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Problems of the effect of the time at which the load is applied on thermal contact resistance 

are considered. A relationship permitting a determination of the thermal contact resistance 

as a function of the time of load applicas is presented. 

The  f o r m a t i o n  of t h e r m a l  con t ac t  r e s i s t a n c e  i s  u s u a l l y  c o n s i d e r e d  [1-3] in i n t e r r e l a t i o n  with  the  p r o -  
c e s s  of m e c h a n i c a l  con t ac t  be tween  s u r f a c e s .  At  the s a m e  t i m e ,  the a c t u a l  c on t a c t  a r e a  and the t h i c k n e s s  
of the i n t e r c o n t a c t  gap a r e  i ndependen t  of the d u r a t i o n  of the  load,  which  d e f i n i t e l y  i n t r o d u c e s  e r r o r s  into 
the q u a n t i t i e s  be ing  sought .  D e f o r m a t i o n  p r o c e s s e s  d u r i n g  f o r m a t i o n  of the c on t a c t  of two s u r f a c e s  a r e  r e -  
p r e s e n t e d  only as  v i s c o e l a s t i c .  T h e y  cannot  be  c o n s i d e r e d  p u r e l y  e l a s t i c ,  s i n c e  i t  would be i m p o s s i b l e  to 
o b s e r v e  an i n c r e a s e  of the ac tua l  con t ac t  a r e a  with t i m e  o r  an i n c r e a s e  of the s t a t i c  f r i c t i o n a l  f o r c e  a s  a 
func t ion  of the  d u r a t i o n  of the s t a t i o n a r y  con t a c t  [4]. Nor  i s  i t  p o s s i b l e  to a s s u m e  that  the  p r o c e s s  of the 
c o n v e r g e n c e  and f o r m a t i o n  of a r e a l  c o n t a c t  i s  due p u r e l y  to p l a s t i c  f low of the m a t e r i a l  - t h i s  would l ead  
to an in f in i t e  i n c r e a s e  of c o n v e r g e n c e  and i n c r e a s e  of the  a c t u a l  c on t a c t  a r e a .  

If  r ough  s u r f a c e s  a r e  m o d e l e d  in the f o r m  of a s e t  of s p h e r i c a l  p r o j e c t i o n s  of r a d i u s  r a r r a n g e d  with  
a c o n s t a n t  d e n s i t y ,  we can  use  the  w e l l - k n o w n  r e l a t i o n s h i p s  f r o m  m e c h a n i c a l  c on t a c t  t h e o r y .  

An e m p i r i c a l  equa t ion  which  c h a r a c t e r i z e s  the change  of c o n v e r g e n c e  of the s u r f a c e s  with t i m e  if 
given in [5]: 

e t = e ~, ( 1 - -  e-~*P). (1) 

A c c o r d i n g  to the  d e r i v a t i o n s  in [4] the so lu t i on  fo r  a~o i s  r e p r e s e n t e d  in the f o r m  

I 

e,| bB 

The  r e l a t i v e  a r e a  of a c t u a l  c o n t a c t  a c c o r d i n g  to the da t a  in [6], ob t a ined  by  t r e a t i n g  a l a r g e  n u m b e r  
of c u r v e s  of s u p p o r t i n g  s u r f a c e s ,  i s  e x p r e s s e d  in t e r m s  of c o n v e r g e n c e  as  

0, = abg.  (3) 

A f t e r  s u b s t i t u t i n g  (2) into (1) and then into (3), the  d e p e n d e n c e  of the r e l a t i v e  c on t a c t  a r e a  on t i m e  of load  
a p p l i c a t i o n  a c q u i r e s  the f o r m  

y 

[P(" +'~ ] (1- e-~~ 
~l~ = ab k bB (4) 

The coefficient o~ figuring in Eq. (4), which takes into account the difference between the actual con- 

tact area and the cross-sectional area of the projections during the same convergence, is equal to unity for 

a plastic contact and to 1/2 for an elastic contact of the surfaces [6]. 

