
defects. At the same time, the material is strengthened and there is a reduction in internal friction. The parallel occurence 
of the competing processes of pinning and unpinning of dislocations with an increase in total dislocation density leads to 
the appearance of several stages in the change in internal friction and resonant frequency which show which of the processes 
of strengthening or loss of  strength predominates in a given interval of cycling. 

Further cycling leads to the origin of submicroscopic failure of continuity in the metal which occurs in those volumes 
where the critical dislocation density has already been reached. The accumulation in local volumes of the:metal of  failures 
in continuity causes a sharp increase in internal friction and a reduction in the modulus of  elasticity. The period of accumu- 
lation of damage of the metal is replaced by the stage of failure, the formation and development of microcracks, internal 
friction continues to increase, and the modulus of elasticity decreases with increasing heat. 

There is practical interest in establishment of the boundaries of the change in internal friction and modulus of  elas- 
ticity starting with which the last stage of failure starts, i.e., when the life of  materials is exhausted. In this case there are 
no general criteria for determination. For each of the materials depending upon its previous treatment, it is necessary to 
make individual investigations, to establish the critical values of the changes in these values, and then to use them for 
evaluating the life of a material. 

The most useful for these purposes are units making it possible to measure internal friction and the modulus of 
elasticity during cycling without removal of the sample, which eliminates uncertainties related to repeated fastening and 
placement of the sample. 
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STRUCTURE AND SURFACE STRENGTH OF 

MATERIALS IN FRICTION 

B. I. Kostetskii UDC 621.891 

The total problem of reliability and life of machines, mechanisms, and instruments includes two problems, through 
and surface strength. The processes of through failure occur as a result of the accumulation in the volume of the material 
of defects in its structure leading to macroscopic failure of the part or structure. The processes of surface failure consist of 
a large quantity of microscopic acts of failure revealed in a gradual decrease in the volume of material, or wear. 

In the problem of surface strength of materials significant successes have been attained both in the theory and in the 
solution of practical problems. Failures as a result of through failure of machine parts occur comparatively rarely and 
predicting and eliminating them is possible in the design stage. The overwhelming majority of breakdowns (up to 80%) occur 
as a result of surface failure, wear, and damage in friction. 

The basic differences in the mechanisms of through and surface failure and their great applied value make it possible 
to separate surface strength into an independent problem. The mechanisms of surface strength and failure are determined by 
the processes of friction, lubricating action, and wear. 

The creation of a general, sufficiently complete, and uncontradictory theory of friction, lubrication, and wear (tribo- 
logy) relating the parameters of load (P, V) with the whole combination of mechanical and physicochemical properties of 
rubbing materials and working media has become one of the central problems of mechanical engineering. 

The development and solution of this problem are very necessary for all stages of design, manufacture, and service 
of machines. 

Despite this, it must be acknowledged that the efforts which have been undertaken for the solution of problems of 
tribology are far from appropriate to the significance of this problem. 

Ukrainian Agricultural Academy. Translated from Problemy Prochnosti, No. 3, pp. 90-98, March, 1981. Original article 
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At present there are no simple and correct methods of calculating and controlling friction and wear and no 
sufficiently well based and standardized methods of testing and test machines. 

Practically all applied problems of controlling friction and wear are solved empirically with a great expenditure of 
time and means and are not always the optimum. 

Development of Theoretical Concepts and Practical Problems. The study of friction and wear originated as a result 
of the needs of mechanics and first developed as a division of mechanics, which has made its impression on the whole 
subsequent development of this problem. The mechanical approach was acceptable in the early stages of  development of 
technolog3~ (low-speed machines, simple materials, dry friction). Subsequently, the general progress in technology, the 
sharply broadening increased complexity of the conditions of friction, and the development and use of new materials 
revealed the whole tremendous complexity and variety of the phenomena of friction and wear. 

It was established that in friction together with mechanical processes there is great significance in physical, chemical, 
mechanicochemieal, and thermal processes. It has also become necessary to observe the processes of friction in all of its 
stages, including in static contact, at the start of  movement, during running in, under steady conditions, and in changes to 
damage. It became clear that modern problems of the theory of friction and wear may not be solved with the use of 
models where such simplified forms of interaction as "mechanical," "molecular," "adhesion," "deformation," etc. are 
postulated, particularly since in the final analysis, despite some differences in designations, these models remained 
essentially mechanical [ 1, 2~. 

