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Abstract

Introduction. The pivot assembly provides connection between the rotating and non-rotating parts of machines and
mechanisms such as cranes, excavators, trailers, railway rolling stocks. In relation to rolling stock, it connects the load-
carrying part of the car with the bogie and is one of the most critical and wear-out friction units. Its technical condition
affects the intensity and form of wear of the surfaces themselves, the amount of resistance to rotation of the bogie when
the car moves in curved sections of the track, the amplitude of the lateral rocking of the car, the intensity of wear of the
wheel flanges and, as a consequence, the safety of operation of the rolling stock as a whole. Until now, periodic grease
is used for this unit, which, even with a short mileage, manages to be squeezed out of the contact zones and, thereby,
creates conditions for the predominance of dry friction. Until now, various proposals to solve this problem have not
found application in mass production for a number of reasons, and therefore the search for ways to reduce wear in the
pivot assembly of cars is still relevant. This study proposes a solution to this problem that does not require structural
changes to the pivot assembly itself. The aim of this work was to develop a technologically advanced anti-friction
coating with good adhesion, which will be applied to the surface of a replaceable disk installed between the rubbing
surfaces of the pivot assembly during scheduled repairs of the car chassis. This approach will reduce the friction force
and wear rate in the unit when lubrication shortage occurs due to squeezing out of the grease.

Materials and Methods. Antifriction characteristics of the developed coating was observed on a friction machine
providing specific loads on the test sample up to 5000 N and a sliding speed from 0.13 m/s. The samples were examined
by scanning electron microscopy (FEI Quanta 200 microscope). SEM images were acquired in a back-scattered electron
(BSE) mode using a semiconductor detector. To analyze the elemental composition of beam samples, an energy
dispersive spectrometer (EDAX Element EDS system) was used.

Results. A three-layer functional phosphorus-containing composite coating of the surfaces of the unit was developed,
which made it possible to significantly reduce the coefficient of friction and, as a consequence, the intensity of wear of
the pivot unit surface during dry friction. The optimal conditions for obtaining composite coating layers were
determined. The influence of the thickness of each layer and the conditions for its production on its functional
characteristics was studied.

Discussion and Conclusion. The proposed solution is manufacturable and, with appropriate adaptation, can be used to
reduce wear in any open pivot assembly without radically changing its design. The methods for producing coating
layers are accessible and technologically advanced for serial use.
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CHMKeHHe H3HOCA BHICOKOHATPY:KEHHBIX Y3JI0B TPAHCIIOPTHBIX CPEICTB

A.A. Jlembsino" = D<, U.H. lllepoaxos
JloHCKOM rocyiapcTBEHHBIN TEXHUUECKUN YHUBEpCUTET, I. PoctoB-Ha-Zlony, Poccuiickas ®enepanus

