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FINDING AND ANALYZING THE ROLLING CHARACTERISTICS OF THE WHEEL ON
THE RAIL IN THE PRESENCE OF A VISCOUS INCOMPRESSIBLE INTERMEDIATE
MEDIUM

Anomauin. Mema cmammi — po3poOKa, po3e 30K i AHA3 MAMeMamuyHoi MoOeli pyxy Kojaeca no peuyi
3a HAABHOCMI 6 30HI KOHMAKMY NPOMINCHO20 cepedosuwya. [{a GUHAYEHHA XAPaKmepucmux KoueHHs Koaeca no
peliyi 3a HAABHOCTI NPOMINCHO20 CepedOo8UA 8 PeXCUMAX PO320HY I 2ANbMYBAHHA PO38 SI3AHI DIGHAHHA DYXY
8’A3K0i Hecmucaugoi piounu. 3a00801eHHA SPAHUYHUM YMOBAM NPOBEOEHO MEMOOOM 38AHCEHUX 8IOXUNIE Y BU-
2na0i nomoukoeoi koanokayii. Ha ocnogi nposedenux pospaxyukie i aHanizy 6CMAHOBNIEHO, WO 30 HAABHOCHI
APOMIICHO20 CEPedOBUA 8 PENCUMAX PO32OHY MA 2AbMYBAHHA BIOHOCHE KOG3AHHA NO-PI3HOMY 6NAUBAE HA KO-
eiyicnm 3uennenns Koaic 3 peuxamu. Pezyismamu po3paxyHkie 000pe y32004cyIomucs 3 eKCnepuMeHmanbHu-
MU OaGHUMU.

Knrwwuosi cnosa: gpuxyiiina napa, xoepiyicum 3uenjienHs, Koaieco J10KOMOMUBA, PEUK06d KOs, PIGHAHHSL
Hasve — Cmoxca, memoo 38ajxceHux 8ioxXunis.

Annomayusn. Lleno cmamvu — paspabomka, pewieHue u aHaiu3 Mamemamuiecko Mooenu 08UNCEHUsST KO-
Jleca no penvey npu Haauduy 6 30He KOHMAKma npoMelcymo4Hol cpeodvl. [lis onpedeneHus: Xapakmepucmux Ka-
YeHUsT KOAeCa NO PeibCy NpuU HATUHUU NPOMENCYMOYHOU CPEObl 8 PEXHCUMAX PA32OHA U MOPMONCEHUsL PEUeHbl
VPAGHEHUSL OBUINICEHUS B53KOU HECHCUMAEMOU HCUOKOCMU. Y0081emeopeHue SpanuinblM YCI08UIM NPOBEOCHO
MEMOOOM B36CULEHHBIX HEBSI30K 6 GUOe NOMOYeuHoU Koulokayuu. Ha ochoge nposedennbix pacuemos u anaiu3sa
VCMAHOGLEHO, YO NPU HATUYUU NPOMENICYMOUHOU CPEObL 8 PECUMAX PA3COHA U MOPMONCEHUST OMHOCUMELbHOE
CKOMbIICEHUE NO-PA3HOMY GlUsilem HA KOd(hduyuenm cyennenus Koiec ¢ peibcamu. Pezynomamol pacuemog xo-
POULO CO2NACYIOMCSL C IKCNEPUMEHMATIbHBIMU OAHHbIMU.

Knwuesvie cnosa: ¢puxyuonnas napa, kodghduyuenm cyenienus, Koaieco 10KOMOMUB, pelbCo8blil Nymb,
ypasnenusi Hagbe — Cmokca, Memoo 636eueHHbIX HEBs30K.

Abstract. Article purpose — the development, solution and analysis of a mathematical model of the move-
ment of a wheel along a rail in the presence of an intermediate medium in the contact zone. To determine the
wheel rolling characteristics along the rail in the presence of an intermediate medium in the acceleration and
deceleration modes, the equations of motion of a viscous incompressible fluid are solved. The satisfaction of the
boundary conditions was carried out by the method of weighted residuals in the form of pointwise collocation.
Based on the calculations and analysis carried out, it was found that in the presence of an intermediate medium
in acceleration and deceleration modes, the relative slip affects the coefficient of adhesion of wheels to rails in
different ways. The calculation results are in good agreement with the experimental data.

