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Purpose. To establish patterns of changing of friction properties at surface layers of metal-polymeric friction cou-
ples which are in the process of mechanical, thermal and electrical interactions in friction units of braking devices
based on triboelectric phenomena.

Methodology. Experimental research studies of triboelectric processes were performed on specially created labora-
tory stand that simulated band-block brake of technological transport and serial universal brake test model KI-8964
which allowed exploring metal-polymeric friction couples of drum-block and disc brakes. Electric current measure-
ment was carried out using nanoampermeter F-195, potential difference was measured using the analogue-digital con-
verter USB Oscilloscope I1. The number of experiments was enough to get results with confidence probability of 0.95.

Findings. As a result of research experiments on properties of metal-polymeric friction couples of braking devices
in laboratory and operating conditions during triboelectric interaction the following laws of change were established:
values of potential difference of friction couples “grey cast iron — polymers” of drum-block and band-block brakes
with regard to surface temperatures linings and specific loadings; dynamic friction coefficient with regard to circulat-
ing heat and tribocurrents; braking torques created by individual friction units and total braking torques with regard
to changing of generated tribocurrents in contact of belayed structures “metal — polymer”.

Originality. Scientific research studies on metal-polymeric friction couples can extend the database of triboelectric pro-
cesses in braking devices. As a result of wear-friction properties research on metal-polymeric friction couples of braking
devices in laboratory and operating conditions at nano-, micro- and millilevels there were established patterns of change in
thermal stimulated bit currents and electric potentials in friction couple contact with regard to interaction time, surface
temperature and specific loads, dynamic friction coefficients and value of braking torque generated from trybocurrents.

Practical value. The results allow optimizing the management of wear-friction properties and thermal state of
brake unites.
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Introduction. The problem of friction elucidation of
mechanisms of interaction is still far from a final solution.
One of the reasons is the fact that in the process of fric-
tion due to electrical phenomena which occur in friction
contact of metal-polymeric triboconjugations, there are
substantial changes in the properties of the metal-poly-
meric surface layers, which significantly affects their tri-
bological properties. A significant number of scientists’
works has been dedicated to research on triboelectric
phenomena of metal-polymeric friction couples of brak-
ing devices, but many of them provide contradictory in-
formation and a number of triboelectric friction interac-
tion issues are left unattended. Specifically, mechanisms
of influence of triboelectric phenomena on wear-friction
properties of metal-polymeric friction couple of braking
devices have not been established yet. Establishing tribo-
electric interaction patterns of friction couples of brakes
is relevant from the point of view of implementation of
new methods for improving wear-friction properties of
metal-polymeric friction couples of braking device.
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Analysis of the recent research. At present time inves-
tigations of friction at the contact of two metals, metals
and semiconductors are conducted quite extensively.
For example, in [1] triboelectric processes are studied in
terms of high-speed friction, [2] studies triboelectric
processes optimization issues and in [3] triboelectric ef-
fects during drilling process is studied. Multifactor
mathematical models of mechanical high-speed drilling
were studied in [4] and in [5] numerical studies on hy-
drodynamic processes during drilling were performed.

Huge attention has been paid to studying triboelec-
tric processes in friction couples with oil layers in work
[6]. Dual electric fields which occur in contact with
presence of lubricants are investigated. Triboelectric
processes samples during friction of metals and com-
posites are studied in [7]. Values of circulating tribocur-
rents during friction with oils and without them for dif-
ferent composites were established. It has been found
that while using means for reducing tribocurrents, the
durability of composites has doubled on average.

In [8] triboelectric processes in friction couples from
homogenous steel in case of dry friction were described.
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There were analysed main causes of electrical currents
occurring during cutting and friction, effects of electri-
cal properties, geometric parameters and different cut-
ting methods on the value of electric currents.

Wear compensating methods for steel couples of steel
40X by using electric phenomena for displacement of
dispersed metal particles on the surface of friction con-
tact are considered in [9]. Effect of local electrical dis-
charges on ensuring the workableness of friction surfaces
according to tough conditions of drilling equipment was
investigated and optimization of technological parame-
ters of electric spark discharges was also performed.

