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Background. Continuous mechanical loads on the rails during its contact with the wheel lead to an accumulation of residual stresses
in the surface layers of the rails, resulting in fast-growing fatigue cracks. In addition, the interaction of the wheel and the rail leads to
micro-and macro-slip during their contact, abrasive wear, as well as plastic deformation of the rail. Rail grinding is the repair method
by which defective material layers removes from the rail surface, provides the necessary accuracy of size and shape as well as surface
quality.

Objective. The aim of the work is to determine the effect of grinding on the tribological properties of the rail surface and establish the
optimal parameters of the grinding process to ensure the best wear resistance of the rail surface.

Methods. The research on wear and contact damage of samples of surfaces cut from grinding rails conducted on a friction machine
M-22M. The studies were carried out by dry friction of a sample (cut from a rail) with a counter-sample from the material used in the
manufacture of railway wheels, for 1 hour, the friction path was 3.60 km. Samples were weighed on a VLR-200 balance before and
after the study was performed on the friction machine. As a result, the mass wear value was determined for each sample.

Results. Based on the results of tribological studies, we obtained graphical dependencies of the wear intensity on the hardness of
surfaces of samples and histograms which showing the effect of grinding process parameters on the amount of the wear intensity of
samples. In the work was investigated influence the next main parameters of the grinding process on wear resistance there are the
temperature of the rail, depth of cut, grinding wheel speed.

The results of the work can find practical application in railway transport when repairing rails by grinding.

Conclusions. Based on the analysis of experimental data, the empirical relationship revealed between the depth of cut, the surface
hardness of the sample and the intensity of its wear. The nature of the influence of grinding process parameters (rail temperature,
depth of cut, grinding wheel speed) on the wear resistance of the rail surface is established. The most optimal values of the process
parameters that provide greater wear resistance of the rail surface are depth of cut — 0.007 mm, grinding wheel speed — 30 m/s, rail
temperature — 20°C (it is better to conduct the processing of rails in the warm season). The results of the work can find practical
application in railway transport when repairing rails by grinding.
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Introduction

Currently, there is a constant increase in the speed of rail transport, the relative movements of friction surfaces as
well as an increase in specific loads and the presence of abrasive (sand). The most important factor in the rail travel cost
optimization is the use of resource-saving technologies that extend inter-repair period and reduce the complexity of
current track retention. Therefore, there is a need for new treating methods, working surfaces hardening and technologies
to restore the geometrical parameters of the worn out parts. In addition, it is necessary to develop technologies for
extending the service life of railway vehicles rails and wheels, including necessary equipment and machinery.

The problem is also complicated the large size of the structural elements, for example, worn out rail surfaces reach
tens of meters. This complicates quality assurance and control, and possible manual processing does not provide sufficient
productivity and quality.

Continuous mechanical loads on the rails during operation lead to an accumulation of residual stresses in the surface
layers of the rails, resulting in fast-growing fatigue cracks. In addition, the interaction of the wheel and the rail leads to
micro- and macro-slip, abrasive wear as well as plastic deformation of the rail. The repair of rail defects can do by the
grinding. You can positioned the grinding tool at the site of the necessary repair, on the rail surface or edge, thanks to
flexible kinematics, where needs removed completely material damaged layers. The tool kinematics and designs selected
depending on the requirements for repair. The grinding rails surface roughness should be achieved Rz <25 pm. Accuracy
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requirements of the rails shape and dimensions are defined by the technical requirements in Ukraine (DSTU4344: 2004)
[1], that are being used in manufacturing of rails P50, P65 and P74. In Europe, rails are being manufactured in accordance
to the technical requirements EN 13674-1:2011 [2].

Currently, rail grinding is a repair method that allows the removal of defective material layers from the rail surface
as well as to provide the necessary accuracy of size and shape. There are a number of papers investigating the
technological process of grinding rails, namely: to explore the effects of grinding passes, grinding direction, rotational
speed of grinding stone on the material removal behavior of grinding rails during the grinding process [3—-5], the grinding
effect on surface roughness and hardness of the rail [6], the effects of contact pressure on the abrasive belt grinding
performance of rail material [7]. There are few fundamental [3, 8-10] works on the impact of the grinding process and
tools on the surface layers of rails, but there is very little fundamental knowledge about the tribological properties and the
nature of the use of ground rails. In the work [10] investigated the influence of rails surface roughness on their durability,
but the increase of hardness didn't taken into account in the process of grinding of rails. In some articles have researched
the optimization of rails grinding in terms of the economy [11] and noise [12]. In the paper [11], based on the management
theory of life-cycle cost, the model of analyzing rail grinding parameters is established, the calculation method is
determined, grinding factor is optimized from the point of view of minimizing the rail life-cycle cost.

