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Abstract

The materials of the article are devoted to the features of forced, direct cooling with moist compressed air of the
working surfaces of friction pairs of brake devices. The results of a computational experiment concerning the design
parameters of the cooling system and its operational parameters are presented. The efficiency of air cooling of the
drum-shoe brake friction pairs is estimated. Attention is paid to the peculiarities of forced cooling with moist com-
pressed air of brake tribo couplings. Compressed air pressures have been established, at which it is possible to forci-
bly cool the friction pairs of drum-shoe and band-shoe braking devices.
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Xiilasa

Mogqals, aylac qurgularinin siirtiinme ciitiiniin is¢i sothlorinin nom sixilmis hava ilo mocburi, birbasa soyudul-
masi xiisusiyyatlorino hosr edilib. Soyutma sisteminin struktur parametrlori vo onun istismar parametrlori ilo bagl
hesablama tacriibasinin naticalori taqdim olunub. Baraban-kiindsli aylacin siirtiinms ciitiiniin hava ilo soyudulma-
smin effektivliyi qiymatlondirilib. 9ylac triboqovsaqglarinin nom sixilmis hava ilo macburi soyudulmasi xiisusiyyat-
lorins diqqgat yetirilib. Sixilmis havanin tozyiqi miiayysn edilmisdir ki, bu zaman, baraban-kiindsli va lent-kiindali
ayloc qurgularinin siirtiinma ciitiiniin birlogmolorinin macburi soyudulmasi miimkiindjir.
Acar sozlor: aylac, siirtiinma ciitiiniin mikro-¢ixintilari, birbasa macburi soyudulma, nom sixilmig hava, “Boks-

Xanter” metodu, soyudulma effektivliyi.
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AHHOTAIHUSA

CraThsl TOCBSIIIEHAa OCOOEHHOCTSIM TPHHYINUTEIHFHOTO, HETIOCPEACTBEHHOTO OXJIAXKICHHS BIIAYKHBIM CXKaTBIM
BO3JyXOM pabo4uX MOBEPXHOCTEH Map TPEHUS TOPMO3HBIX YCTPOMCTB. [IpuBECHBI Pe3yabTaThl BEIYUCIUTEIHLHOTO
9KCIIEPUMEHTA, Kacarolrecs KOHCTPYKTUBHBIX MMapaMeTPOB CUCTEMBI OXJIAXKACHHUS, U €r0 SKCIUTyaTallMOHHbIE Mapa-
MeTphl. OrieHeHa 3P GEKTHBHOCTh BO3IYITHOTO OXJIAXICHUS Tap TPEHUs 0apabaHHO-KOJIOJOYHOTO TOpMO3a. Y iene-
HO BHHMAaHHUE 0COOCHHOCTSIM TPUHYAUTEIBHOTO OXJIAXKICHHS BJIAXKHBIM CKATBIM BO3JYXOM TPHOOCOTIPSIKEHHI TOP-
MO30B. YCTaHOBJICHBI JABJICHUS CXKATOTO BO31yXa, MPH KOTOPBIX MOXKHO MPUHYIUTEIHLHO OXJIAXAATh COMPSIKEHUS
map TpeHus 6apabaHHO-KOJIOIOYHBIX U JICHTOYHO-KOJIOJZOYHBIX TOPMO3HBIX YCTPOHCTB.

KaioueBble c10Ba:  TOPMO3, MUKPOBBICTYIIBI 1P TPEHHUS, HETIOCPEICTBEHHOE PUHYANTEIBHOE OXJIaX/ICHHE,
BIIQXXHBIH CXKaThIi BO3IyX, MeTox «bokca XaHTepa», 3)(peKTUBHOCTh OXIIaXICHHS.
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Introduction

When choosing friction pairs of a brak-
ing device, the main characteristics are the du-
rability and performance of their materials.
The durability of a friction pair is primarily
determined by the wear of the friction lining,
and its performance is determined by the sta-
bility of the dynamic coefficient of friction
and, as a consequence, the braking torque.
During the operation of the braking device, the
friction pair heats up in different ways, which
leads to a change in the indicated characteris-
tics - the wear rate increases, and the stability
of the braking torque decreases. Thus, when
assessing the durability and performance of
the braking device and their improvement, it is
necessary to investigate the direct and indirect
forced cooling of its friction pair.

