ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpacnopty. Bicaux /IHinponeTpoBcskoro
HaL[lOHAJIBHOTO YHIBEPCHUTETY 3ali3HUYHOro TpaHcnopty, 2018, Ne 4 (76)

PYXOMMUI CKJIAZ 3AII3HULIB I TATA TTOI3/11B

UDC 629.4.02

M. I. KAPITSAY, O. M. HNENNYI#, D. V. BOBYR*"

“Dep. «Locomotivesy», Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan,
Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (0562) 33 19 61, e-mail m.i.kapitca@ua.fm, ORCID 0000-0002-3800-2920
2"Dep. «Economics and Managementy, Dnipropetrovsk National University of Railway Transport named after Academician
V. Lazaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 80, e-mail oleggnennij@gmail.com,

ORCID 0000-0002-2944-5105

% Dep. «Locomotives», Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan,
Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (0562) 33 19 61, e-mail dmitrob@ua.fm, 0000-0003-1441-3861

EFFICIENCY OF MODERNIZATION OF WHEEL-MOTOR BLOCKS
USING ANTI-FRICTION TRACTION MOTOR SUPPORT BEARINGS

Purpose. The use of anti-friction traction motor support bearings (TMSB) instead of plain friction traction mo-
tor support bearings is a priority direction of locomotive development both for newly constructed locomotives and
for those in operation. The solution of the set tasks for introduction of wheel-motor blocks (WMB) with anti-friction
bearings demanded the search for alternative variants and new technical solutions. The purpose of the article is to
determine the feasibility of re-equipping the diesel locomotive wheel-motor blocks with anti-friction bearings
through the life cycle calculation (LCC). Methodology. The procedure and criteria for assessing the economic effi-
ciency of project (investment) proposals and investment projects approved by the Cabinet of Ministers of Ukraine
envisage that the cost-effectiveness analysis of an investment project is carried out according to the following crite-
ria: net present value, internal rate of return, discounted payback period and profitability index. The use of these
criteria of economic efficiency fully corresponds to modern principles, theoretical-methodical approaches and world
practice in evaluating the efficiency of investments. The evaluation of the technical and economic efficiency of the
modernization of the diesel locomotive wheel-motor block is made on the basis of calculation and comparison of the
following criteria: the net present value (NPV) of modernization, the internal rate of return (IRR), the profitability
index (PI) and the discount payback period. Findings. The results of the calculations of the values of the main crite-
ria show that the innovative project for the modernization of the locomotive provides a high level of economic effi-
ciency. At the same time, the value of the discounted payback period of investments in modernization indicates that
it is expedient to carry out this operation if the residual life of the upgraded locomotive of the M62 series is at least
15 months. Originality. Taking into account the specifics of the type of locomotive work in freight traffic, we de-
veloped a method to determine the individual components of the average annual economic effect of modernization
of the diesel locomotive wheel-motor block, which includes saving of oil costs, repairing and servicing the diesel
locomotive wheel-motor unit, as well as change of TMSB brass and saving fuel costs for traction.
Practical value. The results of the work make it possible to determine the expediency of modernization of diesel
locomotives taking into account the features and conditions of their operation and the specifics of modernization.

Keywords: diesel locomotive modernization; wheel-motor block; technical and economic efficiency; anti-
friction bearings; life cycle

is known, the results of rail transport activity in
Introduction general depend on the level of technical excellence
and the state of the traction rolling stock, condi-
tions of its operation, repair and maintenance sys-
tems [14, 15].

The traction rolling stock may be renewed due to
the purchase of a new one and the modernization of
the existing one. In both cases, this requires signifi-
cant capital investments. It is also necessary to take
into account that the return on investments in mod-
ernization of locomotives is 3-4 times faster than in
their acquisition. Therefore, in the context of market
relations and financial constraints, the problem of

The priority direction of the investment policy
of PJSC «Ukrzaliznytsia» in the locomotive econ-
omy of Ukraine in recent years is to provide
a quick, comprehensive renovation and optimiza-
tion of the traction rolling stock structure. This is
due to the fact that most of the traction rolling
stock was procured and delivered to operation even
in Soviet times. Analysis of the state of the operat-
ing fleet of the traction rolling stock of Ukrainian
railways indicates that its wear is 97.1% [11]. As it
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investment support for the renewal of the tractive
rolling stock of the locomotive economy of Ukraini-
an railways is put forward at the level of problems of
national importance, the solution of which directly
affects the provision of national security.

