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Abstract

Fractogram analysis shows that deep scratches, particles of titanium and chromium carbides and other
elements were found on the friction surfaces. Moreover, in the braking devices there was damage to the large size
of the brake pads of trucks. The transfer of particles of borides and carbides to the surface of the wheels can be
explained by the processes of metal flooding with their subsequent embrittlement, which inevitably leads, as a
rule, to the destruction of friction wheel pairs. It is established that such types of wear as fretting corrosion
significantly (by 1.5-2 times) reduce the fatigue limit of parts. Also significantly reduce the cyclic strength of metal
friction pairs oxide films on their surface in the absence of lubricant. The service life of friction wheel pairs has a
particularly strong impact on fatigue strength. The main reason for the decrease in endurance due to the processes
of setting on the working surfaces of friction units is a high concentration of stresses caused by deep tears, cuts,
microcracks. The process of destruction of brake pads from fatigue begins from the surface of the part. In this
regard, the quality of the surface, its structural-phase composition, physical and mechanical properties of the
surface layer in most cases are decisive for the intensity of the development of wear processes of parts from fatigue
of the tribosystem (friction wheel pairs), which are operated under cyclic loads. The peculiarity of the influence
of friction and wear processes on the fatigue strength of metal is that at the time of running-in there is a change in
surface roughness, structure and properties of surface layers. As the analysis of literature sources has shown, the
effectiveness of the influence of friction and wear processes on the characteristics of fatigue resistance in the case
of repeatedly alternating (cyclic) loads is essential, and therefore ignoring this effect during the traditional
assessment of the reliability of parts by individual criteria, for example, wear resistance, often leads to an incorrect
assessment of the operational durability of the elements of the tribological system of road or rail transport. The
long-term (cyclic) strength of brake pads was determined on a specialized unit model 1251 by Instron company
(Great Britain). The basis for spraying and surfacing of different types of coatings was normalized steel 35.
Tensile-compressive deformations at zero average stress and a cycle frequency of 20 Hz were studied on the
laboratory unit. Most of the tests were carried out in salt solutions (NaCt of industrial purity was used).The process
of destruction of brake pads from fatigue begins with the surface of the part. In this regard, the quality of the
surface, its structural-phase composition, physical and mechanical properties of the surface layer in most cases are
decisive for the intensity of the development of wear processes of parts from fatigue of the tribosystem (friction
wheel pairs), which are operated under cyclic loads. Endurance limits in the case of simultaneous exposure to
friction forces and cyclic loads will depend on the sliding speed of the tangent surfaces of the normal contact load,
which determines the friction force, and the composition of the environment.

Keywords: fractograms, friction, destruction, wear, structural-phase composition, physical and mechanical
properties, wheel pair, tribology, cyclic strength, microcracks.

Introduction

Currently, the industrial industry of Ukraine faces the problem of creating the basic foundations for the
development of transport technology, in particular, the issues of friction and wear in transport machines. The
relevance is due to the fact that the current state of development of technology is characterized by harsh operating
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conditions of various transport systems, which is associated with an increase in: specific loads; increase in power;
speed; the effect of complex loads of static cyclic and dynamic nature; the influence of various corrosive
environments and temperatures. It is known from operational practice that the violation of normal functioning or
complete failure of technical systems by 70-80% is caused by the failure of elements of their tribosystems due to
surface destruction as a result of wear and other related processes - erosion, fretting, etc. Therefore, increasing the
durability of friction units has been and remains one of the most important technical problems of our time in terms
of increasing the reliability and extending the service life of transport machines. Despite the large volume of
publications on this subject, it can be noted that the diversity of a large amount of experimental material,
uncertainty and inconsistency of information about the tribological properties of the material involved in friction
and wear pairs leads to the need to find additional resources to improve the wear resistance of brake pads, in
particular transport trucks.

Therefore, we have conducted additional studies of the friction properties of brake pads in the conditions
of experimental benches that were closest to the real kinematic and dynamic conditions of operation of transport
trucks.

