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Abstract 
The article deals with the methods of the calculation of the size of the abrasive particles,  participating in process of wearing element of 

ball bearing of the ring at dry and border friction.  It is installed that maximum size of the abrasive particles, participating in process of dry 
friction, increases with increasing radius curvatures of the point of the contact and coefficient of friction between element of the bearing and 
abrasive particle. At presence of the oil layer most size depends on mechanical characteristic of the material, kinematic viscosity of the 
butter, pressures between abrasive particle and surface of friction, velocities of the ring internal and medicine to be taken externally race 
and velocities of the abrasive particle in wedge-shaped clearance, but minimum of the abrasive particles depends the surfaces of friction on 
thicknesses of the oil layer and total elastic deforming.  
  
Keywords: maximum and minimum of the abrasive particles, wearing, ball bearing, dry and border friction, radius of the curvature, 
coefficient of friction, abrasive particle, oil layer, mechanical characteristic, kinematic viscosity, velocity, wedge-shaped clearance, total 
elastic deformation. 
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INTRODUCTION  
The size of the abrasive particles, participating in 

process wearing ball bearing of the ring, was defined 
depending on the forms, friction relationship between 
element of the bearing and abrasive particle, thicknesses of 
the oil layer and mechanical characteristic of the bearing 
element material. 

The factor of friction between internal, medicine to be 
taken externally ring, ball and abrasive particle renders the 
essential influence upon the most size of the abrasive 
particles, participating in process wearing [1]. 

In nature abrasive particles soil origin subdivide: with 
sharp verge -10%; the ovoid -70…80% and spherical 
10…20% [2].  

In many study in purpose of the simplification 
calculation accounting model of the abrasive particle 
receive a visit at spherical form [4, 6, 7], which gives some 
inaccuracy in calculation of the velocities wearing. 
According to studies, called on for gears, these inaccuracy 
form under "clean" ring 7-11 %, at degree of the slide 0,6, 
not more 1% [1]. In bearing of the ring importance most 
degree of the slippage, calculated by means of molded (7) 
and (8), forms 0,2-0,25, at inaccuracy of the calculation 
abrasive wearing forms within 0,4-2,5 %. So hereinafter for 
calculation of the velocities abrasive wearing reasonable 
shapes up abrasive particles spherical.  

 
INTERPRETATION  

We shall expect that abrasive particles portioned on the 
whole volume of the butter of the unit evenly then the 
general volume of the abrasive particles with concentration 

εc to and average size das, adhering on surface of friction 
internal ring, is: 
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where c - a concentration of the abrasive particles, 

residing in butter oil unit; in
i - slanting internal ring; bd - 

diameter of the ball; kd1 - diameter internal ring on chute. 

Gross amount of the abrasive particles, residing on 
surfaces of friction internal ring: 
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According to condition of the even sharing the abrasive 
particles on volume of the butter in carter of the unit is 
defined amount of the abrasive particles, residing on length 

of the circumferences ring ( lein ) and arc of the contact on 

chute ring ( arin ) of the bearing: 
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where lar.ini - length of the arc of the contact of the ball on 
surfaces of friction internal ring; lini - length to 
circumferences ring. Then, solved system of the equations 

(3) comparatively lein  and arin , get: 
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where inid - current diameter internal ring. 

Length of the way of the abrasive particle in wedge-
shaped clearance in zone of the elastic contact: 

2/1

2
. 2







 


 cr

crini
wile h

hd
s . 

where crh - critical depth of the introducing the abrasive 

particles. Because of that dini>>hcr in the further calculation 

importance 2
crh  is not taken into account.  

In zone elastic plastic contact critical depth 
introduction (hcr) of the abrasive particle on surfaces of 
friction is [1]: 
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Then way of the abrasive particle in wedge-shaped 
clearance before his crushing: 
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where with с – coefficient of deformation. Because of 
deformation result in process of friction surface of the 
details to appear strengthening. Herewith increases 
toughness of the contact surfaces. According to [4] for 

surfaces of friction takes steel с=3; Т - limit of fluidity of 

the material;  θ - elastic constant. 
The average distance between two nearby abrasive 

particles, residing on surfaces of friction, is: 
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The amount of the abrasive particles, residing on 
length of the way of friction of the zone of the elastic 
contact, is defined as: 
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Gross amount of the abrasive particles, residing in zone 
of the elastic contact, is fixed from expressions (4) and (5), 
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Volume to deforming the metal all abrasive particle, 
residing in zone of the elastic contact: 

gradede nVV  1 , 

where deV1 - a volume to elastic deformation to surfaces of 

friction by one abrasive particle, 
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All are an abrasive particles by size dar, residing in 
wedge-shaped clearance, before their smashing elastic 
deform the surface of friction. Herewith executed work is 
defined: 
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Thereby, executed work in bearing depends on power 
of friction between chute ring and abrasive particle, lengths 
of the way of the abrasive particle in wedge-shaped 
clearance in zone of the elastic contact and concentrations 
of the abrasive particles in butter oil unit: 
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Leveling expressions (11) and (14), solved their for 
coefficient of friction (f), after some simplifications shall 
get 
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From got expressions possible to draw a conclusion 
about that that coefficient of friction between abrasive 
particle and surface of friction bear’s ring depends on limit 

of fluidity of the material bearing element ( T ) and elastic 

constant ( ) of the material to surfaces of friction.   
We shall consider power, acting on abrasive particles, 

residing in wedge-shaped clearance between surface of the 
ring (the fig. 1). On abrasive particle, residing in wedge-
shaped clearance when bearing element moving, act 
resultant power of friction and resultant power, preventing 
penetration of the abrasive particle in wedge-shaped 
clearance, formed from normal power, pressing these 
particles to surface of friction ring. Abrasive particle gets 
into wedge-shaped clearance if resultant power of friction 
will more be power, preventing penetration of the abrasive 
particle i.e. if it is executed condition: 