Problem state

Known works [1-3], in which in con-
junction of pairs of friction drum, disc and
tape-shoe brakes, compressed air was supplied
using devices and systems. The latter provided
the supply of compressed air through the fixed
friction units "tape-patch"; "Block-pad". The
efficiency of reducing the energy load of fric-
tion pairs of brake devices was on average 10-
14%. However, this did not take into account
the changes in the micro-profile of the fric-
tional interaction of friction pairs and the pro-
cesses occurring in the coupling.

The processes elec-
trothermomechanical friction also significant-
ly affect the properties of surface layers. Due
to the introduction of contacting protrusions
during tangential displacement, there is an
elastoplastic deformation of the surface layers.
The thickness of the deformed layer depends
on the sliding speed; it decreases with increas-
ing speed. Multiple elastic surface defor-

accompanying
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mations lead to fatigue. Plastic and elastic de-
formations of the surface layer in the process
of electrothermomechanical friction lead not
only to a change in its properties, but also to
the formation of a new microrelief, typical for
the given friction conditions.

The high temperature that develops dur-
ing friction leads to annealing and softening of
the surface layer and smoothing of micro-
roughnesses, to structural changes in the mate-
rial, as well as to the occurrence of diffusion
processes.

The temperature gradient along the
depth has a significant effect on the properties
of the friction surface, leading to a gradient of
mechanical properties. Changing the structure
of the surface layer significantly changes its
mechanical properties. The mechanical prop-
erties of the surface layer can be estimated
from the results of measuring its microhard-
ness. Usually the surface layer of metals has a
high hardness, which is explained by its work
hardening. This cold-worked layer can be de-
tected by X-ray diffraction analysis [3].

The supply of compressed air to the in-
terface of friction pairs helps to reduce their
energy load, but it will harm the following:
transformation of the elastoplastic deformation
of the surface layers into their elastic state;
decrease in specific loads and increase in slid-
ing speed; delayed formation of a new micro-
relief; lack of diffusion phenomena; a decrease
in the depth temperature gradient that does not
affect the mechanical gradient of the material
properties; the surface layer has a lower hard-
ness, which is explained by its weak work
hardening; oxidative processes are accelerated
and reduction processes are slowed down, de-
struction of adsorption and double electrical
layers, etc.
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Formulation of the problem

This publication addresses the following
issues in relation to the problem being solved:
- design and operation of the system for forced
cooling with moist compressed air of friction
pairs of brakes;
- the results of a computational experiment
according to the "Box Hunter" method;
- efficiency of forced air cooling of friction
pairs of drum-shoe brakes;
- about the features of forced cooling with
moist compressed air of brake tribo couplings.

The purpose of the work — is to sub-
stantiate direct forced cooling with moist
compressed air by a micro-protrusion of fric-
tion pairs of brake devices.

Design and operation of the system for
forced cooling with moist compressed air of
brake friction pairs

The pressure of compressed air supplied
for forced cooling of friction pairs of brake
devices depends directly on the specific loads
developed between their friction pairs. Specif-
ic loads in the band-shoe brakes of the draw-
works reach 1.5 MPa, and in the drum-shoe
brakes of vehicles it is only 0.7 MPa.

The system of forced cooling with moist
compressed air of the friction pairs of the rear
drum-shoe brakes of a cargo vehicle works as
follows [1]. According to fig. 1 compressed
air from compressor 1 enters the receiver 2 of
the pneumatic system of the vehicle, and then
into the controlled gearbox 3 (type valve 122-
16 UHL 4 GOST 18468-79). The reducer 3
has a built-in pressure gauge 7, which controls
the pressure of the supplied air. From the re-
ducer 3 it enters the solenoid valve 4 (gas
valve SPB PG-24 PV-16), and then through
the system of tees 6 and pipelines it goes to
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the fittings of 8 brake pads with friction lin-
ings 9 (4 fittings on one shoe) into the gap be-
tween the working surface drum 10 and lin-
ings.

pattern grooves (conditionally) «A ZF
———————— 7 X

View Z (rotated)

B original clearance

Figure 1 — System for forced cooling with moist com-
pressed air of the working surfaces of the friction pairs
of the drum-shoe brake of the vehicle:

1 - compressor; 2 - receiver; 3 - reducer; 4 - electro-
magnetic valve; 5 - brake valve; 6 - tee systems; 7 -
manometer; 8 - hose with fitting; 9 - brake shoe with
friction linings; 10 - brake drum

The solenoid valve 4 is designed to sup-
ply air to friction couples interacting friction-
ally and to stop supplying it after the braking
process is completed. For this, the solenoid
valve 4 is electrically connected to the limit
switch of the brake valve 5, which also in-
cludes the rear brake lights. When the driver
presses the brake pedal, the limit switch is first
triggered, which activates the brake lights and
the solenoid valve 4. The latter will begin to
supply compressed air from the gearbox 3 to
the brake friction couples.

