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Abstract

The article analyzes the features of hydrogen wear of friction pairs of a drawworks band-shoe
brake. The research is based on the components of structural steel 35SKhNL (35XHJI), from which the
brake pulley is made, and their interaction with atomic hydrogen. The general regularities of hydro-
gen wear as a specific type of surface destruction are considered. At the same time, the following was
established: the crystal lattice of the metal is the main calmer and exciter in the metal due to the une-
ven distribution of the components of the structure of the mismatch parameters, oxidation of the metal
at the grain boundary, distortion of the crystal lattice and other factors; an increase in the surface tem-
perature at the metal-polymer contact causes thermal degradation of polymers with the formation of
various kinds of hydrocarbons and other intermediate compounds, the dehydrogenation of which re-
leases hydrogen; the “oxygen-hydrogen” bond in the H20 molecule, according to Pauding, is 39%
ionic in nature, which allows, with an increase in water concentration, to shift the equilibrium towards
the formation of hydrogen ions; making through holes of different diameters in the pulley rim and in
the friction linings makes it possible to remove hydrogen from the friction zone of the brake friction
units.
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Xiilasa

Moagalods gazima bucurqadinin lentli-kiindsli aylocinin siirtiinma ciitliniin hidrogen yeyilmosinin xiisusiyyot-
lori tohlil olunub. Tadgiqatlarin asasim ayloc qasnaginin hazirlandigi 35XHJIT polad strukturunun komponentlori vo
onlarin hidrogen atomlari ilo qarsiliqh tosiri tutur. Sathi dagilmanin spesifik novii kimi hidrogen yeyilmasinin {imumi
ganunauygunluqglart nazordan kegirilib. Asagidakilar miiayyon edilmisdir: metalin kristal gafosi uygunsuzluq para-
metrlorinin struktur komponentlorinin geyri-borabar paylanmasi, donalorin sorhoddinds metalin oksidlogsmasi, kristal
gafasin tohrif edilmasi vo digar amillor sababindon metalda asas sakitlosdirici va qiciglandirict hesab olunur; metal-
polimer tomasda soth temperaturunun artmasi, termodestruksiya noticasinds hidrogenin ayrilmasi ilo miixtalif név
karbohidrogenlarin va digar ara birlosmolarin amala golmasi ilo polimerlarin istilik deqradasiyasina sabab olur; H20
molekulundaki "oksigen-hidrogen™ rabitosi, Paudingin giymotlondirmasina gors, 39% ion xarakterlidir ki, bu da
suyun konsentrasiyasinin artmasi ilo tarazhigi hidrogen ionlarinin amalo golmosi istiqamotinds doyismoys imkan
verir; qasnagin dondanasinds vo friksion kiindslords miixtalif diametrli desiklorin a¢ilmasi hidrogeni oylocin friksion
diiyiinlorinin siirtiinmo zonasindan ¢ixmasina sarait yaradir.
Acar sozlar: hidrogen yeyilmoasi, siirtiinmo ciitii, lentli-kiindali ayloc, hidrogenlosmo, metal friksion elementin

