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Abstract

This article presents a developmental design of a device for studying tribocracking processes in metal-
polymer friction pairs and proposes a corresponding research method. The study found that an increase in
surface-volume temperature enhances the formation of endothermic reaction products from the polymer
lining’s upper layer, raising the equilibrium constant and releasing heat. According to Van 't Hoff’s principle,
elastic-plastic deformation occurs in the microprotrusions of the metal surface. Conversely, lowering the
surface temperature intensifies exothermic reactions with ion dissociation in the polymer layer. Pulsed spe-

cific loads on microprotrusion contact patches reduce the release of gaseous products, including unsaturated
hydrocarbons that react with hydrogen, and these loads depend directly on the local dynamic coefficient of
mutual overlap. Operating parameters of the tribocracking phenomenon were obtained using the test device.
The proposed method and device allow prediction of energy load, polymer and metal weight losses, and gas
mixture composition. Additionally, they enhance functionality, improving the informativeness of tribologi-
cal studies and reliability of results, enabling rational selection of existing materials for friction pair com-
ponents and facilitating the development of new materials. Overall, the device and method provide a sys-
tematic approach to analyzing friction-induced tribocracking, linking mechanical and chemical interactions
in metal-polymer pairs under varying thermal and load conditions.
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Metal-polimer siirtiinmo ciitlorinin friksion qarsiliqh tasiri zamani tribokreking proseslorinin todqiqi
9.X. Canahmadov!, D.Y. Juravlev?, M.Y. Cavadov®, A.N. Vudvud?,

A.V. Voznyr’, V.M. Chufus®, A.M. Semeniy®

YAzorbaycan Milli Aviasiya Akademiyasi (Baki, Azarbaycan)

2 [vano-Frankivsk Milli Texniki Neft va Qaz Universiteti (Ivano-Frankivsk, Ukrayna)
3Azorbaycan Miihondislik Akademiyasi (Baki, Azarbaycan)

4"Odessa Politexnik" Milli Universiteti (Odessa, Ukrayna)

SXarkov Milli Avtomobil va Yol Universiteti (Xarkov, Ukrayna)

Xiilasa

Maqalods metal-polimer siirtiinma ciitlori arasinda tribokreking proseslorinin tadqiqi tigiin tacriibi-konstruktor
qurgusu toqdim olunub va bu qurguya osaslanaraq todqiqat metodu toklif edilib. Tadqiqat noticosinds asagidakilar
miioyyon edilib: sothi-hocmi temperaturun artmasi polimer kiindenin {ist qatindan ayrilan endotermik reaksiyanin
mohsullarimin hacminds vo miivazinotdoki sabitlikdo artima sabab olur ki, bu da istilik ayrilmasina sobab olur. Van’t
Hoff prinsipins uygun olaraq, metal sothindoki mikrogixintilar elastik-plastik deformasiya olunur. Sathi temperaturun
azalmasi iso polimer sothindo ionlarin disosiasiyasi ilo ekzotermik reaksiyani giiclondirir. Mikrogixinti kontakt
noqtalorindo impulsvari spesifik yiiklorin artmasi qaz mohsullarinin, o ciimlodon hidrogenlo birloson doymamis
hidrokarbonlarin ayrilmasini azaldir vo bu yiik lokal dinamik 6rtiik amsalina birbasa baglidir. Kreking fenomeninin
omoliyyat parametrlori sinaq qurgusu vasitasilo miioyyan edilib. Toklif olunan metod vo qurgu enerji yiikiinii, polimer-
metal komponentlarinin kiitls itkilorini vo amalo golon qaz qarisiginin torkibini prognozlagdirmaga imkan verir.
Bundan slavs, metod triboloji tadgiqatlarin malumatlandiriciligini artirir, sinaq naticalorinin etibarliligini tomin edir,
mdvcud materiallarin rasional se¢imini vo yeni materiallarin hazirlanmasini miimkiin edir.
Acar sozlar: qurgu vo tadqigat metodu, metal-polimer siirtiinma ciitii, sathi-hacmi temperatur, kreking fenomeni
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AHHOTALUSA

