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The t empe ra tu r e  within a s t r ip  heat  source  moving at d i f ferent  speeds has been invest igated.  The resu l t s  
of the exper iments  a r e  compared  with the r e su l t s  of the theore t i ca l  ana lyses  of other  authors .  

Various engineer ing  p rob lems  involving the calculation of the rmal  s t r e s s e s  reduce  to finding t empera tu re  f ields 
and t e m p e r a t u r e  gradients  that cannot be de te rmined  without a knowledge of the t e m p e r a t u r e  var ia t ion  within a moving 
s t r ip  heat source ,  for example,  in meta l  grinding. 

Because of their simplifications, existing theoretical methods do not make it possible to determine the 
temperature variation along the contact arc. Thus, most such methods are based on the assumption that the density of 
the heat flux entering the ground part is constant along the length of the contact arc. However, an analysis of the 
grinding process shows that at any point on the ground part different thermal conditions exist during contact with the 
grinding wheel. For example, in countergrinding the cold grains of the grinding wheel enter into contact with the heated 
layer of the part. At the rear edge of the source the abrasive grains, having been heated to the maximum temperature, 

come into contact with the cold region of the part. Consequently, the heat flux density cannot be constant along the 

contact arc and depends on the contact time. 

One of the principal  methods of theore t i ca l  invest igat ion of contact  t e m p e r a t u r e s  is the method of sources  [1-3].  

All the formulas for calculating temperatures obtained by the method of sources are based on Kelvin's equation 

[I] 

q (Xs - - x )  ' + (y, - - y ) '  + (Zs - -  z) ~ 
O(x,y,~,,) -- ~, j/~a(4~ t) a/2 exp 4at 

which desc r ibes  the p rocess  of heat  propagation af ter  the heat  source  has ceased  to act,  i . e . ,  the cooling p rocess .  
When the t e m p e r a t u r e  field c rea ted  in an infinite body by a continuously act ing source  is desc r ibed ,  its action is 
r ep re sen t ed  as a rapid pulsation with v e r y  shor t  in terva ls  between succes s ive  pulses .  Thus, the p roces s  of heat  
propagation in the p re sence  of a constant ly act ing source  is desc r ibed  by super impos ing  (summing) the t empe ra tu r e  
f ields c rea ted  by an infinitely l a rge  number  of succes s ive  heat pulses .  

This, however, violates one of the conditions of validity of Kelvin's equation, namely, that all points on the body 
must be at the same temperature before the process begins. At the same time, in solving the problem by the 
superposition method, a situation is created in which each successive source acts on a body nonuniformly heated by 
the preceding pulse. No one has determined the extent to which this distorts the true picture of the temperature field. 

The cu rves  for the var ia t ion  of t e m p e r a t u r e  along the contact  a re  obtained by Silin [2] f rom formulas  der ived 
using the method of sou rces  have not been exper imen ta l ly  ver i f ied .  

In [4], the var ia t ion  of heat flux density along the contact a rc  was exper imenta l ly  de te rmined  for the case  of 
grinding when the part  is not displaced re l a t ive  to the contact zone and the resul t ing  f ield is quas i - s ta t ionary .  The 
applicabil i ty of the solutions obtained to the t e m p e r a t u r e  field c rea ted  by a moving s t r ip  source  was not de te rmined  by 

the authors.  

We have experimentally studied the variation of temperature along the contact arc in grinding, when the surface 
points of the grinding wheel and the part are displaced relative to the contact zone and a nonstationary temperature 

field is created in the part. 
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For this purpose, we introduced between the two halves of the specimen two thermocouples, one of which served 

for investigating the contact temperature, while the other acted as a thermocouple-time marker. 

< 

Tcool 

Oscillograms showing the variation of contact 
temperature along the contact arc in the 
grinding of ZhS-6k alloy: a) velocity of part 

0.2 m/sec, grinding depth 0.01 ram; b) 0.05 

m/sec and 0.01 ram. 

The distance between the thermoelectrodes was equal to the length of the contact arc. Consequently, the moment 
the working thermocouple left the zone of action of the heat source the thermocouple-time marker entered it and began 
supplying current to the oscillograph loop. 

This arrangement made it possible to establish the moment at which the working thermocouple left the contact 
zone and to determine the dwell time of its hot junction in that zone. 

The  o s e i l l o g r a m s  o b t a i n e d  a r e  p r e s e n t e d  in the  f i g u r e .  An a n a l y s i s  of t h e s e  o s c i l l o g r a m s  i n d i c a t e s  t h a t  t h e  
n a t u r e  of t h e  t e m p e r a t u r e  d i s t r i b u t i o n  a l o n g  t he  c o n t a c t  a r c  d e p e n d s  on the  v e l o c i t y  of the  s o u r c e .  The  m a x i m u m  on t he  
t e m p e r a t u r e  c u r v e  l i e s  w i t h i n  the  s o u r c e .  At  a v e l o c i t y  Vg _> 0.1 m / s e c ,  fo r  the  g r i n d i n g  c o n d i t i o n s  i n v e s t i g a t e d ,  t h i s  
m a x i m u m  is  l o c a t e d  a t  the  r e a r  edge .  

Increasing the velocity of the source at constant contact arc length leads to a decrease in contact temperature~ As 
the velocity decreases, the contact temperature increases and its maximum is displaced from the rear edge of the 

source toward the front edge, without, however, passing the center of the contact arc. The lower the velocity of the 
source, the nearer the temperature maximum moves to the center and the lower the temperature at the rear edge of 
the source. In the case of a stationary heat source (notch grinding), the maximum on the temperature curve is located 
in the middle of the contact arc, as shown in [4]. 

The  fa l l  in t e m p e r a t u r e  b e f o r e  the  po in t  l e a v e s  the  c o n t a c t  zone  (wi th in  t he  s o u r c e )  c an  b e  a t t r i b u t e d  to an  
i n c r e a s e  in the  c o o l i n g  a c t i o n  of t he  g r i n d i n g  w h e e l  and  a l s o  to the  f a c t  t h a t  a t  t he  r e a r  edge  t he  a b r a s i v e  g r a i n s  cu t  
h e a t e d  m e t a l ,  w h i c h  p r o d u c e s  l o w e r  h e a t  f l u x e s  and  r e d u c e s  the  c o n t a c t  t e m p e r a t u r e .  

The conclusion of [4] concerning a normal distribution of heat flux density along the contact arc is valid only for 
a stationary heat source. 

The results of these experiments confirm the theoretical analysis of Silin [2]. 

NOTATION 

0(x.y.~.t ) --temperature of some point of a body with coordinates x, y, z, which develops t sec after the point heat 
pulse; 

q--quantity of heat released by the source; 
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k and  a - - t h e r m o p h y s i e a l  c h a r a c t e r i s t i c s .  
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