yeyilmoasi.
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AHHOTAIHUSA

B crarbe aHanu3upyroTcsi 0cOOCHHOCTH BOAOPOJHOTO M3HAIIMBAHUS Nap TPEHHUS JEHTOYHO-KOJIOIO0YHOTO TOP-
Mo3a OypoBoii ebenxu. B ocHOBY MccienoBaHni B3sTHI KOMIIOHEHTHI CTPYKTYpHO# ctanu 35XHJI, u3 koropoit u3-
TOTOBJICH TOPMO3HOM IIKWB, M UX B3aWMOJEHCTBHE C aTOMapHBIM BOAOPOJIOM. PaccMoTpeHs! 001ine 3aKOHOMEPHO-
CTH BOJIOPOJIHOTO M3HAIIMBAHUS KaK CIEIU(UIECKOro BHA HOBEPXHOCTHOTO pa3pylIeHHs. Y CTaHOBJIICHO CIIETyIO-
mee: KpUCTAJUTMYEcKas penieTka MeTalIa sIBJIETCSI OCHOBHBIM YCIIOKOWTENIEM M BO30yIUTENeM B METaJlle U3-3a He-
PaBHOMEPHOCTH pAaCHpeAeNieHHs KOMIIOHEHTOB CTPYKTYpHI IapaMeTPOB HECOOTBETCTBHUS, OKHCICHHE MeTaia Ha
TpaHHIE 3€PeH, HCKAKEHNE KPUCTAIUINIECKOH PeIIeTKH U APYTUX (haKTOPOB; MOBHIIICHUE IIOBEPXHOCTHOM TeMIepa-
Typel Ha METAJJIONOJIMMEPHOM KOHTAaKTE BBI3BIBAET TEPMOICCTPYKIIMIO TOIMMEPOB C 0Opa30OBaHUEM PAa3IMIHOTO
poJia YrIeBOJOPOJOB U APYTHX MPOMEKYTOUHBIX COSIMHEHHH, B PE3yNIbTaTe IETUAPUPOBAHNSI KOTOPHIX BBIACISICTCS
BOJIOPOJT; CBSI3b «KHUCJIOPOJ - BoJopoa» B Mosiekyine H,O, mo onenke [Tayaunra, umeer Ha 39% WOHHBIN XapakTep,
YTO TO3BOJISIET C YBEIMYCHUEM KOHIIEHTPALMH BOJbI CMEIIATh PABHOBECHE B CTOPOHY 00pa3oBaHUsl HOHOB BOJIOPO-
J1a; BBIMIOJIHEHNE CKBO3HBIX OTBEPCTUH Pa3IMYHBIX AUAMETPOB B 000/I¢ MIKUBA ¥ BO (PPUKLIMOHHBIX HAKJIAJKaX I103-
BOJISIET YAAJIATH BOAOPO] U3 30HBI TPEHUS PPUKLMOHHBIX Y3JI0B TOPMO3a.
KuroueBble cjioBa:  BOAOPOAHOE H3HALIUBAHUE, MApbl TPEHUS, JEHTOYHO-KOJOJOUYHBII TOPMO3, HABOAOPOKUBA-

HHE, U3HOC METAJUINYECKOr0 (PPUKIIMOHHOTO JIEMEHTA.
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Introduction

One of the intense types of hydrogen
wear of the rubbing surfaces of parts is ac-
companied by the destruction of a harder sur-
face layer of a steel or cast iron part and the
transfer of wear products to a softer mating
surface.

Most friction pairs of brake devices op-
erate in a water-containing medium, which,
when it gets on their heated surfaces, contrib-
utes to the generation of hydrogen. The inter-
action of the emitting hydrogen with the sur-
face layer of brake discs, drums and pulleys
causes their embrittlement materials and as a
result, intensive wear.

The study of hydrogen wear of metal
friction elements of brake devices is still at an
early stage, therefore, it is of scientific and
practical interest to determine the general pat-
terns of hydrogen wear, as well as the devel-
opment of scientific foundations for combat-
ing it.

Analysis of literary sources and the state of
the problem

The main types and mechanisms of wear
are considered [1]. From the standpoint of
modern ideas, the physicochemical properties
of the friction surfaces of parts, the conditions
for their contact interaction are described. The
types of friction, the main types of damage to
the working surfaces and the wear mecha-
nisms caused by them are analyzed. The re-
quirements for wear-resistant materials are
substantiated, and the main classes of wear re-
sistance of materials are described. However,
due attention was not paid to hydrogen wear.

The works [2, 3] consider the interaction
of hydrogen with metals and nonmetallic ele-
ments. The effect of hydrogen on various
types of metals and alloys and on the occur-

rence of specific defects in them is illustrated.
Information about hydrogen embrittlement
and the effect of hydrogen on the mechanical
characteristics in the "hydrogen - metal” pair
in the groups of D. Mendeleev's periodic sys-
tem has been expanded.