DA alexys61@yandex.ru

AHHOTANUSA

Beseoenue. OriopHO-TIOBOPOTHEIA y3€7 00ECIeYMBAET CBSA3b MEXIY MTOBOPOTHON M HENMOBOPOTHOW YaCThIO MAIIWH H
MEXaHU3MOB KPaHOB, 3KCKAaBaTOPOB, ABTONPHIIEIIOB, JKEJIE3HOMOPOXKHBIX MOABIKHBIX COCTaBOB. IIpuMeHHTENBHO K
MIO/IBYKHOMY COCTaBY OH COEIHMHSET TPYy30HECYIYI0 YacTh BaroHa C TEJIEXKKOW W SBIsETCS OAHUM M3 Haubonee
OTBETCTBEHHBIX M OBICTPOM3HAIIMBAIOIINXCS Y3JI0B TpeHUs. Ero TexHnueckoe COCTOsSHUE BIIMSAET Ha HMHTEHCHBHOCTh U
(dopMy H3HOCa CaMHUX IOBEPXHOCTEH, BEIWYHMHY CONPOTUBIICHHS IOBOPOTY TEJISKKU NPU ABWKEHHHM BaroHa Ha
KPHUBOJIMHEHHBIX yIacTKaxX IyTH, aMIUIUTYy OOKOBOH pacKayky BaroHa, MHTCHCHBHOCTh M3HOCA IPEOHEH KoJec |, KakK
CIIEICTBHE, HAa OE30MAaCHOCTh O3KCIUTyaTalliy IOABM)KHOTO cocTaBa B mesoM. Jlo cuX mop I AaHHOTO Yy3ia
MIPUMEHSETCS TIEPHOANIEcKasi KOHCUCTEHTHAsI CMa3Ka, KOTopas Jake MPH HeOOJBIIOM NMpo0Oere yCIeBacT BBIAABUTHCS
13 30H KOHTaKTa M TEM CaMbIM CO3[aTh YCIOBHUS JUId NpeoOnagaHus cyXoro TpeHHs. Jlo HacTosIero BpeMEHH
pas3yYHbIe MPEATIOKCHUS TI0 PEIICHUIO 3TOH NMpoOiIeMbl HEe HALIN IIPUMEHEHHS B CEPUHHOM ITPOM3BOICTBE IO PAILY
MIPUYHMH, U TOATOMY IOMCK IIyTeH CHIKCHHS HM3HOCAa B ONOPHO-TIOBOPOTHOM Yy3J€ BaroHOB JI0 CHX IOp SABJISIETCS
aKTyaJbHBIM. B JaHHOM HCClieOBaHMHM NpeluiaracTcs peuieHde 3Toil mpoliembl, He TpeOyroliee KOHCTPYKTHBHBIX
W3MEHEHHH CaMOro OIOPHO-TIOBOPOTHOTrO Yy3ia. llenplo JaHHON paboThl sBIsieTCss pa3paboTKa TEXHOJOTMYHOTO
AQHTU(QPHUKIIMOHHOTO ITIOKPBITUSI C XOpOLIeW aare3uei, KoTopoe OyleT HAaHeCEHO Ha IOBEPXHOCTh CMEHHOTO JHCKa,
YCTaHaBIMBAEMOI0 MEXIY TPYIIMMUCS MOBEPXHOCTSAMH IIKBOPHEBOTO y3J71a BO BPEMs IUIAHOBBIX PEMOHTOB XOAOBOM
4acTH BaroHa. Takoi MOAXOI MO3BOJNUT CHHU3WUTH CHIIy TPEHHS M WHTEHCHBHOCTh M3HOCA B y3/I€ NPH HACTYIUICHHH
CMa304HOTO TOJIOJIaHUS M3-32 BBIIABINBAHUS KOHCHCTCHTHON CMa3KH.

Mamepuanst u Memoosl. AHTUPPUKINOHHBIC XapPAaKTEPUCTHKH Pa3paO0TaHHOTO MOKPBITHS ONpeNesulach Ha MaIlnHe
TpeHns, oOecneynBaroIeil Harpy3kn Ha wcciexyeMblii oopasery 1o 5 000 H u ckopoctu ckombxenus ot 0,13 m/c.
OO0pa3sipl UCCIICIOBAIMCH METOJIOM CKAHHUPYIOIIEH 3JIeKTPOHHON Mukpockonuu (Mukpockon FEI Quanta 200). COM-
U300paKeHHUs TIONy4eHBl B PEXHUME pErucTpamuu o0OpaTHO-paccessHHBIX 37ekTpoHOB (BSE) ¢ momoursio
MOJYIMPOBOJHUKOBOTO JETeKTOpa. [ aHamm3a 3JIeMEHTHOTO COCTaBa 0Opasiia HCIOIb30BaJICA PEHTIT€HOBCKHM YHEPro-
nucniepcronnblii ciekrpomeTp (EDAX Element EDS System).

Pesynemamut uccnedosanusn. PazpaboraHo TpexciioliHoe (yHKIMOHaNbHOE (ocdopcoaepkaiiee KOMIO3UIMOHHOE
MIOKPBITHE TTOBEPXHOCTEH Y31, ITO3BOJISIOIIEE CYNIECTBEHHO CHU3UTH B HEM KO3(D(HIMEHT TPEHHUS W, KaK CIIE/ICTBHE,
WHTEHCHBHOCTh M3HOCA IIKBOPHEBOTO y3Jla M3-3a CyXOro TpeHus. OmpeleneHbl ONTHMAIbHBIE YCIOBHS IOMYYECHUS
CJI0OEB KOMIIO3UIIMOHHOTO TOKPHITHS. M3y4eHO BIMSHHME TONIIMHBI KaXKIOTO CIIOS M YCJIOBHH €ro HaHeCceHHWs Ha
(YHKIIMOHAIIbHBIE XapaKTEePUCTUKH.