The total contact conductance is expressed by the sum of the conductances through points of actual 
contact and through the intercontact environment: 

Technological Institute, Voronezh. Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 19, 

No. 1, pp. 710-714, October, 1970. Original article submitted July 16, 1969. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1299 



0,4 
0 20 40 h av 

F i g .  1~ Dependence  1 - m  = f(hav);  h, p.  

or ,  

% = C~p + c~ e (5) 

e x p r e s s i n g  the c o n d u c t a n c e s  by  t h e r m a l  r e s i s t a n c e s ,  

1 i 1 
- - -  § (6) 

R c Rp R e 

In [7] the t h e r m a l  r e s i s t a n e e  th rough  po in t s  of a c tua l  
con tac t  i s d e f i n e d  as  

q0Sn 
PP = 2a~pn (7) 

The  so lu t ion  fo r  qo a c c o r d i n g  to [8] in  t e r m s  of the r e l a t i v e  a c t u a l  c on t a c t  a r e a  i s  equa l  to: 

1/2 , ~ ,~ 3 / 2  
cp , -  1 - -  1.4bl~ ~- u,o~l~ . (8) 

With c o n s i d e r a t i o n  that  n = Sa/~ra 2 and a = 30 �9 10 .6 m [9], Eq.  (7) a c q u i r e s  the f o r m  

Rp~ = (P �9 10 -4. 
2,12~p~,~ 

The  t h e r m a l  r e s i s t a n c e  of the i n t e r c o n t a c t  e n v i r o n m e n t  i s  

R m = 6ef/)~ e. 

(9) 

(lO) 

The  equ iva l en t  t h i c k n e s s  of the i n t e r l a y e r  5eq with  c o n s i d e r a t i o n  of the d i s c r e t e  c h a r a c t e r  of the  
a r r a n g e m e n t  of the c a v i t i e s  of the  e n v i r o n m e n t  has  the  f o r m  

6ef = (hay 1 ~- h av2)( 1 - -  ~10(1 - -  m)(1 - -  e~). (11) 

T r e a t m e n t  of a l a r g e  n u m b e r  of long i tud ina l  and t r a n s v e r s e  p r o f i l o g r a m s  of s u r f a c e s  with a f in i sh  
f r o m  the 3 rd  to the 10th c l a s s  for  m a t e r i a l s  with E > 7 "10 l~ N / m  2 l e a d s  to the  d e p e n d e n c e  1 - m  = f(hav) 
( F i g .  1). 

A f t e r  combin ing  (6), (9), (10), and (11), we have  

1 10~,  ~1~ )~e (12) 
< -- 2.12. p -~-  +(havl+hav2)(t__~lO(l__m)(l__eO. 

The use  of Eq.  (12) i s  c o m p l i c a t e d  by the a b s e n c e  of r e a d y  d a t a  on the t h e o l o g i c a l  c o n s t a n t s  6 and p.  
We d e t e r m i n e d  5 and O as  a funct ion  of t e m p e r a t u r e  fo r  a l l oy  D16T and c o p p e r  M2 a c c o r d i n g  to the  me thod  
in [10] (Tab le  1). 

Equa t ion  (12) i s  ob ta ined  on the b a s i s  of n u m e r o u s  a s s u m p t i o n s ,  the c o r r e c t n e s s  of i n t r o d u c i n g  which  
ean  be c o n f i r m e d  only e x p e r i m e n t a l l y .  The  e x p e r i m e n t a l  d a t a  ob ta ined  on a r o d - t y p e  d e v i c e  [11] in the 
f o r m  of the d e p e n d e n c e  of t h e r m a l  con t ac t  r e s i s t a n c e  on the t ime  of load  a p p l i c a t i o n  in the  p r e s e n c e  of 
d i f f e r e n t  s u r f a c e  f i n i s h e s  fo r  d i f f e r e n t  m a t e r i a l s  and t h e r m a l  cond i t ions  a r e  p r e s e n t e d  in  F i g s .  2 and 3. 

An a n a l y s i s  of the c h a r a c t e r  of a r r a n g e m e n t  of the  c u r v e s  R c = f(T) g i v e s  g r o u n d s  for  the fo l lowing  
c o n c l u s i o n s .  

1. A c o n s i d e r a b l e  d e c r e a s e  of t h e r m a l  r e s i s t a n c e  d u r i n g  p r o l o n g e d  ho ld ing  u n d e r  load  i s  o b s e r v e d  for  
m a t e r i a l s  with a low modu lus  of e l a s t i c i t y  E > (10-12) �9 104 N / m  2. 

T A B L E  1. T e m p e r a t u r e  D e pe nde nc e  of R h e o l o g i c a l  C o n s t a n t s  5 and 

P 

p at temperature, ~ 6 at temperature, ~ 
Alloy 

293 473 

D16T 
M2 

,~[ 373 473 

0,478 0,491 
0,36 0,384 

0,46 
0,32 

293 373 

2,12 2,01 
2,5 2,36 

1,87 
2,14 
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2. T h e r m a l  con t ac t  r e s i s t a n c e  (Rc, m 2 " d e g / W )  as  a func t ion  of the t i m e  (% h) of 
a p p l i c a t i o n  fo r  a con t ac t  p a i r  of s t e e l  2Kh13 at  P = 98 �9 105 N / m  2 and T c = 470~ 
con t ac t  s u r f a c e s  m a c h i n e d  to f in i sh  c l a s s e s :  1) ~74/~7".a";  2) V 7 " a " / V 9 " b " .  

