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The  ac  h igh-cur ren t  arc is a c c o m p a n i e d  by an ordinary a r cwi th  f -> 
_> 1 MHz. It  is found that  the former runs without  current  interruptions 

and with cos ~ ~ 1. The arc current and vo l t age  can bes inuso ida lunder  
cer ta in  condit ions,  and these a l low the current to be var ied via  the 
power supplied to the hf arc.  

1. Existing l o w - t e m p e r a t u r e  p l a sma  sources (plasmatrons) useh igh-  

current  ac  arcs as energy sources, and these  are  m a d e  to ope ra tewi th -  

out current in terrupt ion by inc luding  a su i t ab le  induc tance  in  thesupply  

c i rcui t .  This results in  a cos e of only  0 .6 -0 .7 .  
I t  is c l e a r l y  des i rab le  to provide  condit ions such that  a high-  current 

arc wi l l  run not only  without  a series induc tance  but also to provide  a 

s inusoidal  vo l tage .  Such condit ions are  possible i f  be tween the e l e c -  
trodes there  is an accessory h i g h - v o l t a g e  low-cur ren t  dc discharge,  for 

then  the  e lec t rode  gap wi l l  a lways  h a v e  a conduct ing  channe l  a long  

which the h igh-cur ren t  are can  deve lop  at  any  t ime .  This accessory arc  

causes no diff icul ty;  instead,  the d i f f icu l ty  arises in  deeoupl ing  the a c  

and dc c i rcui ts .  For this reason, we examined  the  use of a h igh -vo l t age  

h igh- f requency  d ischarge  for this purpose. It is then possible to b lock  
out the hf supply from an ac or dc h igh-cur ren t  source. 

2.  The  f requency for the accessory  discharge is de te rmined  by the 
de ion iza t ion  l ine ,  which is g iven  [1] for arcs running freely in  a i r  as 
100-1000 gsec  (even  shorter t imes  i f  gas is blown into the arc).  We 

h a v e  found tha t  f requencies  of the order of 1 MHz p rov ides t ab le runn ing  

in a p lasma source wi th  gas -vor tex  s t ab i l i za t ion  and a x i a l  gas in jec t ion .  

The arc  goes out a t  lower frequencies .  

Tests have  shown tha t  an accessory arc  having  a power of a few kW 

provides s table  continuous running of an ac  arc  in  a source with gas 

s tab i l i za t ion .  It would seem des i rab le  also to use this hf supply tos t r ike  

the arc. An a x i a l  source has a gap of 4 - 7  m m  between the e lect rodes ,  

which is set  by  the gas flow ra te  and the  permiss ib le  rad ia l  ve loc i ty ,  

and this requires a s tr iking vo l t age  of 2 0 - 3 0  kV. A s imple  addi t ion  to 

the c i rcu i t  a l lows one to raise the no- load  vo l t age  of the hf source to 
this l eve l .  

8. Figure 1 shows the  theo re t i ca l  c i rcu i t  of the dual  power suppiy. 
The e lect rodes  1 and 2 r ece ive  the l i ne  vo l t age  v ia  a coi l  L, resistor R, 

and a i r -cored  co i l  L z,  whi le  the hf supply is connected  via  t h e c a p a c i -  
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tot  Cz2, which prevents  the l i ne  supply from be ing  shor t -c i rcu i ted  by 

the a i r -cored  co i l  L k in the tuned c i rcu i t .  L z and Czl  form a d iv ider  
for the hf supply and restr ic t  the hf current  through the are. tf necessary 

(e.g. ,  for s t r iking) ,  the hf vo l t age  can  be raised substam:ial ly by choosing 
Cz2 and L z such as to g ive  series resonance .  The  condi t ion  for series 

resonance  no longer app l ies  when the are strikes,  but  i t  is a u t o m a t i c a l l y  

restored if the  are goes out, provided this  is not due to fa i lure  in  the  hf  

sou rce ,  

The circuit of Fig, I thus provides striking as well as continuous 

burning. 
4. The experiments described below employed this dual supply. 

Since the hf power was comparatively small, the physical conditions in 
the  chamber  were v i r tua l ly  unal tered .  Figure 2 shows vo l t age -cu r r en t  

curves for the ac  arc as recorded with p = i bar and d = 20 ram,  with 

G = 7.46 g / s e c  for curve  1, which was recorded with an induc tance  but 
no hf supply. Curve 2 represents G = 7.45 g / s ec ,  induc tance ,  and hf 

supply; 4 represents G = 9.15 g / s e c ,  no induc tance ,  hf arc; and 3 repre- 
sents G = 9.15 g / s e c ,  no induc tance ,  no hr. 