B craTthe mpencTaBieHa OMBITHO-KOHCTPYKTOPCKas pa3paboTKa yCTPOHUCTBA AT M3YUYEHHS MTPOIECCOB TPHOO-
KpPEKMHIa B METAJIONOIMMEPHBIX M1apax TPEHUS U IIPEIIIOKEH COOTBETCTBYIOLINI MeTo L uccienoBanuii. Mccienosa-
HHUE TI0Ka3aJio, YTO TMOBBIIICHHE TOBEPXHOCTHO-00BEMHOM TeMIepaTyphl yBEJIHUMBAET BBIACICHNUE TPOAYKTOB SHAO-
TEPMHUYECKHX PEAKIUH U3 BEPXHETO CJI0s MOIMMEPHOHN HAKIIaIKH, IOBBIIIAET KOHCTAHTY PABHOBECHSI U COIPOBOXKIa-
eTcst BelIJeJIeHueM Teruia. B coorBercTBuuM ¢ npuHnunoMm BanTt-T'odda npoucxoaut ynpyrominactudeckas aepopma-
LUs] MUKPOBBICTYIIOB METAJUINYECKOH moBepxHOCTH. CHIDKEHNE TeMIepaTypbl IOBEPXHOCTH YCUINBAET IK30TEPMU-
YECKYIO PEaKIUIo ¢ AUCCOLUAlNell HOHOB B MOJIMMEPHOM Clloe. POCT UMIYJIbCHBIX YAEIbHBIX HArpy30K Ha MATHAX
KOHTaKTOB MUKPOBBICTYIIOB YMEHBIIIAET BBIAEICHHE Ia3000pa3HbIX MPOAYKTOB, BKIIOYasi HEHACHIIIEHHbIE YTIIEBOIO0-
POJIBI, COEAMHSIOIINECS C BOJOPOOM; TIPH 3TOM Harpy3KH HAIPSIMYIO 3aBHCAT OT JIOKAJIBHOTO THHAMUYIECKOTO KO3 (-
¢urrenTa nepeKprITHI. DKCIUTyaTallHOHHbBIE TTApaMeTpPHI SBJICHNS KPEKHHIa OMPEIETICHBI C MOMOIIBIO HCITBITATEIhb-
HOTO ycTpoicTBa. ITpeoxkeHHbINH METOA U YCTPOMCTBO O3BOJISIIOT IPOrHO3UPOBATh SHEPTrOHAIPYKEHHOCTD, IOTEPU
MacChI MTOJIMMEPHBIX U METATITMYECKIX KOMIIOHEHTOB, a TaK)Ke COCTaB 00pa3oBaBIeiics razoBoi cmecu. Kpome toro,
OHHM PacIIHPSAIOT (yHKIMOHAIBHBIE BO3MOXHOCTH, HOBBIIIAIOT HH)OPMATHBHOCTD TPHOOIOTHUECKUX HCCIIECIOBAHIH
1 JOCTOBEPHOCTH PE3yJIbTaTOB, 00ECIIEUNBAIOT PALIMOHAIBHBIH 110100P CYIIECTBYIOIIMX MaTepHalloB U CIIOCOOCTBYIOT
pa3paboTKe HOBBIX.
KuroueBsble cioBa: YCTPOWCTBO U METOJ MCCIEJOBaHUIl; METAIIONOINMEPHas apa TPEHUs, TOBEPXHOCTHO-

o0BeMHas TeMIieparypa, sIBICHUS] KPEKUHT
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Introduction

In tribology, three sequential and interre-
lated friction processes have been formulated:
frictional interaction of contact patches (ohmic,
neutral, and blocking) of microprotrusions of
rubbing surfaces, changes in the properties of
surface and subsurface layers as a result of this
interaction, and surface failure as a result of the
two preceding stages. These friction stages oc-
cur in the following fields: mechanical, electri-
cal, thermal, chemical, and corrosion. The driv-
ing force is the oxidation-reduction potential
and its gradients.

Any stable structural-phase state exists
for a short period of time, transitioning to a new
level of instability due to processes, phenom-
ena, and effects that increase the overall entropy
and, accordingly, decrease the free energy of
materials. This triggers a subsequent transition
to a new quasi-stable state. The process contin-
ues for a certain period of time, determined by
the physicochemical properties of the corre-
sponding transformations, and the ability to cre-
ate conditions under which these transitions oc-
cur with as little periodicity as possible.