Considerable attention is paid to electrochemical
process during friction by researchers. Thus, in [10] the
investigations on electrothermomechanical wear are ex-
plained regarding electrochemical position and rela-
tions between durability and value galvanic e.m.f of
metals are established. The paper reviewed the electro-
chemical processes that were in contact with liquids and
metals and established patterns of allocation and trans-
fer of ions and considered wear items of metal surfaces
regarding their grounded and isolated state from elec-
trochemical perspective. [11] solves the problem of find-
ing electrical conductivity of rough contact. Depen-
dences for determination of electrical resistance of the
actual contact area were proposed. Because of complex-
ity of determining the resistance of surface pellicles, es-
tablished laws are true mainly for precious metals.

Research on triboelectric processes in pairs “poly-
mer-polymer” and “metal-polymer” was performed
much less thoroughly. In [12] they studied the electrical
conductivity in metal-polymeric couples and found that
the conductivity of pure polymer is low. However, with
degradation, dissociation products and contamination,
conductivity of polymer increases dramatically. Many
works are also devoted to the mechanism of circulation of
electric current through the contact above a friction pair
due to the passage of electrons from the material with a
lower work function to the material with greater perfor-
mance and frictional contact. For example, in [13] the
emission of electrons from the surfaces of solids during
friction is studied. It was found that according to the work
function of electron liberation from the friction surfaces
it is possible to assess the condition and defects of the
surface and to determine the level of surface energy. The
interaction of triboelectric effect phenomena in polymer
destruction during friction was studied. It is well known
that during friction, destruction of polymer molecules
take place creating electron emission from the surface.

Electrical properties of polymers were studied very
carefully in [14]. It was found that the conductivity of
the polymer increases up to two orders at presence of
copper compounds while water sorption by polymer also
increased conductivity of polymers by several orders. It
was established that the conductivity of polymers in-
creases by orders if the melting point is exceeded. The
article contains an analytical description of circulating
currents and studies the electrical polymer conductivity
depending on changes in temperature and pressure.

Triboelectric phenomena in metal-polymeric friction
couples significantly affect mass transfer process and
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composition of the boundary layer, which determine the
direction and magnitude of tribocurrents. For example, in
[15] influence of electrification phenomena on mass
transfer processes in metal-polymeric friction couples is
shown. Formation of polymer pellicles on metal surfaces
and metal transferring on the surface of the polymer were
studied. However, there is not any explanation of the tribo
e.m.f., changes, there are only assumptions. In [16] there
were studied hydrogenation processes in metal-polymeric
friction couples of band-block brakes, direction of tribo-
currents circulation in friction process of metal-polymeric
friction couples and the work established increased wear
of friction surfaces and reduced braking performance. But
the experimental data in [ 14—17] does not always coincide
with the theoretical calculations.

Unsolved aspects of the problem. It should be noted
that analysis of the relevant sources indicate uncertainty
of mechanisms of triboelectrization of metal-polymeric
friction couples and contradictions of a significant num-
ber of well-known research results. It should be noted that
the state of the surface for polymer friction linings and
metal elements is characterized by different physical na-
ture and between triboelectric processes and wear friction
characteristics as metal-polymeric friction couples sur-
face at present there are quite ambiguous, complex and
contradictory relationships which significantly affect the
dynamic coefficients of friction and braking moments.

The aim and objectives of the study. The aim of this
work is to study the friction properties of surface layers
of metal-polymer friction couples which are in the pro-
cess of mechanical, thermal and electrical interaction in
the friction units of brake devices taking into account
the triboelectric phenomena.

To achieve the purpose, the following tasks were put:

- to explore the potential difference in friction couples
of brake devices based on mechanical and thermal gradi-
ents which occur in the surface layers of friction couples;

- to understand relations between the pulse currents
in the surface layers of the braking devices and tempera-
ture gradients in metal-polymer structures;

- to determine the effect on the dynamic coefficients
of friction and braking torque of electrical and thermal
currents on the surfaces of the friction of braking devic-
es, changing types of contact surfaces and areas of cur-
rent pulses in the transport process brake couples.