The mechanical approach, in which the friction force is determined only as the resistance to deformation of irregu- 
larities and the overcoming of molecular attraction at points of contact, ignores modern concepts of the nature of friction. 
The forrnai expressions of the molecular-mechanical theory obtained are not equations of movement of the surface layer as 
a continuum; velocity is absent in them. 

The model of  frictional fatigue does not contain the most important experimental results on tfibochemical and 
thermal phenomena, phase and structural transformations, and others determining the actual mechanisms of failure. Such a 
model may not be the basis for the selection of materials for wear-resistant rubbing pairs [ 1 ]. 

The materials science and physical aspects of friction have been investigated very insufficiently. Methods and con- 
cepts of experimental and theoretical physics developing at the present time have opened great possibilities for the develop- 
ment of the probiem of friction, lubricating action, and wear from the position of material science and the thermodynamics 
of  irreversible processes. 

Friction is a process of  the conversion of external mechanical energy into the energy of internal processes and the 
rules of this conversion are determined by the structural condition of the frictional system and the thermodynamic activity 
of the medium. 

The frictional system refers to the tremendous class of thermodynamically open systems, i.e., of those systems 
which may be exchanged with the medium both by energy and by a substance [3-5]. 

As the result of a large number of systematic investigations with the use of modern methods of experimental 
physics, the prereqmsites have been created for development of the fundamentals of the structure-energy theory of friction, 
lubricatiol~, and wear [5, 6]~ 

Classification of the Forms of Surface Failure. Investigation of a large number of parts and operating elements of 
actual machines, instruments, and mechanisms used in various branches of the national economy and reproduction of the 
forms Of surface failure observed in service on laboratory unitshavemade it possible to classify the forms of wear and 
damage of rubbing interfaces by the processes dependent upon the mechanics, physics, and chemistry of the contact 
phenomena [7,9 ]. 

The whole range of phenomena of friction and wear are divided into two clearly expressed areas: 1) the steady 
process of  normat friction and wear; 2) damage in friction. The external geometric and structural signs, mechanisms, and 
intensity of surface failure in normal wear and in appearances of  damage have sharp differences. 

Together with this it has been established that all forms of surface failure have a single basis dependent upon energy 
triboactlvation and passivation of the materials of the frictional system. The structure, properties, and phase and chemical 
composition of the materials determine the specific values of tribotechnical indices appearing under certain conditions of 
activation and passivation. 

The classification of the processes of surface failure by material science signs is shown in Table 1 and by energy 
relationships in Table 2~ 

In accordance with the first law of thermodynamics, the work of the forces of friction A, which is the source of 
activation G ~ '  is primarily expended on the formation of heat Q (thermal activation) and partially stored by the material 

360 



of the surface layers AE (structural activation): 

A = Q + t ~ E .  (1) 

The primary components of passivation are the energy dissipated by the friction unit Gat ~ and the energy absorbed in fric- 
tion Gabs : 

A = 6dis + Gabs. (2) 

The level of effective activation is determined by the amount of energy absorbed by the frictional system Gab ,. In passiva- 
tion, the decisive value upon which depends the range of loads in normal friction will be the energy necessary for the for- 
mation of secondary structures Gss. At the same time, there is significant importance in the capacity of the frictional 
system to dissipate energy in the form of heat (Gate). 

All of the qualitative and quantitative parameters of the process of friction and wear are determined by the values 
of A, Gabs, Gdts, and Gss [ 1, 5 ]. A necessary condition of normal mechanicochemical forms of wear is the dynamic equi- 

librium of the processes of activation and passivation at which the effective activation energy Gae t is within the limits of 
values necessary for the formation of secondary protective structures: 

Gaet -~ Gss. (3) 

With failure of this equilibrium as a result of excess activation, different processes of damage arise. The reasons for excess 
activation may be deformation, heating, the dynamic character of application of the load, the plasticizing action of the 
medium, or technological heredity (Tables 1 and 2). An equilibrium metastable state with excess activation is attained as 
a result of strengthened dynamic oxidation, the formation of metallic bonds in the contact of fresh surfaces, and direct 
failure of surface layers. 

The interrelationship between the forms of wear and different phenomena of damage is confh-med by the presence 
of critical points of  transition from normal processes to processes of damage and by the existence of threshold values of 
load P, rate of movement V, temperature T, concentration of active elements of the medium C, critical values of the 
mechanical and thermophysical properties of the materials M, and the scale factor SF. 