F i g .  3. T h e r m a l  c o n t a c t  r e s i s t a n c e  (Rc, m 2 . d e g / W )  a s  a func t ion  of the t i m e  (% h) of 
load  a p p l i c a t i o n  fo r  the p a i r  M 2 - s t e e l  45 at  P = 98 �9 105 N / m  2 and T c = 468~ with  s u r -  
f a ce  ~78"a"-~73 (1) and t h e r m a l  r e s i s t a n c e  of a c t u a l  (meta l )  c on t a c t  (Rp, m 2 . d e g / W )  as  
a func t ion  of the  t i m e  of load  a p p l i c a t i o n  for  a s t e e l  2Kh13 s t e e l  at  P = 98 �9 105 N / m  2 and 
T c = 473~ with  s u r f a c e s  V 4 - V 7 " a "  (in vacuo)  (2). D a s h e d  l i ne s :  c a l c u l a t i o n .  I) Zone  
of i n t e n s e  g rowth  of ox ide  f i lmo 

2. The thermal contact resistance for a material with E > 18 �9 101~ N/m 2 at the initial stage of holding 
under load (to ~" = 50 h and less), decreasing slightly (to 15-20%), thereafter remains practically constant. 

3. An increase of the surface finish class leads to degeneration of the dependence Rc~- = f(~'). 

4. The formation of resistance in the contact zone during prolonged holding under load is equally 
affected by an increase of the actual contact area and decrease of the thickness of the equivalent interlayer 

(experiment in vacuo). 

5. Both with respect to the character of the dependence RCT = f(~-) and with respect to the absolute 

value of Re~- the calculated values obtained from Eq. (12) agree satisfactorily with the experimental data. 

gT 

~oo 
T 

N 

p = N/S n 

Sn 
Sa 

~? = Sa/S n 
bandy 
B 

~C~ O{p~ O{ e 

Rc, Rp~ R e 

a 

~p = (2~plXp2)/(kpl + lp2) 

i s  the 
t ion;  
i s  the 
i s  the 
zs the 
~s the 
i s  the 
zs the  

N O T A T I O N  

r e l a t i v e  d e f o r m a t i o n ,  d e t e r m i n e d  by the t i m e  of n o r m a l  load  a p p l i c a -  

r e l a t i v e  d e f o r m a t i o n ,  e s t a b l i s h e d  at  the end of the  i n t e r a c t i o n  s t age ;  
t i m e ;  
n o r m a l  load ;  
s p e c i f i c  load  on c o n v e r g i n g  s u r f a c e s ;  
n o m i n a l  c o n t a c t  a r e a ;  
a c t u a l  c on t a c t  a r e a ;  

zS the r e l a t i v e  a c t u a l  c o n t a c t  a r e a ;  
a r e  the p a r a m e t e r s  of the s u p p o r t i n g  s u r f a c e  c u r v e ;  
is  the  coe f f i c i en t  c h a r a c t e r i z i n g  the p r o p e r t i e s  of the m a t e r i a l s ;  
i s  the  coe f f i c i en t  d e t e r m i n e d  by  the c h a r a c t e r  of d e f o r m a t i o n s ;  
i s  the coe f f i c i en t  of the r a t i o  of c o n v e r g i n g  s u r f a c e s ;  
a r e  the to ta l  conduc t ance  of con tac t  and c o n d u c t a n c e s  th rough  po in t s  of 
a c t u a l  con t a c t  and i n t e r c o n t a c t  e n v i r o n m e n t ;  
a r e  the to ta l  t h e r m a l  r e s i s t a n c e  of c on t a c t  and r e s i s t a n c e s  of po in t s  of 
a c t u a l  con t a c t  and i n t e r c o n t a c t  e n v i r o n m e n t ;  
i s  the  coe f f i c i en t  of c o n t r a c t i o n  of t h e r m a l  f lux l i n e s  at  po in t s  of a c t u a l  
con t ac t ;  
i s  the r a d i u s  of a s i ng l e  c on t a c t  spo t ;  
is  the r e d u c e d  t h e r m a l  conduc t i v i t y ;  
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n 

he 
hav 
m 

E 

is the number of contact spots; 
is the thermal  conductivity of intercontact  environment;  
is the average height of microroughness  project ions;  
is the space  fac tor  of microroughness  profi le;  
is Young's modulus. 
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