At the same time, compressed air enters
the pneumatic chambers and the expanding
fist 3 (Fig. 2 a) enters into operation, expand-
ing the brake pads 1. After the driver stops
acting on the brake pedal, the supply of com-
pressed air to the brake chambers will stop,
and after a while the limit switch will turn off
the solenoid valve 4 and brake lights.
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Figure 2 a, b — Brake without a drum with elements of
the cooling system (a) and measuring the compressed
air consumption in it (b) 1 - brake pads; 2 - friction lin-
ings; 3 - expanding fist; 4 - hoses with fittings; 5 - air
flow measurement with a mass flow meter MV-306

Thus, the air will still flow into the fric-
tion zone for some time after the end of the
braking process.

The compressed air consumption was
measured with an MV-306 5 mass flow meter
(Fig. 2 b). The supply of compressed air at a
pressure of 2,0-3,0 MPa between the brake
friction pairs is possible only when the vehicle
is braked. The design of the system for cool-
ing with compressed air of the friction pairs of
the band-shoe brakes of the drawworks is
simpler. In it, the compressed air is supplied
through the brake band and friction linings.
About the air cushion between the friction
pairs of the band-shoe brakes, since the cush-
ion "breaks" in the gaps between the linings
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and the compressed air pressure can reach up
to 0,7 MPa. Table 1 illustrates the design pa-
rameters of the friction unit of a given brake
vehicle model ZIL and the parameters of the
forced cooling system of the tribo interface.
The stability and reliability of the brak-
ing device is largely determined by the ther-
mal state of its main working elements. In
drum-shoe brakes, these are friction pairs.

Table 1 — Design parameters of the friction unit of

the brake and parameters of the system of its

forced cooling

Rim working surface radius R, mm | 210,0
Rim width B, mm 140,0
Reduced rim thickness 6, mm 18,0
Drum weight G, kg 45,0
Material SCh-15

) length /, mm 210,0
Working -

width b, mm 140,0
pad A, cm’ 1176,0
hole (32 with a diame-
ter of 13,0 mm) in the

Area escutcheon 42,45
for the installation of
rivets, A, cm’

Pad thickness §,, mm 20,0

Pad weight G,, kg 1,5

Material FK-24A

Average maximum clearance be-

tween the working surfaces of the 1,2

brake friction pairs h,, mm

compressed air 0,0-0,8

pressure P,

bore diameters 2,1-8,0
Intervals | air velocities v, m/s 1,0 - 70,0
changes | ajr flow rate entering

the gap between brak

friectgiolr)l ﬁziff;a P102,e 10 =200

em’ /s
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The main factors that determine the
thermal state of friction pairs of brakes operat-
ing in compressed air are: specific loads in
contact on the working surfaces of the friction
pair; surface temperatures of brake friction
pairs; the sizes of the diameters of the holes
through which the compressed air flows; the
amount of cooling compressed air involved in
heat removal, depending on its pressure and
speed; operating mode of the cooling system
(switching frequency and duration).

Results of a computational experiment ac-
cording to the '""Box Hunter" method

At present, along with other calculation
methods, the mathematical theory of experi-
ment planning, which refers to a computation-
al experiment, has become increasingly wide-
spread [4]. Tasks with the help of the latter are
solved as follows. Initially, it is established to
what extent each of the factors (design and
operational parameters) affects the output pa-
rameter.

A quantitative measure is the value of
the model coefficient corresponding to a given
factor. In this case, the plus sign indicates an
increase in the value of the parameter, and the
minus sign indicates its decrease, that is, indi-
cate the nature of the influence.

Then the location of the set of factors is
established according to the strength of their
influence. After that, decisions are made based
on possible situations, which are distinguished
by the adequacy of the model, the significance
and insignificance of the coefficients. When
constructing a regressive formula, obtaining
an adequate model means the completion of
the task. The modified method for the compu-
tational experiment is the “Box Hunter” meth-
od [5]. As the response functions, it is required
to determine the indicator of direct measure-
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ment - the maximum value of the braking
force F and the calculated braking torque of
the right rear wheel of the vehicle model ZIL.
The following are selected as variable func-
tional parameters of the brake mechanism: the
pressure of the supplied air P, and the diame-
ter of the supply holes in the friction lining dj,.