Thus, the aim of the work is to determine the effect of grinding on the tribological properties of the rail surface and
establish the optimal parameters of the grinding process to ensure the best wear resistance of the rail surface.

The main tasks set forth in the presented work are:

— Investigation of the effect of various surface hardness achieved by grinding on the wear resistance of rails;

— Optimization of rail grinding parameters based on the results of the effect of rail surface hardness on its wear
resistance;

— Creation of a tribological model for determining the nature of the use of grinding rails in real conditions of
operation.

Results

The research was carried out on wear and contact damage of the surfaces of ground rail samples, which were carried
out on the friction machine M—22M under the scheme of a roll - square in conditions of dry friction (Fig.1).

As the sample material (Fig. 2), German rail steel was used (HRC 35-38), which was grinding using varying
process parameters. The counter-sample (Fig. 3) consist of the steel material, which used in railway wheels and has the
hardness HRC 38—40. The tribological tests were carried out with the contact force — P = 100 H, the rotational speed —
n= 490 min' resulting in the sliding speed —1 m/s (Fig. 1). The samples were examining on the friction machine
M-22 M with dry friction for 1 hour accounting for a friction path — 3.60 km. The rail samples for the tribological tests
excised from grinding rails as shown in Fig. 4. The rails were prepared with a rib of the same height prior to grinding to
ensure homogeneous grinding conditions.
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Fig. 1. Test scheme: 1 — countersample, 2 — rail sample Fig. 2. Rail sample geometry Fig. 3. Counter sample geometry

The laboratory balance of class 2 VLR-200 with a maximum weighing limit of 200 g and a weighing error of not
more than 0.0001 g (in accordance with GOST 24104-80) used to determine the mass wear of the samples.

In addition to the above shown grinding parameters, different abrasive grain sizes within the grinding wheel (16,
20, 24 Mesh) as well as varying lubrication conditions were used while grinding. Furthermore, the rail temperature was
varied while grinding (—60, —40, 20, 0, 20, 40, 60, 80°C) to simulate climatic influences. Next, by plotting the graphical
dependencies, an analysis was made of the effect of the indicated parameters on the value of their wear intensity. Fig. 5
shows the wear intensity in dependence of the depth of cut a. and the rail hardness while the remaining process parameters
remain constant at a temperature of — 20°C, a feed speed of v;, = 22 m/min and a grinding speed of v;=30 m/s.
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Fig. 4. Ground rail: 1 — sample cutting places; 2 — ground surface; 3 — direction of grinding; 4 — rail foot
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Fig. 5. Dependence of wear intensity on the value of the sample hardness at different values
of the depth of cut ac: @ — 0.007 mm, » — 0.014 mm, ¢ — 0.021 mm
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The wear intensity can find using the analytical dependency. Known the work of V. Tsybulsky [13], who obtained
the analytical dependence to determine the wear intensity of crane wheels based on the work of G. Yampolsky,
I. Kragelsky [14], which has the following form:

P

1 . -n,,
8" .HB'’ -HB.\[R,

(M

K

where C is a some constant value; ¢ is the concentration of abrasive particles (sand); R is the volumetric radius of the
particle; o.s. is the conditional stress of the compression resistance of an abrasive particle; o.is the contact stress; A is the
complex parameter that depends on the size of the tolerance on the wheel size, shape, geometry of the work surface and
the accuracy of the wheels; 9, is the elongation at break of material; HB,, and HB, are Brinell hardness, respectively, of
wheel and rail materials; R,, is the wheel radius; n,, is the wheel rotation frequency.

Dependence (1) contains the following factors that affect the wear intensity of a wheel [13]:

1) 4=¢"?R" >3 — influence of the abrasive factor;

X
2) P=—-.n, — influence of geometric, kinematic characteristics and operating mode;

V Rw "
3) K = 4 - the impact of machining and assembly quality;
4) M =35" -HB'’ - HB, — influence of physical and mechanical properties of materials.

