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In the work the temperature and shrinkage-rheological stresses in friction surfaces with ceramic-metal layer
that is obtained at using of tryboretrofitting mixes are researched. The results presented by authors allow to
improve mathematical models of stress-deformation condition of ceramic-metal system available on today.

Hocniosceno memnepamypHi ma ycadouHo-peonociuni HaNpyHCeH sl 8 NOGEPXHAX MePMms 3 MeMaioKepaMIUHUM
Wapom, 00epiCcanum y npoyeci UKOPUCMAHHA MPUO0GIOHO8NI08ANLHUX cymiwel. Ompumani pesyromamu
0036071710Mb YOOCKOHANIOBAMU MAMEMAMUYHT MOOEi HANPYIHCEHO-0ehOPpMAYIUHO20 CINAHY MemAaloKepaMIYHOL

cucmemu, Wo iCHYIOMb HA CbO2OOH.
Introduction

The friction units repair of the wide circle of
technical products without disassembling with the
use of tryboretrofitting mixes (TRM).

These mixes have received a wide application
recently because they make possible to produce
"repair" or restoration of the friction surfaces’
properties of tribotechnical systems without the
fulfillment  of  sufficiently labor-consuming
operations, which are connected with dismantling of
friction units [1].

The analysis of the contemporary state of the world
market for similar mixes shows the presence of their
broad spectrum, characterized by a significant
quantity of trade marks [1; 2].

In the place with the fact, the existing
recommendations regarding their application do not
consider the specific character of the working
temperature of the friction pairs, for example, of the
temperature in the friction units of the gas turbine
engine transmission can have a spread from
60 to 350°C [3].

This leads to a change in structure and
physicomechanical characteristics of surface layers
of friction units, and as the consequence a change
nature and value of their wear.

Therefore the application of one or the other types
TRM requires not only the optimization of their
selection for the friction pairs, prepared from the
specific materials, but also the optimization of the
operating conditions of tribotechnical systems [1; 2].
Thus, the obtaining of the objective information
about  the stress-deformable condition of the
ceramic-metal (CM) layer formed at using of the
given sort of mixes, is an actual problem which
solving will allow to improve the given technology.

Statement of a problem
and theoretical research

Consider the two-layer system (the base layer the
CM layer) as structural- orthotropic shell. It works in
stationary heating conditions, thus the temperature
represents function ¢ = f' (o, 0p, Z).

We shall designate factors of linear expansion of the
CM layer and a base surface accordingly By, B..

If to accept Dugemal-Neyman’s thermoelastic
hypotheses it is necessary to consider the fact, that in
two-layer systems, the thermal deformations and
stresses arise at uniform heating. In this case factor
of internal forces in view of thermal deformations:

Tl = B[Sl + Vnp82 - (l + VnpbtoJ;

.= B[Sz V&1~ (1 + Vnpbto];

§=Bli-v,,Jes; (1)
Gl = _D[Xl + Vanz - (l + Vnp)jtl];

G2 = _D[Xz Vi T (1 + Vnp)‘))tl];

H= _D(l - Vnp)X}'

The following generalized temperature characteristics

are inducted into system of the equations (1):
N=Bll+v,,)Bt,:

M=Bll+v, )Br.

where #,, ¢, — initial and final temperatures.

Thus, the system of the equations (1) can be written
down in the form of:

=B, +v,,p82)— N;
T>= 3(82 + vnp82>— N;
Gi =Dl + v,y 1) M
G = _D(Xz TV X1)+ M;
s=B(1- vnp)&;
H==Dll-v, Jg,.
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Passing from internal force factors (consider that
components of deformations €, &, €, Y1, X2, X3 are
known), we shall define stress components in view
of temperature deformation — in the top MC layer:

ol = E[& tviet Z(Xl + lez)_ 1+ Vl)Blt];
G(zl):E[Sz+V181+Z(X2+V1X1)_ (1+V1)B1t]; @
'c(l) = E(l - V1)(83 +Z X3>‘

In the bottom basis of system:

(552) = EZ[SI Tyt Z(X1 + V2X2)_ (l * Vz)th];

62 = Edleatvae + 200 +vax ) vyt )
1(2) = E(l - Vz)(83 +Z Xs)'

The general scheme of stress calculation from
temperature  influence on two-layer system
«the MC—-layer—base» is those.

Let's consider a concrete case of asymmetric heating
of two-layer system which takes place at friction of
two-layer system on all length of contact to a
counterbody.

Components of deformations results:

U o, oo
B ot BTR T ¥
where R is radius of the reduction surface’s

curvature. Thus internal force factors:

oU ®

oX
o oUu
r zzB(FW@j‘N; )

oo
X

g'o
G2 :DVnp 6X2 +M

The equations of balance of the reduction surface at
asymmetric heating:

oG G . T
=0, —2=0; L4220, 6
TR T o TR (©)
From the first equation (6) it is defined:
oU N ®
= _2_ = 7
ox B “"R @

Substituting (7) in the second equation of system (5)
we receive:

A AT I ®

Substituting (8) and two last equations of system (5)
in last equation of balance (4), we receive the
differential equation describing asymmetric heating
of two-layer system:

64(0 4 (l_vnlJ)N_ 1 azM

=+ o= ,
ox' 4K DR Doy’

)
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where K is parameter of attenuation of regional effects:
2
4 _ B (1 “Vip )
4DR?

