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COMPARING THE PERFORMANCE OF DIESEL LOCOMOTIVESFOR
PASSENGER TRANSPORTATION

Summary. Railway transport usually employed for passengergportation embraces
passenger locomotives, diesel trainsets and aleciins as well as railcars. Diesel or
electric trains are mostly used on suburban routelsile passenger or electric
locomotives haul the carriages on interurban routes

CPABHEHMUE ITPOU3BOJUTEJIBHOCTU ITACCAXXKNPCKUX TEITIJIOBO30B

Pe3tome. JKenme3HOMOPOXKHBIH TPAHCIIOPT, OOBIYHO HCITOJIB3YEMBIN TSI TTaCCaKUPCKOM
TPaHCTIOPTUPOBKH, OXBATHIBAET MACCAKUPCKHE JIOKOMOTHBBI, [U3EIb-TIOE3/1a |
AJIEKTPOIIOE3/Ia, a TaKXkKe APE3UHBI. J[M3emb- WM AIEKTpOmoe3/ia TJIABHBIM 00pa3oM
WCTIIONB3YIOTCSl HAa MPHUTOPOJHBIX MapHIpyTaX, B TO BpeMsl KaK MAaCCaXUPCKHUE WIH
JNEKTPUIECKHE JIOKOMOTUBBI HCIONB3YIOTCA ISl TATH BaroHOB HAa MEXIYTOPOIHBIX
MapIpyTax.

1. INTRODUCTION

In Lithuania, only about 9% of railways have been electrified yet, therefahe choice of the
type of traction and vehicle for passenger trartspion is a significant problem. For this purpoae,
comparative analysis of diesel locomotives andrtheirformance (based on the cost analysis of the
consumed fuel, diesel oil, as well as maintenamu@ r@pairs) should be performed. This paper
presents and discusses the results obtained inwéstigation of the above problems.

2. FUEL CONSUMPTION

Fuel consumption depends on many factors (e.g. ofabe rolling stock, its speed, axle loading,
carriage structure), however, since the operatorglitions of rail vehicles are similar, these fasto
are equally important for all of them. On the othand, service life and technical condition of i ra
vehicle are the most important factors determinisiduel consumption. Thus, fuel consumption is the
main indicator of the performance of traction radlistock. Usually, it is expressed as a relativaeja
e.g. 1000 tkm or 10000 tkm. This quantity is reddrto as relative fuel consumption. This method of
calculating fuel consumption per unit of work isitgusatisfactory for freight locomotives. However,
as far as passenger locomotives are concerneaptihve indicator shows the work done in carrying
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containers rather than passengers. Therefore, usesl only when passenger flows do not differ
considerably.

The dependence of relative fuel consumption of gxagsr locomotives of various age and the
power of 2200 kW on various factors, establishethuestigating their performance, is shown in Fig
1. About 80 % of experimental data are in the $ofuintervalt 2 % of the presented equation (1).

47
S 46
E ¢ ¢ *
2 <
C .
g8 *® .
RS
R
ks
S 431
42 T T T T
32 33 34 35 36 37
Passenger locomotive age, years

Fig. 1. The relationship between relative fuel eonption of passenger locomotives and their age
Puc. 1.3aBucumocts MCXIY OTHOCUTCIBHBIM HOTpe6HCHI/ICM TOIITMBA MAaCCAXKUPCKUX JIOKOMOTUBOB U UX
BO3pPacTOM

As shown in Fig 1, the variation of fuel consumptiaf passenger locomotive is about 0.3 kg /
10000 tkm. (0.®6) per year. Mathematically, the relationship betmveslative fuel consumption and
the locomotive age may be expressed by a lineat®uu

d =0687x+2146; (2)
where: x is the age of a locomotive, years; dletine fuel consumption, kg / 10000 tkm.
The variation of relative fuel consumption of diesainsets with the power of 736 kW is shown in
Fig 2.
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Fig. 2. Variation of fuel consumption of diesel dmgotives
Puc. 2. 3mMeHeHre NOTPeOICHHS TOIIMBA IS TEIJIOBO30B
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As seen in the diagram, fuel consumption of digsghsets, which are getting older, is uniformly
increasing by approximately 0.12 kg / 10000 tkm28®6) annually (which is 2.5 times lower than
that for diesel locomotives). Relative fuel constiomp variation can be expressed by the following
equation:

Aoy, « =0,108x +51 )

In the service life range from 12 to 15 years,d 25 years, 80 % of experimental data are in the
solution intervak: 0.2 % of the equation (2).

