scarce ly  affected by changes in the gas flow rate since it is 
necessar i ly  elongated. Consequently, the increase  in the intensity of combustion of the arc  is p r imar i ly  
due to an increase  in E. Since in a p lasmatron  with an interelectrode insert ion the arc  length is much 
g rea te r  than in a p lasmatron  with a self-adjusting arc,  even a small  increase  in E leads to a significant 
change in the arc  voltage. In addition, in a p lasmatron  without an interelectrode insertion, the bulk of the 
gas comes into no contact with the arc,  since it is short .  This explains why the arc  voltage depends weakly 
on the gas flow rate.  In a p lasmatron  with an interelectrode insert ion a large par t  of Gg interacts  with the 
arc  since the lat ter  occupies a significant par t  of the channel and this leads ult imately to an effective in- 
c rease  in U A with increase  in E [7-9]. 

When Gg = var,  R = const, the static U - I  charac te r i s t i c s  are  straight  lines at an angle c~ = a rc t anR 
to the abscissa .  

The region of stable operation of the p lasmatron (Fig. 2b) is bounded as follows: 

1) above by the curve AB corresponding to UA,max, IA,min, Gg = const: the arc  is quenched by the 
increase  in its res is tance  RA,max = UA,max/ IA,mi  n, the supply source being insufficient to maintain the 
are p rocess ;  

2) below by the curve AC beneath which the p lasmatron operates  in an unstable manner ;  

3) to the right by the straight line ]~C corresponding to maximum current  (Ima x = 200 A). 

Investigations showed that a p lasmatron with an interelectrode insert ion is stable when the pa ramete r s  
vary  within the following limits:  82 A -< I A -< 200 A; 204 V ~< U A -< 250 V; 1.25 g / s e c  _< Gg ~ 4.5 g / s e e ;  0.55 
~ - < R ~ 1 . 4 ~ .  

Dynamic V o l t - A m p e r e  Charac te r i s t i cs .  These charac te r i s t i cs  are  formed by the rat io of the t ime-  
varying values of U and I. 

The v o l t - a m p e r e  charac te r i s t i c s  of a p lasmatron with an in tere lect rode insert ion in dynamic condi- 
tions are  taken in the case when the current  in the circuit  va r ies  as a resul t  of a periodic change in the 
rheostat  res is tance  (dR/dt  = var,  Gg = const). The dynamic U - I  charac te r i s t i c s  were recorded  in the 
interval of variat ion of the pa ramete r s  as used previously for the static charac te r i s t i c s  (Gg = 2 g / s e e ,  R 
= var). 
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F i g .  3. D y n a m i c  v o l t -  a m p e r e  c h a r a c t e r i s t i c s  of a p l a s m a -  
t r o n  with  an i n t e r e l e c t r o d e  i n s e r t i o n  (the gas  i s  a i r ,  d c = 10 
ram,  d s = 10 ram,  n s = 3, d a = 15 ram;  the f i g u r e s  a t t a c h e d  
to the p o i n t s  show the t i m e ,  sec ) :  a) c u r r e n t  l a r g e r  then 
s m a l l e r ;  b) c u r r e n t  s m a l l e r  then  g r e a t e r ;  1) d I / d t  = 5 A / s e e ;  
2) 4, 3) 3; 4) 2; 5) 1.5. 

u A . . . .  t a, e 3 ~ [ t 
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F i g .  4o A p l a s m a t r o n  with a f ixed  a r c  length ,  a) D i a -  
g r a m  of a p p a r a t u s :  1) ca thode ;  2) s e c t i o n  of i n t e r e l e e -  
t r o d e  i n s e r t i o n ;  3) e l e c t r i c  a r c ;  4) anode ,  b) S t a t i c v o l t  
- a m p e r e  c h a r a c t e r i s t i c s :  the g a s  i s  a rgon ;  Gg = 0.03 g 
/ s e c ; d  a = 4 m m ; 1 )  d s = 6 m m ; n  s = 1 0 ; 2 )  6 a n d  8 r e -  
s p e c t i v e l y ;  3) 6 and 6 r e s p e c t i v e l y ;  4) 8 and 6 r e s p e c -  
t i ve ly .  