Research methodology for triboelectric processes in
metal-polymer friction couples. Considering the prob-
lems of research, a brake tester model with band-block
brake was designed and manufactured (Fig. 1). The
stand is designed to elucidate the characteristics of elec-
trical and thermal currents during electrothermome-
chanical friction. To investigate friction units of the
drum-block and disk-block brakes, diagnostic braking
stand KI-8964 was used. Stand model KI-8964 is de-
signed to determine the technical condition of vehicle
braking systems by measuring the brake force operation
over time and forces pressing on the brake pedal.

To fix these changes in potential difference of fric-
tion couples on a personal computer, the contact sur-
faces were connected to the laptop (Fig. 2) through the
analog-to-digital converter of PC oscilloscope USB Os-

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 3



GEOTECHNICAL AND MINING MECHANICAL ENGINEERING, MACHINE BUILDING

Fig. 1. General view of the improved friction units of
band-block brake:
1 — the main brake band; 2 — additional brake band; 3 —
brake couples; 4 — brake pulley; 5 — supports the brake
drum; 6 — unit of loading; 7 — electrodes

Fig. 2. Computer USB Oscilloscope

cilloscope II. The obtained value of contact potential
difference of friction pairs were recorded in real time,
written to a computer and processed using the computer
software oscilloscope USB Oscilloscope 11.

A sufficient number of tests of metal-polymeric fric-
tion couples of friction braking devices in stand condi-
tions allows judging objectively about wear-friction pro-
cesses depending on the electric current generated.

According to the above-stated, the following re-
quirements were applied to the brake testers:

- long braking performance to assess current, poten-
tial difference and surface temperature of metal-poly-
meric friction couples;

- simulation of real conditions of brake friction cou-
ples with the ability to change their tribological param-
eters of the surface layers.

The following parameters were subjected to registra-
tion:

- braking time and the number of braking actions;

- temperature and angular velocity of friction elements;

- tensions of covered and running brake band
branches;
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- tribocurrent forces circulating between friction
couples;

- potential difference between the friction couples.

Presentation of the main research on wear friction
properties of friction couples of braking devices. It is es-
tablished that the contact potential difference consists of
constant and pulsed (or variable) components. The con-
stant component depends mainly on the materials of
contacting surfaces and surface temperature, while the
pulse component mainly depends on fluctuations of
electrothermal resistance in contact and vibrations of
friction surface energy. The pulse component affects the
wear-friction properties of friction couples of friction
units more significantly than the value of the constant
component contact potential difference. Fig. 3 illus-
trates the dependence of the pulse potential difference of
friction pairs “grey iron GI 20 — 1-43-60A code” of
model brakes at 350 °C, recorded with a digital oscillo-
scope computer USB Oscilloscope.

Surface temperature of contacting bodies signifi-
cantly affects contact potential difference. If one of the
bodies is heated more, electronic or ionic thermo cur-
rents will go directed to the second one. The potential
difference also increases with an increasing contacting
body area. Charges of contacting bodies have different
signs but the same value. Fig. 4 illustrates the depen-
dence of the constant component of the contact poten-
tial difference of brake friction couples of assembly
AORS-80 from the overlap surface temperature at dif-
ferent specific activities. As shown in Fig. 4, for a friction
couple of grey cast iron GI 20 — 2141 polymer cipher
brakes have a situation where a metallic friction element
is charged positively according to friction units.

Increasing potential at the contact with increasing
friction unit temperature is explained by the heat increas-
es in the energy level of the electrons of the metal friction
element that leads to increasing potential difference at the
contact. It should be noted that in the range of 380—400 °C
there is significant growth of potential at the contact. It is
explained by beginning of conversion of phenol-formal-
dehyde resins in the liquid phase and decrease in the
electrical resistance in contact. At temperatures of
550—600 °C intensity of growth of potential reduces. This
is due to a decrease in the liquid phase in contact and at
temperatures of about 700 °C and above the liquid phase
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Fig. 3. Dependence of potential difference of friction cou-
ples “grey iron GI 20 — 1-43-60A code” of model of
drum-block brake at 350 °C
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Fig. 4. Dependence of electric potential of friction couples
“grey iron GI 20 — Polymer of cipher 2141” on sur-
face temperature of the friction units:
1 — at specific loads p = 0.5 MPa; 2 — at specific load p =
=0.7MPa

disappears (fades). It increases the electrical resistance in
the contact and reduces the emission of electrons.