The purpose and objectives of the study — conducting systematic experimental studies of the frictional
properties of brake linings made of different materials.

Materials and methods of the study

In the experiments, an improved unit of the MFK-1 model was used, which is schematically shown in
Figure 1, (which does not show the information system for determining the necessary information and computer
processing). To select the material of brake linings, express dry friction tests were carried out together with the
specialists of NPO "Powder Metallurgy" and the Institute of Electric Welding named after E.O. Paton of the
National Academy of Sciences of Ukraine (a possible case of braking wheelset operation in dry friction mode was
simulated on the stand).Tests of samples of coated linings for wear resistance at dry friction were carried out for
45 minutes at a specific pressure of 0.6 MPa and a counterbody rotation speed of 80 min-1, the counterbody was
a disk made of hardened steel 40HN. The reference sample of brake linings was steel 45. The lining was made of
three types: FMK-8 - metal-ceramic friction (based on iron); “carbon - carbon” - composite materials CCCM and
powders of eutectic alloys of the TH system (for coating used powders of eutectic alloys of the 12X18H9T-TiB
system).Moreover, it should be noted that the metal matrix of the alloy corresponds to steel 12X18H9T, and the
strengthening compounds are titanium and chromium borides. Spraying was carried out by plasma method. The
fractograms of the friction surface, which were subjected to wear, were studied by X-ray spectral analysis using a
scanning electron microscope model "JSM-35CF" of the company "Geol" (Japan).
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Fig.1. Schematic diagram of MFKU-1 unit:
1 - horizontal connecting rod, 2 - vertical connecting rod, 3 - adjustable eccentric, 4 - coupling, 5 - electric
motor, 6 - counter of the number of cycles, 7 - pressure gauge, 8 - inspection window, 9 - collet, 10 - loading
device, 11 - strain beam, 12 - seal, 13 - camera, 14 - fixed sample, 15 - moving sample.

Long-term (cyclic) strength of brake pads was determined on a specialized model 1251 unit of the Instron
company (Great Britain). Normalized steel 35 served as the basis for filing and surfacing various types of
coatings.Tensile-compressive deformations at zero average stress and a cycle frequency of 20 Hz were studied on
a laboratory unit. Most of the tests were carried out in salt solutions (NaC{ of industrial purity (above 99%) was
used).

The results of experimental studies are shown in Figures 2-10.
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Fig. 5. Fractogram of the surface with surfacing composite coating CCCM. Base - steel 45
The results of tests of brake pads for cyclic (long-term) strength are shown in Figures 6 and 7.
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Fig.6. Cyclic strength (fatigue) curves of carbon steel 35 samples.
1 - unused steel; 2 - service life is 5 years; 3 - service life is 10 years; 4 - service life is 15 years; 5 - service life is
20 years.
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Fig.7. Effect of fretting corrosion on fatigue (cyclic) strength of carbon normalized steel 35.
1 - fatigue curve without fretting corrosion (service life is 5 years); 2 - fatigue curve without fretting corrosion
(service life is 10 years); 3-5 - fatigue curves with fretting corrosion (service life is 5, 10 and 15 years, respectively).

The process of destruction of brake pads from fatigue begins with the surface of the part. In this regard: the
quality of the surface; its structural-phase composition; physical and mechanical properties of the surface layer in
most cases are decisive for the intensity of the development of wear processes of tribosystem parts (friction wheel
pairs) from fatigue, which are operated under cyclic loads. Many parts of motor vehicles operate in such conditions.
A feature of the influence of friction and wear processes on the fatigue strength of metal is that at the time of
running-in, there is a change in surface roughness, structure and properties of surface layers. As the analysis of
literary sources [18,19,20] has shown, the effectiveness of the influence of friction and wear processes on the
characteristics of fatigue resistance in the case of repeatedly variable (cyclic) loads is essential, and therefore
ignoring this effect during the traditional assessment of the reliability of parts according to certain criteria, for
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example, wear resistance, often leads to an incorrect assessment of the operational durability of elements of the
tribological system of road or rail transport.