Analysis of sources and the state of the
problem. In [1, 2], a simple fractional differen-
tial equation is used to describe the Kinetics of
thermo-oxidative degradation of polymers in
the auto-retarded mode. This equation is analo-
gous to the description of the positron annihila-
tion process [2], which allowed the introduction
of a fundamentally new postulate: only a por-
tion of the polymer coil, determined by its frac-
tal structure, undergoes oxidation.

To describe the kinetic curves of ther-
mooxidative degradation of polymeric materi-
als, fractional differential equations with a
right-hand side dependent on the order of the
oxidation reaction are presented. It is shown

that thermooxidative degradation is only possi-
ble in the case of a fractal polymer structure.
For both autoretarded and autoaccelerated ki-
netic curves, the order of the derivative in the
equation coincides with the fraction of the re-
maining part of the polymer macromolecular
coil [3].

Article [4] provides an analysis and syn-
thesis of thermoelectric processes characteriz-
ing the electrothermomechanical frictional in-
teractions of friction pairs in brake assemblies.
The top layer of the polymer lining is isolated
at temperatures above the permissible limits for
its material, when the cracking process occurs.

Thermokinetic models of the interaction
of a metal friction element operating in various
environments are examined. The influence of
surface and bulk temperatures, pulsed specific
loads, the coefficient of mutual friction pair
overlap, the ratio of reactant amounts, the pres-
ence of inert gases, and the type of reaction on
the rate of chemical reactions during the crack-
ing process in the upper layer of polymer lin-
ings of brake friction units is established. It is
shown that when assessing the equilibrium of a
chemical reaction, it is necessary to consider the
change in Gibbs free energy.

A device for studying friction processes
is known, comprising: a housing, a cylindrical
specimen holder mounted in it on bearing sup-
ports, a drive for rotating the cylindrical speci-
men holder, a cylindrical specimen, a counter-
specimen in the form of an overlay, a unit for
creating a normal load between the working
surfaces of the cylindrical specimen and the
counter-specimen. In addition, the device has
sensors for determining the magnitude of the
friction force during the test [5-7].

This device has a significant drawback, as
it only allows for the determination of parame-
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ters such as wear and friction force during re-
search. However, this information is insuffi-
cient to assess the processes occurring between
interacting components. Microprotrusions of
surfaces, and to establish the mechanism of de-
struction of the surface layers of elements of
metal-polymer friction pairs [8-11].

The purpose of the work

The purpose of this work is to propose a
method for studying tribocracking processes
during frictional interaction in metal-polymer
friction pairs and a device for implementing this
method.

A device for studying tribocracking
during frictional interaction of metal-poly-
mer friction pairs. The device (Fig. 1 a, b and
2 a, b, c, d) comprises a housing 1, a holder 2 of
a cylindrical metal specimen 3 mounted therein
on bearing supports, a drive for rotating the
holder 2 with a given angular velocity o , as
well as the cylindrical metal specimen 3 with a
working outer cylindrical surface 4, a counter-
specimen 5 made of a polymer material in the
form of a lining and having radial through
(stepped) holes 6 on the side of the working in-
ner cylindrical friction surface 7 for collecting
wear products and a radial load means 8 be-
tween the working surfaces 4 and 7, respec-
tively, of the cylindrical metal specimen 3 and
the polymer counter- specimen 5. The surface
temperature in the friction zone is measured by
a thermocouple 9 connected to a micropotenti-
ometer 10.

The device also comprises a gas analyzer
11, a vacuum pump 12 which serves to pump
out gases generated during the friction process
of the working surfaces of the elements of the
metal-polymer pair, switching gas distribution
valves 13, gas pipelines 14 and a collector ring

