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Summary. The analysis of research results of fuel consuwnpby diesel locomotives is done. The structure
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INTRODUCTION

The length of industrial railway tracks in Ukrairmmprises 25, 000 km,
including broad gauge with 18,700 km. The indubtral transport functions as a
component part of production and transports 1dmiltions (more than 70 %) of goods of
enterprises [Kategorenko 2005].

From the total volume of expenses for the operatfoshunting locomotive, 80%
goes onto the fuel expense ratio, 10% onto thenhtive crew salary, and another 10%
goes onto the depreciation charges [Dan’ko 2005].

In the operation it is accepted to record the qtianf fuel, acquired by every
diesel locomotive in the handling plant, to takéoimccount the fuel consumption
during the shift according to the running scheduleich should contain the data about
the fuel consumption by diesel locomotive during ghift as the fuel level difference in
the diesel locomotive tank.

The use of fuel meters is the alternative methoflielf consumption assessment.
There are a lot of flow meters and different waysfuel consumption assessment
[Sirota 1973, Voskoboynik 1978, Mokridenko 1982 \ENITY 1988].

OBJECTSAND PROBLEMS
The urgency of the topic is defined by the naggingblem of energy saving on

the rail transport and in the whole country. Thealgsis of enterprises work of rail
transport showed that the average expenses omdbenbtive sector comprise 31,6%
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from the total sum of expenses on the enterpnsbigh is the biggest part among other
sectors of rail transport. In connection with thice increase on the diesel fuel, for
some diesel locomotive depots the part of expeoseprises 40% and more operating
costs. The decrease of these expenses is a gseateef raising the effectiveness of
locomotive traction [Bojelarskiy 2007, Orlov 2009].

The science-based rates of fuel consumption arébdises of defining the real
guantity of necessary energy consumption, whichvanghe level of technological
equipment, the organization of technological precektransportation and designated
amount of transport work. These rates should reptethe technical and economic
parameters of diesel locomotives, the rates ofgutie diesel generating capacity and
diesel stock, the peculiarities of the tracks, wek of energy-transducing devices and
other factors, which define the efficiency of enempnsumption. The saving of diesel
fuel in the diesel locomotives depends on goodrtieet condition of diesel locomotive,
skillful driving of trains by crews, proper orgaation of train formation and many
other factors. Along with this important sourcefudl saving and its careful use, there is
the decrease of quantitative and qualitative fog$ Iduring transportation, drain, storage
and its delivery to the diesel locomotives.

The setting of the explained rates of fuel consimnptor the shunting operation
will allow to improve the accuracy of planning ieeds, evaluate the efficiency of
expenses, stimulate the rational and economic diesel fuel. In connection with this,
the task of improving the methodic of diesel fuationing for the shunting operation is
very important and urgent.

The aim of the article is to analyze the deterngrfimctors on the improvement
of diesel fuel rationing during shunting operatifmn the increasing the efficiency of
shunting locomotive.

It is necessary tdefinethe main factors, which influence the fuel constiomp
during performing the designated amount of shuntigk, to analyzepresentdiesel
locomotive stock, methods of rationing the diessdl fconsumption ad to suggest the
cost method of diesel fuel consumption.

The continuous control of diesel locomotive pararseturing operation is one
of the ways of increasing their operation efficignit can be achieved at the expense of
improving the rationing of diesel fuel consumptimmthe basis of objective information
about the diesel locomotive operating conditiond dresel fuel consumption in the
operation; the increase of reliability of powermlavork as a result of timely detection
and prevention of emergency operation, the imprargmof technical and heat
engineering condition of diesel locomotive.

The subsystem of control the diesel fuel quantitthie diesel locomotive tanks is
one of the most important components of the cootisucontrol systems of diesel
locomotive parameters in the operation. The expeeeshows that it is the measuring
of diesel fuel quantity, which allows solving tlesks of assessing the diesel fuel use for
the train traction, as far as it provides the pulBi of quantity control of not only
consumed, but also of filled diesel fuel [MolcharR04].

