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Abstract. The present paper is aimed at evaluating the methods used for determining the performance of Diesel loco-
motives. Therefore, two main approaches to assessing the locomotive performance can be distinguished: a method
based on individual indicators;a method based on an integrated indicator. The analysis of the available methods for
complex evaluation of the locomotive condition has shown that overall performance of the locomotive can be de-
scribed by a dimensionless indicator. In determining the state of Diesel locomotives, researchers rely on the criteria
commonly used in assessing the performance of any machine. They are as follows: technical, economical, functional

(operational).
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1. Introduction

Diesel locomotives deteriorate with age. The need for
schedule maintenance and materials increases, as well as the
pollution of the environment. Different methods for assess-
ing Diesel locomotive performance are currently used.

The present paper is aimed at evaluating the meth-
ods used for determining the performance of Diesel lo-
comotives.

2. Methods of evaluating Diesel locomotive
performance

Various criteria describing the state of a locomotive
from various perspectives can be used to assess its per-
formance. Some complex or integrated criteria reflecting
a general state of Diesel locomotives can also be used.
Therefore, two main approaches to assessing the locomo-
tive performance can be distinguished:

1. a method based on individual indicators,

2. amethod based on an integrated indicator.

In determining the state of Diesel locomotives, re-
searchers rely on the criteria commonly used in assessing
the performance of any machine. They are as follows:

1. technical,

2. economical,
3. functional (operational).

Technical criteria describe the parameters (values)
of individual units or parts (which can break, stick or
heavily wear).

Economical criteria (based on evaluation of mainte-
nance costs) determine the increase of maintenance costs
due to wearing, microcracks and residual deformations,

as well as appropriateness of further use of particular
locomotives.

Functional criteria reflect the variation of opera-
tional characteristics of Diesel locomotives at various
stages of operation on which traffic and freight safety
largely depends [1].

In recent years, the environmental criterion has con-
siderably grown in importance. It is well-known that
exhaust gases make the main source of air pollution. To
generate an integrated performance indicator, individual
indicators are grouped according to the above categories.

3. Mathematical models used for assessing the
performance of Diesel locomotives

In this paper, two approaches are analysed. By the
first method [2], an integrated performance indicator
characterizing the locomotive performance is expressed
by the following functional relationship:

V= F (V1Yo YNt YN ) (1
where vy,  n-1n is a particular indicator correspond-
ing to the considered generalized criterion; N =1,2,3...

The particular criterion of Diesel locomotive per-
formance is expressed by a functional relationship as
follows:

Vi = f(rignig e ny_gny ), 2
where ny,n;5,....,ny_1,ny; are relative indicators of the
[-th parameter; i=1,2,3... denotes the criterion index;

[=1,2,3... is an index of the parameter according to the
respective criterion.
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By the first method [2] a relative indicator of the /-th
parameter is determined by the formula:

M (MFM, @)
x ()
where x;; is an actual value of the parameter, according
to the k -th criterion; k£ =1,2,3 is the performance crite-
rion index; At is the initial observation interval; A¢; is a
given observation interval; i =1,2,3... is an index of ob-

servation interval.

One can see that the indicator described by the ex-
pression (3) shows worse locomotive performance ac-
cording to the considered parameter since the parameter
value is expected to grow over the time of the locomotive
operation.

A mathematical expression of a particular indicator
according to the technical criterion is as follows:

Yi=my-n2oms, “)
where ny; is a relative indicator of Diesel engine failures;
ny, is a relative indicator of electrical equipment failures;
ny3 is arelative indicator of undercarriage failures.

According to the economical criterion, the following
mathematical expression is obtained:

Yo =ngy gy tNp3, )
where n,; is a relative indicator of diesel oil consump-
tion; ny, is a relative indicator of engine oil consump-
tion; n,3 is a relative indicator of unscheduled idle time.

According to the functional (operational) criterion,
the following mathematical expression is obtained:

Y3 =m31 N3 N33, (6)
where n3; is a relative indicator of traction force; ns, is

a relative indicator of the locomotive speed; n33 is a

relative indicator of braking efficiency.

According to the above method, a relative indicator
corresponding to the environmental criterion should be
determined based on the amount of pollutants specified
by the current environment protection regulation of the
Republic of Lithuania LAND 18-2003/M-03. According
to the environmental criterion, the following mathemati-
cal expression is obtained:

Y4 =ng1Nyp  Ny3 Mgy, @)
where ny4; is a relative indicator of nitrogen oxide emis-
sion; n,, is a relative indicator of carbon monoxide

emission; 7,, is a relative indicator of hydrocarbon

emission; ny4 is a relative indicator of hard particles
emission.

According to the method discussed, an integrated
performance indicator is expressed mathematically as a
product of all particular indicators:

Y=Y1"Y2"Y3"Y4- @)

The numerical value of the integrated indicator
ranges from O to 1. The initial value at the beginning of
observation is equal to one (unity).

According to the second method [3], the integrated
performance indicator of rolling stocks takes into account
the costs of fuel, oil and off-schedule repairs. It is ex-
pressed in this way:

K=d-I;+a-1,+p-1,, )

where K is the integrated performance indicator of rolling
stocks, Lt/10 thous. tonne-km; d is relative fuel consump-
tion, kg/10 thous. tonne-km; a is relative oil consump-
tion, kg/10 thous. tonne-km; p is the cost of off-schedule
repairs, h/10 thous. tonne-km; 1, is the cost of fuel, Lt/kg;
I, is the cost of oil, Lt/kg; I, is the cost of a relative re-
pair unit, Lt/h.

In order to use the indicators of rolling stocks per-
formance irrespective of the quantitative expression of
the financial maintenance indicators, the performance
indicators should be dimensionless values. The indicator
in question is considered to be equal to one in its graph
break point, i.e. the values of all equation terms are di-
vided by a fixed number.

4. Research results

Twenty locomotives of various service life were in-
vestigated. According to the first two methods, the loco-
motives were combined into four groups based on their
age, which was 11-15 years, 16-20 years, 21-25 years
and 26-30 years.

According to the first approach, 7y distribution
shown in Fig 1 was obtained, when all relative indicators
were given the values of 1.0 at the initial point of obser-
vation. It is shown that the performance of the locomo-
tives of 26-30 years of age was reduced by 4,07 times
compared to that of 16-20 year-old locomotives.
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Fig 1. The relationship between the value of integrated
performance indicator and the locomotive age
(obtained by the first method of evaluation)

According to the second technique, a dimensionless
performance indicator is obtained. Its value at the break
point is assumed to be equal to 1.0. In Fig 2, the relation-
ship between the dimensionless indicator and the locomo-
tive age is presented.



30 V. Jursenas, G. Vaiciunas / TRANSPORT — 2007, Vol XXII, No 1, 28-30

The relationship for 20-year old locomotives is
shown in Fig 2:

Kapea =0.071-x% —2.709- x + 68, (10)

where x is the locomotive age, in years.
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Fig 2. The relationship between the dimensionless
indicator and the locomotive age

The data presented in Fig 2 also show that the loco-
motives 2M62 (2 sections) should be written off after 20
years of service life (because later the dimensionless
indicator increases by 1.085 times per 5 years).

5. Conclusions

1. The analysis of the available methods for complex
evaluation of the locomotive condition has shown that
overall performance of the locomotive can be described
by a dimensionless indicator.

2. When a locomotive with the specified service life
of 20 years (which is the time of its complete wearing)
has been used for 10 years, its performance has lowered
by 4.07 times.

3. The locomotive performance hardly drops after 20
years of service life. It can be expressed by the 2nd power
polynomial equation.
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