The generality and interrelationship of all of the processes occurring in the contact zone in external friction make 
it possible to consider the classification of the forms of surface failure as a single system described by a functional relation- 
ship between the processes of activation and passivation of the materials of the frictional system. 

Fundamental Rules of Friction and Wear. An analysis of the general classification of forms of surface failure, con- 
cepts of the thermodynamics of irreversible processes, the results of  thorough experimental investigations, and the use of 
positive production experience made it possible to experimentally establish and theoretically base the existence of a general 
rule of friction and wear and to draw a number of fundamental conclusions [5]. 

The general rule of friction and wear, which is confirmed by all accumulated experimental data of investigations in 
various laboratories of the world and in production, consists of the following. For all materials known in nature and in 
technology and also for bodies which will be detected and created there is a range of loads and rates of movement where 
friction and wearare several orders of magnitude less than outside this range [5]. The range of normal processes (limited by 
the values of the activation Gaa and passivation G energies) necessary for the formation of protective secondary structures 
depends upon the properties of the materials and the medium (area II in Fig. 1). 

The excess energy of triboactivation sharply increases the heterogeneity of deformation and failure and depending 
upon the specific conditions of overloading causes increased wear or a certain form of damage (area III of Fig. 1). 

For example, a concentration of stresses in contact in the presence of an abrasive and at a ratio of  material hardness 
to abrasive hardness of Hmat/H~, > 0.6-0.7 causes excess defornlation (structural) activation and intensification of mechanico- 

chemical processes (range 2 in Fig. 1). The intensity of wear increases (mechanicochemical form of abrasive wear). A sharp 
increase in concentration of stresses leads to failure of the base material - cutting, i.e., to the mechanical form of abrasive 
wear (Hm~/H ~ < 0.6-0.7) (range 6 in Fig. 1). 

Excess activation with a dynamic character of application of the load increases the intensiW of mechanicochemical 
wear and with small amplitudes of movement causes dynamic oxidation and microseizing, the fretting process (range 3 in 
Fig. 1). Strengthened thermal activation at rates of movement and temperatures above the allowable Vr and.T~ leads to 

the occurrence of type II seizing (hot scoring) (range 4 in Fig. 1). Excess structural activation with loads above the allow- 
able causes type I seizing (cold scoring) (range 5 in Fig. 1). 

With low values of the loading parameters and activation energy (area I in Fig. 1), the processes of friction and wear 
are unsteady. 
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TABLE 1~ Results of  a Composite Material Science 
Investigation 
Acceptable pl~nornena-- U necceptable, phenc~.ena 

; wea~ fformatisn and fatlme --damage (fanm'e ot me 
of types I and II second~'y base material) 

1. Nim~aal mechanical 
(oxidation) 

2, Normal mechanical 
films of nomrxygen 
origin 

3. Meebanicochemical 
form of abrasive wear 

1. Type I seixing 

2 .  Type H seizing 

3. Fretting process 

4. Meehauieal form of 
abrasive wear 

5. Contact fatigue 
(pitting) 

6. Erosion, corrosion, 
cavitation* 

*Not directly related to friction. 

TABLE 2. Results of  an Analysis of  Energy Relation- 
ships (processes of  conversion and dissipation of  energy) 

Activation (thermal, Passivation (absorption, 
structural) dissipation) 

A=Q+AE l I A----%-,+afl 
6a =)(P,V,T,C,M) Op = cp(C,M, SF ) 

Energy conditions and ci-itical values of load 
parameters 
Necessary cSnditions and 
results of normal vro- 1 
cesses (equilibriurh of 
processes of formation [ 
and failure of seeonaary 
structures) '.} 
2. -- Gpas = GSS 
3. 

. . d t .  Vef -+ rnin V-- ~ I 

A 

Cortditions and results of pro- 
cesses of damage (failure of " 
equilibrium ot tormafion and 
failure of secondary struo- 

, t,a~s) 

l. Pcr 
2 Ver , T ~  
3. Gpas>> GSS -- D.er 

4. Hrna/Hab r < 0,7 
5. 0~.r 1 

Vef --~ mat ~ --~- rain 

A 
A f =  ~--Q- ~ rain 

The fundamental physical basis of  the general rule (range of  normal friction) is the universal phenomenon of  adap- 
tation, structural adaptibility of  materials, the essence of  which consists of  the following. In normal friction in the zone of  
contactthere is formed a dissipative structure possessing the property of  minimum production of  entropy. The possibility 
of  formation o f  such structures in living and nonliving nature is based on fundamental physics [3-5]. 