The main factors, which influence the diesel fueinsumption by diesel
locomotive during the operation at the iron-andebkpdant, are observed in a number of
works [The manual 1967]. The main amount of tramspwork at the industrial
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enterprises is done by shunting locomotives, wlsohfar are not equipped with the
devices of automatized assessment of diesel furslucoption.

It has been revealed that technical rates of diestlrationing for the shunting
operation are not set, that is why the fuel condignprates are defined by practice.
There is no data about the traction-energetic tegisn certificates for shunting
locomotives of class TGM, TEM and others in the M@n[1967]. On the basis of
analysis of given methods, the necessity of dedirtime initial rate of diesel fuel nO
consumption for the diesel locomotives of stateabsbs and average power of diesel
locomotives Np, used on different sectors of enterprises, has fmrend out.

Since in the first decade of new millennium it Heeen predicted the end of
service life of diesel locomotives, produced durihg Soviet Union time, the board of
Ukrzaliznitsya had to develop the strategy of pmgvihe transport work on the rail
tracks in Ukraine. The main directions of develgpthe diesel locomotive sector of
Ukrzaliznitsya and its technical re-equipment wéoemulated there [The strategy
1998].

All the diesel locomotives, produced by the plavitl reach the end of its service
life till the end of the Program on the reformiragl transport.

The problem ofrolling stock replacement is being solved at the expeiise o
increasing the efficiency and usage of todagling stock through modernization and
prolonging the service life of today's rolling sktoat the expense of overhaul
reconditioning. The modernization also gives thegtality to improve technical and
economical rates of diesel locomotive work, an@ &simprove its ergonomic rates, to
increase power and traction parameters of diesmniotive [Dzetsina 2010]. The
example can be OAO “Teplovozoremontniy zavod” (Op8& “The diesel locomotive
repair plant”) in Poltava. It carries out the complmodernization of shunting
locomotives ChME3, TEM7 and others, produced bycGzepublic.

The parameters of diesel locomotives before aret afbdernization are shown in
the tables 1 and 2.

As it can be seen from the table 1 and 2, the nthé@sel engines under
modernization are the diesel locomotives of clad9,0produced by diesel locomotive
plant in Kolomna (Russia).

The family of diesel engines, produced in Kolomhas different energy forcing
depending on the purpose of diesel locomotive. fitan parameters of diesels are
given in the table 3.

The heat engineering condition influences the diasel consumption by diesel
locomotive.

The diesel fuel equipment, piston-cylinder-unitibiacompressor and discharge
section of gas-air flow duct are ones of the majoits and diesel devices, which
influence the diesel fuel consumption. In all treses of disturbance into the normal
process of diesel fuel combustion, the efficien€yiesel engine deteriorates and the
exhaust opacity increases.

During driving the train, the locomotive driver shé choose the most
advantageous mode of diesel operating and genesatpto use skillfully the kinetic
energy of train, and also antiskid and brake metmsupport constantly the optimal
temperate of oil and cooling water in the diesd, lang as the decrease of oil's
temperature on 4-% increases the diesel fuel consumption on 1%.
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For the purpose of economic diesel fuel use, theraipn manuals should be
created in every locomotive depot on the basis efegalization best practices of
driving trains in the diesel locomotive sector. $&ienanuals should contain the most
rational positions of controller, the speed on tifaek, the place of applying the brake
and other recommendations. It should be also ntitatithe disfunction of fine and
primary purification filters of diesel furl and pind also air filters leads to the overuse
of diesel fuel.
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There is great loss during drain, storage andjlibf the diesel fuel to the tanks
of diesel locomotives.

One of the elements of saving is the establishroétéchnically-based rates of
diesel fuel consumption and their systematic deerest the expense of better use of
diesel locomotive’s energy, skillful driving, thacdrease of technical level of technical
equipment repair, diesel-generator set and maintathe diesel locomotive in the good
work order during operation.