It was established that circulating tribocurrents lead to
increase in surface temperatures in metal-polymeric fric-
tion couples, but use of tribocurrent suppression allows
reducing the temperature of friction surfaces. In indus-
trial environments there are studied patterns of tempera-
ture change for a pulley rim and friction linings regarding
the number of candles lowered in standard and improved
braking units of band-block brake of drilling hoist of unit
AORS-80 with reduction system of tribocurrents.

Fig. 5 illustrates the patterns of changes in surface
temperature of friction couples “Steel 35 XML — Reti-
nax FK-24A” at serial band-block brakes and band-
block brake system of tribocurrents reduction of the
number of cycles of braking m.

The values of generated currents for serial band-
block brakes are 60 nA, for band-block brake with re-
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Fig. 5. Patterns of change in surface temperature of brake
friction couples “Steel 35 XML — Retinax FK-24A4"
for standard band-block brakes and improved band-
block brake with tribocurrent reduction system de-
pending on the number of cycles of braking m and
generated currents:

1—-1=10nA;2—1=60nA
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duction tribocurrent system — 10 nA. Maximum surface
temperatures on the working surface of the brake rim
pulley of improved band-block brake of unit AORS-80
with the system of tribocurrent reduction are by 14.5 %
lower than in standard band-block brakes and those for
friction linings are by 14.3 % lower.

One of the main operating parameters of band-block
brakes includes tensions of running S and covered brake
band branches S,, whose difference determines the fric-
tion force (Fr =S, — Sg). Thus, one of the brake band
tensions is determined by the initial value and the second
parameter is calculated. Preferably, tension of covered
brake band branch §, is determined by Euler formula

S, = Speft. (1)

Thus, dynamic friction coefficient is determined by
such dependence
_ S c S R _ F T
fete k= )
Fig. 6 shows the patterns of change in dynamic fric-
tion coefficient of friction couples “Steel 34 L — Retinax
FK-24A” and “Steel 60G — Code 6KF-59” of braking
units of devices UPA-60 and A2-32 with regard to veloc-
ity of the slide and generated currents.
Total braking friction time developed by band-block
brake couples depends on the radius of the brake pulley
R, and is determined by the formula

j=I j=I
> M, :ZFTRP- (3)

Fig. 7 illustrates the patterns of changes in braking
torque generated by individual brake friction units # of
model band-block brakes with ten friction units situat-
ed along the length of the brake band couples “Steel 35
XML — Retinax FK-16L” with regard to potential dif-
ference.

It has been established that in the range of acceptable
temperature, the values of braking torques in suppress-
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Fig. 6. Laws of dynamic friction coefficient change in
friction couples “Steel 60g — code 6KF-59” (1) and
“Steel 34 L — Retinax FC-24A” (2) of brake devices
with regard to velocity and currents generated by the
depolarization device:

1—-1=70nA; I' = I=15nA; 2— [=60nA; 2’ — = 10nA
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Fig. 7. Patterns of braking torque changes generated by
individual brake friction units n of band-block brakes
with ten friction units situated along the length of the
brake band couples “Steel 35 XML — Retinax FK-
161" with a device lowering tribocurrents:

1, I' — at the surface temperatures of 150 ° C and potential

difference 20 and 5 mV; 2, 2' — at the surface temperatures
of 350 °C and potential difference 15 and 3 mV’

ing of tribocurrents points are on average by 5—10 %
more than in standard braking devices. The braking
torque generated by each individual polymer brake fric-
tion unit during their contact-pulse interaction with
metal worktop brake pulley is variable in nature due to
changes in its switching components (dynamic friction
coefficient, normal forces and friction forces).