The endurance limits in the case of simultaneous exposure to friction forces and cyclic loads will depend
on: sliding speed; contact surfaces; normal contact load, which determines the friction force; composition of the
environment.

The data of Figure 6 shows that such types of wear as fretting corrosion significantly (by 1.5-2 times) reduce
the fatigue limit of parts. Also significantly reduce the cyclic strength of metal friction pairs oxide films on the
surface of friction pairs in the absence of lubricant. Especially strong influence on fatigue strength has the service
life of friction wheel pairs (Fig.6).

The main reason for the decrease in endurance due to the processes of setting on the working surfaces of
friction units is a large concentration of stresses caused by deep tears, cuts, microcracks (Fig.2 and 5).

The decrease in fatigue strength of steel 35 is characterized by the data in Figure 7. According to the
recommendations of Prof. Kindrachuk M.V. [19], if we extrapolate the fretting fatigue curves to the abscissa axis
corresponding to the limited endurance based on N=107 cycles, and then project the intersection points onto the
fatigue curve without fretting corrosion, we obtain the value of the equivalent stress. The higher the values of these
equivalent stresses compared to the nominal stress, the more fatigue (cyclic) strength is reduced by fretting
corrosion.

So, for example, according to the curves, we have the following ceq value: 62 = 255MPa; 63 = 151MPa;
o4 - 248MPa; 65 = 245MPa (c-1 = 200MPa), that is, the excess of equivalent stresses over o-1 is in the range from
20 to 40%.

Analysis of the fractograms presented in Figures 3 and 4 shows that deep scratches, particles of titanium
and chromium carbides and other elements were found on the friction surfaces. Moreover, in the braking devices
there was damage to the large size of the brake pads of trucks. The transfer of particles of borides and carbides to
the surface of the wheels can be explained by the processes of flooding the metal with their subsequent
embrittlement, which inevitably leads, as a rule, to the destruction of friction wheel pairs.

Conclusions

1. Fractogram analysis shows that deep scratches, particles of titanium and chromium carbides and other
elements were found on the friction surfaces. Moreover, in the braking devices there was damage to the large size
of the brake pads of trucks. The transfer of particles of borides and carbides to the surface of the wheels can be
explained by the processes of flooding the metal with their subsequent embrittlement, which inevitably leads, as a
rule, to the destruction of friction wheel pairs.

2. It is established that such types of wear as fretting corrosion significantly (by 1.5-2 times) reduce the
fatigue limit of parts. Also significantly reduce the cyclic strength of metal friction pairs oxide films on their
surface in the absence of lubricant. The service life of friction wheel pairs has a particularly strong impact on
fatigue strength. The main reason for the decrease in endurance due to the processes of setting on the working
surfaces of friction units is a high concentration of stresses caused by deep tears, cuts, microcracks.

3. The process of destruction of brake pads from fatigue begins with the surface of the part. In this regard,
the quality of the surface, its structural-phase composition, physical and mechanical properties of the surface layer
in most cases are decisive for the intensity of the development of wear processes of parts from fatigue of the
tribosystem (friction wheel pairs), which are operated under cyclic loads. The peculiarity of the influence of
friction and wear processes on the fatigue strength of metal is that at the time of running-in there is a change in
surface roughness, structure and properties of surface layers. As the analysis of literature sources has shown, the
effectiveness of the influence of friction and wear processes on the characteristics of fatigue resistance in the case
of repeatedly alternating (cyclic) loads is essential, and therefore ignoring this effect during the traditional
assessment of the reliability of parts by individual criteria, for example, wear resistance, often leads to an incorrect
assessment of the operational durability of the elements of the tribological system of road or rail transport.