The work [4] is devoted to the wear of
subroughness of friction surfaces in a hydro-
gen-containing medium. In the latter, hydro-
gen is pumped into the subsurface layer of a
metal body and interacts with its crystal lat-
tice. It is noted that the driving force in the
processes of hydrogen wear are temperature,
pressure, deformation, structure and defects of
the crystal lattice.

In works [5-8], physical and mechanical
processes on the friction surface of hydrogen
wear of machine parts and equipment were
studied. The causes of hydrogen release, hy-
drogenation of rubbing surfaces and their de-
struction are established. A complex picture of
the behavior of hydrogen in surface layers
during friction under the influence of various
factors is shown, and the influence of “bio-
graphical” hydrogen on the wear of parts is
determined. The reasons for the transfer dur-
ing friction of a harder material to a softer ma-
terial are stated: steel to bronze, cast iron to
plastic. Practical recommendations are given
to suppress hydrogen wear and increase the
durability and failure-free operation of friction
units of machines and equipment. At the same
time, the following was not considered: the ef-
fect of external hydrogen on the surface layer
of a metal friction element and its entry into
the subsurface layer by injection; the phenom-
enon of adhesion and the types of contacts of
friction pairs during their frictional interaction,
as well as the combination of adsorption-
diffusion phenomena observed in the surface
and subsurface layers of friction pairs, were
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not taken into account. And the most im-
portant thing is that external and internal hy-
drogen and their role in tribological reactions
have not been isolated.

It was found in [2, 9] that under severe
friction conditions, the maximum surface-
volume temperature is formed at a certain
depth from the friction surface. This creates
conditions under which hydrogen, if it is ad-
sorbed on the surface of the part, diffuses deep
into the surface under the action of a tempera-
ture gradient, concentrates there, causes em-
brittlement of the surface layers and increases
wear. However, it was not indicated what
happens in the subsurface layer of a metallic
element with the structures of its crystal
lattices.

Considering the foregoing, we have
come to the conclusion that no work has stud-
ied the interaction of hydrogen with the struc-
tural components of steel.

The statement of the problem is re-
duced to the consideration of the following is-
sues: design and operation of the drawworks
band-shoe brake; hydrogen wear in brake fric-
tion pairs; the discussion of the results.

The purpose of the work is to establish
the regularities of the influence of the compo-
nents of the brake pulley structure on the hy-
drogen wear of its working surface.

The design and operation of the band-shoe
brake of a drawworks

The main requirement for friction units
of drawworks band-shoe brakes is its reliabil-
ity, which ensures safety and trouble-free op-
eration. The practice of drilling wells in the
zones - the core system of drawworks of the
close-range units (HR-500, HR-5000; Ural-

mash: 2500/1600 ESK-BM4; 3000 EUK;
3900/225 EK-6M; 5000/320 EKM-BM4 with
parallel echelons and etc.) and distant (types
of winches of the company "National”, "Oil-
well", "Continental-Emcoo","Mid-Continent",
Garden-Denver) with a diameter of the work-
ing surface of the pulley rim D, = 1070.0-
1680.0 mm and with a rim width b, = 213.0-
318.0 mm, made, for example, from steels
35L, 35KhNL, 35KhML, etc., have fine-shoe
brakes.

So, for example, studies have shown that
the intensity of destruction of pulleys made of
steel 35L increases sharply at a temperature of
-20°C and below, and that of steel 35KhNL at
-30°C and below. The manufacturer of the
considered brake pulleys guarantees their reli-
able operation at a temperature of -40°C.
However, Western Siberia (Russia) belongs to
a cold climate zone, where the equipment
must remain operational at a temperature of -
60°C.