One of the main operating parameters of friction
couples is the intensity of surface wear. Fig. 8 illustrates
the patterns of changes in linear wear of working sur-
faces of friction units of band-block brakes of metal-
polymeric friction couples “Steel 34 L — Retinax FK-
24A” of the unit APRS-50KAM for standard brake and
while using a tribocurrent suppression device.

Research studies on intensity wear of friction unit
surfaces were performed for standard brakes without us-
ing tribocurrent reduction and with using a suppression
device for tribocurrents at different values of current
electrification.

Investigations were done at three hundred cyclic
loadings for the tension of running band branch .S = 800
and §=400 N for ten friction units.

Linear wear of friction surfaces of friction units for
improved design of band-block brakes with tribocurrent
suppression system is on average by 20—30 % less than
surface wear of friction units for standard construction
of the brake.

Scientific research results of triboelectric processes in
metal-polymeric friction couples. As a result of research
on the wear friction properties of metal-polymeric fric-
tion couples of braking devices in laboratory and operat-
ing conditions during triboelectric interaction, the fol-
lowing changes were established:

- stimulated thermal currents generated on the sur-
faces of double layer structures depending on frictional
interaction time and temperature of surface friction
couples;
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Fig. 8. Patterns of line wear changing of friction unit sur-
faces of a model of band-block brakes for the tension
of running band branch S = 800 N and S =400 N:
1 — 1= 70nA (standard friction unit); 2 — 1= 50nA; 3 —
I1=25nA

- electric potential in contact of friction couples de-
pending on friction engagement time, surface tempera-
ture and specific loadings;

- surface temperatures above and below acceptable
temperatures for polymer material to cover potential dif-
ference and work surfaces of metal-polymeric friction
couples depending on pulse unit loads during electro-
thermomechanical friction;

- dynamic friction coefficients of brake pulleys and
friction units and brake moments of standard and im-
proved brakes with tribocurrent reduction device for
technological units;

- wear of surface friction units with regard to electri-
cal and thermal currents on the friction surfaces of brak-
ing devices of technological transport.

There was established influence of design features of
the rim of the pulley on tribocurrent circulation in it
and, as a result, the origin, on evolution and distribution
of a crack network in areas of maximum thermal stresses.

As a result of research experiments, it has been found
that during triboelectric interaction the intensity of fric-
tion torque changes at band-block brake and drum-block
brake of technological units depends on the pulse of un-
even distribution of normal forces accompanied by the
simultaneous formation of different types of contacts with
variable energy activity causing an instant switching of
pulse currents in circuits of metal-polymeric friction cou-
ples in case of abrupt pulse loading change of their items.

Practical recommendations. The investigations can be
used to improve the design and operational parameters of
braking devices of technological transport, design of brakes
for various purposes, assessment of operational parameters
of braking devices. It radically reduces terms of creation of
new designs and braking devices and it can select the most
effective technical solutions at the early design stage.
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Conclusions and prospects of development. As a result
of research on friction properties of metal-polymeric
friction couples of brake devices in laboratory and oper-
ating conditions during triboelectric interaction patterns
of change were established for: values of potential differ-
ence of friction couples “metal — polymers” of drum-
block brake friction units depending on the surface tem-
perature and specific loadings; circulating heat tribocur-
rents and dynamic friction coefficient; braking torque
generated by tribocurrents in contact of double layer
structures “metal — polymer”.

The obtained results allow optimizing the manage-
ment of wear friction properties and thermal state of
brake assemblies. Further studies can be related to more
detailed study of triboelectric effects on the wear friction
of surfaces of brake devices.
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Mera. BcTtaHOoBIeHHSI 3aKOHOMIpPHOCTEd 3MiHU
(bpUKILIITHUX BIaCTUBOCTEH TOBEPXHEBUX IIAPiB MeTa-
JIOTMOJIIMEPHUX Map TepTs, 1110 epedyBaloTh y Mmpolieci
MeXaHiYHOi, TEIJIOBOI Ta €JEKTPUUYHOI B3aEMOZil, y
(bpuKLiiiHMX By3Jax rajJbMiBHUX MPUCTPOIB 3 ypaxy-
BaHHSIM TPUOOETEKTPUIHUX SIBUIII.