exinexfin РN ,,  ,                       (14) 

where Nfin,ex - resultant power of friction between abrasive 
particle and surface of friction; Рin,ex - resultant power, 
preventing penetration of the abrasive particle in wedge-
shaped clearance. In the event of ensuring the condition of 
the expression (14), abrasive particle advances toward zone 
of the contact in consequence of which occur deforming the 
surfaces of friction and further their wear-out. On measure 
of the moving the abrasive particle in wedge-shaped 
clearance toward point of the contact of the surfaces of 
friction normal power, acting on abrasive particle, 
increases. А after passing by abrasive particle of a certain 
distance in wedge-shaped clearance occurs, probably, their 
crushing.  Because of small size of the crushed particles in 
contrast with roughness of the surfaces they hereinafter in 
process wearing does not participate [4].  

In bearing of the ring radiuses curvatures of the zone of 
the contact of the abrasive particles and surfaces of friction 
different. According to scheme on fig. 1 from ∆АВС and 
∆АDЕ (∆А1В1С1 and ∆А1D1Е1) are determined resultant 
power of friction Nfin(Nfex) and power, preventing 
penetration of the abrasive particle Рin (Рex): 

- resultant power of friction, 
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where 2,12,1 ,  - a corners of the action of normal power 

on the centre of the bearing; 11, bin РР  and 22 , bex РР  - 

power, acting on abrasive particle through internal 
(external) ring and ball; fin,ex, fb - a coefficients of friction 
between abrasive particle and internal (external) ring, ball. 

Resultant power, preventing penetration of the abrasive 
particle: 

   2,12,12,1, cos12   bexin РР .     (16) 

From  О1 M1 M2 (ris.1) follows: 
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Fig. 1. Scheme of the calculation of the most size of the abrasive particle, getting into wedge-shaped clearance between elements of the ring 

 
From  О2 M1 M2 (fig.1) is seen: 
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where bR  and exinR ,  - a radius of the curvature of the 

point of the contact of the ball and internal (external) ring.  

Substituting from expressions (17), (18-20) in (15) and 
(16) at dry friction, when Nfin,ex =Pin,ex, have: 
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where dа max in,ex - a most size of the abrasive particles, 
getting into wedge-shaped clearance between element of 
the bearing at dry friction. 

The solved equation (21) comparatively dа max in,ex  for 
dry friction shall get: 
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In condition of border lubrificant coefficient of friction 
between abrasive particle and surface of the contact in 
contrast with dry friction decreases in consequence of 
which the most size of the abrasive particles, getting into 
zone of the contact, becomes less. 

The thickness of the oil layer between element of the 
bearing and abrasive particle depends on viscosity of the 
lubrificant, geometric, kinematic and dynamic parameter of 
the contact of the surfaces of friction [2].  

The thickness of the oil layer between internal 
(external) ring and abrasive particle: 

1

,max,0
, 2

)()(24,2

P

avvdde
h аaexinаexin

ap

exin 



 , (23) 

where 0 - kinematic viscosity of the lubrificant; а – 

pyezocoefficient viscosity; р - a pressure between abrasive 
particle and surface of friction; vin,ex - a velocity of the  
internal (external) ring; vа - a velocity of the abrasive 
particle in wedge-shaped clearance; аа - a diameter heel 
contact, introduced to surface of friction of the abrasive 
particle; Р1 - a load, acting on one abrasive particle. 

From expressions (22) and (23) define the coefficient 
of friction between abrasive particle and surface of friction 
at presence of the oil layer: 
the ball of the bearing: 
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internal (external) ring bearing: 
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where 
bwf - coefficient of friction between abrasive particle 

and ball without presence of lubrificant; ad - size of the 

abrasive particle; 
bah - thickness oil layer between abrasive 

particle and ball; 
exinwf - coefficient of friction between 

abrasive particle and internal (external) ring without 
presence of lubrificant; 

exinah - thickness oil layer between 

abrasive particle and internal (external) ring; 
exind - 

diameter of the internal (external) ring.   
With provision for factor of friction between surface of 

friction and abrasive particle under border lubrificant most 
size abrasive particle, getting into wedge-shaped clearance 
of the bearing, is: 
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For minimum of the abrasive particles, participating in 
process wearing, are accepted that, which have a size to 
equal amount of the thickness of the oil film and general 
elastic deforming the surfaces of friction.  Then 

  bexincbexinbexinа shd ,,,,min,,min  ,         (27) 

where hmin in,ex,b - a thickness of the oil layer between 
surface of friction: 
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Here lb in,ex - length of the arc of the girth of the ball  
internal and external rings; Ро - a load, attached on bearing;  
sс in,ex,b - a total elastic deforming the surfaces of friction [5]: 
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where ν - a coefficient of the Poisson, E - a module to 
bounce. 

The average size of the abrasive particles, participating 
in process wearing, on maximum and minimum has 
following logarithmic regularity [3]: 

minmax ааasа ddd  .              (28) 

 
Conclusion  

Thereby, from got accounting dependencies possible to 
do the following findings: maximum size of the abrasive 
particles in process of dry friction increases with increasing 
radius curvatures of the point +contact and coefficient of 
friction between element of the bearing and abrasive 
particle; at presence of the oil layer he depends on 
mechanical characteristic of the material, kinematic to 
viscosity of the butter, pressures between abrasive particle 
and surface of friction, velocities of the internal ring and 
medicine to be taken external ring and velocities of the 
abrasive particle in wedge-shaped clearance. The minimum 
of the abrasive particles, participating in process wearing, 
depends the surfaces of friction on thicknesses of the oil 
layer and total elastic deforming.  
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