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Abstract

In this article, theoretical and experimental studies of methods for protecting the working
surfaces of vehicle disc-shoe brakes from moisture have been carried out. The results showed that
the method for applying a coating to the disc’s friction belts should be compatible with its base
material, and their linear thermal expansion rates should be approximately identical to prevent
coating failure; a system for removing moisture from the friction belts, based on the effect of elec-
troosmosis, was proposed, allowing moisture to move into the cooler; to limit the replenishment of
water entering through the microprotrusion channels from the matte surfaces of the rotating disc,
an annular recess for water collection should be provided at the boundary between matte and pol-
ished surfaces; and an additional recommendation for testing wet friction pairs of vehicle disc-shoe

brakes should be incorporated into Regulation Nel3 of the UN Economic Commission for Europe
(UNECE).
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Diskli aylaclarin isci sathlorinin riitubatdon qorunmasi tisullarinin analizi

A.M. Semeniy
Xarkov Milli Avtomobil va Yol Universiteti (Xarkov, Ukrayna)
Xiilasa

Mogalodo noaqliyyat vasitolorinin diskli—kiindali oyloclorinin is¢i sothlorinin riitubotdon
qgorunmasi isullarmin nozari vo eksperimental todqiqinin naticalori toqdim edilib. Asagidaki
naticalor aldo edilib: diskin siirtlinma zolaglarina ortiiylin totbiqi tisulu elo se¢ilmolidir ki, o, osas
materialla uygun olsun vo onlarin xatti istilik genislonma siiratlori ortilylin dagilmasinin qarsisini
almaq moagsadila kvazi-eynilik saviyyada olsun; elektroosmos effekti asasinda isloyan, riitubatin
tosiri altinda soyuducuya yonlondirilmosini tomin edon diskli—kiindali aylacin siirtiinmo
zolaglarindan nomin uzaqlasdirilmasi tigiin sistem toklif edilib; firlanan diskin tutqun sothlarindon
mikroc¢ixintt kanallar vasitasils daxil olan suyun yenidon dolmasint mshdudlasdirmagq tigiin tutqun
va parlaqg sathlorin sarhadinds suyun toplanmasi magsadilo halqavari oyuq nozards tutulmalidir;
BMT-nin Avropa iizro Iqtisadi Komissiyastmin (UNECE) 13 sayli Qaydasina nagliyyat
vasitolarinin diskli—kiindali ayloclorinin yas siirtiinma ciitlorinin sinaqlari ilo bagli alavs tovsiyonin
daxil edilmasi mogsadsuygundur.

Acar sozlor: diskli—kiindali oyloc, siirtiinmoa ciitii, diskin siirtinmo zolagi, sathlorin
gorunmasi iisullari, riitubatin uzaqlasdirilmasi, elektroosmotik effekt.

AHAJIN3 METO0B 3a1IUTHI PA00YNX MOBEPXHOCTEN AUCKOBBIX TOPMO30B OT BJIATH
AM. Cemenuit

Xapvko6ckuili HayUOHAIbHBLU ABMOMOOUILHO-00POIHCHBIU YHUGepcumem (Xapvkos, Ykpauna)
AHHOTAUA