The experimental technique included the
following stages: determination of the levels
of the considered parameters (pressure of the
supplied) air through the nozzle P, and the
diameter of the supply holes in it (dy), and the
intervals of their variation; build an experi-
ment plan (experiment planning matrix).

The upper levels of the considered pa-
rameters are determined by the lower maxi-
mum pressure of the supplied air Pmax=0,77
MPa, the maximum diameter of the inlet open-
ing in the fitting installed in the friction pad,
taking into account its strength dpma.x=8,0 mm.
When the diameter of the outlet in the choke is
more than 8,0 mm, the air flow from the re-
ceiver increases, the compressor performance
decreases, the speed of the brake friction pairs
decreases due to the creation of a powerful air
cushion between the working surfaces.

The lower levels of the considered pa-
rameters are selected as follows: the minimum
pressure of the supplied air Pymin=0,1 MPa.
The minimum diameter of the inlet hole in the
fitting installed in the friction lining dpm.x=2,0
mm. When installing a smaller diameter of the
supply hole in the fitting, this will lead to the
creation of turbulences of the supplied air into
the friction zone, which increase its efficiency
as a cooling heat carrier, but the air whistle is
heard.

Let us determine the intervals of varia-
tion of the considered parameters according to
the plan of the "Box-Hunter" experiment [5]
according to:
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- pressure of the supplied air P,:

PaminSPSPamaXaOal §P§0,77Mpa

Py~ 0,49 MPa

) a=0,1 +a=0,77 MPa

Ly 00141 o
1,41

L1 07T+ 014:1(1 ~1,41) = 0,67 MPa,

AP =(0,67-0,2)/2=0,24 MPa.

The diameter of the inlet holes in the fit-
tings dj:

Ahmin <d < dpmax 2,0 <d < 8,0 mm

do =~ 5,0 mm

o =2,0 mm, +o.= 8,0 mm
Ut (o U0 DUPPIIE o U 120 ) U

1,41 1,41
Ad =(7,1-2,9)/2 =21 mm.

where -1.41 and +1.41 - the minimum and
maximum coefficients are borrowed from the
factorial experiment matrix [1].

The characteristic of the experimental
design is shown in table 2. Table 2 shows - a
and + a - respectively, negative and positive
magnitudes of the stellar arms; - 1 and + 1 -
lower and upper levels of variation; 0 - center
of the experiment; AXj - interval of variation
of parameters.

The factorial experiment matrix (Box-
Hunter design, core 22) is shown in table. 3.

Table 2. Characteristics of the experimental de-
sign for parameters P, and d,,
Variation levels

Para-
AX;
meters | -a | -1 0| +1 |[+a] .
=12
X;, MPa | 0,1 | 0,2 10,44 0,67 |0,77| 0,23

Xo,mm | 2,01 2,9 5,00 7,1 80| 2,1

Table 3. Matrix of factorial experiment in natural
values of parameters Fg and Mp

On the right rear wheel

N1 p, | ~

experien| \ oo | oo Bﬁakmg Braking torque

ce orce My, N-m
F3 N ’

1 0,12 | 2,9| 7320 32940

2 0,66 | 29| 8520 3834,0

3 0,12 | 7,1 | 7580 3411,0

4 0,66 | 7,1 | 8310 3739,5

5 0 |50 7920 3564,0

6 0,77 | 5,0 8050 3622,5

7 0,39 [ 2,0| 8090 3640,5

8 0,39 | 8,0] 7600 3420,0

9 0,39 | 5,0] 8230 3703,5

10 0,39 | 5,0 8450 3802,5

The matrix of the factorial experiment in
the full-scale values of the parameters of the
braking force Fp and the braking torque Mg,
developed by the right rear brake of the vehi-
cle of the ZIL model, will be used in the future
to obtain regressive dependencies for their de-
termination.

For this, it is necessary to carry out ex-
perimental studies and establish the regulari-
ties of changing the parameters according to
the dependences of the form Gy = f'(Py), Gy =
f(dn) and Gy =f (V) (Fig. 3 a,b,c)and V =f
(P,) and V(dy) (Fig. 4 a, b).

