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Summary. The article investigates the problem of load reiigtion of wheel pairs upon rails in mode of
traction forces realization. Dependences revedifigence of operational factors on engagement keig
utilization factor have been obtained on the beabisxperiment planning theory. The solution onufagion
of additional loading device effort in operatiokitey into account obtained dependences has be@oged.
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INTRODUCTION

Achievement of high traction qualities at designd amperation of modern
locomotive is an actual task. Redistribution of wehpairs static loads upon rails in
operation is the main reason of locomotive tractigumalities degradation, their
accelerated wear, increased influence upon rad evel as a result leads to decrease of
rail road transporting and carrying capacity ardrcead derangement.

While designing a locomotive, static loads of wheairs static loads upon rails
are supposed to be equal [Konyaev A.N., Spiryadin, 11971]. In reality, they have
certain deviations from calculated values [GorbumbV.,, Kravchenko K.A., Popov
S.V., 2009]. It is connected with different designd operational factors analysis of
which is presented in scientific papers of GolulerkL. [Golubenko A.L.., 1986],
Gorbunov N.I. [Gorbunov N.I., 1987], Konyaev A.NKdnyaev A.N., 1972] and other
authors [Gorobchenko O.M., 2007, Ivanov V.N., Bely, A.l., Oganyan E.S., 1979,
Tasang E.N., Yakovenko V.V., Saffron E.N., 2000ri6amov N.I. Kashur A.L., Popov
S.V., Kravchenko K.A., Fesenko A.l., 2008, KravckerK.A., 2010, Gorbunov N.,
Kostyukevich A., Kravchenko K., 2010].

The aim of the given scientific paper is estimatiofi operational factors
influence on locomotive traction qualities. It igrgerally accepted that engagement
weight utilization factor may be effectively usesl @an estimation criterion [Yevstratov
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A.S. 1987, Lions N.V., 1979, Biryukov I.V., SavoskA.N., Burchak G.P., 1992,
Minov D.K., 1965]. Results of mathematical simubatiand experiment planning theory
have been used in providing such estimation.

MAIN MATERIAL AND RESULTSOF INVESTIGATION

Method of experiment planning theory allows to @ese a number of
experiments substantially and to obtain mathemlatitedel of process under
investigation, to estimate mutual and independafiuénce of every factor on the
process of traction force realization. Method opesment planning provides for the
choice of factors, their levels and intervals ofriaion, determination of system
response, planning matrix compilation, and obtaninf regression equation
[Evdokimov Y.A., Kolesnokov V.l., Teterin A.l., 198 Adler Y.P., Makov E.V.,
Granovsky Y.V., 1971, Gorbunov N.I., Kravchenko K.Ropov S.V., Krysanov M.A.,
Kovtanets M.V., 2009, Kadomskaya K.P., 2002].

As applied to defined problems for carrying out mewital experiment the
following factors been varied: change of the firdteel pair diameter caused by wear;
change of locomotive mass due to consumption eigeg materials stock and change
of wheel pair weight caused by wheel tyres wedtuémce of frictional damper in the
first stage of the spring suspending; change offitlsé and the second stages of the
spring suspending rigidity in the process of operaftabl. 1).

Calculations have been done for six-axes main-irsel locomotive 2E116
type and four-axes yard diesel locomotileM103 type.

The second stage @EM103 yard diesel locomotive spring suspending has an
increased rigidity — 45H/mm. The results of static simulation proved thgidity of
such a quantity does not affect engagement weitjization factor. That is why this
factor has not been investigated for a yard digmsdmotive. Influence analysis of
frictional dampers placed on the first stage oblootive spring suspendinglE116
type, at the expense of spring suspending blockomgsiderably reduces engagement
weight utilization factor. At designing yard locotivee TEM103 rationalization
proposal as to placing hydraulic dampers in that itage of spring suspending has been
made. That is why blocking of spring suspendinglasnpers has not been considered at
the stage of numerical experiment planning. Thaosaraber of factors for the main-line
diesel locomotive PE116 equaled six factors, and four factors forral yacomotive.