Keywords: frictional couple, coupling coefficient, a locomotive wheel, a railway line, Navier — Stokses
equations, a method of the weighed discrepancies.

Steel wheels have relatively stable friction properties and are widely used in rail vehicles and in lifting and
transport equipment. The kinematic and dynamic properties of a wheel-rail friction pair are determined by their
geometrical parameters, external loads and the presence of an intermediate medium. The rail track in the mines is
covered with a significant contaminating fine-dispersed layer, which is a mixture of rock, wear particles of brake
pads and wheels in the soil waters. When braking a locomotive, a liquid or multi-dispersed medium located on
rails significantly affects the coefficient of adhesion of the wheel to the rail and the rolling resistance force. Cur-
rently, the process of interaction of the wheel with the rail in the presence of an intermediate medium has not
been studied enough.

In work [1] changes in pressure in the zone of contact between the wheel and the rail were established for
various characteristics of the intermediate medium. It is shown that when the load on the wheel of a locomotive
moving along a track covered with an intermediate medium changes, the carrying capacity of a viscoplastic me-
dium can reduce the coefficient of adhesion to the magnitude of the internal friction of the medium. In this case,
the wheel will be in hydroplaning mode. In work [2] on the basis of the equations of the hydrodynamic theory of
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greasing interaction of a brake shoe wheel-block brakes with a wheel in the presence of the intermediate envi-
ronment in the form of dispersion of products of wear of lubricants and inorganic pollution in contact zones a
block - a wheel and a wheel - a rail is considered.

Article purpose - development, solution and analysis of a mathematical model of the movement of the
wheel along the rail in the presence of an intermediate medium in the contact zone.

These studies are a continuation of [3, 4]. Here, in addition to previous studies, the process of wheel accel-
eration in the presence of an intermediate medium was considered and a comparative analysis of the friction
characteristics in acceleration and deceleration modes was performed. To improve the quality of modeling and
refine the results, the number of collocation points was increased to 15, which led to a larger number of equa-
tions in the system.

The model of the movement of the Newtonian viscous incompressible liquid [5] is applied to establishment
of characteristics of swing of a steel wheel on a rail in the presence of the intermediate environment. To the ro-
tating steel wheel on a normal to a rail force which part is perceived by the intermediate environment is applied.
In the course of swing of a wheel it is affected by the moment of dispersal or braking My, (fig. 1).
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Fig. 1. The rated scheme of the movement of a wheel in the presence of the intermediate environment

In fig. 1 the following designations are accepted: R — radius of a circle of driving of a wheel; » — angular
speed of a wheel; Fn — normal force; N =Fn+F p; Fn - lifting force of the intermediate environment; Fp -
reaction of a rail; r — current radius; ¢ — current angular coordinate; h — thickness of a layer of the intermedi-
ate environment; A(z) — the gap between a wheel and a rail in the plane z =const (the axis of Oz is directed

perpendicularly to the drawing plane in such a way that if to look from its end, then positive values of angular
movements ¢ are represented occurring against the course of an hour hand) filled with the intermediate envi-

ronment; V, — the speed of a rail of rather geometrical center of a wheel equal on absolute value of speed of the

locomotive; 1,2,3...., 15 — collocation points; 6, 6; — the corners defined geometrically
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Neglecting "end effects” and believing that the wheel and a rail have infinite length in the direction of a
wheel pivot, we will consider that the movement of the intermediate environment in a gap between a wheel and a
rail is flat. Thus, the task is reduced to consideration of the movement of viscous incompressible liquid between
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the wheel rotating with angular speed ® which geometrical center is not mobile and is a pole O of polar system
of coordinates, and the rail moving progressively concerning a pole O in the direction of rotation of a wheel
with a speed V. Rail speed in the mode of dispersal is less than circumferential speed of a wheel, and in the

braking mode - exceeds it. Thus, between working surfaces of a wheel and a rail slipping takes place.
Let's use Navier — Stokses equations in polar system of coordinates [5]:
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where V, — a velocity vector projection in the direction of the current radius; V,, — a velocity vector projection

in the direction of the current angular coordinate; t — time; p — liquid density; p — pressure; v — kinematic
coefficient of viscosity.