Analysis of the graphical dependencies
listed above made it possible to state the fol-
lowing.

Compressed air consumption Gy de-
pending on:

- pressure P, at the inlet to the pipeline
choke (Fig. 3 a) has a quasi-linear character,
and after 0,5 MPa it sharply increases, which
significantly affects the compressor perfor-
mance,

- diameters dy of the supply holes in the
cooling system of the brake friction pairs (Fig.
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3 b) it follows that at d, = 7,5 mm the com-
pressed air consumption becomes constant and
there is no point in increasing it;

- the average velocity V of air outflow
from the pipeline choke (Fig. 3 c), depending
on their hydraulic resistance;

cm’/s

Compressed air
710

consu mpl 0on

Inlet air pressure Py, MPa

Compressed air
consumption G, 10? cm™s

25 35 4.5 55 0.5 3

Diameters of inlet holes ;,, mm

10 cmss

Compressed air
a
L & 3 C

42

consumption ¢

Average air flow rate 1" m/s

Figure 3 a, b, ¢ — Dependence of compressed air con-
sumption G, - 10% in the system of forced cooling of
friction pairs of drum-shoe brakes of a vehicle model
ZIL: a - air pressure at the inlet at d;, = 7,1 mm of the
opening of the pipeline fitting; b - the diameters of the
supply holes at P, = 0.6 MPa; ¢ - average air flow rate v
at d, = 6,0 mm

The dependence of the average speed V'
of air outflow into the forced cooling system
of the brake friction pairs on:

- pressure P, at the inlet to the pipeline
choke (Fig. 4 a) indicates that the velocity
gradient is greater at high air pressures than at
low ones:

- diameters do of the inlet holes of the
cooling system of the brake friction pairs (Fig.
4 b) indicates that the point O of the intersec-
tion of the two curves is the rational hole di-
ameter and is equal to 4,5 mm.

a)

Average air flow rate
" m/s

Inlet air pressure Pa. MPa

o
=

Average air flow rate
I m/s

2,5 35 45 5.5 6.5 7.5

Diameters of inlet holes . mm

Figure 4 a, b — Dependence of the average air flow
velocity V in the forced cooling system on: @ - inlet
pressure with a hole diameter @, = 7,1 mm; b - diame-
ters of the inlet openings of the pipeline fittings at an air
pressure of P, = 0,6 MPa; 1 - before and 2 - after the
pipe union

Efficiency of forced air cooling of drum-
shoe brake friction pairs

The purpose of forced air cooling of
friction pairs of braking devices is to limit the
energy loading of the surface layers of the tri-
bo interface. With an increase in the permissi-
ble temperature for the surface layers of the
friction lining, the binder component, i.e. for-
maldehyde resin, burns out.

Everything that happens is subject to
the cracking process [6, 7]. Table 4 shows an
assessment of the efficiency of forced air
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cooling of the friction pairs of the rear brake
of a vehicle model ZIL.

Table 4 — The efficiency of forced air cooling of
the friction pairs of the rear brake of the vehicle
model ZIL

Surface temperatures t, from which forced cool-
ing of brake friction pairs was made

100 | 150 | 200 | 250 | 300 | 350 | 400

Compressed air consumption G, -10% cm’ / s at
d, = 4.5 mm and its P,=(0,3-0,6) MPa

10,5] 12,0 [ 13,5 [ 150 | 17,0 | 18,5 [ 20,0

Reduction of ¢, of brake friction pairs by (°C):

50 | 10,0 | 15,0 | 20,0 | 30,0 | 35,0 | 50,0

Surface temperatures from 100 to 200°C
of brake friction pairs characterize their steady
state, the amount of heat generated by the
coupling is equal to the amount of heat re-
moved into the environment. In this case, the
cooling system will rarely turn on. In the
range of surface temperatures from 250 to
350°C, the cooling system is switched on
more often after the completion of the next
braking by the vehicle. As for the surface
temperatures up to 400°C and above, an edo-
thermal reaction associated with the cracking
process takes place in the surface layer of the
polymer lining, which reduces the heat load of
the tribo conjugation. In general, the efficien-
cy of air cooling of friction pairs of drum-shoe
brakes of a vehicle in the temperature range
from 100 to 200°C, from 250 to 350°C and up
to 400° C and above is, respectively, 7.0; 9.0;
and 12.5% excluding free and forced convec-
tive heat transfer.