Phenomena that occur during the de-
struction of the working surface of the pulley
rim under the action of generated electric and
thermal currents of a pulsed and long-term na-
ture, thermal energy accumulated in the layers
of the pulley rim, which contributes to the oc-
currence of high temperatures, and as a result,
temperature gradients, both surface and deep,
as well as permanent stresses on the pulley rim
with closed and open friction pairs of a band-
shoe brake. Therefore, the problem of taking
into account thermal stresses is not just a prob-
lem of thermal strength. In this case, it is nec-
essary to replace that the greatest influence on
the destruction of the working surface of the
pulley rim is exerted by electric and thermal
currents during electrothermomechanical fric-
tion of the metal-polymer friction pairs of the
brake. This circumstance should be taken into
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account when choosing materials for a real
friction unit.

The main part of the emerging stresses
iIs concentrated in the surface and subsurface
layers of the working surface of the brake pul-
ley rim, which affect its destruction [10,11].

Braking

a) .

According to the kinematic scheme
(see Fig. 1 a, b), the friction linings 3 are in-
stalled on the brake bands 2, which at one end
[from the side of its running branch (11)]-to the
crank journals 6 and 9 of the crankshaft 10.

Figure 1 a, b, ¢ - Schemes: kinematic drawworks (a); band-shoe brake (b) and its friction units (c)

Serial band-shoe brake drawworks work
as follows. By moving the handle 1, the crank-
shaft 10 is rotated, as a result of which the
driller tightens the brake bands 2 with friction
linings 3, and they sit on the brake pulleys 4.
The process of braking with a band-shoe brake
is characterized by the following stages: initial
(first), intermediate (second) and final (third).
Let's take a look at each stage separately.

At the initial stage of braking, the fric-
tion linings 3, located in the middle part of the
brake band 2, interact with the working sur-
face of the brake pulley 4. The front of inter-
action expands towards the friction linings 3
of the incoming branch (1) of the brake band 2.

The intermediate stage of braking is
characterized by the further propagation of the
interaction front towards the friction linings 3
of the running branch (1) of the brake band 2.

The final stage of braking is character-
ized by the fact that almost all fixed linings 3

of the brake band 2 interact with the working
surface of the rotating pulley 4. During brak-
ing, the sequence of surfaces coming into con-
tact is repeated. The full braking cycle is com-
pleted by stopping the brake pulleys 4 with the
drum 5. The drawworks brake is also con-
trolled by supplying compressed air through
the driller's valve 7 to the pneumatic cylinder
8, the rod of which is connected to one of the
crankshaft journals of the crankshaft 10 of the
brake. The pressure of compressed air in the
pneumatic cylinder 8 is regulated by turning
the tap 7 of the driller.

With uneven wear of the friction linings
3 mounted on the belts 2, the balancer 11 at
the moment of braking deviates somewhat
from the horizontal position and equalizes the
load on the running branch (11) of the brake
belts 2, while ensuring uniform and simulta-
neous circumference of the brake pulleys 4.
Thanks to ball joints the implementation of
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loads from the brake bands 2 to the balancer
11 does not change.

The weakest link in the brake assembly
is the friction linings. They are made in the
form of separate parts that can be fastened in
various ways (for example, using antennae) to
a relatively flexible steel tape. Friction linings
with constant and variable pitch are installed
along the arc of the brake band around the pul-
ley. When installing overlays with a constant
pitch on the tape, their number is always even
(12; 16; 18; 20; 22; 26). With a variable step,
this number can be odd.

The total number of friction linings on
the brake band depends on their geometric pa-
rameters, as well as on the angle of wrapping
of the working surface of the brake pulley by
the brake band in a given drawworks band-
shoe brake.

When choosing a design option for new
friction units of a band-shoe brake, it is neces-
sary to proceed from the given conditions and
the mode of its operation. In this case, the
braking process should be smooth, without
disruptions and jumps during the interaction of
friction pairs of friction units, and the contact
of mating surfaces should be elastic.

