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Considered theoretical and experimental dependences specify influence of microgeometrical parameters of surfaces
roughness of details, which were not taken into account earlier, on operational efficiency of unit of friction.

The introduction

Operational efficiency of tribosystem depends on
three groups of parameters: parameters of work of
unit of friction, properties of the Ilubricant
environment and parameters of contacting surfaces
[1]. Operational efficiency is understood antiwear
and antifrictional properties which determine work
capacity, as reliability and profitability of
tribosystem.

Some these work parameters of unit of friction are:
speed of sliding, size of loading (pressure of one
surface upon another) and speed of loading (speed
from which one surface nestles on another).

The influence on operational efficiency of the
lubricant environment is determined by such
characteristics as: viscosity, the type of chemical
interaction with a surface (strengthening or
loosening), lubricant properties.

Parameters of contacting surfaces include parameters of
roughness and property of a material of tribosystems
details (hardness, a chemical compound and etc.).
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where E(f,, ) is
environment (force
deterioration);

fF,, V, V.) is the dependence on loading, speed of
sliding, speed of loading; /' (M) is the dependence on
the type of the lubricant environment; (R, H,) is the
dependence on parameters of contacting surfaces.
Any of the designated parameters influences
efficiency tribosystem itself, or through any other
parameter. It happens owing to physical and
chemical interaction of all components of the
tribosystem (details between itself and with the
lubricant  environment which also changes
tribochemically during operation time).

efficiency of the lubricant
of friction and size of

The model of contact

The submitted model of contact of two surfaces are
based on the following assumptions:

— contacting surfaces have identical hardness;

— contact of two details is linear; bottom sample is
immovable, the top is the cylinder which turns
around;

— axial loading is accepted constant, and roughness
is determined;

— phenomenon of non-adhesion friction[2] takes
place in the contact, (plastic deformation of micro-
and submicroroughness is equal to zero, the
waveness is deformed);

— choice of parameters of topography of surfaces is
based on the real parameters determined by the laser
scanning profilograph-profilometer;

— it is accepted, that all tops of roughness have an
identical structure and height.

Thus the designated model of contact of two
surfaces will be such as it is shown on fig. 1.

Fig. 1. Contact k;

Thus, at increase a,, necessary force N; grows. The
necessary work for a raising of a tooth up to Ah,, is
equal to:
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This formula shows, that with increase of the size AZ  In case /= 0, a=const, equation is:
(actually, it is R,, but in an operational direction),  j;=(1/M) [N cos a—F];
necessary work on shift grows. . e
During time At the number of contacts changes and % ;8;% F]t]/ zg: Z—g tl /2C lt; Ci1+C:
therefore distribution of loading F,,; changes. )éf ~0. Co=-R- ! >
To prevent the calculation of each contact, it has P
been taken: Al; is the average resulted height which ~ With 70
depends on R, a is an average angle of an y~(1/M) [N cos o0—F] 1/2 +~R>0;
inclination of the tops of roughness. M=NRsina => N=M,/ R sin «;
The law of dlstrlbqtlon of a material through the X=Nsina => N cos o=X, ctg 0
height of roughness is taken from the formula. )
v=(1/M) [(M,/R) ctg o—F] 1/2 t-R;
Ac = 1’8AaKw(rw /Rw)z/(4+26w)(qa /E)Z/(2+26W) : lzzf(h)a yc:h-
Theoretical calculation of dependence The spending work
of the necessary work for the relative moving A9=T\—Ty:
of the teeth of a roughness T=t,, Tr= t,=0;
Parameters of roughness for calculation (fig. 2): dT
n e N(e) ,
(=3 F: dr
=l T=1/2 MV2+1/2 I.W?; )

< M, ZZ;FY(I-E);
@:iMc(F(;)),

1
‘@ =

M x.=-F, coso.— Nsino.+ X ;

Myc =—F+Ncosa—F, sina+Y.;
Yc=0;

do .
ICE:Mr —NRsina—F, Rcosa;
X~=F, cos o+N sin o;
M;=-F+N cos a.— F,,sin a, F,=fN;
M,= N R-sina+F,R cos a;
M;=—F+N cos o.—fN sin a;
V=(1/M) [N cos o — (Ftf N sin )],
where M is the weight of contrbody; M, is the
moment enclosed to contrbody; R is the radius of
contrbody; o is the corner of an inclination of the
teeth of contrbody; £ is the loading on the contact;
h is the length of contact of two opposite peaks.
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Fig. 2. The circuit of contact

Vi=y.=> T=1/2 My +1/2 LW
A=1/2 M[Y(t)+1/2 L.W—
(172 M-[F(t0) 172 W) =A4=1/2 M-[y(t)]’;
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Substituting ¢ from the formula (2), we receive:

1

A=sM i{%ctga—F}\/ZhM !