Metomuka. ExcriepuMeHTabHI AOCTIIKEHHS TpU-
00eIeKTPUYHUX MPOLIECiB OYJIU MPOBENEHI Ha CIelialb-
HO CTBOPEHOMY JIADOPaTOPHOMY CTEHIi, III0 MOJIETIOBAB
CTPIYKOBO-KOJIOOKOBE TaJIbMO TEXHOJOTIYHOTO TpaH-
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CIOPTY Ta Ha CEepiliHOMY yHiBepCaJlbHOMY TraJbMiBHOMY
crenmi momeni KM-8964, 1m0 m03BOJISIB JOCITIIKYBaTH
METaJIoIOJIiMEPHI Iapu TepTsI bapabaHHO-KOJIOIKOBUX i
JIMCKOBUX rajibM. BuMiproBaHHSI TpHUOOCTpyMiB 3mili-
CHIOBAJIOCh 3a JOIOMOrol HaHoammepmerpa @-195, a
Pi3HMLS TTOTEHIIialiB — 3a JOMOMOIOI0 aHaJIOro-LUug-
posoro niepetBoproBaua USB Oscilloscope 11. KinbkicTb
MPOBEICHUX eKCIePUMEHTIB Oysia JOCTaTHS ISl OTPU-
MaHHS pe3yJbTarTiB i3 JoBipyoIo IiMOBipHicTIO 0,95.

Pe3syabraTu. Y pesynbTaTi IpoBeIeHUX TOCTiIKEHb
(bpuKLiIiHUX BIACTUBOCTEN METAIOMOJIMEPHUX TMap
TEepTS TaJbMiBHUX MNPUCTPOIB y J1aOOpaTOPHUX i eKc-
TIyaTaliiHUX YMOBAX ITiJl yac TpruOOeJIeKTPUUHOI B3a-
€MOJii BCTAaHOBJIEHI 3aKOHOMIPHOCTI 3MiHU: BETUUMHU
KOHTaKTHOI pi3HULIi MOTEH1IialiB rap TepTsl ,,Cipuii ya-
BYH — MoJiiMmepu“ 6apabaHHO-KOJOAKOBUX i CTPiuKO-
BO-KOJIOAKOBMX TajibM Bill TTOBEpPXHEBOI TeMIIEpaTypu
HaKJIaJOK i MUTOMUX HaBaHTaXeHb; IMHAMIYHOT'O KOe-
(iieHTa TepTd Big BeAUYMHU LUPKYIIOIOUUX TEII0-
BUX i TPUOOCTPYMiB; BEJIMUMHU FAIbMiBHUX MOMEHTIB,
1110 CTBOPIOIOTHCS OKPEMUMU (DPUKLIHHUMU HaKIIAI -
KaMM Ta CyMapHMX TajbMiBHMX MOMEHTIB Bill 3MiHU
TeHEepOBAaHUX TPUOOCTPYMIB Y KOHTAKTi ABOIIAPOBUX
CTPYKTYD ,,ME€TaJ1 — MoJliMep*.