The gap between a wheel and a rail is very small in comparison with wheel radius R . We will consider the
movement of liquid in a gap slow as inertial members in comparison with the members considering viscous

forces and change of pressure can be neglected. Then the linearized Navier — Stokses equations in which there
are no inertial members in polar coordinates will take the following form
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where p=vp — the dynamic coefficient of viscosity of liquid depending on temperature.

By drawing up these equations the relative trifle of a gap in comparison with wheel radius allowing to con-
sider that is considered
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Follows from the first two equalities of system (1) that
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It allows to accept further

P
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Besides, in system of the equations (1) it is possible to replace out of a derivative sign r on R, and from a
variable r (R <r<(R+A(z))/cos (6/2)) to pass to the variable {=r—R changing in an interval

0<¢<(R+A(z))/cos (6/2)—R. Then o/or =0/0¢ and Navier — Stokses equations will register so:
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Normal o, and tangent Trq Stresses according to the generalized law of Newton for incompressible vis-
cous liquid in expanded form in polar system of coordinates according to work [5] are determined by formulas

o e

ov, V
E%Jr_‘l’__‘f’ . (3)
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Let's find distribution V,, =V, (r,@) V; =V, (r,9), p=p(¢) in the CABDB,A area belonging to the

plane z=const (fig. 1).

At the solution of the specific objectives connected with a flow of firm surfaces viscous liquid boundary
conditions have to be used [5]: particles of liquid "stick" to a firm wall, without getting through it, and in a
common ground of their speed match speeds of points of a moving firm surface; on removal from a streamline
body the speed and pressure, in any point of a flow are set.

Let's write down boundary conditions taking into account that environment speed on border medium - a
wheel is equal to wheel speed, on border medium - a rail is equal to rail speed; medium does not get through
borders; on removal from a wheel the speed of the environment is equal to rail speed, pressure is equal to zero.
Thus:

at (=0, |¢|<6/2 (AO'B line)

V(P:coR:Vp(S+1), V, =0, 4)
where S = P _ relative sliding of a wheel on a rail,;
p
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Vo =Vpcose, V,=Vysing, p=0. (6)

The approximation of the decision satisfying to Navier — Stokses equations (2) and to boundary conditions
(4) it is identical, we will choose in a look
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where a=A(z) (1—;arctq8j;f((p)= 0, at |¢<6/2;
Vpsin(0,(¢—6/2)/(6,-0)), at 0/2<e<06;/2.

We will also define unknown coefficients a; and by so that the chosen approximation of the decision met
boundary conditions (5), (6). For satisfaction of functions V,, and V, to boundary conditions (5) and (6), and al-
so function p to a boundary condition (6) we will use method of the weighed discrepancies in the form of a
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pointwise collocation [6]. We will choose points of a collocation on the CAB;D line asymmetrically rather di-
recto=0.
From system of the equations (7) we have
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2 Kiigi + 2 Ml =L, (8)
i=1 i=1
2ip;m 2ip;m Vy(cospi —S—1
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system (8)).
The total number of unknown a; and b; has to be equal in system of the linear algebraic equations (8) to

number of the equations. Thus, the number of members of ranks in decomposition (7) depends on quantity of
points of a collocation. For carrying out numerical calculations we will take 15 points of a collocation. Points on
an entrance to the CABDB; A area we will arrange more densely, than at the exit (fig. 1). Then the system (8)