Hydrogen wear in brake friction pairs.
Electrothermomechanical friction, increasing
the energy of the crystal lattice of the metal,
leads to a decrease in the work function of
electrons and causes the occurrence of elec-
tron emission. Electrons emitted from the
metal lattice during friction with excess ener-
gy are hydrated upon collision with molecules,
which leads to dissipative ionization of water
molecules (Fig. 2).

In this case, the oxygen-hydrogen bond
in the H,O molecule, according to Pauding,
has 39% ionic character. In addition, it follows
from the water dissociation equation that with

an increase in water concentration, the equilib-
rium shifts towards the formation of hydrogen
ions. In this regard, air humidity has a strong
effect on the intensity of hydrogen wear of
metals.

This is of great importance for band-
shoe brakes operated outdoors and in condi-
tions of high humidity [12].

During friction of surfaces of metals of
different nature (Table 1), electrochemical
processes also occur at the contact points due
to the appearance of a potential difference suf-
ficient for electrolysis to proceed in an aque-
ous solution of an electrolyte containing impu-
rities or dissolved gases (CO,, SO, SOg, etc.).
When metal surfaces come into contact with
atmospheric moisture, ordinary electrochemi-
cal corrosion occurs [13]:

(cathode) 2H,0 + 2e — H, + 20H..
(anode) 2H,0 - 4e — O, + 4H".

In friction pairs of brakes, various poly-
mer composite materials are used, for which it
increases in modern mechanical engineering
[14]. An increase in temperature on the metal-
polymer tribocontact initiates the thermal deg-
radation of polymers with the formation of
low molecular weight saturated and unsaturat-
ed hydrocarbons and other intermediate com-
pounds, the dehydrogenation of which releases
hydrogen.

In the surface layer of a solid body, dur-
ing friction, as a result of mechanical action,
the chemical bonds of the crystal lattice break,
microdestructions occur, and the continuity of
the material is disturbed. Forming fresh frac-
ture surfaces of a solid material, they have
free, uncompensated chemical bonds with ac-
tive centers, are nonequilibrium, and differ
greatly in their properties from a conventional
surfa.
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The metals of transition groups (Cr, Ni,
Mn, etc.) contained in structural steel are ca-
pable of catalyzing the processes of dissocia-
tion of water molecules.

Thus, on the friction surface in the con-
tact zone of friction pairs, various physico-

Formation of microfractures on the friction
surface of a metal friction element with the
appearance of active centers

chemical processes can occur, leading to the
formation of hydrogen.

The mechanism of hydrogen wear of
friction pairs is characterized by a number of
successive processes occurring in the friction
zone of the contacting surfaces (Fig. 3).

Intensive release of hydrogen as a result of
physical and chemical processes in the sur-
face layers of the friction lining

Diffusion of hydrogen atoms into the surface
layers and deep into the material of a metallic

A 4

A 4

Hydrogen adsorption on active friction sur-
faces of a metal friction element

A

element

A 4

Accumulation of hydrogen in the surface lay-
er and in spatial defects of the crystal lattice

Destruction of the surface layer of the ele-
ment as a result of intense tribohydrogenation

Figure 3 — The main stages of hydrogen wear of the drawworks pulley rim

The liberated hydrogen is adsorbed on
the friction surfaces, for example, as a result
of desorption of the lubricant due to an in-
crease in temperature in the friction zone. In
the process of friction, hydrogen atoms gradu-
ally occupy the places freed from lubricant
molecules on the surface, since the hydrogen
desorption temperature is much higher than
the lubricant desorption temperature. Hydro-
gen atoms, due to their small size, have high
mobility and high penetrating power. The non-
equilibrium processes, temperature and stress
gradients that arise during deformation of the
surface layer of the material contribute to the

diffusion of hydrogen into the surface layers
and into the volume of the material of the el-
ements of the friction pair.