HaykoBa HoBu3Ha. [1poBeeHi nocaimkKeHHs Tprubo-
eJCKTPUYHUX SBUII Y METAJIOMOIIMEPHUX ITapax TepTs
JIO3BOJIAIOTh PO3IIMPUTU 0a3y JaHMUX 11040 Tpuboe-
JIEKTPUYHUX MIPOLIECIB Y TAJIbMiBHUX TIPUCTPOSIX. Y pe-
3yJIbTaTi MPOBENEHUX AOCTIIKEHb 3HOCOMPUKILIIHHUX
BJIACTMBOCTEI METaJIOMOJIiMEPHUX Map TePTsSI Ha HAHO-,
MiKpo- ¥ MiJipiBHSIX BCTaHOBJIEHi 3aKOHOMipHOCTI
3MiHU TEPMOCTUMYJIbOBAHUX PO3PSIAHUX CTPYMIB i
€JeKTPUYHUX TOTEHIialiB Y KOHTaKTi (bpUKILIAHUX
nap Bi yacy GpUKIiiHOT B3a€MO/Iii, TOBEPXHEBOI TEM-
repaTypy HaKJIAmoK i MUTOMUX HaBaHTaXKeHb, TUHA-
MIiYHMX KOe(MilliEHTIB TEPTs i TajJbMiBHUX MOMEHTIB
Bi BeJIMYMH reHEPOBAaHUX TPUOOCTPYMIiB.

IIpakTuna 3HaumMicTh. Omep>kaHi pe3yabTaTd I0-
3BOJISIIOTh OINTUMI3yBaTU KepyBaHHS 3HOCOMPUKILiii-
HUMM BJIACTUBOCTSIMM Ta TEIJIOBUM CTaHOM Tajib-
MiBHUX BY3JiB.

Kmouosi ciioBa: memanononimepni napu mepms, 6a-
PAabaHHO-K0A00K08e 2ANbMO, CMPIUK080-K0100K08e 2aNb-
Mo, mpubocucmema, mpuboeseKkmpu4Hi npoyecu

Bansinue TpuO03J1eKTpHYECKHX MPOIIECCOB HA
(ppUKIMOHHbIE XapPAKTEPUCTHKH TOPMO3HBIX
Y3JI0B TEXHOJIOTMYECKOTO TPAHCHOPTA
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Hem;. YcraHoBeHue 3aKOHOMEPHOCTEN WU3MEHE-
HUA QJpHKHI/IOHHHX CBOWCTB ITOBEPXHOCTHBIX CJTIOEB ME-
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TaJUTONIOJIMMEPHBIX T1ap TPEHUSI, KOTOPhIe HAXOISTCS B
MIPOIIECCE MEXaHMUECKOTO, TETUIOBOTO M 3JIEKTPUIECKO-
rO B3aUMOJEICTBUS, BO (DPUKIIMOHHBIX Y371aX TOPMO3-
HBIX YCTPOMICTB C YUETOM TPUOOECICKTPUUHBIX SIBJICHUIA.

MeTtoauka. DKCHepUMEHTAIbHbIC WCCICIOBAHUS
TpUOOETEKTPUUECKUX MPOLIECCOB OB MPOBEACHBI Ha
CIelMagbHO CO3AaHHOM JJaOOpaTOPHOM CTE€HIIE, MOJIe-
JINPOBABIIEM JICHTOUHO-KOJIOZOYHBIA TOPMO3 TEXHO-
JIOTMYECKOTO TPAHCIIOPTa M Ha CEPUITHOM YHUBEPCAITb-
HOM TopMo3HOM cTeHe moaenn KM-8964, mosposio-
IIEeM MCCIIeI0BAaTh METaUIOIIOJIMMEPHBIC TTaphl TPCHMUS
0apabaHHO-KOJIOMOYHBIX U TMCKOBBIX TOPMO30B. MN3-
MepeHNe TPUOOTOKOB OCYHIECTBISITIOCH C ITOMOIIBIO
HaHoamiiepmerpa @-195, a pa3sHOCTB MOTEHITNATIOB — C
TIOMOIIIBIO  aHAJIOTO-IIM(POBOTO  Mpeodpa3oBaTeIs
USB Oscilloscope II. KonnyecTBo NpoBeIeHHBIX 9KC-
TEPUMEHTOB ObLIO JOCTATOYHBIM IS TIOJTYYEeHUS pe-
3yJIbTaTOB C JOBEPUTEJIbHOI BeposSITHOCTHIO 0,95.