will consist of thirty eight equations and it is possible to accept n=19, k =19. Considering R= f (z) =const ,
A(z) =const, we will determine the carrying power of the intermediate environment and force of the viscous
resistance caused by existence of the intermediate environment as functions of relative sliding on formulas
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FnzbfcrrCOS(pd|:buR % > = L sin( =) it sin( AR ; ©)]
AB i j=1 | 2|TC—91 291 2|TC+91 291
n 2it—0;) 0 2it+0,) 0
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where b — width of a zone of contact of a wheel and intermediate environment; dl =+/r? +I"2d(p= Rdop —

curve arch differential.
The decision of system of the linear algebraic equations (8) was executed by the Gauss method for the sizes

of relative sliding changing in the range from minus units (the skid mode) to two (slipping drafts in the mode
with the district speed of a wheel three times exceeding rail speed concerning a wheel). Further taking into ac-

count formulas (9) and (10) the relative carrying power of the intermediate environment FrT =F, / Fy . the rela-

tive force of viscous resistance caused by existence of the intermediate environment FC* = F./Fy and the rela-
tion of increase in relative carrying power to increase in relative force of viscous resistance in comparison with

values of these sizes at free swing were found F, = F, /FN F; =F./Fy
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as functions of relative sliding at the following input datas: R=027m ; V,=5m/s; h=510"m ;

A(z)=102m; b=510%m; Fy =125-10" N ; u=5214 N-s/m? . Calculations were carried out by

means of a standard package of the application programs "Mathematica 7.0" for 15 points of a collocation
(fig. 1). Increase in number of points of a collocation (more than 15) significantly will not influence the decision
as even at nine points of a collocation [3] difference of the decision does not exceed 7%. It speaks about good
convergence of ranks (7).

From fig. 2 it is visible that dependences of relative carrying power and relative force of viscous resistance

increase with increase |S|. And, on an interval 0<|S|<0,05 increase of function F, =F, (S) reaches bigger
size, than function increase F,, = F, (S). At the relative sliding, equal 0,05, function F, = F4 (S) has mini-
ma (Fa min =0,62 and Fy min = 0,64 respectively). On an interval 0,05<|S|<0,2 the function graph F, (S)
has significantly sharper rise, than a function graph F: (S) On this interval of value of function FZ (S) in-

crease in the braking mode by 5,6 times (with 0,64 to 3,60), passing through unit at S =-0,085 and in the dis-
persal mode - by 6,2 times (with 0,62 to 3,87), passing through unit at S =0,085. It promotes reduction of an

absolute value of coefficient of coupling v . Further, at 0,2 <|S| <1 value of function F; (S) changes slightly
and makes about 3,65 in the mode of braking and 3,9 in the dispersal mode. At 1<S <2 value of function

FZ(S) it is approximately equal to 3,85. Function FZ(S) at 0<|S| <01 in the mode of dispersal accepts

smaller values, than in the braking mode, and at 0,1 < |S| <1 on the contrary - great values.
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Fig. 2. Dependences of relative carrying power and relative force of viscous resistance on relative sliding: 1 — relative
- * - - - * - - - - -
carrying power F, ; 2 —relative force of viscous resistance F; ; 3 — relation of increase in relative carrying power to

. . . . . *
increase in relative force of viscous resistance F,

Conclusions
1. On the basis of the carried-out calculations and the analysis it is established that in the presence of the in-

termediate environment in the modes of dispersal and braking relative sliding differently influences coefficient
of coupling of wheels with rails;
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2. For stabilization of coefficient of coupling v during dispersal and braking in the presence between a

wheel and a rail of the intermediate environment it is necessary to limit absolute value of relative sliding of
8,5%.
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CPABHUTEJIbHBIN AHAJIN3 PE3YJIbTATOB MOJEJUPOBAHUS
SJEKTPOMEXAHNYECKUX CUCTEM
«QJEKTPUYECKASA CETbH — TIPUBO/] - KOMIIPECCOP - ITHEBMOCETb»
PA3JIMYHOM MPOU3BOJIUTEJIBHOCTH