The  c u r r e n t  was  m a d e  to change  with  t i m e  in two ways :  a) i n c r e a s i n g  i n i t i a l l y  to s o m e  va lue  and then  
d e c r e a s i n g  ( l a r g e r ,  then s m a l l e r ;  F i g .  3a);  b) the c o n v e r s e  b e h a v i o r ,  d e c r e a s i n g  to an a p p r o p r i a t e  v a l u e  
and then  i n c r e a s i n g  ( s m a l l e r ,  then  g r e a t e r ;  F ig .  3b).  The  d y n a m i c  c h a r a c t e r i s t i c s  w e r e  c o n s t r u c t e d  f r o m  
the v a l u e s  of U and I at the  s a m e  m o m e n t s  of t i m e .  

The  r e s u l t s  showed  tha t  in both c a s e s  the  d y n a m i c  U - I  c h a r a c t e r i s t i c s  l ay  a t  a h i g h e r  l e v e l  on p a s s i n g  
in  the  r e v e r s e  d i r e c t i o n  than in the f o r w a r d  d i r e c t i o n .  A f t e r  r e m o v i n g  the p e r t u r b a t i o n  the p l a s m a t r o n  does  
not r e t u r n  to i t s  o r i g i n a l  s t a t e  i m m e d i a t e l y  but  only  a f t e r  an  i n t e r v a l  of t i m e  ( a p p r o x i m a t e l y  20 s e c ) .  

I t  fo l lows  f r o m  a c o m p a r i s o n  of the  d y n a m i c  and s t a t i c  U - I  c h a r a c t e r i s t i c s  tha t  u n d e r  the cond i t i ons  
a) and b) they  d i f f e r  s l i g h t l y  f r o m  e a c h  o the r ,  p a r t i c u l a r l y  in  the  s e c o n d  c a s e .  

T h e s e  p h e n o m e n a  ev iden t l y  a r e  the r e s u l t  of the i n t e r a c t i o n  of the a r c  wi th  the g a s  f low as  the c u r r e n t  
v a r i e s  p e r i o d i c a l l y .  T h e n  the a v e r a g e  a r c  length  and the f i e ld  i n t e n s i t y  v a r y  s l i g h t l y .  

A P l a s m a t r o n  w i t h  a F i x e d  A r c  L e n g t h  

S ta t ic  V o l t - A m p e r e  C h a r a c t e r i s t i c s .  The  ob j ec t  of the  i n v e s t i g a t i o n  was  a d i r e c t  c u r r e n t  p l a s m a t r o n  
with  a f ixed  a r c  length ,  a d i a g r a m  of which  a p p e a r s  in F i g .  4a .  It c o n s i s t s  of two e l e c t r o d e s  1, 4 and s e c -  
t ions  2 of an i n t e r e l e c t r o d e  i n s e r t i o n .  A tungs t en  co lumn  of d i a m e t e r  10 m m  was  u s e d  as  the  e l e c t r o d e  1, 
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F i g .  5. S ta t ic  and d y n a m i c  v o l t -  a m p e r e  c h a r -  
a c t e r i s t i c s  of a p l a s m a t r o n  with  f ixed  a r c  length:  
the  gas  i s  a r g o n ;  Gg = 0.03 g / s e e ;  d a = 4 m m ;  d s 
= 6 m m ;  n s = 6. 

the  work ing  p a r t  be ing  in  the  f o r m  of a cone .  The  
e l e c t r o d e  4 was  in the  f o r m  of a t ungs t en  s l e e v e  of 
i n t e r n a l  d i a m e t e r  4 r am.  Both e l e c t r o d e s  w e r e  
s e t  in a w a t e r - c o o l e d  b r a s s  c a s i n g .  

The  i n t e r e l e c t r o d e  i n s e r t i o n  c o n s i s t e d  of w a t e r -  
coo l ed  c o p p e r  s e c t i o n s  2, i n s u l a t e d  f r o m  each  o t h e r  
and f r o m  the e l e c t r o d e s .  Te f lon  r i n g s  w e r e  u s e d  fo r  
i n s u l a t i o n  and p a c k i n g .  The  d i a m e t e r  and n u m b e r  of 
s e c t i o n s  u s e d  in the e x p e r i m e n t s  v a r i e d :  ds  = 6-10 
m m  and n s = 6-10 .  The  t h i c k n e s s  of each  s e c t i o n  
was  cons t an t  at  5 r a m .  

T h e  gas  f o r m i n g  the p l a s m a  was  s u p p l i e d  at  a 
f low r a t e  Gg to the d i s c h a r g e  c h a m b e r ,  t h rough  a 
n e u t r a l  r i n g  with  two h o l e s  of d i a m e t e r  1 r a m .  