15. The latter is made of an antifriction mate-
rial, for example, fluoroplastic and is mounted
coaxially with the axis of rotation of the holder
2 of the metal cylindrical sample 3 and interacts
with its working end surface 16 with the work-
ing end surface 17 of the sample 3 and carries
out only axial movement. Means for axially
pressing 18 of the collector rings 15 to the
working end surface 17 of the cylindrical metal
sample 3 with a force F that ensures sealing of
the joint between the said working end surfaces
16 and 17, similar to that in an end seal. There-
fore, the specified working end surfaces 16 and
17 must be pre-lapped.
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Figure 1 a, b — General view of the testing device
(a) and its cross-section along A-A (b)
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In the body of the cylindrical metal sam-
ple 3, at least two groups of axial blind holes 19
and 20 are made on the side of its end surfaces
17 and 21, respectively, the axes of which are
parallel to the axis of rotation of this cylindrical
metal sample 3 and are uniformly located in cir-
cles, the centers of which coincide with the said
axis of rotation. Each of these groups of axial

In addition, annular concentric grooves
23 and 24 are made on the working end surface
17 of the cylindrical metal sample 3. The loca-
tion of the annular concentric groove 23 coin-
cides with the axial blind holes 19, and the an-
nular concentric groove 24 along the system of
inclined channels 25, connected to the corre-
sponding group of axial blind holes 20. On the
working end surface 16 of the collector ring 15,
annular concentric grooves 26 and 27 are
also made, corresponding to the annular con-
centric grooves 23 and 24 on the working end
surface 17 of the metal cylindrical sample 3.

It is possible to design the device in such

blind holes 19 and 20 is located at a different
depth h1 and h2 from the working outer cylin-
drical surface 4 of the said metal sample 3. In
this case, axial blind holes 20, made on the side
of the non-working end surface 21 of the cylin-
drical metal sample 3, are plugged with
threaded plugs 22.

42

Figure 2 a, b, ¢, d — Local views B, C, D (a, b, ) of the test device elements and the design
of a tape thermocouple (d)

a way that the cylindrical metal sample 3 will
have more than two groups of axial blind holes
located at different distances from its working
outer cylindrical surface 4. In this case, the
number of annular concentric grooves on the
working end surface 17 of the metal cylindrical
sample 3 and on the working surface 16 of the
collector ring 15 will increase accordingly.

In the collector ring 15, from the depres-
sions of the annular concentric grooves 26 and
27, lateral through holes 28 are made, which are
connected to the gas analyzer 11 through the
gas pipelines 14, the switching gas distribution
valves 13 and the vacuum pump 12. In the body
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of the polymer counter-sample 5 there are
through radial (stepped) holes 6, passing into
holes of smaller diameter 29, with filters 30 in-
stalled in them made of porous solid materials,
which, in turn, are also connected to the gas an-
alyzer 11 through the gas pipelines 14, the
switching gas distribution valves 13 and the
vacuum pump 12,

The metal-polymer friction pair under
study: the working outer cylindrical surface 4
of the metal cylindrical specimen 3, the poly-
mer counter-specimen 5, and the collector ring
15 are housed in a stationary, sealed housing 31,
which is disassemblable in two parts for ease of
installation. To seal the movable joints between
the aforementioned friction pairs, additional
sealants 32—35 are also used, respectively. Cy-
lindrical metal specimen 3 is securely fastened
to holder 2 using washer 36 and nut 37.

To measure temperatures in friction pairs:
the working outer cylindrical surface 4 of the
cylindrical metal sample 3 —the counter-sample
5, as well as the working end surface 17 of the
metal sample 3 — the working end surface 16 of
the collector ring 15, tape thermocouples 8 are
used. The latter has thermoelectrodes 38 made
of chromel (+) and copel (-). Between said ther-
moelectrodes 38, insulating layers 39 are lo-
cated. Thermoelectrodes 38 together with insu-
lation layers 39 are placed in housing 40. In as-
sembled form, thermocouples 9 are installed in
conical holes 41, which are made in counter-
sample 5 and in collector ring 15. Terminals 42
of thermocouples 9 are connected to micropo-
tentiometers 10 (Fig. 2).

The system for measuring the volume of
gases and liquids formed during testing of a
metal-polymer friction pair is not shown.

Device During operation it works as fol-
lows.

For testing, cylindrical metal samples 3

They are made from various materials, includ-
ing those with protective coatings, such as chro-
mium, and those deposited, for example, using
high-temperature self-propagating synthesis.
Counter-specimens 5 are made from different
grades of polymeric materials. Before testing,
metal cylindrical specimen 3 and polymer
counter-specimen 5 are degreased, dried, and
weighed.

