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T h e r m a l  p r o c e s s e s  occur ing  a t  the su r face  of disconnected e lec t r i c  contacts  subjected to 
a h igh-power  e lec t r i c  a r c  a r e  cons idered .  

In [i], it was proposed that a calculation of the thermal behavior of an electrode which is in the form 
of a bar can proceed with the following assumptions: the energy input from the are is uniformly distributed 
over the ends of the contact surfaces; the temperature is constant in each cross section, i.e., the one-di- 
mensional thermal conductivity equation is a sufficient approximation to the problem. The results of cal- 
culations based on these assumptions for adc arc were given in [I]. In this paper, we explore the possibil- 
ity of using this method for an arc produced by a current alternating at commerical frequency. 

Let us assume that the energy flowing to the contacts is evenly divided between the anode and cathode. 
This assumption is based on the fact that there is little difference in the erosion of the cathode and anode 

[2, 3]. The density of thermal current incident on the surface of the contact will, therefore, be [4]: 

q = ~ - ~ [  sin ~ot I" (1) 

The cooling of the ba r s  by radia t ion  and the rma l  exchange with the side su r f aces  can be neglected to 
a f i r s t  approx ima t ion  [1, 5]. The init ial  t e m p e r a t u r e  of the ba r  is taken to be ze ro .  To solve the basic  
t h e r m a l  conduction equation 

a ~  1 a~ 
0 

ax ~ a dt 

given the indicated boundary and initial conditions [sin cot I, we expand in a Fourier series and retain the 

first two terms of the series: 

q =  ~ 1 cos2~t . 
3 

4UzlM [ 

r~S [ 

We introduce the notation 

Using the solution of the basic thermal conduction equation for 

the bar [6], we find that the surface temperature is given by 

~, V' ~ 3L V-2-~ sin 2r -k + 
13 

(2) 

dc and ac flow to the end sur faces  of 

au~ exp (--  au2t) du l 
4o) ~ + a2u ~ J 

I 

(3) 

UzlM/S 

F r o m  curves  of ~* = f(t) ca lcula ted  f rom Eq. (3) for copper  and tungsten (Fig. 1), it is poss ib le  to 
d e t e r m i n e  the su r face  t e m p e r a t u r e  a t  any instant  if the values of U Z, IM, and S a r e  known. Analys is  of 
these  cu rve s  shows that  if  one s t a r t s  with the a s sumpt ion  of uni form dis t r ibut ion of the rma l  flux over  the 
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F i g .  1. T h e o r e t i c a l  r e l a t i o n s  ~* = f(t) (~*, d e g . c m 2 / j o u l e ;  
t ,  m s e e ) .  M e a n  v a l u e s  of  t h e r m a l  c o e f f i c i e n t s  a r e  u s e d :  1) 
t u n g s t e n  (a = 0.618 c m 2 / s e c ,  X = 1.67 W / c m .  deg) ;  2) c o p p e r  
( a =  0.832 c m 2 / s e c ,  k = 3.18 W / c m . d e g ) .  

Fig. 2. Supporting arc spot. 

surface of the bar, it is impossible to explain the experimental data concerning the erosion of the contacts. 

For example, given a bar diameter 2 cm; a i0 kA current (effective value) and U Z = 15 V, melting point 
temperature is attained on the surface of a tungsten electrode within 24 msec (~* = 0.05); if the electrode 
were made of copper its melting point would be reached in 14 msec with a 7kA current. The extent of ero- 
sion should be strongly affected by changes in contact dimensions. However, the contact surface is melted 
as a result of heating by the discharge during a single half-period of the current, and the area affects the 
results only when it is changed substantially, for example by a transition to a new type of contact [3, 7]. 

Rapid heating of the contact surfaces to high temperatures can be understood if it is assumed that the 
energy passes through an area occupying a small portion of the end faces of the contacts. For further 

analysis, we introduce a number of simplifications: 

i) thermal energy passes through a circle of radius R0; 

2) inside this circle, the flux is distributed uniformly and there is no thermal flux outside the circle; 

3) after reaching a temperature ~k, the supporting arc spot shifts to a different point; 

4) since the time ~- during which the supportingarc spot does not move is substantially smaller than 

a single half-cycle of the current, the flux will be assumed constant during this period 7. The temperature 
at the supporting arc surface (Fig. 2) can be determined as a function of this and distance from the center 

of the spot r by the source method [6] 

:'P'(~) 2q r 

S 0 0 

H e r e  ~ (t, p), the t e m p e r a t u r e  a t  a p o i n t  on the s u r f a c e  r e s u l t i n g  f r o m  the  a c t i o n  of a c o n s t a n t  po in t  t h e r m a l  
s o u r c e  of i n t e n s i t y  qdS l o c a t e d  a t  a d i s t a n c e  P f r o m  the  p o i n t  on the  s u r f a c e  and  a c t i n g  fo r  a t i m e  t ,  i s  g iven  

by 
P 

Off, P ) =  4~Xp 

0t(~o) i s  itae d i s t a n c e  b e t w e e n  the  s u p p o r t i n g  a r c  spo t  (which i s  d i s p l a c e d  f r o m  the  c e n t e r  by  a d i s t a n c e  r) 

and  the  b o u n d a r y  of  the  spo t  

px (@) = r cos q~ + V- r s cos 2 (p + Ro ~ - -  r ~ . (6) 
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Fig.  3. Theore t i ca l  re la t ions  for 
t e m p e r a t u r e  var ia t ion  in pe r cen t  on 
the su r face  of the support ing a r c  
spot  (R 0 = 0.5 cm;  r in cm;  t e m p e r -  
a tu re  of the cen te r  of the spot is 
taken to be 100%): 1) t = 1; 2) 2; 3) 
10 m s e c .  