B crarbe npencraBieHbl pe3ynbTaThl TEOPETUUECKOTO U SKCIIEPUMEHTAIBHOIO UCCIEI0Ba-
HUS METOJIOB 3alllUThl pa0OYMX MOBEPXHOCTEW IHMCKOBO-TAYYKOBBIX TOPMO30B TPaHCIOPTHBIX
cpenctB oT Biaru. [lomydeHsl ciaenyromiye pe3yabTaThl: BRIOOp METO/Ia HAHECEHUS MOKPHITUS Ha
nosica TPEHUs TUCKa MPOU3BOAUTCS TAKUM 00pa30M, YTOOBI OH OBLIT COBMECTHM C €TI0 OCHOBHBIM
MaTepuajioM, a UX CKOPOCTh JIMHEWHOTO TEIJIOBOTO PACHIMpEeHHs Oblla KBA3HOJIWHAKOBOM ISt
MPEAOTBPAIEHUS Pa3pyIICHUs TIOKPBITHUS; MPEAJIOKEHA CUCTeMa JIJIsl yAAJICHUsI BJIard ¢ MOSICOB
TPEHUs TMCKOBO-KOJOJOYHOTO TOpMoO3a paboraromas Ha 3Q¢eKTe dIeKTpoocMoca, Koraa Mo
JIEHCTBUEM €T0 CHJI Bjlara nmepeMeniaeTcs B OXJIaAUTeNb; JJIsi OTPAaHUYCHHS TTOAMUTKU BOJOM, 1O-
CTyMarouiei 1o KaHajiaM MUKPOBBICTYIIOB U3 MAaTOBBIX IOBEPXHOCTEH BpalllatoIero JUCKa, Ha rpa-
HUIE MEX]Iy MAaTOBOI U MOJMPOBAHHBIMH MTOBEPXHOCTSIMU HEOOXOAMMO MPEyCMOTPETh KOJbIIe-
BYIO BBIEMKY JJisl cOOpa BOJIbI, He0OXoauMo BBecTH B mpaBmiio Nel3 EBpomeiickoii JkoHOMMYE-
ckoit Komuccun mpu OOH nononHUTENBHYIO peKOMEHAAINIO 00 UCIIBITAHUSX MOKPBIX MTap TPEHUS
JIMCKOBO-KOJIOJIOYHBIX TOPMO30B TPAHCIIOPTHBIX CPECTB.

KiroueBble ci10Ba:  HCKOBO-KOJIOMOYHBIN TOPMO3, TTapa TPEHHUSI, TOSIC TPEHUS TUCKA, METOJIBI
3alUThl TOBEPXHOCTEH, y/IaJeHHEe BIaru, 3eKTPOOCMOTHYECKUN IPPEKT.
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Introduction

Until now, the field of carbon brake discs
has used one or another type of reinforcement,
invariably carbon fibers in one form or another,
such as fabric, chopped fiber, woven materials,
etc. The main purpose of such fibers is to impart
high mechanical properties to the discs, such as
strength and stiffness, so that they can with-
stand the dynamic loads that occur during brak-
ing under prevailing operating conditions. Such
applications are typically, but not exclusively,
the automotive and aerospace industries, for ex-
ample, for use in the braking systems of high-
performance cars, sports cars, etc. The manu-
facture of laminated brake discs containing lay-
ers of carbon fabric or fibers is commonly re-
ferred to in the art as a carbon/carbon (C/C)
composite. (The term "carbon™ is used in a gen-
eral sense and can mean both amorphous car-
bon and crystalline graphite.) In addition, brake
discs are manufactured using a bulk carbon
layer, such as bulk graphite, to reduce the man-
ufacturing time and cost of the C/C composite
laminate. Certainly, brake discs also use com-
binations of C/C composite materials and three-
dimensional graphite layers. Furthermore, discs
are made from carbon blanks impregnated with
materials other than carbon, such as silicon.
Such discs are sometimes called "carbon-ce-
ramic." During operation, the brake friction sur-
faces can heat up to temperatures exceeding
1000°C, which impacts their performance.
Such high temperatures lead to oxidation of the
disc friction zone (the oxidation threshold of
carbon is approximately 1010°C) and, conse-
quently, increased wear of the brake friction
surfaces.

Surface wetting is highly dependent on
contamination. In disc brakes, when the friction
pairs are wetted with water, hydrophilicity can

be artificially increased by increasing the spe-
cific load, surface temperature, and filtration
rate. As the specific load increases, the surface
tension of the water layer increases due to water
leakage into the matte disc surface, reducing the
selective wetting angle.

During electrothermomechanical fric-
tional interaction, the friction zone of the disc
heats up, and wetting its surface is accompanied
by the release of heat. The greater the total heat
of the water, the more hydrophilic the friction
surface with its microprotrusions.