+R;
,

2 M ctga — F
R

A =(%ctga—FJh.
R

Experimental researches

Two cases were considered:

1) dependence of the necessary work on Al A=f(Ah)
which in turn, depends on size of roughness R,, at
constant angle of roughness inclination, with
o =const;

2) dependence of the necessary work from an angle
of roughness inclination a A=f{Aa), with Ah=const.
The quantity of teeth in contact was received on
profilograph-profilometer. Then the two
dependences were built.

Knowing the border of durability of the tested
material, it is possible to calculate the size of
roughness or the inclination of the teeth (accordingly
to distribution of a material in plane of a cutting
formula (1) non-wear friction will finish and the cut
or wear will begin. It is necessary to take into
account, that in a mode of non-adhesion friction the
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adhesion-compound force of friction is equal to
zero, and the general force depends only on the
elasto-plastic properties of a material of samples.
The plane of contact consists of the summary
contact planes of separate teeth.
The contact can maintain the loading which depends
on the amount of separate contacts between teeth of
roughness.
Also as smaller is the size of roughness, the more
teeth are in contact.
Thus it is necessary to "cut" less amount of material
for endurance loading level without exaggeration of
the border of durability of materials.
The experiments were carried out by the technique
described earlier. And the influence of the teeth
sharpness on the antifrictional properties of the
tribosystem were received (fig. 3).

A

Fig. 3. Theoretical (/) and experimental (2)
dependences of the necessary work for relative
moving of teeth from an angle of the inclination
(a) and the size () of this teeth of roughness

0.10. Cunopenko

The realization of the phenomenon of non-adhesion
friction was provided during experiment.

The line 2 on fig. 3, b shows the experimental
dependence of the necessary work for relative
moving of teeth. The necessary work was defined
depending on the force of friction at identical 3D
configuration and various size of roughness by R,.
Divergence of theoretical and experimental curves
depends on: errors at measurements; the influence of
heat removal on parameters was not taken into
account in the theoretical calculations. Namely, at
increase of temperature viscosity of the lubricant
environment decreases, and heat removal grows, that
improves characteristics of tribosystem. As
influence of temperature is rather significant, and it
is visible from the constructed curves, this question
demands additional, deep theoretical and
experimental researches.

Conclusion

According to results of theoretical calculations and
the confirmed experimental data it is possible to
make a conclusion, that not only the size of
roughness, but also a corner of an inclination of a
teeth of roughness which is not supervised in a
modern production, influence on the operational
properties of the tribosystems.
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Brne MikporeoMeTpii KOHTAKTy Ha XapaKTEPUCTHKH 0e3aAre3iiHOro TepTs TpHOOCHCTEM KOB3aHHS
Po3risiHyTO TEOpeTHYHI Ta €KCIIEpUMEHTAaJIbHI 3aJIe)KHOCTI, 1110 BKa3yIOTh Ha BILUIUB IIPOCTOPOBUX MIKPOT€OMETPUYHUX
napaMeTpiB HIOPCTKOCTI MMOBEPXOHB JAeTalield TpUOOCIONyYeHb, SIKi He BpaXOBYBJIUCh paHille, Ta Ha eKCIUTyaTaliiHy

e(eKTUBHICTh By3J1a TEPTSI.

A 1O. Cunopenko

Bmustrue MUKPOI€OMETPUUN KOHTAKTA Ha XapPAKTCPUCTHUKU 6€3aILFe3I/IOHHOFO TpECHUA TpI/I6OCI/ICT €M CKOJIBXKCHUA

PaccMoTpeHBl TeopeTHYecKHe M IKCIICPUMEHTAJBbHBIE 3aBUCHMOCTH, YKA3bIBAIOLIME Ha BIHMSHHE MUKPOI€OMETPH-
YEeCKMX MapaMeTpOB IIEPOXOBATOCTH IIOBEPXHOCTEH aeTaneil TpuOOCHCTEM, HE YYHTHIBAEMBIX paHee, U Ha
AKCIUTYaTallHOHHYI0 3P (GEKTUBHOCTD Y371 TPEHHUS.