The  vo l t age -cu r ren t  curves of Fig. l a  r e l a t e  to an  induc tance  pre- 

sent in the l i ne  supply,  and here  the hf a rc  has l i t t l e  effect ,  as curve 2 

(with hf) runs only a l i t t l e  below curve  1. Low power (t ~ 50 A) results 

in only  4~ d i f fe rence  in  power, and higher  power (150 A) results in 
less than  2%, which a p p r o x i m a t e l y  represents the  hf current.  The hf 

current drawn varies  by not more  than 20% as the res is tance  in the  ac  

l i ne  is varied from 0 to 10 s ohm; the hf supply thus acts  as a current-  

l i m i t e d  source. 

The p ic ture  is ent i re ly  di f ferent  if  the  induc tance  is omi t t ed  (ac 

current interrupted,  Fig. 2b); curve  3 (no hf) runs far above curve  4 

(with hf). In both cases tlle gas flow was 9.15 g / s e c .  Figure 8 shows the 
reason for this v ia  vo l t age  and current  osc i l lograms (no hf in  a,  hf in b) 

with no induc tance .  The  hf discharge e l i m i n a t e s  the  period of zero cur- 

rent  and so raises the e f fec t ive  arc  vo l t age .  The  hf thus provides unin- 
terrupted running of the ac  arc with cos ~ c lose  to 1. The arc  vo l t age  
is then  tess than the p e a k  supply vo l t age .  

Figure 2 shows tha t  the arc  has a n e g a t i v e - r e s i s t a n c e c h a r a c t e r i s t i c ,  

so s t ab i l i t y  condit ions have  to be me t ,  e .g . ,  by adding a bal las t  resis- 

tor. However,  the hf supply can  provide  s tab le  operat ion wi thout  a ba l -  

last .  Then the dynamic  vo l t age  and current charac ter i s t ics  are  nea r ly  
s inusoidal ,  and the supply is ful ly  used. 

5, If the s ta t ic  U-I re la t ion  for the ac  arc  is such tha t  U > U m x 
• sin tot i n t h e  working current  range,  the arc cannot  burn alone,  because  

the required vo l t age  is less than tha t  a c t u a l l y  ava i l ab l e .  The  ac  arc  

can run in  the presence  of the hf arc ,  and the current  waveform follows 
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the supply vo l t age .  Such an arc  is not s e l f -ma in t a in ing .  It  has the fea-  

ture of c o m p l e t e l y  u t i l i z i ng  the output from the power supply. This arc  

system was tested with a s ing le -phase  p l a sma  source, where the arc 

could be s e l f - m a i n t a i n i n g  a t  U = 400 V and I = 240 A, which imp l i e s  a 

source with an exi t  e lec t rode  30 m m  in d i ame te r ,  an  air  flow ra te  of 7 

g / s e e ,  and a pressure of 1 bar. The  source was connected  to a 380 V 
l i n e  (Um = 537 V) via  a 0 .6 -ohm resistor, which reduced the e f fec t ive  

supply vo l tage  to less than that  needed for a s e l f -ma in t a in ing  arc. The 

are ran only with the hf arc running, and the waveforms were roughly 

s inusoidal  (Fig. 4). This arc  drew 62 kW (U = 217 V), with only 0.75 

kU from the hf arc.  The c i rcu i t  ca lcu ia t ions  ( ine lud ingcab le re s i s t anee )  

agreed wel l  wi th  the measured values .  

S imi l a r  condit ions were produced with an argon are. A phasesource  

with an ex i t  e lec t rode  50 m m  in d i ame te r  was used with 110 g / sec  of 

argon and the arc connected  d i rec t ly  to the 380 V l ine  (nomina lcur ren t  

2400 A). At I = 1500 A the vo l t age  for the s e l f -ma in t a in ing  are was 

270 V. The  add i t iona l  res is tance was provided by the cables  and the 

a i r - co red  co i l  used to keep the hf out of the 50-Hz l ine ,  and this re-  

duced the  vo l t age  at  the are  to 200 V, which corresponded to a non- 

s e l f - m a i n t a i n i n g  arc.  A 300-kW arc  required only  4 kW of hf power,  
i . e . ,  s l igh t ly  over  19o. 

The  hf arc  thus al lows the ac  are  to burn s tably without  a ba l las t  re-  
sistor and to use 100% of the source power when the s ta t ic  U-I curve 
(Fig. 5, curve 1) for a s e l f -ma in t a in ing  arc  l ies  above  the p e a k  vo l tage  

(curve 2). Curves such as OB are expec ted  if  the ac  supply vo l t age  is 
var ied  with the hf arc running. 

tf the a rc  is not s e l f -ma in t a in ing ,  the hf supply can  be used to con- 

trol the ae  power drawn; increase  in  hf power raises the ac  power to the 
nomina l  va lue ,  and the arc  uses 100% of the source output. 

This mode  of ad jus tment  is possible for ae  and de sources. Pre l im-  

inary  tests have  shown that  vor tex-s t ab i l i zed  argon sources draw arc cur- 

rents that  increase  from 240 A to 2500 A (gas flow 110 g / sec )  as the hf 
power is raised from 2 to 4 kW. 
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