Obcyscoenue u 3axniouenue. TIpennoKeHHOE PENICHHE OTIMYACTCS TEXHOJOTHMYHOCTHIO M TIPU COOTBETCTBYIOIIEH
aJanTallid MOXeT OBITh MCIOJB30BAHO MJSI CHIDKCHHS HHTEHCHBHOCTH M3HOCAa B JIIOOOM OTKPBITOM OIOPHO-
ITOBOPOTHOM y3JIe 6e3 KapIUHAJIFHOTO H3MEHEHHS €r0 KOHCTPYKIMH. MeTOIbI OTyueHHs CII0€B OKPBITHS JOCTYITHBI U

TCXHOJIOTUYHBI IJIA CepHﬁHOFO IIPUMECHCHUA.

KiiroueBble cJjI0Ba: pENIbCOBBIN MOABMXKHOM COCTaB, IIKBOPHEBOM Y3€l, OTKPBITHIN Yy3€ll TPEHMsI, KOMIIO3UIIMOHHOE

MHOTOCIIOHOE TNOKPBITUEC, CHUKEHHUE U3HOCA

BJIﬂI‘OIIapHOCTI/I. ABTOpLI BbIPpAXKAIOT 6J'Ial“0ﬂapHOCTB peaakuuMu MU PEUCH3CHTaAM 3a BHHUMATCIIBHOC OTHOIICHUE K

CTaTbC U YKa3aHHbIC 3aMC€UYaHUs, KOTOPBIC ITO3BOJUIIN NOBBICUTH €€ Ka4€CTBO.

s nutupoBanus. [embsHoB A.A., lllepbakos U.H. CHikeHre M3HOCAa BBICOKOHATPY’>KEHHBIX Y3JIOB TPaHCIOPTHBIX
cpenctB. bezonachocme mexnoeenHvix u npupoouvix cucmem. 2023;23(4):119-130. https://doi.org/10.23947/2541-9129-
2023-7-4-119-130



mailto:alexys61@yandex.ru
https://doi.org/10.23947/2541-9129-2023-7-4-119-130
https://doi.org/10.23947/2541-9129-2023-7-4-119-130
https://orcid.org/0000-0002-2308-6295
https://orcid.org/0000-0002-3129-078X

Demyanov AA, et al. Wear Reduction in Heavily Loaded Units of Transport Vehicles

Introduction. In railway transport, one of the most responsible and high-wearing friction units is the pivot assembly
connecting the body to the bogie. A well-known problem of this unit is the squeezing out of lubricant from it, even with
minor runs, followed by contact of surfaces in dry friction mode and the corresponding wear intensity [1].

Currently, planned restoration of worn-out pivot assemblies annually results in huge sums, even without taking into
account losses from idle cars and the costs of their unscheduled repairs. If we take into account the fact that there are
more than 1.3 million cars in circulation in our country, then the task of reducing friction and wear in this unit is urgent.
This problem is sectoral on the scale of all industrially developed countries of the world [2]. To date, there are various
approaches to solving this problem, which can be broadly divided into several principal groups.

The first group includes methods based on changing the design of the unit in order to increase the diameter of the
support surface and, as a result, reduce specific loads. The disadvantage of this approach is the exclusion of
interchangeability of unit elements during mass repairs. The second group includes methods in which replaceable
inserts made of various polymer wear-resistant materials are installed between the rubbing surfaces in the form of a
round pocket with annular grooves at the bottom for the accumulation of grease. The presence of a replaceable element
reduces the cost of repairing this unit. However, in severe operating conditions of the pivot assembly, polymer materials
have a very short service life. The third group includes methods in which replaceable inserts made of high-strength
steels, for example, manganese steel, are installed between the rubbing surfaces. However, this approach does not
exclude the wear of the surface of the pivot assembly itself. After the inevitable squeezing out of viscous lubricant, wear
intensity will be determined by the ratio of hardness of the contacting surfaces of the removable disk and the main unit.
The fourth group of methods includes methods for improving heat treatment of contacting surfaces.