E l e c t r o d e  1 was  the ca thode ,  e l e c t r o d e  4 the 
anode .  

The  s t a t i c  U - I  c h a r a c t e r i s t i c s  of a p l a s m a t r o n  
with  a f i xed  a r c  length  a r e  shown in F ig .  4b.  

The  e x p e r i m e n t s  w e r e  m a d e  with a r g o n  at  a 
c o n s t a n t  f low r a t e  (Gg = 0.03 g / s e c ) .  The  equa t ion  
U A = f(I X ) was  ob ta ined  fo r  v a r i o u s  r a t i o s  of the 
d i a m e t e r s  a n d  n u m b e r s  of s e c t i o n s  of the  i n t e r e l e c -  
t r o d e  i n s e r t i o n  of the  p l a s m a t r o n .  When  the n u m -  
b e r  of  s e c t i o n s  i n c r e a s e d  f r o m  6 to 10 with  d s = 6 ram,  

the  s t a t i c  U - I  c h a r a c t e r i s t i c s  m o v e d  in the  d i r e c t i o n  of h i g h e r  i n t e n s i t i e s  of c o m b u s t i o n  of the a r c  which  
was  due both to the  i n c r e a s e  in the a r c  length  and to the  i n t e n s i t y  of the e l e c t r i c  f i e ld ,  E .  When the n u m b e r  
of s e c t i o n s  was  cons t an t ,  n s = 6, and t h e i r  d i a m e t e r  i n c r e a s e d  f r o m  d s = 6 m m  to d s = 8 m m ,  the c h a r a c -  
t e r i s t i c s  w e r e  d i s p l a c e d  d o w n w a r d s .  H e r e  the  de f in i t e  r o l e  i s  p l a y e d  by  the n a t u r e  of the change  in the  f i e l d  
i n t e n s i t y  E of the  a r c  a s  a func t ion  of the change  in the c u r r e n t  s t r e n g t h .  

The  s t a t i c  U - I  c h a r a c t e r i s t i c s  of a p l a s m a t r o n  with  6 s e c t i o n s  and ( d U / d I  < 0) d s = 6 and 8 m m  a r e  
U - s h a p e d ,  i . e . ,  have  both d e c r e a s i n g  and i n c r e a s i n g  p a r t s  ( d U / d I  > 0). The  f o r m a t i o n  of c h a r a c t e r i s t i c s  
of such  a f o r m  is  a s s o c i a t e d  with the  need  to f ix the a r c  length  and r e s t r i c t  the  i n c r e a s e  in  the  e f f ec t ive  
d i a m e t e r  of the  a r c  a s  the  c u r r e n t  i n c r e a s e s .  

D y n a m i c  V o l t - A m p e r e  C h a r a c t e r i s t i c s .  The  d y n a m i c  U - I  c h a r a c t e r i s t i c s  of the  p l a s m a t r o n  w e r e  
ob t a ined  by i m p o s i n g  a v a r i a b l e  c u r r e n t  c o m p o n e n t  of s i n u s o i d a l  f o r m  with  a m p l i t u d e  I A = 0-3 .0  << I A on the 
p l a s m a t r o n  c u r r e n t .  

The  d y n a m i c  U - I  c h a r a c t e r i s t i c s  w e r e  s tud i ed  in  t h r e e  cond i t i ons :  1) I A = 30 A;  U A = 51 V ( d U / d I  
< 0); 2) I A = 50 A;  U A = 48 V ( d U / d I  ~ = 0); 3) I A = 70 A;  U A = 50 V ( d U / d I  > 0), c o r r e s p o n d i n g  to the s t a t i c  
U - I  c h a r a c t e r i s t i c s  ob ta ined  with  d s = 6 r am,  n s = 6. 

F i g u r e  5 shows  the equa t ion  U x = f(IX) in s t a t i c  c ond i t i ons  and V~ = f ( I ~ )  in  d y n a m i c  c o n d i t i o n s .  The  
d y n a m i c  U - I  c h a r a c t e r i s t i c s ,  a s  in  [10-12],  have  the f o r m  of an  e l l i p s e  wi th  c e n t e r  a t  the poin t  on the  
s t a t i c  U - I  c h a r a c t e r i s t i c s  wi th  p a r a m e t e r s  I A = 50 A, U A = 48 V. The  v a r i a b l e  c o m p o n e n t s  of the  d y n a m i c  
U - I  c h a r a c t e r i s t i c s  a r e  s i n u s o i d s ,  sh i f t ed  in p h a s e  with r e s p e c t  to each  o the r :  

i~ = I m sin cot; u~ = U m sin (cot + q~). 