Table 3.Thebasic parameters of working processes of main modifications
of four-cycle diesdl engines D49

Parameters D49

Efficient cylinder capacitNeC, h.p. 125 150 187 250
Number of revolution§l per minute 1000 1000 | 1000 | 1000
Mean effective pressupe in kglcn? 8,16 7,79 | 12,23 | 16,3
Boost pressurg, in kglcnt 1,92 228 | 2,16 | 2,75
The air temperature after compressan °C . 98 122 117 150
The air temperature after air-cootein °C 98 122 63 70
Indicated efﬁciencyqi 0,475 | 0,465| 0,46 | 0,455
Mechanical efficiencwm 0,811 | 0,848 | 0,873 | 0,905
Effective efficiency/7e 0,385 | 0,394 | 0,402 | 0,412
Specific diesel fuel consumption in g (h.p. perfiou

Indicatedg, 128,1 | 134 | 1353 135,75

Effective g, 158 158 155 150
Excess air factogy, 2,3 2,2 2,0 2,0
The temperature of exhaust fumes before the turhine’C 520 570 | 610 650

The rate of diesel fuel consumption for diesel lnotives is set on 10,000 t-kms
gross in the trains with single and double-headeind operation; on 100 locomotive-
km during single movement (reserve, pushing); oa lbour of shunting operation and
one hour of staying idle in the working conditidrhese rates are created on the basis of
service, types of traffic and classes of locomative

Locomotive’s crews should always know and contnel diesel fuel consumption
in every trip.

Nowadays the assessment and analysis of diesel duesumption in the
locomotive depots is being carried out on the babidata, put by the drivers into the
running schedule. At the beginning and at the dnghift, the drivers visually estimate
the amount of diesel fuel in the tank accordinghi fuel rack or gage glass. The diesel
fuel volume flow is estimated by the difference nmeasurements. The diesel fuel
consumption by mass is estimated on the basis lofme flow and designated diesel
fuel density, which is stated in the locomotivevigng.

The works on introduction of fuel measuring systeans being carried out in
some depots and sections of the tracks [Molchal@®4R They register the temporary
characteristics of diesel locomotive work with stgtthe idle and traffic condition, the
work of diesel on the idle running, under the leadl stopped diesel, the temporary
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characteristics of diesel locomotive’s running undlee traction and running-out,
average road speed and average fuel consumptien The expenses during diesel
locomotive’s running under the traction (with loaahd on the idle running with the
stating out the diesel fuel amount, given duringyiséeng, are being separated from the
total amount of diesel fuel consumption. The assess of diesel fuel consumption by
diesel locomotive during the shift is being carriedt with taking into account the
operation of diesel during idle running and under bbad. The determining of diesel
fuel saving or excessive consumption during thé shibeing done by comparing the
actual expenses with calculated value.

There are many methods of obtaining the calculatellie of diesel fuel
consumption. The big amount of works is dedicatedthie designing the efficient
methods of rationing and analyzing the diesel fc@hsumption. The most famous
works belong to the following authors: A.A. Bakland.l. Volodin, A.l. Dolinzhev,
G.A. llyin, N.N. Kornev, P.L. Korkhovoy, E.E. Kosp.M. Kostromin, A.P. Novikov,
S.S. Petrakovkiy, B.G. Postol, Yu.E. Prosvirov, D¥vaev, E.D. Tartakovskiy, V.N.
Tveritin, A.V. Tolkachev, N.M. Khutoryanskiy, N.Aufrynskiy and others.

The methods of rationing the diesel fuel consunmpéice given in the fig. 1.
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Fig. 1. The methods of rationing energy consumption

The calculation-analytical methods are based on ldvwes of saving and
transforming energy under the following assumptiahe idealization of movement
process during the shunting operations and gravitinting, the constancy of Tractive-
energetic characteristics of shunting locomotivesing) the operation, the input of
influence coefficient of operation factors.

Calculation-statistical methods are based on thehenaatical treatment of
Tractive-energetic tests, initial and periodicgdaging.
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Operational methods use the results of long-terpeB&nce of heat engineering
groups of locomotive’s depots on the rationing €eliésel consumption.

In different times, different authors suggestedniethods of rationing the diesel
fuel consumption in the operating conditions. Tiodofving formulas by different
authors can serve as the examples.