The lightest element of this group - car-
bon - does not have the properties of a metal,
so a detailed consideration of its interaction
with hydrogen is beyond the scope of this arti-
cle. However, it is advisable to provide some
basic data on the C-H system for comparison
with the Si-H, Cr-Ni, Ni-H, Cu-H systems. In
addition, consideration of the C - H system
should also be stopped because carbon and
hydrogen are usually present together in iron-
based alloys. It is possible that the behavior of
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carbon and hydrogen in iron alloys are mutu-
ally determined processes.

At elevated temperatures, hydrogen
combines directly with carbon and forms
chemical compounds - hydrocarbons. At 500 -
1000 °C, the primary product of the reaction

is, apparently, methane, which is a volatile,
gaseous hydride under normal conditions. The
methane molecule consists of a central carbon
atom and four hydrogen atoms located at the
vertices of a regular tetrahedron.

Table 1 — The chemical composition of the components of the structure of steel 35 KhNL and their inter-

action with hydrogen

Chemical element and its

percentage

Interaction with hydrogen

Iron (Fe) (96,6 — 97,8)*

Hydrogen - iron systems, in which the last element can have three (a-
Fe, y-Fe, 5-Fe) modifications of the structure with different types of lat-
tice. Iron adsorbs hydrogen, and in any state the process of hydrogen
occlusion by iron has an atomic character. Hydrogen diffuses through
the crystal lattice of iron as a proton.

Silicon (Si) (0,20 — 0,42)

There are no data on the adsorption and occlusion ability of metallic
silicon in relation to hydrogen and other gaseous elements.

Copper (Cu) no more (0,30)

When copper enters the microprotrusions of the rim at a flash point of
1084 °C, copper passes into a liquid state, which leads to a sharp drop
in its thermal conductivity. It has been established that the thermal
conductivity of liquid copper is two times lower than that of solid met-
al. There is an intense occlusion between liquid copper and hydrogen.

Manganese (Mn) (0,40 —0,90)

At temperatures from 20 °C to 500 °C, the solubility of hydrogen in
manganese decreases; above 500 °C, occlusion becomes endothermic
and increases with increasing temperature.

Nickel (Ni) (0,70-0,90)

The adsorption and diffusion of hydrogen in nickel has been studied in
detail. It seems likely that the hydrogen containing nickel with a high
H/Ni ratio is a metallic bond type composition.

Phosphorus no

(0,047)

(P),

more

Phosphorus gives chemical compounds with hydrogen corresponding
to the formulas PH; (phosphine) and P,H, (diphosphine). The existence
of higher phosphorus hydrides has not been revealed.

Chromium (Cr) (0,50 —0,80)

Prone to adsorption and desorption at various temperatures. Two new
phases are observed in the chromium-hydrogen system. The maximum
hydrogen concentration is determined by the H/Cr ratio.

Sulfur (S) no more (0,04)

At 310°C, the reaction of direct interaction of sulfur and hydrogen pro-
ceeds towards the formation of H,S. At 400 °C, hydrogen sulfide is al-
ready decomposing: its formation at this temperature is possible only
when sulfur and hydrogen vapor interact. At 600 - 650 °C, the content
of hydrogen sulfide in the gas mixture is only 7% (vol.)

* Note: With increasing pressure and temperature, the diffusion rate of hydrogen in iron increases. The interaction
of carbon and hydrogen is discussed below.
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Data on the change in the concentration of methane in the gas mixture depending on the

temperature below (table 2).

Table 2 — The change in the concentration of methane in the gas mixture depending on the temperature

Temperature, °C 475 500 550 600 625
The content of CH, in 69,86 62,53 46,89 31,68 24,75
the gas mixture, %

Starting from 475°C, the amount of me-
thane in equilibrium with carbon decreases
with increasing temperature, i.e., the rate of
the reverse process, methane dissociation, ex-
ceeds the rate of the direct reaction of ele-
mental interaction.

At high temperatures, for example, at
the temperature of an electric arc, the primary
product of the interaction of hydrogen and
carbon is acetylene. Methane and lower hy-
drocarbons are much more thermally stable
than similar hydrides of the following ele-
ments of this group - silicon and germanium.