4. The long-term (cyclic) durability of brake pads was determined on a specialized installation model 1251
of the company "Instron™ (Great Britain). The basis for spraying and surfacing of different types of coatings was
normalized steel 35. On the laboratory unit was investigated under tensile-compressive deformation at zero
average stress and cycle frequency of 20 Hz. Most of the tests were carried out in salt solutions (NaCl of industrial
purity was used.
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Maxapenko B. /1., Kimoes O. 1., BoiitoBuu O. A., MemkoB FO. €., Makapenko FO.B. JlocmimkeHHst
(pUKIIHHUX BIACTUBOCTEH, TpUBAJIO] (IIUKIIIYHOT) MIITHOCTI MaTepiajliB TalbMOBUX KOJIOJOK aBTOTPAHCIIOPTY

AHaii3 ¢pakTorpaM IMokasye, III0 Ha IMOBEPXHAX TEPTS OyJIO0 BHABICHO TNIMOOKI MOIPATINHY, YaCTHHKH
OopiniB (kapOimiB) THTAaHY 1 XpoMy Ta IHIIHX eleMeHTiB. [lpudoMmy, y TaabMOBHX HPHUCTPOSX MalH Micie
TIOIITKOJKEHHS BEJIMKUX PO3MipiB TaJbMOBUX KOJIOJOK BaHTAKHIX aBTOMOO1iB. [lepeHeceHHs 9acTHHOK O0piIiB
Ta KapOiliB Ha NOBEPXHIO KOJIC MOXXKHa MOSCHUTH TIIPOIECaMHM HABOJIHEHHS METally 3 IOJANBIINM iX
OKPHUXYEHHSIM, III0 HEMUHYUE CIIPUYMHSIE, SIK PABIUIIO, PYHHYBaHHs KOJICHUX Map TepTs. BcTaHOBIEHO, MO Taki
BU/IM 3HOUIYBAaHHS SIK (PPETHHI-KOPO3is 3Ha4HO (B 1,5-2 pa3u) 3HWKYIOTH MEXY BTOMH JeTalieil. Takoxk 3Ha4HO
3HW)KYIOTh IIMKJIIYHY MII[HICTh METAJy Map TepTs OKCHJHI IUTIBKH Ha X NMOBEPXHi y BiZICYTHOCTI MacTHUIILHOTO
marepiany. Oco0JaMBO CHIIBHMH BIUIMB Ha BTOMHY MILHICTh Ma€ TEPMiH eKCIUTyartalii KOJICHHMX Map TepTs.
OCHOBHOIO NPHYHMHOIO 3HW)KEHHS BUTPHUBAJIOCTI BHACIIJOK MPOLECIB CXOIUIIOBAHHS Ha POOOYMX MOBEPXHAX
BY3JIB TEpTA € BelWKa KOHIEHTpAIlisl HaNpyXeHb, CIPHYMHEHA TIHOMHHUMH BUPWBAaMH, HaIpi3aMH,
MikpoTpimHamMu. [Ipomec pyiiHYBaHHS TaJlbBMOBHX KOJIOJOK BiJl BTOMH IIOYHMHAETHCS 3 TOBEPXHI Aerami. Y
3B’A3KYy 3 UM SIKICTh TIOBEPXHi, ii CTpyKTYpHO-(pa30Buil cKiIaj, (Qi3MKo-MeXaHI9HI BIACTHBOCTI MOBEPXHEBOTO
mrapy y OUTBIIOCTI BUNAIKIB € BU3HAYAIBHUAM JUIS IHTEHCUBHOCTI PO3BUTKY TPOIIECiB 3HOIIYBaHHS JeTalleil Bif