Another solution to eliminate increased friction in the pivot unit is to install a less rigid disk with holes distributed
over its entire surface between the rubbing surfaces. The perforation in the disc is filled with solid grease. The supply of
lubricant to the friction surface in this case is adaptive and is determined by the intensity of wear on the surface of the
replaceable disk (Fig. 1) [3].

Since squeezing out of viscous lubricant and periodic contact of surfaces in the dry friction mode in this unit is
inevitable, it is proposed to increase the durability of this unit by reducing the intensity of wear by installing a
replaceable disk with a durable and technologically advanced antifriction coating between the friction surfaces. With
this approach, lack of lubrication during squeezing out of regular grease will have less effect on the intensity of wear
and, as a result, prolong the durability of this unit [4—6].

Fig. 1. Pivot assembly of the rolling stock: 1 — replaceable disk; 2 — frame with a center plate

Modification of surfaces with functional coatings is a well-proven method of increasing the wear resistance of
components operating under difficult conditions — under high loads, absence or interruptions in the supply of lubricant
to the friction zone, in aggressive abrasive media, etc. [7—13].
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In this study, the aim was to develop a coating that provides a low coefficient of friction on surfaces, as well as
creating conditions for rigid dynamic contact of reliable adhesion with the material of the coated product.

Materials and Methods. It was decided to solve this problem by developing a three-layer coating from a
combination of several layers of a phosphorus-containing composite [14]. In order to comply with the specified
requirements, the influence of the thickness of each layer and the conditions of its manufacture on its functional
characteristics was studied. The coating was applied in layers. Chromium steel was chosen as the material for the base,
i.e. the replaceable disc.

The first layer to be applied consisted of a composite nickel-phosphorus compound modified with molybdenum
disulfide. Its task was to ensure high adhesion to the substrate. This layer was obtained by chemical deposition. The
subsequent layer was made on the basis of a phosphate binder [14, 15], the task of which was to ensure the binding of
the first layer with the third and increase corrosion resistance due to the fact that the bogie pivot was an open friction
unit. In order to reduce the cost and increase the manufacturability, the layer was obtained by several simple and
technological methods (spraying, dipping and spreading), followed by a comparative assessment of its functional
properties. The third layer, which provided antifriction properties, was also obtained by spraying and spreading,
followed by a comparative assessment of its properties [14, 15].

The adhesion quality of the layer to the previous one was assessed by the results of the cross-cut test by an adhesion
tester!, The thickness of each layer was measured by a combined-action thickness gauge. The antifriction parameters of
the third layer were determined using an Al 5018 friction machine. The analysis of the surface of the layers was carried
out by scanning electron microscopy on a FEI Quanta 200 microscope. SEM images were obtained in the backscattered
electron (BSE) registration mode using a semiconductor detector. An X-ray energy dispersion spectrometer
EDAX Element EDS System was used to analyze the elemental composition of the sample.

Statistical processing of the results of the experimental studies was carried out by computer methods of processing
the results of an engineering experiment.

In the course of the research, the conditions influencing the final parameters of the resulting coating were
determined. The following influence was investigated:

— of the temperature of the solution on the thickness of the resulting coating;

— of the thickness of the third layer on its adhesion to the previous one;

— of the thickness of the third layer and the conditions for its production on the value of its friction coefficient.

The first layer (nickel-phosphorus coating) was obtained by chemical deposition. To ensure the sedimentation
stability of the modifiers present in the chemical precipitation solution, a PE-6110 magnetic mixer with a heating
function was used. The deposition process of this layer took place under conditions of 90-92°C. The adhesion of the
coating to the substrate was evaluated according to the standard procedure for such cases?. The second layer (phosphate
coating), according to the idea, was applied by three different methods: dipping, spreading and spraying [14]. The third
(antifriction) layer was obtained by several methods — spraying and spreading over a phosphate binder [15].

Since the layers of the resulting composite coating are not operable without heat treatment, the effect of the heat
treatment modes of the layers on their final properties was investigated, followed by the selection of the optimal mode
for each of them.

After application to the first, the second layer was subjected to heat treatment at a temperature of 250 to 400°C for
one hour. The heat treatment mode did not depend on the method of applying the second layer. It was selected
experimentally taking into account the best indicators for the number of through pores to the base [11]. After applying
the third layer to the second one, its heat treatment was carried out in the temperature range from 300 to 450°C for one
hour. To study antifriction properties of the third layer, depending on the temperature of heat treatment, a model test of
several samples obtained at different temperatures was carried out.