In the article [13] dependency obtained and shows in Fig. 6 in accordance to the experimental results, which relates
the magnitude of the wear intensity of the crane wheels and the complex parameter HK120*?-8s572 of the deformation-
strength properties for the three grades of steels. This is the same as the parameter M = §" - HB.> - HB, . This parameter has
HK5 is the Ludwig hardness and sz is the relative extension. You can calculate them using experimental method

assessment of plasticity surfaces of machine parts [15]. Then we decided to compare our results and results from paper
[13]. It show on fig.7. For the sake of comparison, all values resulted in a Brinell hardness.
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Fig. 6. Dependence of the wear rate on the value of the complex parameter of the deformation-strength
properties of materials
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Fig. 7. Dependences of wear intensity on the value of the samples hardness (/4B): a is for rail surface samples,
b is for crane wheels from paper [13]
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At work [13], wheel samples tested using a friction machine with the contact force — P = 736 H, that is higher than
we used (P =100 H). That is why values of the rail samples wear intensity in our tribological tests lower than in results
of work [13]. In addition, the rail material and wheel materials are different. The very nature of the dependence of the
wear intensity on hardness is similar in both cases (look fig. 7). This confirms the correctness of the results of the
experimental studies.

From the above graphs, we can see that the lowest wear intensity occurs for a surface hardness of the samples in
the range of 550 ... 650 HV. The wear intensity for varying grinding depths of cut are shown in Fig. 8 to analyze the
influence this parameter on the rail surface hardness.
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Fig. 8. The dependence of the average wear intensity on the depth of cut

As can be seen from the graphs, a large value of the depth of cut (0.021 mm) leads to an increase in the average
wear intensity by 1.5 times compared with the minimum depth of cut (0.007 mm). This also confirmed in the work [8].

Since the magnitude of the wear intensity fluctuate with the same grinding surface parameters (depth of cut, rail
temperature, grinding wheel speed), it was decided to analyze the effect of the depth of cut on the probable value of the
wear intensity. For such the analysis, the dependence of the probability of the normal distribution on the magnitude of the
wear intensity was constructed using normal Laplace—Gauss distribution. It described by the next formula [16]:

-(x-%)*

e 2, (@)

1

o221

J(x) =

where o is the standard deviation and X is the mean or expectation of the distribution. Using the formula (2), we plotted
the graphical dependencies in fig. 9. Describes the probability of finding the magnitude of the wear intensity at certain
values.
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Fig. 9. Probability density function
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As can be seen from fig. 9 the probability density function is narrower and shifts towards lower values of the wear
intensity at lower depth of cut values. Therefore, a lower depth of cut value is preferable.

It obtains the empirical dependence of the wear intensity on the surface hardness at different depth of cut values
based on the graphs in Fig. 5 and has the next view:

1(HV) = a? ((0.884- HV ~642.36)° ~15310.37 )~ a, ((0.1257 - HV ~94.35)" ~ 459.82) + 5
+(0.0107-HV ~7.53) —0.61,

where a.is the depth of cut.
For the depth of cut of a. = 0.007 mm, a feed speed of v/=22 m/min and a grinding speed of v; = 30 m/s, the effect
of varying rail temperature during processing on the amount of wear is analyzed on the basis of the graph shows in Fig. 10.
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Fig. 10. The dependence of wear intensity on the temperature while grinding with a depth of cut of @. = 0.007 mm

An increase in temperature leads to a decrease in rail the wear intensity and vice versa. A similar pattern can observe
at higher depths of cut (Fig. 11).
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Fig. 11. Dependence of wear intensity on the processing temperature of the rails for different depths of cut:
a—0.014 mm, 5—0.021 mm

From fig. 12, it can be seen that for large depths of cut (a. = 0.021 mm), there is an influence of the grinding wheel
speed on the wear intensity. At lower depths of cut, the effect of grinding speed is minimal.
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Fig. 12. Influence of the grinding wheel speed on the wear intensity for different depths of cut:
a—0.007 mm, b —0.021 mm

From fig. 12, you may see that the more grinding wheel speed leads the more wear intensity.
Conclusion

1) The influence of the basic technological parameters of the grinding process on the wear resistance of rail samples
established through tribological research. These parameters include the grinding temperature, the depth of cut and the
grinding wheel speed. The empirical dependence of the wear intensity on the hardness of the rail surface obtained for
various depths of cut values.