Literature review and current state of the art

Numerous studies [1-7] have shown that
wettability depends significantly on the viscos-
ity of the coolant, as well as on the thermody-
namic properties of the surface (heat-conduct-
ing or heat-insulated) on which it falls. These
factors influence the intensity of heat exchange
processes associated with the wettability of sur-
faces made of various materials. A series of ex-
periments were conducted during the study. In
the first experiment, the intensities of heat
transfer during boiling water on a surface cov-
ered with a lavsan mesh and on a lavsan mesh
were compared. The lavsan mesh covering the
surface was impregnated with paraffin (wetting
angle 6 = 105°), and a layer of silver (6 = 63°)
was sprayed onto the lavsan mesh itself. In the
second experiment, experimental data were
compared on coatings made of perforated fluor-
oplastic film with a hole diameter of 0.45 mm,
0 = 112°, and the same film subjected to a spe-
cial chemical treatment with a sodium-naphtha-
lene complex to impart good wettability (6 <
90°). The results of heat transfer measurements,
presented in a-q coordinates, showed that
within the measurement error in all experiments
the points at g = idem are reproduced. Accord-
ing to the author [2], the wetting angle has very
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little effect on heat transfer during water boiling
on surfaces with perforated coatings. A hypoth-
esis has been proposed to explain the experi-
mental results. All the polymer coatings studied
have low thermal conductivity, i.e., they are
heat insulators.

Due to this property, there is a redistribu-
tion of specific heat fluxes over the heating sur-
face and their concentration in those places
where there are holes in the coating. The heat
flux density in each hole of the perforated film
is higher than the average calculated over the
entire surface.

Due to the concentration of heat flux in
the area of the holes, stable nucleate boiling at
reduced pressures begins at significantly lower
thermal loads averaged over the surface than in
the absence of a perforated film. According to
the author [2], the measurements he performed,
as well as other literary sources, confirm the
above assumption.

The thickness of the oil film in plain bear-
ings was studied using the random variables
method, without accounting for heat exchange
with the environment [1]. The criterial equa-
tions for determining the oil film thickness were
obtained on the basis of the initial equations for
the contact-hydraulic wetting system "shaft -
plain bearing" taking into account the boundary

conditions and uniqueness conditions, as well
as generalized characteristics in the form of
similarity criteria according to the second simi-
larity theorem.

However, this method is not suitable for
calculating the thickness of the water film lo-
cated on the friction belt of a rotating vertical
disk for the following reasons. The dynamic
viscosity of oil is approximately 8-10 times
greater than that of water; the mating surfaces
do not roll, but slide relative to each other; the
contact of the rubbing surfaces is not a point or
linear contact; the Bi criterion was not taken
into account in the calculations [1], characteriz-
ing the intensity of heat transfer through the
thickness of the disk.

In [2], an equation was obtained for cal-
culating the work of forming a bubble of vol-
ume V with a total surface area A during the
boiling of a liquid on a solid surface, part a of
which is free:

L=—ApV +o(A—-a)+c'a—oa, (1)
where p - pressure in the bubble o ;o' & -
surface tension between liquid and vapor; liquid
and solid surface; vapor and solid surface.

When the surface is wetted at point B ca-
pillary stress occurs (Fig. 1):
o’ =0’ +0oc0s0. (2)

DR

Figure 1 — Surface tension forces at the phase boundary and contact angle 6 on wetted (1) and
non-wetted (2) surfaces
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Therefore, the work of bubble formation
depends on the area ratio a/ A4and the contact
angle. It should be noted that as the angle
changes wettability the value of the ratio
changes a/ 4.

Then

L=—ApV + mﬁ{l— % (1- cose} 3)

In [8], the friction belt of a disc-shoe
brake is coated with a nickel layer containing
dispersed ceramic particles, at least 2.0 pum
thick, which increases its corrosion resistance
and minimizes fluctuations in the braking
torque of the friction pairs during braking. The
nickel coating is formed on the surface of the
disc friction belt using a composite deposition
method, in which nickel and ceramic particles
are simultaneously electrodeposited onto the
surface of the disc friction belts. There was no
coordination between the coating applied and
the material contained within the disc.

In [9], the friction belt of a disc-shoe
brake is considered, in which the disc is made
of a carbon composite with a protective outer
layer on the friction surface. The protective
outer layer is preferably made of ceramic and is
selected to provide a controlled dynamic fric-
tion coefficient and high wear resistance, corre-
sponding to the prevailing vehicle operating
conditions.