During the last years, the Department of the Lo-
comotive Economy has introduced a number of
steps for modernization of the traction rolling stock,
aimed at reducing the cost of repairs and fuel and
lubricants in operation. Directions of accomplished
and planned modernizations mainly concern the
replacement of power equipment. However, no less
effective direction of modernization of the traction
rolling stock is the improvement of underframe de-
sign, namely the refitting of WMB from plain fric-
tion bearings to anti-friction bearings [2].

Anti-friction bearings have several advantages
over plain friction bearings. The main advantage of
anti-friction bearings in comparison with plain fric-
tion bearings is the lower energy consumption for
the friction process (friction moment in ball bear-
ings is approximately 3-6 times less than that of
plain friction bearings [6, 12]).

All new foreign locomotives are equipped with
anti-friction TMSB. Their implementation allows
conducting the locomotive maintenance M-2 not
every 3-4 days, but every 10-12 or more. It is the
replenishment of the plain friction TMSB with axial
oil that requires the need for such frequent mainte-
nance M-2 for 90% of the locomotive fleet [12].

Estimated resource of anti-friction TMSB is not
less than 5 million km of locomotive mileage. Ap-
plication of wheel-motor blocks with anti-friction
TMSB increases the cost of a locomotive, but pay-
back is achieved due to the presence of the follow-
ing factors:

— Exclusion from the technological process of
servicing and repair of WMB of axial oils and the
necessity of their seasonal change;

— Cost reduction for technical maintenance and
repairs of the WMB with anti-friction TMSB;

— Increase of reliability and service life of trac-
tion gear and traction electric motor (TEM) due to
absence of distortion caused by wear of brass in-
serts of plain friction traction motor support bear-
ings;

— Increase in the wheel set life cycle due to the
lack of wear of the journals under the plain friction
TMSB;

— Absence of the need to pay fines for envi-
ronmental pollution by eliminating the leakage of
axial oils on the permanent way;

— Increase in the locomotive profitability — in-
crease in the use of power for draft, increase in
efficiency by reducing the main resistance of the
locomotive, and, accordingly, reducing fuel con-
sumption for traction from 2% to 6.6% [8, 12].

Thus, the use of anti-friction TMSBs instead of
plain friction TMSBs is a priority direction for lo-
comotive development for newly constructed lo-
comotives and for those in operation.

The solution of the set tasks for introduction of
WMB with anti-friction bearings demanded the
search for alternative variants and new technical
solutions. Therefore, the specialists of «Scientific
and Technical Center «Pryvod» LLC and PJSC
«Scientific-Production  Enterprise  «Smelyansky
Electromechanical Plant» have been developed and
patented in the State Intellectual Property Service
of Ukraine (patent for utility model No. 84796 dat-
ed October 25, 2013) the project for modernization
of WMB locomotive with anti-friction TMSB re-
placement.

Modernization of WMB consists of two stages:

— Modernization of traction electric motor with
prolongation of service life for 15 years;

— Modernization of wheel set and the gear cas-
ing (if required).

In accordance with the technical specifications
of TU U 30.2-38414897-004: 2014 «Moderniza-
tion of wheel-motor blocks of locomotives includ-
ing replacement of plain friction TMSB with the
anti-friction TMSB», modernization of the traction
motor is carried out during its overall repair. This
includes the repair of the engine case, anchor and
magnetic system with replacement of windings and
isolation of the class of heat resistance not lower
than «H», bearing units with the restoration of their
sizes to drawings and the execution (if necessary)
of improvements in accordance with the require-
ments of design documentation for modernization.
Conducting of modernization can increase the
TEM life for 15 years.

Purpose

The purpose of the article is to determine the
technical and economic efficiency of the moderni-
sation of locomotive WMB TMSB with anti-
friction bearings based on LCC calculations.
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Methodology

At the present time in Ukraine there are several
normative documents in the field of cost-
effectiveness analysis of investments. The main
ones are:

— Procedure and Criteria for Assessing the
Economic Efficiency of Project (Investment) Pro-
posals and Investment Projects, approved by the
Cabinet of Ministers of Ukraine as of 18.07.2012,
No. 684,

— Methodological Recommendations on De-
velopment of State Supported Investment Projects,
approved by Order of the Ministry of Economic
Development and Trade of Ukraine as of
13.11.2012, No. 1279;

— Methodological Recommendations on As-
sessment of Economic and Social Efficiency of
State Target Program Implementation, approved by
Order of the Ministry of Economy of Ukraine as of
24.06.2010, No. 742;

— Methodology of Conducting State Expertise
of Investment Projects, approved by Order of the
Ministry of Economic Development and Trade of
Ukraine as of 13.03.2013, No. 243;

— Methodological Recommendations on De-
velopment of Business Plan of Enterprises, ap-
proved by Order of the Ministry of Economy of
Ukraine as of 06.09.2006, No. 290;

— Methodology for Determining the Cost-
effectiveness of Research and Development and
their Implementation in Production, approved by
Order of the Ministry of Economy and European
Integration and the Ministry of Finance of Ukraine
as of 26.09.2001, No. 218/446.