Therefore, it is more economical to carry passendsr diesel locomotives than by diesel
trainsets, though the comparison is relative bexalissel locomotives are twice as old as diesel
trainsets. On the other hand, the upgraded diesiekets allow for varying the number of carriages
(when required) more freely as well as using omg anotor coach, while having the driver’'s cab in
the other. Moreover, when less fuel is consumedmaller amount of pollutants (CO, NG,
CH,, and solid particles) is released into the atmesph

3.0lL CONSUMPTION

Other materials are used by traction rolling stbekides fuel. The amount of diesel oil used is
closely connected to the rolling stock conditioned2! oil is not a source of power, therefore uie
indicates a poor state of the engine. The relatipsshetween relative oil consumption and the dge o
the locomotives are given in Figs 3, 4.
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Fig. 3. The relationship between relative consuomptf diesel oil by passenger locomotives and thgé
Puc. 3.3aBucumMocthb MCKAY OTHOCUTCIbHBIM HOTpe6J'IeHI/IeM JAU3CJIbHOIO TOIJIMBA MAaCCAKUPCKUMU
JIOKOMOTHUBAMHU U UX BO3PACTOM

As shown in Fig 3, the consumption of diesel oilgassenger locomotive grows by about 0.095
kg / 10000 tkm. (2.1%) per year. The relationship between relative di@sleconsumption by
passenger locomotives may be described by thefisigpmathematical expression:

a4 = 0,069k +0,238. 3
where: a is relative diesel oil consumption, kg/10000 tkm.

The variation of relative oil consumption by dies@linsets, depending on their age, is shown in
Fig 4.
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Fig 4. Variation of relative diesel and transmissitdl consumption by diesel trainsets
Puc. 4.3MmeHeHne OTHOCUTEIIHLHOTO HOTpe6J'IeHI/I$I JU3TOIUIMBA U TPAHCMUCCUOHHOI'O Macjia JU3CJIb-II0€310M

As shown in Fig 4, relative diesel oil consumptmndiesel trainsets does not vary considerably,
making about 2 kg / 10000 tkm. The annual conswnptf diesel oil by diesel trainsets varies
according to the expression:

8py, « = 00147k +1745, 4)

The variation of annual consumption of transmisgidrby diesel trainsets may be described by
the formula:

a, = 03275k + 3,262; (5)

where: a; is relative transmission oil consumption, kg /00D tkm.

4. REPAIR COSTS

Maintenance and repair of rolling stock may be sss& in hours of terminal delay. This
evaluation method was used because delay houesaayeto calculate and to operate. The delay time
actually indicates the amount and effectivenesgephir work in Lithuania. It also shows the
reliability of rolling stock. Another aspect is tlo®rrectness of this approach. The statistical data
shows that terminal delay time (in hours) is prépoal to the expenses. It means that the reldtipns
between terminal delay time and the locomotive aifjebe equal to the similar cost relationship. The
relationships between relative terminal delay deddcomotive age are presented in Figs 5, 6.
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Fig. 5. The relationship between relative delayetimmd age of passenger locomotives
Puc. 5.3aBucUMOCTh MEXIy OTHOCHTEIHHBIM BPEMEHEM MPOCTOEB M BO3PACTOM IMACCAKUPCKHUX JIOKOMOTHBOB

As shown in Fig 5, variation of relative passenlp@momotive delay time makes about 0.0035
h/10000 tkm (®%) per year. By approximating the relationship giverrig 5, we get the regression
equation:

Pra = 0,0035k - 0,067; (6)

where: p is relative terminal delay, h/10000 tkm.
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Fig 6. The relationship between relative delay tamd age of diesel trainsets
Puc. 6.3aBucuMocCTh MCIKAY OTHOCUTCIbHBIM BPEMEHEM IIPOCTOCB U BO3PACTOM AMU3CJIb-TI0C31a

As shown in Fig 6, the variation of relative teralirdelay of diesel trainsets is about 0.033
h/10000 tkm (20%) per year. By approximating the relationship givienFig 6, we obtain the
following equation:

Poria = 00329k + 0,243. (7)
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5. CONCLUSIONS

1. Fuel consumption by diesel trainsets, express&d/10000 tkm., is about 12 % higher
than fuel consumption by passenger locomotives.

2. Fuel consumption by passenger diesel locomotn@sases with their age according to
linear dependence, while fuel consumption by pagsediesel locomotives increases by 0.7
% and by diesel trainsets — by 0 %3per year.

3. Relative diesel oil consumption by passengeoromtives increases by about 24lper
year. Relative diesel oil consumption by diesehsats grows insignificantly.

4. Relativeterminal delay of passenger rolling stock increases in taoeording to linear
dependence: for diesel locomotives it increasesallyut 7% per year, while for diesel
trainsets the increase is 20per year.

5. Theinvestigationresults show that, taking into account fuel areseli oil consumption as well
as time of terminal delay due to repair, it wouldrhore rational to use passenger locomotives if the

routes are long and passenger flows are relatileebe. To determine more exactly rational route
length, some additional research is needed.
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