This development enables the use of a
wide range of carbon substrates in brakes,
which optimizes the cost and improves the effi-
ciency of brake friction pairs. The applied pro-
tective material in the friction pair will have a
low dynamic coefficient of friction in the tem-
perature range of 100-220°C.

The purpose of the work is to protect the
surfaces of the friction belts of disc brakes from

moisture and its effective removal into the at-
mosphere.

A system for removing moisture from
the friction zone of disc brakes. The goal of
this development is to increase service life and
operational reliability by forcibly removing
moisture from the surfaces of the disc brake
disc friction zone and the friction linings of the
disc brake pads.

Fig. 2 shows a cross-section of a disc-
shoe brake. It comprises a housing 1 with end
surfaces 2 for friction and heat generation, a
finned cooler 3 having a developed heat ex-
change surface located on the periphery of the
housing 1 and dissipating the generated heat
into the atmosphere, inserts 4 made of insulat-
ing capillary-porous material in the form of
rings 4 separating the cooler 3 of the brake disc
from the friction surface 2, a DC voltage source
with negative 5 and positive 6 poles, and brake
shoes 7 attached by means of brake hangers 8
to fixed supports 9. Insulating inserts 10 made
of capillary-porous material are mounted in the
middle part of the brake hangers 8 . Fixed sup-
ports 9 have a ribbed moisture collector 11. The
cooler 3 and fixed supports 9 are connected to
the negative pole 5, and the positive pole 6 is
connected to surfaces 2 friction and brake pads
7. Brake pads 7, brake hangers 8 and fixed sup-
ports 9 are covered on top with a layer of capil-
lary-porous material.

The disc brake operates as follows. When
braking, the pads 7 are pressed against the fric-
tion surfaces 2, generating heat. The generated
heat is dissipated into the atmosphere using a
finned cooler 3. During rain or in damp, wet
weather, the brake pads are switched on current
source, the voltage from which is supplied from
the negative pole 5 to the cooler 3 and the fixed
support 9, and from the positive pole 6 to the
pads 7 and the friction surface 9 2. In this case,
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the process of electroosmosis takes place and,
under the action of electroosmotic forces, mois-
ture from the friction surface 2 moves into the

cooler, and from the brake pads 7 to the fixed
support 9 on the moisture collector 11, where it
is collected and dissipated into the atmosphere.

AN

|
| N

Figure 2 — Disc-shoe brake with a system for removing moisture from the end surfaces: 1 - brake disc
housing; 2 - disc friction surface; 3 - cooler; 4 - rings; 5, 6 - negative and positive poles of the electrical
circuit; 7 - brake pads; 8 - suspension; 9 - fixed supports; 10 - inserts; 11 - moisture collector

Let's move directly to materials for pro-
tecting the surface of brake discs from moisture.
Materials for protecting disc surfaces
from moisture. Analysis of materials with a ce-
ramic or silicon carbide matrix revealed the fol-
lowing. The introduction of abrasive additives

in the form of powders and fibers into the fric-
tion lining composition is used for both metal-
ceramic and composite materials with polymer
and carbon matrices, but this does not make
them purely ceramic. Therefore, only friction
linings made from composite materials with a
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ceramic matrix can legitimately be called ce-
ramic.

The advantages of composite materials
with a ceramic matrix obtained using PIP tech-
nology are the ability to control the structure
and composition of the resulting compositions,
the absence of thermal and chemical degrada-
tion of reinforcing and carbon fibers and pow-
der additives during the pyrolysis of the silicon-
containing binder.

Products obtained by the above methods
have a range of improved performance charac-
teristics, such as a high and stable dynamic fric-
tion coefficient, its independence from the flash
point at the contact spots of microprotrusions
and weather conditions, high wear-corrosion
and heat resistance, resistance to thermal shock,
and low density.

Another option for improving the perfor-
mance of brake components made from the pro-
posed materials is the development of gradient
and layered friction materials, which combine
highly wear-resistant surface layers with high
impact toughness in the inner layers. However,
it should be noted that the presence of wear-re-
sistant surface layers is more typical for CMC
brake discs, as they are the most expensive
component designed for long-term use in the
braking system, while the friction linings are
consumables.