BTOMH TPHOOCHCTEMH (KOJICHHX Map TepTsA), SKi EKCIDIyaTYIOThCS B YMOBaxX IMKJIIYHAX HABAHTa)KCHB.
OcoOIMBICTh BIUIMBY IIPOIIECIiB TEPTS Ta 3HOIIYBAHHS Ha BTOMHY MIITHICTh METAITy TIOJIATA€ B TOMY, III0 B MOMEHT
NPUIPALIOBAaHHS BiI0YBa€ThCS 3MiHA IIOPCTKOCTI MMOBEPXHI, CTPYKTYPH 1 BIACTHBOCTEH NOBEPXHEBUX MIapiB. Sk
MOKa3aB aHaJli3 JIiTepaTypHUX JpKepell, eeKTHBHICT BILIMBY ITPOIIECIB TEPTS 1 3HOLTYBAHHS HA XapaKTePUCTHKU
OIIOpY BTOMH B Pa3i HOBTOPHO-3MIHHUX (LMKJIIYHUX) HABAHTaXKEHb MAIOTh ICTOTHE 3HAYEHHSI, 2 TOMY IrHOPYBaTH
UM e(heKTOM ITifl Yac TPATUI[IHOTO OI[IHIOBaHHS HAMIWHOCTI JeTalicil 3a OKPEMHUMHU KPUTEPIIMHU, HAMIPUKIIA,
3HOCOCTIMKOCTI IPUBOAUTD YaCTO 0 HEBIPHOT OLIIHKH €KCILTyaTalliiiHOT IOBFOBIYHOCTI €JIEMEHTIB TPHOOJIOTIHHOT
CHUCTEMH aBTOMOOINBFHOTO UM 3ali3HHYHOTO TpaHCIOPTY. TpuBanmy (IHMKIIYHY) MIIHICTH TaIbMOBUX KOJOJOK
BH3HAYaJIM Ha CIeliami3oBaHill ycTaHoBmi moxeni 1251 dipmu “Iactpon” (BemmkoOpurtaHis). OCHOBOIO Iy
HANWIIOBAHHS 1 HATUIABJICHHS Pi3HUX THIIB MOKPHUTTIB CIyTryBaia HopMalizoBaHa cTtanb 35. Ha maGopatopHiit
YCTaHOBII JOCTIKyBa JedopMalii po3TATyBaHHS — CTHCKaHHS IPU HYJIBOBOMY CEpPEeIHBOMY HANPYKCHHI i
gactotri 1mkiaiB 20T Bimpmricte BUmpoOyBaHe MPOBOAWIM B po3unHax coii (BukopuctoByBamm NaCl
POMHUCIIOBOT YUCTOTH). [Ipolec pyiHyBaHHs TalbMOBHX KOJIOAOK BiJl BTOMH MOYMHAETHCS 3 TIOBEPXHI AeTaii. Y
3B’5I3Ky 3 LIUM SIKICTh MOBEPXHi, ii CTPyKTYpHO-(ha30Buil ckiaj, (iznKo-MeXaHi4Hi BIACTHBOCTI TIOBEPXHEBOTO
mapy y OUIBIIOCTI BUNIAIKIB € BU3HAYAJIBHUM JIJIsl IHTEHCUBHOCTI PO3BUTKY IPOLIECIB 3HOLIYBAaHHS AeTaliell Bij
BTOMH TPUOOCHCTEMH (KOJIICHUX Iap TePTs), sIKi eKCIUIyaTYIOThCsS B yMOBaxX LUKIIYHUX HaBaHTaKeHb. Mexu
BUTPHBAJIOCTI B Pa3i OIHOYACHOTO BIUIUBY CHJI TEPTS 1 IIMKIIYHUX HABAHTAXKEHb OYyAyTh 3aJIe)KaTH BiJ] HIBUAKOCTI
KOB3aHHS JIOTUYHUX NOBEPXOHb HOPMAILHOIO KOHTAKTHOI'O HABAHTAKEHHS, SIKE BU3HAYAE CHILY TEPTH, 1 CKIIaay
HaBKOJIMIIHBOTO CEPEIOBHUINIA.

KuarouoBi ciioBa: pakrorpamu, TepTs, pyiHYBaHHs, 3HOIIYBaHHS, CTPYKTYpHO-(ha30BUil ckiaj, Gi3uko-
MeXaHIYHI BIIACTUBOCTI, KOJiCHA Tapa, TPUOOJIOTis, IUKIIIYHA MII[HICTh, MiKPOTPIIIHHH.