Pe3ynbTatel. B pesysibrate MpoBeAeHHBIX UCCIEN0-
BaHWI (DPUKIIMOHHBIX CBOMCTB METAJIIIOTIOJIMMEPHBIX
ITap TPEHMST TOPMO3HBIX YCTPOMCTB B J1Ja0OPATOPHBIX 1
SKCIUTyaTallMOHHBIX YCIIOBUSIX IIPU TPUOOSJICKTPUIEC-
CKOM B3aMMOJCHCTBUN YCTAaHOBJICHBI 3aKOHOMEPHO-
CTU W3MEHEHUsS: BEJIWYMHBI KOHTAKTHOM pa3sHOCTHU
IMOTEHIINAJIOB Tap TPEeHUS ,,CePBIil YYTYH — ITOJIUME-
pHI“ 6apabaHHO-KOJIOMOYHBIX M JCHTOIHO-KOJIOM0U-
HBIX TOPMO30B OT ITOBEPXHOCTHOI TeMIlepaTyphl Ha-
KJIaJIOK U YAEJIbHBIX HATPY30K; IMHAMUYECKOTO KO-
uimeHTa TpeHMS OT BEJIMUMHBI HUPKYIUPYIOIIUX Te-
IUIOBBIX U TPUOOTOKOB; BEJIUYMHBI TOPMO3HBIX MO-
MEHTOB, CO3/1aBacMbIX OTAEIbHBIMU (hPUKIIMOHHBIMU
HaKJIaZKaMHA ¥ CYMMapHBIX TOPMO3HBIX MOMEHTOB OT
U3MEHEHUSI TeHEePUPYEMBIX TPUOOTOKOB B KOHTAKTe
JIBYXCJIOMHBIX CTPYKTYP ,,METAJLI — TTOJIUMEp .

Hayunas noBu3Ha. [IpoBefcHHBIC WCCIICTOBAHUS
TPUOOBTICKTPUICCKUX SBICHUI B METaJJIOTIOIMMEP-
HBIX TTapax TPEHMS TTO3BOJISIIOT PACIIUPUTh 0a3y JaH-
HBIX 110 TPUOOJIEKTPUUSCKUM TIpOIleccaM B TOPMO3-
HBIX YCTPOMCTBAaX TEXHOJOTMYECKOTO TPaHCIOPTA.
B pesynbraTe nmpoBeaeHHBIX UCCIIeIOBaHUI U3HOCO(D-
PUKIIMOHHBIX CBOMCTB METa/UIOMOJUMEPHBIX Iap Tpe-
HUS Ha HAHO-, MUKPO- U MUJUTMYPOBHSIX YCTAHOBJICHbI
3aKOHOMEPHOCTU HW3MEHEHUS TePMOCTUMYIMPOBaH-
HBIX pa3psITHBIX TOKOB M 3JICKTPUYECKUX ITOTCHIINAIOB
B KOHTaKTe (DPUKIIMOHHBIX ITap OT BpeMEHH (PPUKIIH-
OHHOTO B3aMMOJIEICTBUS, TTOBEPXHOCTHOI TeMIiepa-
TYpBI HAKJIAMOK ¥ YACTbHBIX HATPY30K, TMTHAMIICCKIX
K03 (PUIIMEHTOB TPESHUSI U TOPMO3HBIX MOMEHTOB OT
BEJIMUMH TEHEPUPYEMBIX BO BpeMs (DPUKIIMOHHOTO
B3aNMOICUCTBUS TPUOOTOKOB.

IIpakTHyeckas 3HaUMMOCTh. [lonydyeHHbIEe pe3ynbTa-
ThI TTO3BOJISTIOT ONITUMM3UPOBATh YIIPaBJICHUE U3HOCOD -
PUKIIMOHHBIMU CBOWMCTBAMM U TETUIOBBIM COCTOSTHUEM
TOPMO3HBIX y3JIOB TEXHOJIOTMYECKOI0 TPaHCIIOpTa.

KiioueBble cioBa: memanionoaumepHole napvl mpe-
HUs, 6apadaHHO-KO0A000UHBLI MOPMO3, AEHMOUHO-KO0A0-
J0UHbLI MOPMO3, MPUOOCUCIEMbl, MPUOOINeKMPUYECKUE
npoyeccol
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