From (4) we obtain 
2~ p~(~) 

(r, t) q V ~  [ 1 - o dp 

0 0 
2n 

-- q]/-~ {2 i/E-t- S [ 01 ( q @ ; ~ n  2]/~- 2~'01 ((])) (J~(~ 2~-~-[91 ((P)) --g/~' exp( 
D 

P~(~)4at ) ldT} " (7) 

We cons ider  ce r t a in  pa r t i cu l a r  c a s e s .  

1) At  the cen te r  of the spot  r = 0, Pt(~) = R0 

. o "'0 4 a t  (8) 

F o r  t < 10 m s e c  the expres s ion  in the b r a c e s  can be se t  equal to unity; the e r r o r  would not exceed a 
f rac t ion  of a pe rcen t .  Then 

~ = 2~ V at~ (9) 

Equation (9) agrees with the expression for the temperature of the surface as calculated on the as- 

sumption of one-dimensional linear flow. 

2) At the boundary of the circle r = R 0 

P~ (~) = Ro cos ~ § ] Ro cos ~ I, 

Pl(~)=2Rocos~ at - - - - < ~ < - - ,  
2 2 

3 

qVX [ 2Ro O , (10) ~,n {]/-~-F ; [ 21"at 21/ -~-r  l 
( 4 R 0  2 c o s ~ ) ] ~  

The value of the in tegral  in the express ion  (10) is a lways  negat ive.  F r o m  (9) and (10), i t  is c l ea r  that 
the t e m p e r a t u r e  on the boundary of the a r c  spot  is lower  than the t e m p e r a t u r e  a t  the center  by a factor  
greater than 2. 

The calculations based on (7) showed that this lowering of temperature occurs during the small periods 
of time when the are is at the boundary of the spot (Fig. 3) but for an overwhelming part of the time the tem- 

perature does not differ significantly from the temperature at the center. By using these expressions, we 
can determine the maximum spot dimensions which will ensure heating of the contact surface Sg, for a time 
tg. For this calculation, we use the mean value of thermal current incident on the contact surface. A cer- 
tain mean value of T, determined by Eq. (9), corresponds to this thermal current: 

=3~'20'~R~ (11) 
"~ 4Q2a 

613 



F u r t h e r ,  we a s s u m e  that the spot t r ave l s  once over  the whole heated su r face  and that the su r face  
t e m p e r a t u r e  a t  the m om en t  when the spot hops onto it  is ze ro ,  s ince the re  is a rapid  drop-of f  of t e m p e r a -  
tu re  a t  the edge of the spot (Fig. 3) and that  those pa r t s  of the su r face  onwhich the spo thas  not yet  t r ave l l ed  
a r e  hard ly  heated a t  al l .  

Then 

igoR~ (12) 
T = Sg 

F r o m  (11) and (12), we de t e rmine  the radius  of the spot  

2Q / tga 
R0 = ~ S~ (13) 

Consider  a concre te  example .  Accord ing  to exper imenta l  data,  at  a contact  consis t ing of a copper  
- t u n g s t e n  of m e t a l l o c e r a m i c  composi t ion ,  a f t e r  10 m s e c  of heat ing by an a r c  cu r r en t  of 10 kA, the su r face  
a r e a  subjected to e ros ion  Sg is about 3 cm 2. Assume  that  Q = 150 kW and that the sur face  t e m p e r a t u r e  is 
8300~ as  indicated in [8] for  tungsten. Then T = 0.71 m s e c  and R 0 = 0.26 cm.  If  it is a s s u m e d  that  the 
c i r c l e  through which the a r c  energy  is flowing de t e rmines  the cu r r en t  densi ty  a t  the e lec t rode ,  then the 
l a t t e r  is found to be equal to 4.7.104 A / c m  2. Thus,  for  sufficiently smal l  spot d imens ions ,  i t  is poss ib le  
to explain the heat ing of the contact  su r face  during one ha l f -pe r iod  of the cu r ren t ,  not only up to the m e l t -  
ing point ,  but even to substant ia l ly  higher  t e m p e r a t u r e s .  Of course ,  these  re la t ions  allow an evaluation 
only of the o rde r  of magnitude of these  p a r a m e t e r s  because  of the s impl i f ica t ions  used in der iv ing these  
quanti t ies .  

In [9], the t he rma l  flux conducted into the in ter ior  of the contact  f rom the a r c  spot was calculated 
f rom the equation for  the s teady s ta te  s i tuat ion 

Q = 4M}R o. (14) 

The analysis presented above shows that for processes occurring in a short time under the conditions 
outlined above, the temperature distribution is approximately uniform and the use of Eq. (14) is not justi- 

fied. 
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NOTATION 

the densi ty  of heat  flux; 
a ce r t a in  total  equivalent  voltage drop de te rmin ing  the value of energy supplied 

contacts ;  
the amplitude value of current; 
the circular frequency of current; 
the area; 
the time; 
the temperature; 
the thermal diffusivity; 
the thermal conductivity; 
the probability integral; 

is the hea t  flux; 
is  the dis tance to point  heat  source ;  
is  the d is tance  f rom point  to cen t re  of support ing a r c  spot;  
is the radius  of support ing spot  of a r c .  
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