2) The lowest wear intensity occur for a surface hardness of the samples is in the range of 550 ... 650 HV.

3) A different character of the dependence of the wear intensity on hardness is noted. For a sample hardness of
300 ... 500 HV, the wear intensity decreases, with a hardness of 500 ... 700 HV it stabilizes and with a hardness of more
than 700 HV increases.

4) The dependence of the wear intensity on the hardness for different depths of cut (0.007 mm; 0.014 mm;
0.021 mm) has a similar character: The lowest wear rate occurs for the smallest depth of cut of a, = 0.007 mm. Increasing
the grinding depth of cut leads to an increase in the average wear intensity by 1.5 times compared to the minimum depth
of cut (0.007 mm).

5) A higher value of the temperature of the rails during grinding process provides a smaller amount of the wear
intensity of samples cut from these rails. The intensity of wear at a grinding temperature of —60°C is approximately
3 times higher than at temperatures of 40—-80°C. A similar pattern is typical for all values of depth of cut.

6) The dependence of the grinding wheel speed during rails grinding on the wear intensity at a treatment grinding
depth of cut of 0.007 mm was established. The lowest wear intensity is at the minimum (30 m/s) and the maximum
(40 m/s) grinding wheel speed. The wear intensity is the maximum (2.5-3 times higher) at grinding wheel speeds of 35—
40 m/min.
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JlocaigxeHHs 3HOCOCTIHKOCTI KOHTAKTHOI OBEPXHi PeHKH B 3J1€/KHOCTI BiJ
npouecy ii nurigyBaHHA

M. L. Booup, 1O. II. Bopoaiii, I1. }O. IIpouenxo, E. Yasman, 5. Tanay, I1. IlunoBka

Ilpoonemamuxa. Tpusani mexaniuni HaganmadgicenHs HA peuxy nid yac ii KOHMAxKmy 3 Koaecom Npu3eo0simsv 00 HAKONUYEHHS
3ANUIUKOBUX HANPYIICEHb Y NOBEPXHEBUX UAPAX PeliKU, BHACTIOOK 4020 BUHUKAIOMb WEUOKO3pocmaloyi emomui mpiwunu. Kpim mozo,
63a€MO0Is KoNleca I peliku npu3eo0ums 00 MIKpO- i MAKPOKOB3AHHA Ni0 4ac iX KOHMAKmy, abpasuéHo20 3HOULYEAHHS, a4 MAKONC
nracmuynoi depopmayii peiiku. [lnighyeanns peiiok - ye cnocié ix peMonmy, 3a 00NOMO2010 K020 GUOANAIOMb 0eeKmHi wapu
mamepiany 3 n08epxui peliok, 3abe3nevyioms HeoOXiOHy MO4HICMb IX po3Mipie, (popmu ma AKOCmi NOBEPXHI.

Mema Oocnioncennsn. [ocnioumu eniue wiliyy@anus Ha mpubono2iuHi 61ACMUBOCMI NOBEPXHI PEUKU, d MAKOIC 6CMAHOGUMU
ONMUMATLHI napamempu npoyecy wiiighy8anns 01 3a0e3neyents HauKpauoi 3HOCOCMIUKOCMI NO8ePXHI peliKuU.

Memoouka peanizayii. /Jocnioxcents 3HOWYBAHHA MA KOHMAKMHO20 NOUWKOONCEHHSA NOBEPXOHb 3PA3KIE, SUPI3AHUX i3 wIigho8anux
petiox, nposoounucs Ha mawuni mepms M-22M. Jlocniodcenrst 30iCHIOBANUCS UWLISXOM CYX020 Mepmsi 3pa3Ka (UpI3anull 3 petiku) i3
KOHMP3PA3KOM 3 MAmMepiany, wo 6UKOPUCTNOBYEMbCS NPU BUCOMOBICHHI 3ANI3HUYHUX KONIC, npomsazom 1 200unu npu ybomy wiiax
mepms cknadas — 3,60 km. 3pasku 36axcysanucy Ha eaeax BJIP-200 0o ma nicis 6UKOHAHHS OOCTIONCEHH HA MawuHi mepms. B
De3yIbMami Oisl KOJHCHO20 3pA3Ka OYI0 GUSHAUEHO GEUYURY MACOB020 SHOULYBAHHSL.