After this, the cylindrical metal sample 3
is installed on the holder 2 and fixed in place
using the washer 36 and nut 37. The counter-
sample 5 is correspondingly fixed in its holder.

Holder 2 is set in rotation at a given angu-
lar velocity @ . Frictional interaction occurs be-
tween the working end surface 17 of metal cy-
lindrical sample 3 and the working end surface
16 of collector ring 15 in the contact zone, re-
sulting in a certain background gas evolution —
a systematic experimental error. This gas evo-
lution is recorded by gas analyzer 11 and taken
into account in further studies.

After this, using the radial load 8, a radial
load specified by the test program is applied to
the counter-sample 5, made in the form of a pol-
ymer overlay, N facilitating the frictional inter-
action of its working cylindrical surface 7 with
the working surface 4 of the cylindrical metal
sample 3. The standard means of the friction
and wear machine are used to record and deter-
mine the main tribological parameters of the
process: the dynamic coefficient of friction; the
amount of wear of the friction pair elements;
etc.

Since the process of friction in metal-poly-
mer pairs causes the processes of gas separation
and diffusion of gases, in particular hydrogen,
into the depth of the metal of the cylindrical
sample 3, these gases are collected by groups of
blind axial holes 19 and 20 from different
depths hy, hy the size of which is determined by
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the distance from the working outer cylindrical
surface 4 of the cylindrical metal sample 3 to
the generators of these blind axial holes 19 and
20. From the axial blind holes 19, the gas me-
dium is pumped out through the cavity formed
by the connected annular concentric grooves 23
and 26, and then through the lateral through
holes 28 in the collector ring 15, the gas pipe-
line 14, the switching gas distribution valves 13
and through the vacuum pump 12 to the gas an-
alyzer 11. When the said switching gas distri-
bution valves 13 are correspondingly turned on,
the gases entering the gas analyzer 11 are
pumped out and analyzed. from a certain group
of holes located at different depths from the
working outer cylindrical surface 4 of the metal
sample 3.

The gas collected from the group of axial
blind holes 20, which are plugged with threaded
plugs 22 on the side of the non-working end
surface 21, enters through the system of in-
clined channels 25 into the cavity formed by the
annular concentric grooves 24 and 27, respec-
tively, and then, as in the previous case, to the
gas analyzer 11.

The gaseous medium formed directly in the
intercontact friction volume between the work-
ing cylindrical surface 4 of the metal sample 3
and the working surface 7 of the polymer coun-
ter-sample 5 is pumped out by a vacuum pump
12 through through radial (stepped) openings 6
and 29, respectively. In this case, the gas passes
through a filter 30 installed in the through
(stepped) opening 6, a gas pipeline 14, switch-
ing gas distribution valve 13, and then it is fed
into gas analyzer 11 by vacuum pump 12.

The device allows for the analysis of the
composition of gases formed as a result of fric-
tion and diffusing deep into the metal of a cy-
lindrical metal sample 3, as well as the determi-
nation of the volumes of these gases. Radial

through (stepped) holes 6 in the polymer coun-
ter sample 5, also serve to select solid wear
products that form during tribological testing.

This is how studies of tribocracking pro-
cesses are carried out during frictional interac-
tion in metal-polymer friction pairs: the work-
ing outer cylindrical surface 4 of the metal sam-
ple 3 — the working inner cylindrical surface 7
of the polymer counter-sample 5 at different
temperatures during testing, including at the
permissible surface temperature of the polymer
material of the counter-sample 5.

To understand the mechanism of operation
of the polymer material of counter-sample 5 in
the permissible temperature zone and above, let
us consider the derivation diagram sample of
friction material FK-24A, obtained by academi-
cian A.Kh. Janahmadov (see Fig. 3).