The formula by Dolinzhev A. [1960]@{3’35[@“6 *i) , gXF’ ;Q'
n

where: b- is cost per unit of standard fuel, kg/10kms gross; ¢y, - is main
specific resistance to train movement, N/Ki;- is additional resistance to train
movement, N/kN;p- is the coefficient of efficiency of diesel locothe; ¢ - is the
diesel fuel consumption during idle running, kg peur; P, Q—the weight of train and
locomotive respectively, t;

The formula by Tveritin V. and Korkhovoy P. [196}]= _ By(60 |
Qw, o

avt

where: B, - is the diesel fuel consumption by diesel locor®in the traction condition

per hour, kg per hou¥ ,, - is the average technical speed of train, km per.hou
The formula by Molyarchuk V. [1966k= gk [k OkOk+ ZA e+ J& QK.

where: g - is the initial rate, kg/l‘h).km.gross;kﬂ, k,, k, k- the influence coefficient

of rate stating factorsz' - is a number of stops, set by train running scleeda 100
train-km; Ae, - is the diesel fuel consumption on one stop, reteto 100 train-km,

kg/100 t.km;k - is the coefficient of train idle running, calctéd by working time ratio
of diesel locomotive in the idle running to thealcdmount of time of train running -

is the specific diesel fuel consumption per onertafudle running;Q,- is the ratio of
time of stops to the total amount of time of treunning; k! - is the coefficient of diesel

locomotive idle running, which is defined as aaoaif diesel locomotive working time
during stops to total duration of stops.
The formula by Novikov A, and Sivaev D. [1971]:

e=¢ +Ag +Aeg,, +2Ae

st?
where: g - is the main component of specific diesel fuel stonption, kg/1b

tkm.gross; Aeg,Ae,,Ae, - are the additional components of diesel fuel oamgtion,

caused by corresponding change of loading the wages, number of empty wagons
and train stops.

It is necessary to note that the majority of wodks rationing the diesel fuel
consumption in the operation is based on statlstifarmation and refers to main
diesel locomotives. A number of works on rationithg diesel fuel consumption by
shunting locomotives have been done during theyksests.

Many others state the fact the heat engineeringliion of diesel locomotive
influence greatly the diesel fuel consumption. fgkinto account the fact of mass
modernization of diesel locomotives, in which tleplacement of power units in diesel
locomotives takes place, which served its life ¢m tdiesels of/149 class, the
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prospective can be the creating of method of ratgihe diesel fuel consumption in
the operation on the basis of parameters, charaeteby heat engineering condition of
diesel locomotive.

10.

11.

12.

13

CONCLUSIONS

. The operation efficiency is achieved on the badi®hjective information about

modes of diesel locomotive operation and diesdldaesumption in the operation.

. There are different ways of obtaining this inforioat and they are defined by

designated task and financial possibilities.

. The majority of enterprises carry out the moderniraat the expense of diesel

locomotives of diesel locomotive plant in Kolomna.

. Having the data on the results on heat engineenpgriments of diesel locomotives

of D49 class, it is possible to specify the caltiala method of rationing the diesel
fuel consumption by diesel locomotives in the ofiera
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K BOIIPOCY SHEPTETUYECKOM 3®PEKTUBHOCTH
ITPOMBIIINJIEHHBIX TOKOMOTHUBOB

Outer JI3ennna, Bukrop ®@enopuyeHko

AHHOTauHﬂ. Bemonnen ananm3 PE3YJIBTATOB HUCCICAOBAaHUS pacxoJa TOIJIMBA TCILIOBO30B. PaCCMO’I‘pCHBI
CTPYKTYpa U Ppas3jIu4YHBIC BapHaHTBl OIPEACICHUA HOPMBIL pacxoda TOIUIMBa MIPOMBINIICHHBIMA
JIOKOMOTHUBaMH.

KuroueBblie ciioBa. Pacxos TommmBa, TeIioBO3bI MoJEpHHU3alys, HOpMa pacxonaa.