Anomauia. B pobomi npogederno nopisHaibHull aHAI3 pe3yIbmamie MOOeI08aAHH MAMeMAMUYHOI MoOe-
7, WO 00360J1A€ USHAUAMU ONMUMATbHULL peXCUM POOOMU cucmemu 8UpOOHUYMSEA i PO3NOOILY CIMUCI020 NO-
8IMpsl, WO CKIA0AEMbCA 3 HACYNHUX elleMeHmis "elekmpuuna mepesica - npusio - KOMNpecop - NHegmomepe-
aca". Ilposedenuii ananiz nokasas, wo NPoNOHOBAHUL 8aAPIAHM Pe2YyNI0BAHHS 3 «NIABAIOYUM» BEPXHIM DiGHeM
MUCKY, OISl CUCmeM Pi3HOi NPOOYKMUBHOCHI, 3a0e3neuye CKOPOUeHHs GUMpPam ereKmpudnoi emepeii, wo cno-
HCUBAIOMBCSL PO3TAHYMUMYU eTIeKMPOMEXAHTUHUMU cucmemamu. Exonomis mooce oocsazamu 13,5% 6 3anescno-
cmi 8i0 3HAUEeHb BUMPAMU CINUCTIO20 NOBIMPS, CRONCUBAHO20 NHEBMONPUNIMAYIE, NPOOYKIMUBHOCMI KOMAIpecopa
i napamempig eneKkmpoMexaniyHoi cucmemu.

Knrouosi cnosa: enexmponpugoo, pe2ynio8ants, KOMIpecop, enekmpomMexaniuua cucmema.

Annomayusn. B pabome npogeden cpasHumenvbhblil AHAIU3 Pe3YIbManmos MOOeIUPOSAHUs. MameMamuye-
CKOU MOOENU, NO3BOJISIOWEN ONPedeiimb ORMUMATbHBLIL PEXNCUM PABOMbL CUCTEMbL NPOU3BOOCMEA U pAChpede-
JIEHUSL CAHCAMO20 6030YXA, COCMOAUell U3 CeOVIOWUX DIIEMEHMO8 “DIeKMPULeCKdast cemb — NPU00d — KOMAPEC-
cop — nHeemocemsv”. [Iposedennviil ananus noKA3aL, Ymo npediazaemvlli 6apUanm peyiuposanus ¢ «niaeaio-
WUM» BEPXHUM YPOBHEM 0asNeHUsl, OJisl CUCIEM PA3IUYHOU RPOU3600UMENIbHOCMU, 0becne ugaent COKpaujeHue
pacxooa neKmpuyeckoli IHepeuU, NOMpeonsemMbiMu PAcCCMAMpPUBAeMbIMU INEKMPOMEXAHUYECKUMU CUCTEMA-
Mu. Ixonomus modicem docmueamsv 13,5 % 6 3asucumocmu om 3HAYeHULl pacxooa caxcamozo 8030yxa, nompeo-
JILEMO20 NHEEMONPUEMHUKAMIU, NPOUZBOOUMENbHOCIU KOMAPECCOpa U NApaMempo8 dNeKmpoMexanuieckou cu-
cmembi.

Kniouesvie cnosa: snexmponpusoo, pecyiuposanue, KOMRpeccop, dAeKmpoMexanuieckas Cucmemd.

Abstract. A comparative analysis of the simulation results of a mathematical model, which allows to deter-
mine the optimal mode of operation of the compressed air production and distribution system, consisting of the
following elements “electric network - drive - COMpressor - pneumatic network”, is carried out. The analysis
showed that the proposed control option with a “floating” upper pressure level, for systems of various capaci-
ties, provides a reduction in the electrical energy consumption consumed by the electromechanical systems un-
der consideration. Savings can reach 13.5% depending on the values of compressed air consumption consumed
by pneumatic receivers, compressor performance and parameters of an electromechanical system.

Keywords: electric drive, control, compressor, electromechanical system.
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