The uneven distribution of hydrogen in
the metal largely depends on the imperfection
of the crystal structure, for example, in the
cracks that have arisen, hydrogen atoms upon
collision form molecular hydrogen, the diame-
ter of which is much larger than the size of
atomic hydrogen. The reaction of formation of
atomic hydrogen is accompanied by the re-
lease of a significant amount of heat, which
also stimulates other chemical cracks (for ex-
ample, hydrogen enters into chemical reac-
tions with metal impurities, forming hydrides).
As a result of these processes, significant ten-
sile stresses arise, increased internal pressure
in defects destroys the metal along all devel-
oped and connected cracks. Numerous cracks,
merging, can instantly turn the surface layer of
metal into powder.

The degree of hydrogenation of surfaces
during friction changes under the influence of

environmental factors. The influence of hy-
drogen, as an accelerator of wear and destruc-
tion of metal friction elements of brakes, is
observed during the operation of various types
of friction units during thermal construction of
the working surface of the polymer lining, in
contact with water, as well as in hydrocarbon
media, with changes in humidity and tempera-
ture of the environment.

The process of hydrogen wear is intensi-
fied in humid and cold climates. One of the
reasons for the rapid wear of metal friction el-
ements of road construction equipment, han-
dling equipment, as well as vehicles operated
for a long time in a cold climate. Due to a sig-
nificant temperature difference, hydrogen at
low temperatures does not dissolve in the sur-
face layers of the metal friction element, it
concentrates between the friction zone and the
surface of the polymer lining. It has been es-
tablished that the wear rate under low temper-
atures exceeds by several times the values
recorded with positive thermocouples.

The study of the mechanism of hydro-
gen wear of metal friction elements of draw-
works band-shoe brakes made it possible to
dwell on the main methods of protection
against tribonation of hydrogen. The process
of hydrogen generation can be slowed down
by coating the active areas of the surface with
a layer of neutral molecules. An effective way
to protect against hydrogen wear is to intro-
duce copper oxide into the composition of
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composite materials [15], which, as a result of
its interaction with hydrogen, leads to the for-
mation of a copper film, which is a barrier to
the penetration of hydrogen. Hydrogen re-
moval accelerators from friction zones are the
implementation of through holes of various
diameters in the pulley rim and in friction lin-
ings. In addition, they intensify the number of
longitudinal and transverse changes of air sur-
rounding friction pairs. This leads to a de-
crease in the surface-volume temperature in
the zone of contact of the friction surfaces,
and as a result, to a decrease in their hydrogen
wear.

The discussion of the results

Based on the study of the components of
the Drawworks band-shore brake, and their in-
teraction with atomic hydrogen, it was possi-
ble to establish the following:

- the main supplier and recipient of
atomic hydrogen is the surface and near-
surface layer of the metal friction element;

- the crystal lattice of the metal is the
main damper and exciter in the metal due to
the uneven distribution of the components of
the structure of the mismatch parameters, the
oxidation of the metal at the grain boundary,
the distortion of the crystal lattice and other
factors;

- an increase in the surface temperature
on the metal-polymer tribocontact causes
thermal degradation of polymers with the for-
mation of various kinds of carbons and other
intermediate compounds, as a result of which
hydrogen is released as a result of dehydro-
genation;

- the oxygen-hydrogen bond in the H20
molecule, according to Pauding, is 39% ionic
in nature, which makes it possible to shift the
equilibrium towards the formation of hydro-
gen ions with an increase in water concentra-
tion;

- making through holes of different di-
ameters in the pulley rim and friction linings
allows you to remove hydrogen from the fric-
tion zone of the brake friction units.

Conclusion

In connection with the increasing me-
chanical and thermal load in friction units of
braking devices in mechanical engineering,
protection against hydrogen wear of their el-
ements is of particular importance in solving a
complex problem - increasing the durability
and efficiency of machines.
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