In  F i g .  6 e x p e r i m e n t a l  d y n a m i c  U - I  c h a r a c t e r i s t i c s  a r e  shown U A = 51 V, I A = 30 A when the f r e -  
quency  of the  i m p o s e d  o s c i l l a t i o n s  v a r i e d  f r o m  0.2 to 20 kHz.  The  a m p l i t u d e  of the v a r i a b l e  c u r r e n t  s ign/ t l  

v a r i e d  f r o m  0 to 30 A.  

The  d y n a m i c  U - I  c h a r a c t e r i s t i c s  of the  v a r i a b l e  c o m p o n e n t s  have  the f o r m  of an e l l i p s e  which  m a y  
d e g e n e r a t e  in to  a s t r a i g h t  f ine ( F i g .  6a), depend ing  on the f r e q u e n c y .  
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Fig. 6. Dynamic volt-ampere characteristics of aplas- 
matron with a fixed arc length: the gas is argon; Gg = 0.03 

g/see;d a =4mm;d s =6mm;n s =6;U D =51V;I D =30 
A. a) Tuning; b) f = 0.2 kHz, ~ = 5~ a) tuning; b) f = 0.2 
kHz, q~ =5~ 0.5 and 27~ 1.0 and 24; e) 2.0 and0;f) 
3.0 and 17; g) 4.0 and 27; h) 6.0 and 37; i) 8.0 and 42; j) 
I0.0 and 46; k) 15.0 and 51; m) 20.0 and 53. 

~O 

20 

20  

# 0  

I 

a - -  2 
0 _  

Fig. 7. The phase shift angle between the 
var iable  cur ren t  and voltage components 
as a function of the frequency for a p las-  
matron  with fixed arc  length (q~, deg; f, 
kHz): the gas is argon; Gg = 0.03 g / s e c ;  
d a = 4  m m ; d  s = 6 m m ; n  s = 6 ; U m g = 0 . 5  
V ; U m o = 5 V .  1) I A = 3 0 A ; U  A = 5 1 V ;  
2) 50 and 48, respectively-; 3) 70 and 50, 
r e spec t ive ly .  

The nature of the resistance of the arc as an element in the electric circuit was investigated in paral- 

lel. To do this the phase shift between the variable current and voltage components was measured. 

In the above range of frequencies of the imposed oscillations, with I A = 50 A, I A = 51 V, the phase 

shift angle varied from 0 to 53 ~ 

The equation q~ = f(f) is shown in Fig. 7. We see that the voltage leads the current in the frequency 
range 0.2-20 kHz, i.e., the arc resistance is inductive. AS the frequency increases, conversely the cur- 

rent leads the voltage and the are resistance is capacitive. 

Analysis of the results obtained shows that the current in the circuit significantly affects the equation 
q~ = f(f), i.e,, when the current increases from 30 to 70 A the phase shift decreases, but the qualitative 

form of the curve is preserved. 

From the above investigations it was established that: 

1. The dynamic U-I characteristics of a direct current plasmatron with an interelectrode insertion 
show electric hysteresis, differ from the static U-I characteristics in form, and are independent of the 

rate of change of the current within the limits 1.5-5 A/sec. 
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2. The dynamic U - I  cha rac te r i s t i c s  of a p lasmat ron  with fixed arc  length have the fo rm of an ell ipse,  
the shape and orientat ion of which va ry  with the frequency (f = 0.2-20 kHz) in U, I coordinates .  

3. The a rc  res i s t ance  in the in terval  f = 0.2-2.0 kHz is inductive and in the interval  2.0-20 kHz it is 
capacit ive.  

U A 

I A 
U = and U~ 
i A andI  
Umg 
Vmo 
q~ 
d I / d t  

NOTATION 

is the voltage drop in the a rc ,  V; 
is the a rc  current ,  A; 
are  the constant and var iable  components of arc  voltage, V; 
are  the constant and var iable  components of arc  current ,  A; 
is the mas t e r  genera tor  voltage, V; 
is the modulator  output voltage, V; 
is the phase shift angle between var iable  arc  cur ren t  and voltage components;  
is the ra te  of change of current ,  A / s e c .  
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