Further, using the experimental data
from the established patterns of change in the
parameters Gy = [ (P,), Gv =f (dn) and Gy = f
(V) (Fig. 3 a, b, ¢) and V' = f(P,) and V(dy) re-
gression dependencies were obtained to de-
termine:

braking force
F, = 6008,5+3833,4P, —2356,1P. +

2 (1)
+600,6d, —55,8d; —207,2P,d,
braking torque
M, =27038+1725P, —1060,2P> + 2

+270,3d, —25,1d; —93,3P,d,

The critical values of the parameters of
the cooling system are P, = 0,63 MPa and d), =
4,2 mm. The regression dependences (1 and 2)
were used for calculations, which formed the
basis for the graphical dependences shown in
Fig. 5 a, b and made in 3D format.

I 5000
[ 7500
[ 7000
I 6500

I 3600
I 3600
[ 3400
13200
[ 3000
I 2500

Figure 5 a, b — Dependences of the braking force (a)
and the moment (b) on the pressure of compressed air at
the inlet to the cooling system and the diameters of the
inlet pipe fittings

The analysis of the latter made it possi-
ble to state the following:

- the compressed air pressure Pw = 0,63
MPa in the cooling system is critical when the
hole diameter is dj, = 4.2 mm;

- the minimum gradient of the friction
force Fp was achieved at d;,=2,0 mm and P,



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2021, cild 13, Ne 4, s. 22-33
Volgenko N.A. va basq.

Herald of the Azerbaijan Engineering Academy
2021, vol. 13, no. 4, pp. 22-33
Volchenko N.A. et al.

=0,05 MPa, and the maximum - at d; =4,2 mm
and P, =0,63MPa (Fig. 5 a);

- the maximum gradient of the braking
torque 7 was achieved at dy =4,2 mm and
P,=0,63 MPa, and the minimum - at dy =2,0
mm and P, = 0,05 MPa (Fig. 5 b).

Features of direct forced cooling with moist
compressed air of brake tribo couplings

The increasing requirements for reliabil-
ity and the occurrence of transient processes in
friction pairs under the influence of small spe-
cific loads (2,0-3,5 MPa) and cooled by com-
pressed air have led to the problem of combin-
ing microprotrusions of materials with oppo-
site properties - electrical conductivity and
wear resistance - in the contacts. So, under
conditions of normal oxidative wear, an in-
crease in the contact force of the RK leads to
an increase not only in wear, but also in the
level of jumps in the contact resistance RK up
to the complete absence of contact and the oc-
currence of frictional non-conductivity.

Upon reaching the permissible value of
the RK, at which the seizure of the contact
surfaces occurs, the conductivity increases to
the conductivity of the pure metal, but at the
same time the wear rate increases dramatically
[8]. The main type of wear for the friction
pairs under consideration is selective frictional
oxidation of alloying elements in the metal
rim.

With a low content of the latter, their ox-
ides are formed locally (a continuous film is
not formed), and the resulting jumps in the
contact resistance RK can be limited, and their
growth with the accumulation of wear-friction
oxidation products (Fig. 6) can be eliminated
(limited) by such measures, as the use of de-
vices for cleaning surfaces from wear prod-
ucts.
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Figure 6 a, b - Schemes of distribution of heat fluxes
between friction pairs "metal (1) - polymer (2)" (a) and
polymer (2) - metal (1) (b)

The presented friction pairs (Fig. 6 a, b)
in the form of an electric thermal generator
and a refrigerator with heat fluxes ¢; towards
the metal friction element and towards ¢, of
the polymer lining. The values of ¢; and ¢, in
the steady state are determined by its parame-
ters Ry, ve, as well as by the electrothermal
resistances r; and r;. Since r; << r, and r; >>
s, and g; >> ¢» and ¢q; << g, temperature gra-
dients

ar,_dr,  dr,_dr,.
dx dx’ dx dx’
OAT dT, dT.

Sy 3)
dx dx dx
OAT S dT, . dT, . @
dx dx dx

The resulting thermal diffusion flow of
matter (soft and hard phases) is directed to-
wards and against the temporarily differential
flow Ag towards “metal-polymer” and “poly-
mer-metal”.