In this case, it is necessary to take into ac-
count the data in Table.

As shown in Table, the elemental compo-
sition of materials in friction pairs, related to
their wear, performs different functional pur-
poses.

Table — The influence on the wear of the working surfaces of friction pairs depending on the elemental

composition of their materials

Effect on wear of working surfaces:
Element
overlays metal element
With reduces (improves thermal stability, pro- reduces (the dynamic coefficient of friction
i . o . .
- motes the formation of a lubricating layer) by forming protective films)
S increases (forms brittle sulfides, reduces the reduces (sulfide compounds acting as
strength of the lining) a lubricant)
. . . increase (aluminum oxides increase
Al increases (causes increased abrasiveness) .
mechanical wear)
C reduces (improves thermal conductivity, reduces (the tendency to stick and form
u .
reduces local overheating) burrs)
Fe increases (hard particles can act as an increases (high content increases contact
abrasive) rigidity)
Si increases (the abrasive properties of silicon increases (silicates scratch the working
i
compounds) surface of the pad)
reduces (has anti-corrosion properties, . . . o .
Zn . ( p P increases (zinc oxides form solid inclusions)
but high content leads to brittleness)
reduces (works as a solid lubricant, improves .
Pb ( P protects the surface from excessive wear)
contact)
Ni decreases (increases the strength of the increases (may cause an increase in the
i . o
material) rigidity of local contact)
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The work function of electrons and ions
is of interest, since it forms the local energy
level of ohmic, neutral, and blocking contacts
due to the work function of electrons and ions
(W) from the "metal-polymer" of the friction
pair. For ohmic contacts — Wm > Wp; neutral

1000

Wwm=WSp; and for the blocker — Wm < Wp when
the instantaneous superconductivity effect oc-
curs. These contacts provide the interconnec-
tion of internal and external parameters in the
friction pairs of braking devices.

800 -

600 +———

400
2004 =L~
0 :

D
Temperature, e

0 1000 2000

3000 4000 5000

Distance . m

Figure 3 — Regularities of temperature change of friction pairs of a Formula 1 car’s disc-shoe brake de-
pending on the length of the Montreal circuit: with a standard disc (1) and with a sawn friction belt (2),
interacting with friction linings made of carbon-carbon material [8]

Let's move on to the most loaded disc-
shoe brakes of the so-called high-speed cars.

Analysis of the graphical patterns shown
in Fig. 3 showed the following:

- the coating of the brake disc friction belt
is selected in such a way that it is compatible
with its base material, and their rate of linear
thermal expansion is essentially quasi-identical
in order to avoid delamination at the permissi-
ble temperature of the brake friction pairs; for
example, a coating applied by plasma spraying
from aluminum oxide Al>O3 should be at least
0.2 mm thick;

- testing of a car with disc-shoe brakes at
a typical average speed and braking torque with
its new friction pair made it possible to obtain a
dynamic friction coefficient of up to 0.7

- to ensure braking efficiency, the brake
friction pairs were preheated to a temperature of
at least 200°C before testing.

Discussion of Results

Theoretical and experimental studies of
methods for protecting the working surfaces of
vehicle disc brakes from moisture revealed the
following:

- the method of applying the coating to
the friction belts of the disc is selected in such
a way that it is compatible with its base mate-
rial, and their rate of linear thermal expansion
IS quasi-identical to prevent destruction of the
coating;

- a system for removing moisture from the
friction belts of a disc brake is proposed, oper-
ating on the effect of electroosmosis, when, un-
der the action of its forces, moisture moves into
the cooler;

- to limit the supply of water coming
through the channels of the microprotrusions
from the matte surfaces of the rotating disk, it is
necessary to provide an annular recess for col-
lecting water at the boundary between the matte
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and polished surfaces;

- it is necessary to introduce into Regula-
tion Ne13 of the UN Economic Commission for
Europe an additional recommendation on test-
ing wet friction pairs of disc-shoe brakes of ve-
hicles.

Conclusion

Thus, methods for protecting the friction
belts of disc-shoe brakes of vehicles from mois-
ture are proposed.
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