Friction materials for brake devices
should be studied from the standpoint of the
physicochemical mechanics of friction under
braking conditions using thermogravimetric
and differential thermal analysis methods. The
results of these studies for a sample of FK-24A
material are presented in Fig. 3. It was found
that thermal destruction of the FK-24A sample
begins at a temperature of 300 °C. The calcu-
lated activation energy for the decomposition of
the FK-24A sample was 85.5 kJ/mol. It was
proven that the sample decomposes within 15
minutes when maintained at a temperature of
400 °C. The rate of its mass loss increases with
a further increase in temperature. It should be
noted that the modes of studying the thermal -
stability of the FK-24A material in the form of
a sample do not always fully correspond to the
actual operating conditions of the near-surface
layers of friction linings in friction pairs of
brake devices.
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Figure 3 — Dependence of the derivatogram of the
FK-24A sample on the temperature and time of the
processes: AW — mass loss determined by the ther-
mogravimetric curve; AW / dt — rate of change (dif-
ferential-thermographic curve); AT — differential-
thermal curve; t — temperature; T — time

The destruction of friction materials is ac-
companied by intense smoking, followed by the
formation of liquid fractions in the pores of
their surface layer. Adsorbent molecules are
very firmly held in the micropores of the mate-
rial's surface layer due to their being surrounded
by a large number of carbon atoms. Gas-phase
adsorption is a condensation process that occurs
when the adsorption energy is sufficient to con-
dense the vapor. The condensed vapor remains
in the porous structure of the carbon as a liquid.

Thus, from the above it follows that the
saturated steam formed from moisture and wa-
ter on the working internal cylindrical friction
surface 7 of the polymer counter-sample 5 will
move in the same way as the gaseous mixture
during pumping by the vacuum pump 12, ulti-
mately getting into the gas analyzer 11.

The arrangement of the friction pair under
study: the working outer cylindrical surface 4
of the metal specimen 3 — the working inner cy-
lindrical surface 7 of the polymer counterspeci-
men 5 in a sealed housing 31 ensures testing in
a controlled environment (gas, vapor, or liquid,
including electrolyte). Said sealed housing 31 is

mounted immovably on the device and, for ease
of installation, is disassemblable in two parts.

The weight loss of the lining is deter-
mined based on the results of weighing samples
3 and 5 before and after tribological testing.

The tribocracking processes were investi-
gated during the frictional interaction of the el-
ements of a metal-polymer friction pair: the
working outer cylindrical surface 4 of a metal
sample 3 — the working inner cylindrical sur-
face 7 of a polymer counter-sample 5. The cy-
lindrical steel sample 5 was given rotation, and
the polymer was pressed against it with its
working inner cylindrical surface 7. Counter-
sample 5 was used to monitor the temperature
in the friction zone and analyze the resulting
wear debris. The temperature in the metal-pol-
ymer friction pair was measured using a strip
thermocouple 9, mounted in the body of poly-
mer counter-sample 5, which was connected via
terminals 42 to a micropotentiometer 10. Vac-
uum pump 12 and gas-vapor analyzer 11 were
simultaneously turned on, and the chemical
composition of the gas mixture was determined
using its readings, while the volumetric param-
eter was determined using a flow meter. The
amount of water pumped out of the frictional
interaction zone of the friction pair elements
was determined from the graduations of the
measuring tube.

Research method and results

The method for studying tribocracking
processes during frictional interaction in metal-
polymer friction pairs includes the following
operations:

— degreasing, drying and weighing the cy-
lindrical metal sample and polymer counter
sample;

— rotation of a cylindrical metal specimen
around an axis. Two groups of axial blind holes
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are made in the body of the cylindrical metal
specimen at different depths from the working
outer cylindrical surface on the side of its end
surfaces, the axes of which are parallel to the
axis of rotation of the cylindrical metal speci-
men and are uniformly spaced in circles, the
centers of which coincide with the said axis of
rotation;

— pressing with a given radial load
against the working outer cylindrical surface of
a metal specimen by the working inner surface
of a counter-specimen, made of a polymeric
material in the form of an overlay and having
radial through holes on the side of the cylindri-
cal friction surface, in which filters made of
solid porous materials are installed.