In the realization of  structural adaptibility all of  the interactions o f  rubbing solids and the medium are localized in 
a thin-f'flm object, the secondary structures. Rearrangement of  the original structure into a new phase occurs in the direc- 
tion of  maximum strengthening, refinement, and orientation relative to movement in friction and of  impregnation by the 
active components of  the medium. The new phase occurring screens the original material from mechanical and physico- 
chemical destruction. External mechanical actions unavoidably lead to failure of  the screening phase but these same actions 
and the ass()ciated processes of  transfer of  a substance from the medium provide regeneration of  it. 

Three basic stages of  this phenomenon may be differentiated: 

1) activation of  the surface layers of  the rubbing metals, structural and thermal; 

2) passivation, the formation of  protective secondary structures; 

3) failure of  the secondary structures. 
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~ ~p,~ ~ 31.. ~1~ 

~.ctivation energy raaWte~r..~MI] 

Fig. 1. General rule of friction M and wear W: activa- 
tion: I) area of unsteady processes, Gae t < Gss; II) 
area o f  normal mechanicochemical processes, G , G~,  

G% = Gss; III) area of damage, Ga4 , Gas , Ga6, Ga7 >>  G~;  

passivation: 1) range Gp, normal oxidation; 2) range 
Gv2, strengthened oxidatlon; 3) range G%, dynamic 

oxidation; 4) range Gva, type II seizing; 5) range Gp5 , 

type I seizing; 6) range G%, mechanical failure. 

a~t~n 

Fig. 2. Plan of the structure of surface layers in normal 
mechanicochemical wear: 1) secondary structures; 2) 
subsurface deformed layer; 3) base (unchanged) metal. 

in contrast to the equilibrium condition in the cross section of the surface layers of materials operating under condi- 
tions of structural adaptability, it is possible to distinguish three zones differing in their structural condition (Fig. 2): 

a) the contact zone or zone of secondary structures with a thickness on the order of tens of nanometers [ 1 ]; 

b) the subsurface zone with a thickness up to several microns [10]; 

c) the zone of original structure [2]. 

Composite investigations of the process of formation of protective secondary structures have made it possible to 
establish that in the occurrence of the phenomenon of secondary structures in the zone of contact the kinetic phase 
transformation occurs spasmodically. 

1. There is a scale jump. All forms of interaction are localized in a thin-fdm object, the secondary structures. The 
depth of the layers actively participating in the process of friction and wear (h) in normal wear is four or five orders of 
magnitude less in comparison with the damage [5, 11]. 

2. There is a kinetic jump. The rates of diffusion and chemical reactions increase by several orders of magnitude 
and the diffusion coefficient increases by 5-11 orders of magnitude in comparison with diffusion in heating [5, 7]. 

3. The characteristics of the structure and phase conditions with a change to structural adaptability sharply differ 
from the characteristics known for equilibrium conditions. The secondary structures have a dislocation-free structure, the 
solubility in the surface layers increases by 3-5 orders of magnitude, and there is a sharply expressed lack of stoichiometry 
of chemical compounds [5, 11, 12]. The transition occurs under the cooperative synergistic action of the processes of 
deformation, diffusion, and heating. 
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Structural adaptability I 

Struetmal--energy "] [ Boundary condit[o'ns of ] 
/ relationsb:tps / [ ' s tabi l i ty  ] L.= , .......... ! !~ 

1 l 
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_.. ~$ '~'. 't t Formation I I Activation [ [ Heat forma- | 
zYa t7 i tYae I I an a failure I I and passiva-I 

�9 I/ ~ a-r' aT- I i o , ~ o ~ l  ,' 

Fig. 3. Physical model of structural adaptability in fric- 
tion: AE) absorbed energy; V) volume; A) work of fric- 
tion; t) current time; dS,) change in entropy as a result 
of exchange of heat and substance with the external 
medium; dS~) change in entropy within the system; 
Wfa) rate of failure of secondary structures; Wfo) 

rate of formation of secondary structures; AH) change in 
heat content of the effective volume Vet; S )  critical area 
of secondary structures; W a, W a , W c) rate of adsorption, 

diffusion, and chemical reactions; Q) heat; T) temperature 
of V f; ~) combination of thermophysical constants of the 
material; T a) temperature of the processes of failure (de- 

sorption of lubricant, decomposition of the structure, etc.). 