The Procedure and Criteria for Assessing the
Economic Efficiency of Project (Investment) Pro-
posals and Investment Projects, approved by the
Cabinet of Ministers of Ukraine as of 18.07.2012
No. 684 stipulate that the assessment of the eco-
nomic efficiency of an investment project is car-
ried out according to the following criteria: net
present value, internal rate of return, discounted
payback period and profitability index. Herewith,
the conclusion is positive about the effectiveness
of the investment project, if the net present value is
positive, the internal rate of return is greater than
the standard discount rate, and the profitability in-
dex exceeds 1. The use of these criteria of econom-
ic efficiency fully corresponds to modern princi-
ples, theoretical and methodological approaches

and world practice regarding assessment of in-
vestment efficiency. However, the mentioned doc-
ument does not contain specific methodological
approaches, but suggests that the calculation of the
criteria for the economic efficiency of an invest-
ment proposal, an investment project is carried out
in the light of the Methodological Recommenda-
tions on Development of State Supported Invest-
ment Projects, approved by the Ministry of Eco-
nomic Development and Trade.

Methodological Recommendations on Devel-
opment of State Supported Investment Projects,
approved by Order of the Ministry of Economic
Development and Trade of Ukraine as of
13.11.2012, No. 1279 contains (paragraph 2.8) the
methodology for determining the above mentioned
investment efficiency indices. At the same time,
the methodological recommendations do not ex-
plain the issue of considering risks when assessing
the effectiveness of the project. It is intended to
provide in the project a separate section on infor-
mation on project risks, precautionary measures
and risk insurance in cases stipulated by law (para-
graph 2.10). Herewith, only a qualitative character-
istic of risks is foreseen. That is, the above Meth-
odological Recommendations do not contain quan-
titative methods for assessing investment risks and
their accounting procedure when assessing the
cost-effectiveness of an investment project.

Methodological Recommendations on Assess-
ment of Economic and Social Efficiency of State
Target Program Implementation, approved by Or-
der of the Ministry of Economy of Ukraine as of
24.06.2010, No. 742, among other things, contain
an algorithm for calculating the four key indices of
economic efficiency, which coincides with the
methods presented in the above Methodical Rec-
ommendations on Development of Investment Pro-
ject. It also proposes the use of several specific
indices for innovative projects: value added, ratio
of investments (private and public), commerciali-
zation coefficient and new product sales
coefficient. In addition, the Methodical recom-
mendations under consideration include methods
for assessing the synergistic economic effect of
program interaction, which allow assessing the
economic effectiveness of the program as a system
of interconnected projects, that is to move from the
assessment of individual investment projects to the
assessment of the effectiveness of their integrated
implementation. The synergistic effect of program
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interaction includes the effects of program central-
ization, concentration, specialization, cooperation
and replication of intermediate and final results.
The mentioned Methodological Recommendations
contain methodological approaches to the determi-
nation of each of these effects. However, these
Methodological Recommendations do not also
contain the methodological approaches to risk as-
sessment in determining the cost-effectiveness of
investment projects and programs.

Methodological Recommendations on Devel-
opment of Business Plan of Enterprises, approved
by Order of the Ministry of Economy of Ukraine
as of 06.09.2006, No. 290 contain methodological
approaches for forecasting cash flows from the
activity of the enterprise and determination of eco-
nomic investment efficiency indices, which, in
general, coincide with the Methodological Rec-
ommendations on Development of Investment Pro-
ject, are more detailed. The Methodological Rec-
ommendations under consideration also do not in-
clude approaches to quantitative investment risk.
However, based on the analysis of paragraph
2.1.10.3 of the Methodological Recommendations,
one can conclude that the main way of taking into
account the risks in assessing the economic effi-
ciency of investments is to increase the discount
rate by the risk premium, since it is determined that
«discount rate (r) is the rate of profit, that investors
usually receive from investments of similar content
and degree of risk».