— The magnitude of the load ensures
that the permissible surface temperature of the
polymeric material of the counter-specimen is
achieved during testing of the metal-polymer
friction pair;

— control of surface temperature in a
metal-polymer friction pair;

— pumping out gases formed during the
friction process from each radial through hole
in the polymer counter-sample using a vacuum
pump separately and each axial blind hole in the
cylindrical metal sample separately, which pen-
etrated the metal, through the lateral through
holes from the collector ring, which is made of
antifriction material and is installed coaxially
with the axis of rotation of the said cylindrical
metal sample and interacts with its working sur-
face with the working surface of the cylindrical
metal sample;

— collection of gaseous and solid wear
products formed during the interaction of the el-
ements of the metal-polymer pair and accumu-
lating in the radial through holes of the counter-

sample, in which filters made of solid porous
materials are installed (separately from each
specified hole), as well as collection of gaseous
wear products separately from each axial blind
hole in the metal cylindrical sample, which
have penetrated through the metal,

— conducting control and analysis of the
formed solid and gaseous wear products, se-
lected separately from each radial through hole
of the polymer counter-sample, in which filters
made of solid porous materials are installed,
and the formed gaseous wear products selected
separately from each axial blind hole in a cylin-
drical metal sample that has penetrated the
metal;

— determination of the weight loss of the
lining based on the results of weighing the sam-
ples before and after testing.

The metal-polymer friction pair was
tested at the following temperatures in the fric-
tion interaction zone for the experiments: No. 1
—t=150°C; No.2-t=215°C; No. 3—-t=420
°C; No. 4 —-t=1500 °C; No. 5-t="730 °C.

The results of experimental studies of
changes in the quantity and composition of the
gas mixture formed in a metal-polymer pair in-
dicate that the process of friction and wear of
the elements of a metal-polymer friction pair:
30KhGSA steel — FK-24A polymer material
has a complex tribochemical nature (Table).

The volume of water collected in the
measuring tube was 3.54 milliliters.

An analysis of the research results pre-
sented in Table 1 showed that with an increase
in temperature in the zone of the metal-polymer
friction pair, the hydrogen content in the gas
mixture also increases (experiment Ne 2 - Ne 5).
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Table — The percentage ratio of the components of the gas mixture formed in the intercontact volume of

the metal-polymer friction pair

. Brand of Gas content, %
Experiment polymer Temperature, Other
number material °C H> B, N, CO; CO ZCnHm gases***
1 FK-24A 150 * 19.8 | 78.8 | 0.28 * *
2 FK-24A 215 0.050 | 19.8 | 78.8 | 0.23 * *
3** FK-24A 420 0.123 | 19.1 | 795 0.13 * * Rest
4** FK-24A 500 0.171 | 16.3 | 816 | 0.24 | 0.24 0.24
5 FK-24A 730 0.308 9.8 | 812 | 0.08 | 0.08 1.06
Note: * presence of traces of the specified gases;

** Sampling was carried out from four zones (points) simultaneously;
*** Qther gases include: Ar, Ne, He, Kr, Xe, Rn, O, N2O.

Discussion of Results

The experimental design of a device for
studying tribocracking processes during fric-
tional interactions between metal-polymer fric-
tion pairs, and a proposed research method
based on this device, allowed us to establish the
following:

- in the surface-volume temperature pro-
motes an increase in the volume of endothermic
reaction products released from the upper layer
of the polymer lining, as well as an increase in
the equilibrium constant, which is accompanied
by the release of heat. In accordance with the
Van 't Hoff principle of dynamic equilibrium,
elastic-plastic deformation of the microprotru-
sions of the working surface of the metal fric-
tion element occurs. A decrease in the surface
temperature of the friction pairs promotes an in-
tensification of the exothermic reaction with the
dissociation of ions in the surface layer of the
polymer lining;

- an increase in the pulse specific loads on
the contact spots of microprotrusions in a fric-
tion pair leads to a decrease in the release of
gaseous products, including unsaturated hydro-
carbons that combine with hydrogen, from their
inter-contact gap; in this case, the pulse specific

loads in friction pairs directly depend on their
local dynamic coefficient of mutual overlap;

- the operational parameters of the crack-
ing phenomenon were obtained using a test de-
vice.

Conclusion

Thus, a method for studying tribocrack-
ing processes during frictional interaction in
metal-polymer friction pairs and a device for
implementing it have been proposed. These
methods enable prediction of not only their en-
ergy loading and weight losses of polymer and
steel friction pair components, but also the com-
position of the resulting gas mixture. Further-
more, they provide expanded functionality,
thereby increasing the informativeness of tribo-
logical studies and the reliability of test results,
enabling both the rational selection of existing
materials for metal-polymer friction pair com-
ponents and the development of new materials.
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