For the ZE116 locomotive design a number of pair interrelai equals 15, a
number of triple ones — 20; f(FEM103 locomotive design — pair — 6, triple — 4.

The solution of the problem i.e. establishment epehdence of maximum
engagement weight utilization factor on factorsemidvestigation has been obtained in
the form of following equation:

¥ = T (X %),

where: f —response functiony,, x, —factors; y =7 .
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Table 1.Critical values of variables

Parameter L ocomotive type
TEM103 | 2TE116
Wheel pair weight KH
X 1max 20,51 17,7
X, 19,01 16,23
Xyrmin - 17,5 14,76
Servicing materials weighkH
X omax 553,87 863,3
X, 529,25 813,03
Xomin - 504,62 762,75
Rigidity of the first stage of spring suspending/m
X amax 2,0 2,0
X3 1,9 1,9
X3min - 18 18
Rigidity of the second stage of spring suspendrfdim
X gmax - 11,0
X, - 10,4
Xamin - j 9.8
Locomotive wheel radius, m
Xsmax 0,525 0,525
X5 0,5215 0,5215
Xs5min - 0,518 0,518
Friction damper rubbing powexH
X emax ) 8,0
Xg - 4,0
X6min - ) 0

Datum point (basic or zero level), around whichexipental points symmetric
to zero level are determined, is chosen to maKars gf numerical experiment. Results
of the experiment based on the chosen set of faetow to make a model used to
determine values in other points of factor space.

The search of a mathematical model starts withcinesideration of possible
states of the system under investigation.

Regress equations have been obtained in the afsulithematical simulation all
calculations being done using the computer prodgiRlanning experiment for rail-road
transport” (certificateNe 317220t 21.01.2010) developed by the authors of the articl
[Gorbunov NI., Kravchenko K.O., Krisanov M.A., 2010].
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Value EWUF in the centre of the plan foFE2116 equals 0,79875, estimation of
regress equation absolute term — 0,79875. Valu&\JF in the centre of the plan for
TEM103 - 0,86075, estimation of an absolute term3,.86075.

Regress equation of engagement weight utilizateetof Z'E116 locomotive
depending on operation factors in a encode form beagresented as:

1 = 0,79875, +0,00593%, +0,009125, — 0,0028%, + 0,00243%, ~
+0,0115¢ +0,008187% — 0,0001875¢X, +0,0001875(,X; + (1)
~ 0,0005%,Xs + 0,000125¢ X x.

Final regress equation in natural coordinate sys¢em

1 = - 2514+ 0,0188m,, + 0,00164n,;, - 0,0058851 + 0,004 Gl +

+ 5I9R + 0,053F ;. —0.00000254n,,,Mg, - 0,0243m,, R+ "
+0,00136m,,,F, +0,000037m,, Gl +

~ 0,00285n,,R~ 0,0985RF;, + 0006M,,RF;,,

where: Mup — the first wheel pair weightm,, — servicing materials weightGl —

rigidity of the first stage of spring suspendingll - rigidity of the second stage of
spring suspendingR - locomotive wheel radiuss,, - friction damper rubbing power.

Regress equation of engagement weight utilizataartof TEM103 locomotive
dependence on operation factors in an encode faynhb® presented as:

n =0,86075, +0,0055¢ + 0004x, + 0,00025¢; — 0,0005x, — 0,00025¢,x, + 3)
+0,00025% X, X3.

Final equation foMEM103 locomotive is:

n = -0582+ 0p75m,, +0,0027m,,, + 0681GI — 0L43R - 0.000135n,,,m,, + @
+0.0357m,,GI - 0.00128n, G| + 0.0000675n,,, M, Gl.

Obtained regress equations (2) and (4) allow tiomase influence of locomotive
variable in operation factors on EWUF.