Pezynomamu oocnioxncenna. Ha ocnosi pe3ynbmamie nposedeHux mpuboIoiuHux 00criodceHs 0yau nobyodosawni epagiuni
3ANeHCHOCTNI THMEHCUBHOCTNI 3HOULYBAHHA 6i0 MEepOOCmi NOBEPXOHL 3PA3KI8 MA 2iCOspamu, wo NOKA3YIOMb 6NIUE NAPAMempIs
npoyecy winipysanua Ha GeauyuHy iHmeHcueHoCcmi 3nHoutyeanusa 3paskie. OcHognuMu napamempamu npoyecy winigyeanus, AKi
docniddcysanucs 8 pobomi, €: memMnepamypa petiku, npunyck Ha 06pooKy, JiHIlIHA WEUOKICMb uLTighy8aIbHO20 Koleca.

Bucnoeku. Ha ocnogi npoananizosanux ekcnepumeHmanibHux Oanux OmpumMano eMnipuity 3aielcHicns Midic RPUnycKom Ha obpooky,
6EIUYUHOI0 NOBEPXHEB0I MEepOOCMI 3pa3Ka ma IHMEeHCUBHICMIO 11020 3HOWY6anHsA. Becmanoeneno xapaxmep enaugy napamempis
npoyecy uinigpyeanns (memnepamypa peiku, npunyck Ha 00pooOKy, JHIUHA WEUOKICIb WAIPYEATbHO20 KOIeCa) Ha 3HOCOCMIUKICIb
nosepxui petiku. Hatlbinbuw onmumanieHuMuy seIuyuHamu napamempie npoyecy, wo 3abesnedams OLIbULy 3HOCOCMINKICIb NOBEPXHI
petixu, €: npunyck na 06pobxy — 0,007 mm, ninitina weuoxicmo uLnigpysanvnozo kpyea — 30 m/c, memnepamypa — 20°C (06po6ky petiok
Kpawe eecmu 6@ menauti nepioo poky). Pezynemamu pobomu mooicyme 3uatimu npaxmuume 3ACMOCY8AHHA HA 3ANIZHUYHOMY
mpancnopmi npu npoeeodeHHi peMoHmy pelioK WAAXOM WAig)y8anHs.

Knrouogi cnosa: winigpysanis petiox; iHmeHCUBHICIb 3HOULYBAHHSA, NOBEPXHE8A MEepIoicmb, MpubOL02iuHI 61aCMUEOCTII.

HcciienoBanue M3HOCOCTOMKOCTH KOHTAKTHOM IMOBEPXHOCTH peiibca B
3aBHCHMOCTH OT Ipouecca ero uuimgposanus

H. U. Boosips, 1O. I1. Bopoanii, I1. 1O. IIpouenko, 3. Yasman, 5. Tanay, I1. lunoska

Hpoﬁﬂeznamuka. ﬂﬂumeﬂbele Mexanuvyeckue Hacpy3Ku Ha pelbC npu eco KOHmdakme C KOoJlecom npueot)ﬂm K HakonjieHuro
ocmamovHslx Hanpﬂofceﬁuﬁ 6 NOBEPXHOCMHbBIX CIOAX pelblad, 6 pesylibmame Yeco 603HUKAIOm 6blcmpopacmymue ycmanocmHhbsle
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mpewunsl. Kpome moeo, 63aumooeticmaue Koneca u peasca npUoOUn K MUKpO- U MAKPONPOCKATbIbIBAHUIO 80 6PEMSL UX KOHMAKMA,
abpasusnomy usHocy, a makxice oeopmayuu peavca. LLlnugosanue perbcos - 5mo cnocoé ux pemonma, ¢ HOMOWbIO KOMOPO2o
yoansaom depekmuvie CIOU MAMEPUATA C NOBEPXHOCIU PelbCO8, 00eCnedusaom HeooXooumy mouHOCMb UX pasmepos, hopmul u
Kauecmea nogepxHoCmi.