Methodology for Determining the Cost-
effectiveness of Research and Development and
their Implementation in Production, approved by
Order of the Ministry of Economy and European
Integration and the Ministry of Finance of Ukraine
as of 26.09.2001, No. 218/446 contains approaches
to the definition of key indices of economic effi-
ciency of projects. At the same time there are differ-
ences with the previously considered normative acts
in determining the «profitability index «. So in these
recommendations it is defined as the ratio of net
discounted income to the discounted investment
value, and in all other regulatory acts — as the ratio
of the present value of the results (net cash inflow)
to the present value of investment outlay. As the
Procedure and Criteria for Assessing the Economic
Efficiency of Project (Investment) Proposals and
Investment Projects, approved by the Cabinet of
Ministers of Ukraine as of 18.07.2012 No. 684 de-
termines the efficiency criterion as the profitability

index higher than 1, more correct definition of this
index is given in the Methodological Recommenda-
tions on Development of State Supported Invest-
ment Projects, approved by Order of the Ministry of
Economic Development and Trade of Ukraine as of
13.11.2012, No. 1279. However, the Methodology
for Determining the Cost-effectiveness of Research
and Development and their Implementation in Pro-
duction contains certain elements of methodological
approaches to risk assessment when measuring effi-
ciency. Thus, the paragraphs 3.20 and 3.21 of the
Methodology stipulate that mid-term and long-term
R & D projects concerning the timing of their im-
plementation need to take into account the uncer-
tainty and risk factor. The following methods can be
used to take into account the uncertainty and risk
factor: verification of project sustainability, adjust-
ment of project parameters, formal description of
uncertainty. The project sustainability is determined
by the break-even point. Correction of project pa-
rameters is based on refinement of the initial tech-
nical and economic task, including the terms of the
project due to delays in financing its stages, proce-
dural violations in the implementation of innova-
tions, violation of terms of feedstock supply and
other complications. In all cases of such violations
the resulting losses are added to the project cost
structure. The paragraph 3.22 (formula 3.16) of the
Methodology stipulates the application of a capital
asset valuation model to determine the discount rate
allowing for risk.

Thus, domestic regulatory acts in the field of
cost-effectiveness analysis of innovation and in-
vestment projects reflect a certain methodical
toolkit on the structure of forecast cash flows, the
definition of their components, the calculation of
the main indicators of economic efficiency of in-
vestment, taking into account the factor of time,
which in general corresponds to the modern theo-
retical foundations of cost-effectiveness analysis
and project analysis [1, 3, 4, 7, 10, 13, 15].

A cost-effectiveness analysis of an innovation
and investment project is carried out at such stages.

I. Determination of project life cycle.

Il. Forecast of cash flows by the base project
scenario.

I11. Quantitative assessment of the risk level of
the project.

IV. Determination of discount rates for the base
investment project scenario based on the rate of
return and risk level.
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V. Determination of indices of effectiveness by
the base scenario and discount rate allowing for
risk premium.

The net present value of the innovation and in-
vestment project is determined by the formula:

E, ¥ 1, 5 W

where NPV — net present value; R — discount
rate; T — project life cycle; E, — the result (eco-

nomic effect) of the project in the t-th period; I, —

investment costs of the project in t-th period.

The criterion for project efficiency is the posi-
tive value of NPV,

When forecasting the results and costs of a pro-
ject in this work we use the concept of base (fixed
for a certain date) prices. Therefore, in the project
under consideration, the forecasted economic ef-
fect varies little over the years of the investment
life cycle and can be taken at the average annual
level. Investment costs of the project arise only in
the beginning of the investment life cycle and
equal to the locomotive modernization cost. There-
fore, the formula for determining the net present
value of a project can be presented as:

-T
ey —g.2@FR) 2
R
where E — annual economic effect of locomotive
modernization; | — locomotive modernization
cost; T —useful life of the locomotive.

The project internal rate of return is defined as
the discount rate, according to which the net pre-
sent value of the project is zero. It is established by
solving the equation:

= 1-(1+ IRR)™"
IRR

where IRR is the internal rate of return.
The project effectiveness criterion is the excess
of the internal rate of return over the discount rate.
The project profitability index (PI) is deter-
mined by the formula:

~1=0, 3)

= 1-(1+ IRR)™"

R (4)

Pl =

The project effectiveness criterion is the value
of the profitability index, which is greater than or
equal to one.

The discounted payback period of the project
investments is defined as the period from the start
of the life project cycle to the moment after which
the accumulated net present value of the portfolio
becomes and continues to remain positive. The
effectiveness criterion is the magnitude of the dy-
namic payback term, which is less than or equal to
the duration of the life portfolio cycle.

Under the basic prices when forecasting cash
flows we exclude the inflation component from the
composition of the discount rate by the formula:

R:Rn—i
1+i

()

where R — real discount rate; R, — nominal rate

discount; i — forecasted inflation rate.