If two-layer system with free edges is hearted
regularly up to ¢ = const, the generalized temperature
characteristics become:

N:(E161[31+E28252};

1-v, 1-v,

(10)

M= E1E251826[ B, jt.
Eidi+ E5:\1-v,)2
The solution of the differential equation (9)
disappearing on infinity, looks like:

0=,y () + 0, ) +
1 (6538 %)} B(1+v)’

where @ D, are
trigonometrical functions:
®, =¢ " coshr; ®, =e " sinkx.
Constants of integration are defined from boundary
conditions on the shell’s free end t at x = 0,
G=0,=0, the intense-deformed condition of the system
will be symmetric concerning the middle of system.
From boundary conditions we receive:
M M

Sy =
2k°D 2k°D
The shell’s deflection from edge up to the middle
will be defined by expression:

decreasing exponential-

¢ =

NR

= 2K2De—xx(sinxx—cosxx)+~(—)3 Tty .

Deformation of shell’s free edge wy is defined so:

(11)

(O]

R N M
o = _ .
" Bley,)| By, (DU-v,)
Components of other deformations of free edge are
defined, proceeding from (11) and (10):

M .
X=pe “(sin kx + cos kx);

M
g = N Vo e (sin KX —COS Kx);
Bli+v,,) [sDli V)

M

- N
€, = —————¢ “(sinkx —cosxx)+ .
©eoli-v2) Bi+v,)

The stresses arising in normal cross-sections of
two-layer system, will be defined under formulas (2)
and (3).

Thus the interlayer shifts which are proportional to the
intersected force O should appear in the CM layer.

As to internal shrinking-rheological stresses in
two-layer systems with an external CM layer, the
shrinkage of CM layer (more than 20 %) takes place as
a result of theological phenomena.
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Because the strong connection of layers interferes with
free shrinkage and to temperature expansion in two-
layer system there are the additional internal stresses
causing the warpage of the CM layer.

Name these stresses as shrinking-rheological stresses
and assume, that the phenomenon of shrinkage
represents  quasi-elastic is volumetric-deformation
similarly to temperature expansion. The value of relative
change of linear dimensions because of the elastic
shrinkage A is the analogue of linear expansion
coefficient. This new mechanical characteristic of the
CM layer depends on material nature of CM layer,
propensity to theological properties, etc. We shall apply
the hypotheses similar to accept Dugemal-Neyman’s
thermoelastic hypotheses, etc. we shall assume, that
shrinking-rheological stresses are connected with elastic
components of deformations according to Guk’s law.
The system of coordinates and position of a
reduction surface are defined as well as in case of
definition of temperature stresses.

According to the accepted elastic-shrinkable
hypothesis and Kirgoff-Lyav hypotheses for
definition it is elastic-rheological stresses we receive
expressions.

In the top layer (CM layer):

Gfl) = E[& tviget Z T V1X2)+ (1 + Vl)A] )

G(zl) = E[Sz tvgt Z(X2 + V1X1)+ (l + V1)A] ;

=g~ Vl)(83 +Z X3)'
In the bottom basis of system (the base surface):

Giz) :E[S1+V282+Z(X1 +V2Xz)+ (1+V2)thT];
0(22) = Ez[Sz"'Vle +Z(Xz+V2X1)+ a +V2)B2tT];

’E(Z) = Ez(l - Vz)(Ss + ZXg)’

where #r is temperature of the unit with the CM layer.
Internal forces and the moments are defined so
(under condition of A=const , that most often meets
in an engineering practice):
Ti=Ble +vipeate,)

T2 = B(82 + VnpSI + SA)’

S= B(l - Vnp)83 ;

G = _D(Xl TVt XA);
GZ = _D(Xz + Vnp Xl + XA)’
H= _D<1 - Vnp)XS'

(12)

In system (12) key parameters describing value of
shrinkable stresses and warping of two-layer
systems at shrinkage (&a, ) are used:

_l Ei0A E282ﬁzt :
EnT + ’
B| 1-vy, l1-v,
_E\E;5:0,8] A _ th .
XA_ .2 1- 1 ’
2BD(1-v2 J\1-v, 1-v,

0= 81 + 52.

Definition relative elastic shrinkage A it is better to
make experimentally according to methodology
described [4; 5].

Conclusions

The methodology of the temperature shrinking-
rheological stresses definition in friction surfaces
with CM layer which is developed by authors gives
the opportunity to improve current mathematical
models of the is intense-deformed condition of
ceramic-metal system available today.
Precomputations with the use of this model showed
that the strength of base layer, its reliability and
longevity do not deteriorate. They increase by 3 by
5%. This it proves, that the tryboretrofitting mixes
application leads not only to the improvement in the
tribological characteristics of friction surfaces, but
also they do not worsen the mechanical criteria of
the fitness for work of the tribotechnical systems.
Results of the carried out research have shown that in
case of a long idle time of friction pairs covered with
MCL their operational properties are changed i.e. their
resistance to the stretch appearing becomes less.

Such changes of a surface layer can be as a result of
relaxation of remaining internal stress of “basic
material — MCL” system which can appears due to
high ambient temperatures.
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