ILlenv uccneoosanun. Hcciedosamo enusAnue wnugosanus Ha mpuborocUYeckue CEOUCMBEa NOBEPXHOCMIU penbcd, d MAaKice
VCMAHOBUNL ONMUMATILHBLE NAPAMEMPbL NPOYECca WNUGOBanUsL Ol 0Decneyerus Iyyulell USHOCOCMOUKOCMU NOBEPXHOCIU PENbCd.
Memoouxa peanuzayuu. Fccredosanue u3HOCa U KOHMAKMHO20 NOBPEHCOHUs NOBEPXHOCMEN 00pa3|os, 6bIPE3AHHbIX U3
WNUPOBANHBIX PeNbCos, NPO8oOUNUCH Ha Mauune mpenus M-22M. Hccredosanus ocyuecmenanucs nymem cyxo2o mpenus oopasya
(Bbipe3annblll U3 penbea) ¢ KOHMPOOPA3YOM U3 MAMEPUANA, UCNOTLIYEMO20 NPU US2OMOBNIEHUU HCENEZHOOOPOHCHBIX KOEC, 8 MedeHUe
1 uaca npu smom nyme mpenus cocmasnin — 3,60 km. Obpasywi 36ewusanice Ha eecax BJIP-200 0o u nocie evinoaneHus
UCce008ans Ha MawuHe mpenus. B pesynomame 0ns kaxco02o 06pasya 6vLio onpedeneHo 8eluUty MACCo8020 USHOCA.
Pesynemamut uccnedosanus. Ha ocHose pe3yivmamos npo8edeHHbIX mMpubOIoUHecKUX UCCAed08anuti Obliu NOCMpOeHbl
gpaguueckue 3a8UCUMOCIU UHMEHCUBHOCIU USHOCA OM MEEePOOCHIU NOBEPXHOCMEl 00pa3y08 U SUCOZPAMMbL, NOKA3bIBAIOUjUe
6IUSAHUE NAPAMEMPO8 NPOYECCa WAUDOBAHUSA HA 6ETULUHY UHMEHCUBHOCU USHOCA 00pa3y08. OCHOBHBIMU NApaMempamu npoyecca
WU OBAHUS, KOMOPble UCCTe008ANUCh 8 pabome, AGIAIOMCI: MEMNEPAMYPa PeibCbl, NPUNYCK HA 00PABOMKY, TUHEUHA CKOPOCHb
wnughosanvrozo Koeca.

Bui600wi. Ha ocrose npoananu3uposantblix SKCnepUMeHmanbHblX OGHHBIX NOTYYEHO IMNUPUHECKYIO 3ABUCUMOCTIL MEXHCOY NPUNYCKOM
Ha 0OpabomKy, 6eIUYUHOU NOBEPXHOCMHON meepoocmu 06pasya u UHMEHCUBHOCHIBIO €20 USHOCA. YCMAaHo6NeH Xapakmep 6IusHUs
napamempos npoyecca wWaugosanus (memnepamypa pensbCol, NPunyck Ha 06pabomxy, TuHelHds cKopoCchs WAUMOEAIbHO20 Koleca)
HA USHOCOCMOUKOCMb NOGepXHOCMU penbcd. Haubonee onmumanbHblMu 8eIULUHAMU NAPAMEMPO8 npoyeccd, Komopule obecheyam
OONBLULYIO  USHOCOCOUKOCb NOBEPXHOCU  pelbCd, AGIAMCA: npunyck Ha obpabomky - 0,007 mm, Jaumelinas cKopocmb
winugosanvrozo kpyea — 30 m / ¢, memnepamypa — 20 ° C (obpabomky penvcos nyuuie secmu 6 menwlii nepuoo 200a). Pesyromamor
pabomel Mo2ym HAUMu NPAKMUYEcKoe NPUMEHEHUe Ha JHCele3HO00POAICHOM MPAHCHOPME NPU NPOBEOEHUY PEMOHIMA PenbCo8 nymem
WAUPOBAHUSL.

Kniouesvie cnoga: wnugosanue penvcos; uHmeHcUSHOCMb USHAWUBAHUS, NOBEPXHOCMHASL MEePOOCMb, MPUbOIoUIecKUe CE0UCMEBdA.
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