[ IYiagnos~ag surface 1 
failttm I 

I Cataff~oph.fc failt~c ] 
[ ~abs >> GSS 

t 
"~ P ,h.F~, eal m~ I 
,~ Type I seiz~g 

q ,  Contact fatigue 

~ M~ch~1 fo~m oi L 
abzaslv~ w , a :  

f 
'r 

optimum design," 
technological, and 
service conditlom 
(regttlation of the 
actlvation Gab s 
and passivation 
GSS enecgles) 

i 
Te~s 

Gradual faiIure 
Gabs = GS8 

T 
Physical model 

Antifrictional 

" Frictional 

..] Meehard.eal form of "L 
q abrasive wear 1- 

~ Wear of.'metai-poly- 
meg pa~l . . . .  

Wear i~td~r e.x~enle 
conditions 

Fig. 4. Plan of controlling friction and wear. 

As a result in normal mechanicochemical wear, a new and previously unknown form of the organization of the 
structure of rubbing surfaces occurs [ 5, 6, 11 ]. 

The phenomenon of structural adaptibility is universally observed in the friction of any materials under certain 
loading conditions for each pair of materials but the mechanisms of adaptibility in the rubbing of different metel~ and non- 
metals are fundamentally specific~ A minimum friction and wear is general for all cases of structural adaptability. 

The Stability of Normal Friction and Wear. The dissipative structure of friction in the area of n~rmal processes is 
stable and possesses the property of self-regulation [5, 13]. The stability of the phenomena of structural adaptability, 
established with the use of methods of measurement of electrode potential, quantitative microfractography, television 
technology, and precision tribometric equipment is due to the dynamic equilibrium of all destructive activating processes 
and processes of passivation and formation of a screening phase (the formation and failure of secondary structures, heat 
formation and transfer, formation of forces of friction, submicrorelief). As a result of investigations, the occurrences of 
steadiness of and minimum thermal flow, of the relative area of secondary structures and submicrorelief, and of the 
steadiness of the electrode potential were established [5, 14]. The rules given are an indication of the presence of the 
phenomenon of self-regulation in the friction and wear of materials [5, 13, 15]. 

A structural and energy analysis of the processes of friction and wear makes it possible to consider the important 
question of the relationship between the forces of friction and the intensity of surface failure. 
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Fig. 5. Plan of the change in Af and EFSQ. Designa- 
tions the same as in Fig. 1. 

The friction force F is a function, more accurately an operator N, of the whole combination of processes occurring 
with one combination or another of normal load P, rate of sliding V, and vector of the parameters of friction M, C (materials, 
conditions of the medium, etc.) [9, 7]: 

P (P) = {P, v, M, c}. (4) 

The intensity of surface failure is a quantitative characteristic of the final stage of the combination of contact 
phenomena [8]. 

In mechanical friction, physical, chemical, electrical, and other processes occur at the contact. The relationship of 
the intensities of these processes may be very different depending upon the loading condition (P, V), the properties of the 
rubbing materials, and the physicochemical action of the working media. Therefore, the interaction of bodies in friction 
and the formation of the forces of friction may not be described by a simple fundamental rule. Satisfactory relationships 
describing the processes of friction may be obtained for conditions of structural adaptibility with which the relationship 
of the various forms of interaction, the processes of transformation, and surface failure are stable and minimized and 
change proportionally. 

In operation of pairs under conditions of damage, the direct relationship between friction and wear breaks down 
and the relationship becomes more complex [5, 8]. 

Quantitative Relationships. The general rule and its primary physical mechanism, the phenomenon of structural 
adaptability, may be expressed in the form of a minimum principle and the relationship of entropies (Fig. 3) [5, 15]. 

The integral of absorption of energy AE, referred to the work of friction A for the volume being transformed V, 
tends toward a minimum. The important results of this principle are that the specific work of failure Af and the ratio of 

the volume V~ which has absorbed the limiting energy of failure to the effective voluem Vef tend toward a maximum. 

The energy within the system is transformed from higher forms to lower (mechanical work changes to heat). The "internal" 
contribution of entropy is always positive (dSl/dt). The entropy which is produced in the system in liberation of heat is 
compensated by the influx of negative entropy supplied from the source of mechanical movement (dSe/dt). The influx of 

substance from without compensates the changes caused in the system by diffusion and chemical reactions. With structural 
adaptibility the friction unit is found in a condition of current equilibrium. 