Total negative effect resulting from functioning aif factors for the main-line
diesel locomotive PE116 equaled to 8,5 %, for the yard diesel locomestiEM103 -
2,4 %. Influence degree for each of the factordioal parameter (EWUF) has been
determined using pair correlations,§ [Pozhidaev V.F., 2006]. Calculations results are
presented in the diagram (fig. 1), the calculatisihgw that the most negative influence
on the locomotivelEM103 produces pair action of wheel pair weight cleaagd body
weight change resulting from servicing materiats; 2TE116 locomotive — bending
diameter change along the rolling circle takingiatcount wheel pair weatr.
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Fig. 1. Influence of operational factors on locoivetraction qualities:
a—TEM103; b - ZE116

CONCLUSIONS

Redistribution of vertical loads of wheel pairs ngails produces negative effect
on locomotive traction qualities. Supposition tettic loads of wheel pairs upon rails
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are the same is not true. Calculated values haviatitens from calculated ones which
is connected with different construction and ogerafactors. Conducted investigations
resulted in compiling analytical EWUF dependencesperation factors. It was stated
that total effect of operation factors, locomotl¥&/UF 2TE116 type has been reduced
by 8,5%, locomotivdlEM103 type — by 2,4%.

Incompatibility of engagement weight utilizationcfar to normative demands
may be compensated by setting additional loadiniceebetween body and bogie, their
description and operation have been presented ftinoesl patents [Gorbunov M,
Kashura O.L., Kravchenko K.O., Popov S.V., Kovtan&t.V. Golembievsky K.V.,
2008, Gorbunov N., Kravchenko K.O., Popov S.V., Fesenkd.AGrishchenko S.G.,
Nesterenko M., Lewandowski V.O., 2009, GorbunovIN.Kashura A.L., Kravchenko
K.A., Popov S.V., Dogadin V.A., Bogopolskii E.M.,&sn J.J., 2009]. Effectiveness of
the given solution is confirmed by engagement weighization factor by 6,8%. As
vertical loads of wheel pairs upon rails are change operation, additional loading
device effort should change within the 2% limit flmcomotivesTEM103 type and
within the 6% — limit for locomotivesTE116 type.
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BJIMSAHUE EKCINIYATAIIMOHHBIX ®AKTOPOB HA IIEPEPACIIPEJAEJIEHHUE

BEPTUKAJIBHBIX HAI'PY30K OT KOJIECHBIX ITAP HA PEJIbCbI

Huxkouaii 'opOyHoB, Anexcanap KocriokeBuy,
Exarepuna KpaBuenko, Makcum KosTranen

AHHoTanus. B cTaThe paccMOTpeH BOIPOC Iepepaclpe/iefieHust Harpy30K OT KOJISCHBIX Iap Ha PelbCHl B
peXHMe peanu3aliil TATOBBIX ycHianil. Ha OCHOBE MCIIONB30BaHUSA TEOPHS IUIAHUPOBAHUS DKCIEPUMEHTA
TOJIyYCHBI 3aBHCHMOCTH, MOKAa3bIBAIOIIME BIMSAHUE OKCIUTyaTallMOHHBIX (AKTOpOB Ha KO3(PULIHEHT
HCTIONB30BAHUA CLEMHOro Beca. [IpelyokeHO peIIeHHe IO PEerylIHpOBAHUIO YCWIIHS AOTPYXKAIOIIETo
yCTpoiicTBa B IpoOIIeCcce KCILIyaTaI[HU ¢ YIETOM IOIyYCHHBIX 3aBHCHMOCTEH.

KiawueBsble cjioBa: K03(1)(1JI/IHI/ICHT HCIIOJIB30BaHUA CHEITHOTO BECa, TEOpUA IJIAHHPOBAHUA DKCIICPHUMEHTA,
TATOBBIC KAY€CTBA, MEPEPACTIPEACTICHNE BEPTUKAIIBHBIX HArpy30K OT KOJIECHBIX ITap Ha PEIbChI, KOPPEIIAU.