The determination of friction characteristics of the third layer was carried out according to the "disk-pad"” scheme.
The coating was applied to the "pad" sample. The general view and coupling scheme of the samples are shown in
Figure 2.

1 Paints and varnishes. Cross-cut test. 1ISO 2409:2020. https://www.iso.org/standard/76041.html
2 GOST 9.302-88. Unified system of corrosion and ageing protection. Metal and non-metal inorganic coatings. Control methods. URL:

https://gostrf.com/normadata/1/4294850/4294850372.pdf (In Russ.).
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When assigning the load for the model experiment, it was assumed that the most common type of rolling stock were
high sided wagons of various modifications with an average load capacity of about 70 tons and a mass of 23 tons.
Taking into account the fact that each support unit accounted for half of the total weight, and the diameter of the center
pivot and the diameter of the pin hole were 302 and 54 mm, respectively, the actual contact pressures were obtained,
which amounted to 6.7 MPa.

The speed of relative sliding of surfaces in the pivot assembly is determined by the radius of the curve and its
current speed, set by the driver depending on the traffic conditions. Since in practice the sliding speed had small values,
the minimum possible rotational speed of the shaft of the lower sample, 50 min’!, was adopted for a comparative study

between the samples.

10

@16
850

a) b)
Fig. 2. Samples of "disk-pad": a — general view; b — coupling scheme

Results. During the study, it was found that the first layer was best obtained by using chemical deposition at a rate
of up to 40 microns/h. A significant influence on the thickness and quality of the resulting coating was by the
temperature of the solution and the concentration of the components. Based on the obtained adhesion measurement
results, it was found that the heat treatment of the first layer was best at a temperature of 400°C for one hour. At this
temperature, the Ni phase and wear-resistant NizP were formed [14, 15]. Micrographs of the layer are shown in
Figure 3, the element analysis in Tables 1 and 2, and the distribution of elements in the first layer is shown in Figure 4.

a) b)
Fig. 3. Micrographs of the first layer:

a — before heat treatment; b — after treatment for one hour at a temperature of 400°C
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Elemental analysis of the first layer before heat treatment

Element Weight % MDL Atomic % Error %
CK 8.3 0.56 28.5 141
OK 0.6 0.22 1.6 235
PK 9.3 0.12 12.5 7.0
Ni K 79.9 0.41 56.4 2.2
Y K 2.1 0.22 1.0 10.7

Elemental analysis of the first layer after heat treatment

Element Weight % MDL Atomic % Error %
CK 7.6 0.52 26.5 14.2
O K 1.4 0.19 3.6 135
PK 8.9 0.14 12.0 7.0
Ni K 80.1 0.33 57.0 2.2
Y K 2.1 0.20 1.0 10.7
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b)

Fig. 4. Distribution of elements in the first layer:

a — before heat treatment; b — after treatment for one hour at a temperature of 400°C

Table 1

Table 2
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Figure 5 shows a micrograph of the second layer, and Figure 6 shows the dependence of the change in the thickness
of the second layer on the temperature of heat treatment and the method of coating. According to the test results, it was
found that at a heat treatment temperature of 350°C for one hour, the lowest coefficient of friction for this coating was
0.07. This was significantly less in comparison with the initial coefficient of friction of 0.10-0.12 during normal
operation of the unit and up to 0.18 when the lubricant was squeezed out. Table 3 provides the data on the study of
antifriction properties of the third layer, depending on the temperature of its heat treatment. The proposed coating
provided a reduction in the coefficient of friction by almost half, compared with the original node, even with dry

friction.