The boundary conditions of the existence of structural adaptability are the principle of screening, consisting of 
agreement of the rates of destructive and restorative processes in the zone of friction (Fig. 3) [5, 8]. 

Control. The generalized classification of the forms of wear and damage, the establishment of a general rule, and 
discovery of its physical mechanism, the phenomena of structural adaptability, make it possible to formulate the basic 
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TABLE 3. Control of  Activation [ G,c.t" ~o(P, V, T, M, C)] and Passivation [G p .  = ~o(C, M, 
SF)], (design, technological, and service means) 

i . . . .  Passtvation ( a b ~ o n ,  formation of secondary 
Activation (m'tmt'~al0 thermal) ml.uctta, e s -  GSS, and di~pat ion-  Gdis) 

1, ~Leadtng condi~ans (P, V). 
Change in intem~ty and fc~m of activa- 
t ion-  m~a~ural (P) and thermal (V). 
2. Thez'mal conditions (T). 
"Reguia~on of thermal activation as a 
result of coaling, healing, directions 
and form of the part, materials, and 
media with dfffe~nt flmrmophysleal 
char actezi~cs. 
3~" ~ _ _ i u g  method (M). 
Restraint of smlctmal activation 
as a result of an inczease in hardness (H) 

1. Lubricating medium (C). 
Regulation of the processes of 
pa.~vatlon as a result of modification 
of the sta-face layen of czeatlon of 
secondary m~ctta~ of a specified 
type with specified propertie~, 
dtstpation of thezmal energ 7. 
2. M~nrta~ (U). 
Regulation of pa~vafion as a resu~ 
of alloying of the changing ~'ea of 
secondary ~ of a specified 
type, changes in the propemes of 

a reduction in ductility (O~r). 
4..r of anoys ~ ) .  

2 

Repaint of ~ a l  and thermal 
activation as a result of a change in 
m~hanieal and phy~eal properties 
5. Lubricating medium (C). 
Restra~ of ~ a l  and thermal 

secondary ~ .  
3. R1mning in (M, C). 
Regulation of passivaflon as a result 
of loading condi~ns, ~empe~am~, 
composition of the medium, 
geometric and ~ a l  heredity. 
4. Scale factor (S~. 

activation as a result of homogenization 
of ~ modification of strfaee 
layers, and reduction in the coef- 
ficients of ~icfion. 
6. Sta'face quality (M)~ 
C~h~. o. in th~ intea~ty of m'uct~al 
and thexrnal activation as a result of 
homogenization, of messes and deforma- 
tions and slzuet~al and geomelxie 
hexedity 

Regulation of activation and pa.~vation 
as a result of dimensions and farm of the rubbing 
p~s .  

principles and means of  control of  processes of  friction and wear. The purpose of  control becomes dear, to broaden the 
range of  normal mechanicochemical processes and to change the level of  structural adaptability. 

The principle of  the basis of  control is regulation of  the effective energy of  triboactivation and passivation o f  the 
materials o f  a frictional system with the use o f  design, technological, and service means. 

Table 3 presents the basic means in principle and possibilities of  regulating the processes of  activation and passiva- 
tion o f  the materials of  the frictional system. 

Broadening the range of  normal processes (phenomenon of  structural adaptability) may be accomplished by measures 
reducing the intensity o f  tdboactivation Gar t or increasing the energy of  formation of  secondary structures Gss. The relation- 

ship Gac t >> Gss (Table l) must be reduced to the equality G~t = Gss. The most effective means of  restraint of  processes 

of  activation is strengthening methods. Effective means of  increasing the energy for formation of  secondary structures are 
alloying: the lubricating materials with chemically active additions and alloying of  the alloys with elements broadening the 
area of  existence o f  secondary structures. 

A change in the level of  tribotechnical indices of  normal mechanicochemical processes is attained by obtaining 
secondary structures with specified strength properties and characteristics of  the formation of  frictional bonds. In practice 
this may be" accomplished by all means of  regulating passivation processes (lubricating media, their composition and con- 
centration, materials used, methods and conditions of  running in). 

