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An analyt ical  re la t ionship  connecting the t he rma l  conductivity of e las t i c ,  e las t ic  - p l a s t i c ,  
and plas t ic  contacts  of rough su r faces  with the m i c r o g e o m e t r i c  and s t rength  p rope r t i e s ,  
and a lso  with the external  mechanical  load, is obtained. 

An analyt ical  re la t ionship  between the contact  conductivity and the external  load applied to rough s u r -  
faces  was obtained in [1]. This re la t ionship  was based  on the f ami l i a r  p r e m i s e  that  the contact  of two 
rough su r faces  can be regarded  as the contact  of a smooth sur face  with a hypothetical  rough sur face  for  
which the var iance  of the project ion height distr ibution is known. In the case  of rea l  compres s ion  the rough-  
ness  pro jec t ions  on both su r faces  undergo deformation.  We will  show below how we can take into account 
these  joint deformat ions  in finding the re la t ionship a (P). 

We cons ider  the contact  of rough su r faces  on which the projec t ions  have tip radius  R i and heights z i 
re la t ive  to a r e fe rence  plane M i, which conform,  according to p ro f i lomet r i c  m e a s u r e m e n t s ,  to a Gaussian 
dis tr ibut ion f(zi)dz i with vari~mce cr~ and N i roughness  pro jec t ions  pe r  unit a r e a  of r e f e rence  plane. 

* $ 
On applicat ion of the load and initial dis tance between Mi, equal approx imate ly  to d* ~ z~ + z 2 (z i 

. $  
4ai), is reduced by a value b = 51 + 6~ and becomes  equal to d = d I + d 2. I t  follows f rom [2] that  

(;__ 3 --P~i F2/3 R1 -~- R~ l/a, 
6 i - = ' 4  E, RIRe ] 

1 2 ) 
D ---- ~-- \ ~  E2 �9 ( 1 )  

I t  is known that  the t he rma l  conductivity of a single contact  spot is 

1 . r - - a ~  -1 2~,1~ arctg a ] ' ~'-- (2) 
~ a  ~,~ + ~2 

Since the contact  spots can be r ega rded  as uniformly dis t r ibuted,  then r = (1/2)~/-iTn. T h e  number  n depends 
on the c lea rance  between the sur faces  if the l a t t e r  a r e  conjugate-cyl indr ica l ,  o r  on the external  mechanical  
load applied to the su r faces  if these  su r faces  a r e  fiat. T his number  is found f rom the following cons ide ra -  
t ions.  If  the rough sur face  with i = 1 is c o m p r e s s e d  by a smooth sur face ,  the n u m b e r o f  contact  spots is 

z; 
n -  exp dz i, d~ = z ~ -  ~. 

a~V-2-~ ,j ~ 2o~ ] (3) 
d~ 

o 

However ,  since the surface  with i = 2 is a lso  rough, to obtain n we have to mult iply express ion  (3) by the 
probabi l i ty  that  the project ions  of the sur face  with i = 1 mee t  the projec t ions  of the su r face  i = 2. This 
probabi l i ty  is equal to the re la t ive  actual  a r e a  of contact  of the sur face  with i = 2 when its  highest  roughness  
project ions  undergo a deformat ion b~ due to a smooth sur face ,  whence 

z 2 

n = n 1 .f ~a~ f (z2) dz~. (4) 
dt  
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For  an elast ic cotltact of a spherical  projection with a smooth surface a 2 = fR2(z2-d  2) and, hence, after  
calculations 

i - -  d l  (s) 

where erfc x = 1 - r  and e(x) is the probabili ty integral. 

T he thermal  conductivity of unit a rea  of a nominal contact surface,  which is the integral sum of the 
conductivities via individual contact spots,  is also found by taking into account the above considerat ions,  
i . e . ,  

dz dz 

(6) 

It follows from [2] that the radius a in expression (2) for an elastic contact is 

/ RIR~ 
= V + + 

(7) 

and, hence, using the inequality r >>a we find from (6), af ter  calculations,  that 

. / -  R,R~ { [ 4 1 - - ~  E~ 

+ ~rl /R~_~_R2( .z._dz)]V~_A~erfc (~dl ) +~2 V R~ + R2RIR~ AxA~}. (8) 

Taking the stat is t ical  proper t ies  of the contact into account we can express  the mechanical load in 
t e rms  of the deformations of the microproject ions .  Using relationship (1) we find that for an elastic con- 
tact  

z 2 z~ 

d~ dl 

whence it follows that 

2 R~ V RIR~ P = ~ ? ( I+ y) ~ NxN~AIA ~ - -  R1 "~ Rs (%;-- at) , 

I - - ~  El (9) 

An additional relationship between d 1 and d2, obtained from the condition of mutuality of the s t r e s ses  at 
contact [2], has the form 

~l-~-~l ] (iE~222)3/2V-zz__d412Av (10) 

The contact  thermal  conductivity, with due allowance for  the radiative heat t r ans fe r  and the in ter -  
vening medium, is given by a = a + (1 - e ) ( a  r + ai). The relative actual area  of contact e in this expres -  
sion is the integral sum of the a reas  of the individual contact spots. For  an elastic contact 

( l + y )  R~R2 
eel = -2- R1--~2 N1N~A1A2" (11) 

For  a plastic contact a is 4-2 t imes g rea t e r  than the value given by expression (8), and Spl is twice as grea t  
as eel. According to the well-known Bowden and Tabor relationship the load applied to the plastic contact 
is 
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R~R~ 
Ppl ~(1-b?)R-~-~N1N~AIA~H. (12) 

In all the calculat ions given above we took into account that the p roper t i es  of the Gaussian distr ibution 
allow the upper l imi t  of integration z l to be replaced by infinity. 

Thus, we have obtained analytical relat ionships ~(di ,  d2) and P(di, d 2) which, as dist inct  f rom [1], con- 
tain the s trength and mic rogeomet r i c  charac te r i s t i c s  of the two contacting surfaces .  It  is obvious that this 
is equivalent to finding the re la t ionship-a(P) .  The dependences of a ,  P,  and e on d I and d z for  e las t ic  
- p l a s t i c  contact a re  given by relat ionships of the type e = (1-~)  eel + fiepl. The plast ic i ty  coefficient  fi is 
given in [i]. 
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N O T A T I O N  

is the contact thermal  conductivity; 
is the external  mechanical  load; 
a re  the radius of tip, height, and maximum height of roughness project ions;  
a re  the number  of roughness project ions and number  of contact  spots per  unit a rea  of r e fe rence  
plane; I 
is the subscr ipt  denoting contacting surfaces;  
is the standard deviation of project ion heights; 
a re  the modulus of e las t ic i ty  and Poisson 's  ra t io  for  mater ia l  of projection; 
a re  the load on project ion and its deformation; 
is the deformation of highest roughness project ions  (maximum deformation); 
a re  the radii  of contact spot and region of compression;  
is the effective thermal  conductivity of contact  zone; 
is the radius of contact spot in case of compress ion  of roughness project ion of i - th surface by 
smooth surface~i 
is the re la t ive  actual contact  area;  
is the heat t r an s f e r  coefficient  of intervening medium; 
is the radiat ive heat t r a n s f e r  coefficient; 
is the hardness  of less  hard surface .  
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