Fig. 5. Micrographs of the second layer, X200

Table 3
Influence of the temperature of heat treatment of samples on their antifriction properties
Heat treatment temperature , °C 300 350 400 450
Coefficient of friction 0.09 0.07 0.09 0.12

S, microns

18
16
14
12
10

o N b~ O ©©

Fig. 6. Change in thickness of the second layer obtained depending on the temperature of heat treatment and the method of coating:

1 — spraying method; 2 — dipping method; 3 — spreading method
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The dependence of the third layer thickness on the temperature and duration of heat treatment is shown in Figure 7.
Figure 8 shows a micrograph, and Figure 9 shows an elemental analysis of the third layer obtained at a heat

treatment temperature of 350°C for one hour.

h, microns
: I I I i ]

50 100 150 200 250 300 350 400 450 500 T, °C

[ F PRK
a)
h, microns
100+
80"’,
607
407
20_/ - . . - e - . -
0 50 100 150 200 250 300 350 400 450 500 T, °C
[ N PRE
b)

Fig. 7. Change in the third layer thickness at different combinations of temperature and heat treatment time:
1 — 60 min.; 2 — 120 min.; 3 — 180 min.;
a — coating is obtained by spraying; b — coating is obtained by spreading

Fig. 8. Micrographs of the third layer
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When measuring the adhesion of the third layer, depending on its thickness (Fig. 10), it was found that the best
values of the results were obtained with a coating thickness of no more than 20 microns, which was considered optimal.

Based on the results of the obtained dependencies, a recommendation was formed to achieve optimal parameters of
the last antifriction layer of the composite coating (Table 4)

Table 4

Values of optimal parameters for the antifriction layer

Element Weight % MDL Atomic % Error %
oK 35.7 0.23 60.3 10.6
Ne K 0.3 0.13 0.5 24.1
Mg K 1.3 0.10 1.5 10.2
PK 17.4 0.09 15.2 4.7
SK 14.3 0.37 12.1 5.0
Fe K 1.7 0.19 0.8 8.5
Ni K 2.5 0.28 1.1 7.8
Zn K 7.1 0.33 2.9 4.9
SrL 0.6 0.15 0.2 11.2
Mo L 17.6 0.85 5.0 5.4
CdL 15 0.23 0.4 17.8

120K S
10,8 K e
9.6 K 4
8,4 K
72K
6,0 K
48K
3,6K
24K
12K -
fe Ni i 4
0K ) A
0,0 1,3 2,6 3.9 5.2 6,5 7,8 9.1
Fig. 9. Elemental analysis of the third layer
Mark 3
ey _a—3
3 Py
2 | 2 -
2 # r,_,—'é
A
S — ,/'
1+ A—— |
O - //’ /.' 7 /," - /f’ /f o
5 10 20 30 40 50 60 70 S, mkm

Fig. 10. Change of adhesion of the third coating layer depending on its thickness
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Discussion and Conclusion. According to the results, the sample obtained at a heat treatment temperature of 350°C
and exposure for one hour provides the lowest possible coefficient of friction for this coating. According to the authors,
this is due to the fact that an increase in temperature above 350°C causes the appearance of oxide structures that
increase the coefficient of friction. The temperature below 350°C does not allow the formation of phosphorus-
containing phases that increase the antifriction properties of the third layer, which corresponds to previous studies [15].

The results obtained will increase the durability of the unit itself, reduce the wear of the ridges of wheels and rails
and improve transportation safety.

The obvious advantages of the proposed solution include the facts that it:

— does not require fundamental changes in the design of the friction unit;

— is characterized by the simplicity and manufacturability of coating;

— does not require significant material costs;

— does not cancel the use of routine lubrication, but complements it;

— is universal.

The proposed solution may well be applied in any units, for example, in coupling devices of automobile rolling
stock, various assemblies of lifting and transport machines, units of technological equipment, etc.
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3asenennviii 6xk1a0 cOABMOPOB:
A.A. JlembsiHOB — (DOpMUpPOBaHHE OCHOBHOHM KOHIICIIUH, 00pa0OTKa pEe3ylNbTaTOB HCCIICAOBAHUN, 0OCCIICUCHHE

pecypcaMu, MOATOTOBKA TEKCTA CTATHH.
W.H. IllepbakoB — MOATOTOBKa SKCIIEPUMEHTA, HCIBITaHWI 00pa3loB, 00paboTKa pe3ysbTaToB HCCIIEIOBAHHY,

IIOATOTOBKA TCKCTA CTAaTbH.

Kongpnuxm unmepecos: aBTopbl 3as4BIILIOT 00 OTCYTCTBUM KOH(IUKTa HHTEPECOB.

Bce agmopul npouumanu u 0006punu OKOH4AMeENbHbI 8APUAHTI PYKONUCHU.