Specific problems of  controlling friction and wear in machines are solved in the following manner (Fig. 4). In 
the first stage the form of  wear or damage of  the rubbing surface is diagnosed. Each form of  surface failure causing 
gradual or catastrophic failure is described by a physical model revealing the energy reasons and structural kinetics of  
failure. The second stage includes adoption of  the optimum solution with the use of  design, technological, or service 
means. In the third stage the solution adopted is checked under laboratory conditions and in full-scale tests. 
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TABLE 4. Specific Work for Wear or Damage in 
Friction 

Form of Wear or damage  

Normal  mechan i cochemica l  
wea~ 
Mecha~icochera iea l  form of 
abraslve wear 
Fze~ng process 
Type lI seizing 
Type I seizing 
Mechanical form of abrasive 
wear  

specific .work for 
' wear or aanlaRe. 

kgf.m/mm 3~ 

I00000,..I000000 

10000...100000 
i00,..10000 
100,..1000 

I0...100 

1...10 

As a result of a large amount of experimental work, the structure and energy effects have been revealed and studied 
and physical models have been constructed which are widely used in control [5, 9, 8, 16]. 

Energy Criteria. Evaluating the effectiveness of the solutions adopted is done with the use of energy criteria describ- 
ing the level of the structural adaptability, Af [5], and the limiting values of activation energy in changing to damage, EFS o 

[17]. 

The level of structural adaptability is characterized by the value of the specific work for failure: 

A i/ram s, (5) 

where the value Af determines the expenditures of the work of friction A for the removal of a unit of volume of material 
(AW = 1 mm 3) from the rubbing surface. For different processes it varies by several orders of magnitude (Table 4) [5, 18]. 
The stability of Af within the limits of structural adaptibility creates the necessary grounds for methods of determining it 
(Fig. 5a) [5]. 

The energy capacity of the frictional system (EFS) serves as the energy criterion for evaluating the range of struc- 
tural adaptability [ 17]. The most important for practical purposes is the energy capacity of the frictional system based on 
the thermal index, the EFSQ, since heat is the primary component of the energy balance of friction under all conditions 
of use of machines: 

a j/cr~ .sec. (6) EFSq = ~ ,  

This value quantitatively describes the energy of thermal activation of the materials of a frictional system and characterizes 
expenditures of the work of friction A for an increase in temperature on the surfaces of contact of I~ (Fig. 5b) [17]. In 
addition, it makes it possible to determine the range of structural adaptability based on the thermal parameter. Knowing 
the work of friction consumed for an increase in temperature on the surface of friction of I~ and the temperature for 
destruction of the materials of the frictional system Ta, it is possible with sufficient accuracy to determine the critical 
values of the work of friction Ae, causing a change to type II seizing (hot scoring) [17]: 

Aer = :, l~'s Q.T d. (7) 

Tests and Calculations. The proposed energy criteria for evaluating the life of rubbing pairs (specific work for 
failure Af and thermal heat content of the frictional system EFS o)  possess the property of stability within the limits of 
normal mechanicoehemieal friction and wear. This was established experimentally and established on a theoretical basis 
[1, 5, 15, 17, 18]. 

The values of Af and EFSQ for any frictional system may be determined with sufficient accuracy with observance 
of the following standardized test conditions [ 17]. 

I. Provision of conditions of boundary friction. 

2. Equilibrium of conditions of heat formation and heat dissipation. 

3. Equilibrium of conditions of formation and failure of secondary structures. 

The frictional system must provide accurate measurement of the coefficient of friction and the surface temperature 
[17]. 

The energy principles of calculation and prediction of the life of frictional pairs, based on criteria of the specific 
work of failure and the thermal energy content of the frictional system, are described in [17]. 
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Therefore, the most indisputable result of the whole development of the science of friction and wear is the con- 
clusion that external friction is a thermodynamically irreversible dissipative process, the rules of which in principle depend 
upon the rates of cooperatively occurring processes. The role of the medium is also determining and the lubricating medium 
plays an important role since it on a par with solid bodies forms the material structure of the zone of friction. 

A criterion of the reliability and value of the modern theory of friction and wear may be its conformity to the 
rules of thermodynamics and mechanics of continuums and the use of material science concepts. 

The basis of the structural and energy approach in the problem of external friction and wear (surface strength) is 
the generalized classification of the forms of friction and surface failure, the general rule of friction and wear, and the 
univer-~d phenomenon of structural adaptability of materials in friction. Based on these concepts problems of control of 
friction, lubricating action, and wear in machines have been formulated and are being solved and methods of soundly based 
tribology tests and engineering calculations are being developed. 
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