In this case, the ratios of the sizes of the
contact areas A; and A, of the microprotru-
sions are such that the deformation compo-
nents of the diffusion transfer are also directed
to the side (4; # A»), therefore, the 4; platform
periodically rests, and A, is in contact all the
time. The surface layer of a polymer liner is
always more energetic due to its thermal insu-
lation properties and has a higher temperature.
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Resultant transfer of matter towards the
hot contact of the metal friction element

Als- =DT0LAT L p 9Ae

, 5
x ¢ dx ()
where Dy, D, are the coefficients of thermal

diffusion and deformation, respectively; 8§T,
X

638 - change in temperature and deformation
X
gradients.
According to expression (5)
OAT OAg
Al =0at —=0, —=0. 6
2 dx dx (©6)

To fulfill conditions (9) it is necessary:
creation of a physically homogeneous contact
pair with equal temperature and deformation
gradients in the surface layer (“metal-metal”
pair); suppression of diffusion processes by
temperature gradients of the opposite sign
(materials with different signs of thermoEMF)
[8-11].

The intensity of selective frictional oxi-
dation processes, which was estimated from
the results of measuring and summing the lev-
els (number, amplitude and duration) of jumps
in the contact resistance RK, depends on the
size and number of oxide particles between
the contact surfaces. To improve the conduc-
tivity and reduce the wear rate, constructive
and technological methods can also be used:
optimization of the contact force, an increase
in which in the normal oxidative wear mode
leads to an improvement in conductivity; re-
ducing the activation of the metal surface by
using materials prone to softening; reducing
the activation of the surface of the friction ma-
terial of the lining by using various kinds of
modifiers in the form of inserts; reducing the
concentration of alloying components to the
limits in the metal friction element sufficient
to eliminate seizure.
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Self-regulation of the equilibrium of mi-
crotransference and redox processes, accom-
panied by an abnormal decrease in the intensi-
ty of wear and friction losses, occurs during
selective transfer, in which the contact pair
becomes an electric thermal generator and an
electric thermal refrigerator and converts part
of the friction work into useful forms of acti-
vation. For weakly loaded sliding contacts of
friction pairs, this effect is of interest in that it
not only does not require the supply of energy
from the outside, but also establishes a regime
of equilibrium non-oxidative friction - an im-
portant condition for reliable contact [12].

The stability of selective transfer in
weakly loaded sliding contacts of friction pairs
is impeded by the formation of oxides of al-
loying elements, which do not dissociate when
heated as a result of friction, as well as surface
contamination by polymerization products and
negatively charged wear particles.

The concentration of contaminants, their
composition and properties are random and
not amenable to regulation and control. Thus,
in real working environments with random
composition and properties, the likelihood of
self-regulation of the equilibrium of processes
is very small. Nevertheless, practical cases are
known when, in the mode of selective fric-
tional oxidation of microtransport, weakly
loaded sliding contacts of friction pairs oper-
ate for a long time without noticeable wear
while maintaining reliable contact, i.e. in equi-
librium mode. Consequently, the selective
transfer mechanism is free of oxidative pro-
cesses, and an obstacle arises in the way of its
implementation - the phenomenon of frictional
non-conductivity of the polymer pad in weak-
ly loaded sliding contacts of the selective
transfer effect and its solution to the problem
of combining opposite properties in contact
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materials (high wear resistance and ideal elec-
trical conductivity) gets a new, more real ba-
sis. The results of many years of research on
the processes of contact interaction in a weak-
ly loaded sliding contact show that, in addition
to selective transfer on the surface of contacts
under similar conditions, other competing pro-
cesses can arise: frictional oxidation, frictional
polymerization of organic vapors, formation
of organometallic compounds (metal soap),
destruction of wet compressed air in an elec-
tric discharge. All these processes, as well as
selective transfer, are a consequence of the
activation of the surface of the metal and the
medium during plastic deformation and fric-
tion. The result depends on the intensity of
each of these processes in the given condi-
tions.

When vapors are formed from moist
compressed air during a pause (on the juvenile
surface), the resulting polymer film suppresses

oxidative processes, and surges are not re-
newed even by additional activation of oxida-
tion by evaporation of condensed moisture.
The resource of traditional friction pairs ope-
rating under friction conditions without com-
pressed moist air in their conjugation cannot
be significantly increased. The presence of
controlled moist compressed air automatically
solves the problem of cleaning the surface
from wear products. Finally, the working
coolant is the medium with which the system
exchanges matter and energy, due to which
self-regulation of competing processes can be
achieved.

Conclusion

The forced cooling with moist com-
pressed air of friction pairs of drum and band-
shoe brakes is illustrated and how it affects the
processes, phenomena and effects in their con-
jugation.
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