The cost-effectiveness analysis of locomotive
modernization is carried out on the basis of com-
parison of costs with the results arising from the
modernization during the life cycle of the locomo-
tive.

The life cycle is taken equal to the normative
lifetime of the diesel locomotive. As investment
costs we considered the costs associated with the
higher cost of the wheel-motor block (WMB) with
anti-friction TMSB in comparison with the WMB
with plain friction TMSB. The results are saving
operating costs, which are provided by the re-
placement of plain friction TMSB with anti-
friction TMSB. The mentioned costs are taken into
account in locomotive modernization cost.

The average annual economic effect of locomo-
tive modernization consists of operating costs sav-
ing associated with the locomotive operation, and
includes:

— oil cost savings;

— cost savings for repair and maintenance of
diesel locomotive wheel-motor blocks, including
the change of TMSB brass;

— fuel consumption saving for hauling opera-
tions.

The oil cost savings are determined based on
the amount of oil changes and refilling to the plain
friction and anti-friction TMSB during repairs, the
oil cost for changes (refilling) during maintenance
and the price of the oil of the corresponding type.
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The cost savings for repairing and servicing
diesel locomotive wheel-motor blocks are deter-
mined on the basis of the complexity of the work
involved, the tariff rates of the workers and the
cost of the brasses used for changes.

The fuel consumption saving for hauling opera-
tions is determined on the basis of increasing the
coefficient of useful efficiency of gear transmis-
sion with anti-friction TMSB, in comparison with
plain friction TMSB.

The starting data for the cost-effectiveness
analysis of diesel locomotive modernization are the
operating norms of operation, maintenance and
repair of locomotives of a particular series, data of
the developer of modernization, statistical data of
PJSC «Ukrzaliznytsia», State Statistics Service of
Ukraine, National Bank of Ukraine and results of
own researches of the executors of this work. Out-
put data for cost-effectiveness analysis of moderni-
zation of M62 diesel locomotive are shown in Ta-
ble 1, 2.

Table 1
Output data for cost-effectiveness analysis, differing in variants
. Value for the locomotive with
Index unit of Informati Anti-fricti Informati
measure Plain friction TMSB nrormation nu-triction nrormation
source TMSB source
Oil used in TMSB - axial oil of «L», «Z» data of PJSC | «Agrinol» oil | data of a de-
grades (GOST 610-72) «UZ» veloper
Frequency of full oil filling - during repairs with disas- [4] CR-3, data of a de-
of TMSB sembly of WMB, in the OR-1, OR-2 veloper
case of brass change, dur-
ing seasonal oil change
Frequency of TMSB oil re- - M-2, M-3 [4] CR-2 data of a de-
filling veloper
Amount of oil consumed |I/lubr. point 12 data of PJSC 15 data of a de-
when completely changed «UZ» veloper
Amount of oil consumed |I/lubr. point 0.4 data of PJSC 0.15 data of a de-
when refilled «UZ» veloper
Oil price, ex VAT UAH/I 12.5 prozor- 51.82 data of a de-
ro.gov.ua veloper
Table 2
Output data for cost-effectiveness analysis, similar in variants
Index Unit of measure Value
Number of lubrication points un./sect. 12
Normative inter-repair periods:
— maintenance M-2 hours 72
— maintenance M-3 ths. km 10
— current repairs CR-1 ths. km 50
— current repairs CR-2 ths. km 95
— current repairs CR-3 ths. km 195
—overall repair OR-1 ths. km 780
— overall repair OR-2 ths. km 1560
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Continuation of a table 2

Index Unit of measure Value
Number of lubrication points un./sect. 12
Average rate of shed percentage of defective diesel locomotives % 8
Normative term of operation of diesel locomotive years 20
Hourly rate of rolling stock repair mechanic, taking into account all surcharges:
— 3-rd category UAH/year 33.47
— 5-th category UAH/year 42.92
The rate of unified social tax % 22
Average cost of the package of TMSB brasses, ex VAT UAH/TMSB 50 000
Actual specific consumption of diesel fugl in freight traffic for M62 series loco- | kg/10 000 t-km br. 34
motive
Hourly fuel consumption at idle speed kgl/year 25
Average weight of freight train with M62 series locomotive ton 3781.82
Average mileage of M62 series diesel locomotives km 416
Cost of diesel fuel, ex VAT UAH/t 22 059
Increase in the efficiency coefficient of gear with anti-friction TMSB, in compar- times 1.055
ison with plain friction TMSB
Cost of modernization of the wheel-motor block under anti-friction TMSB, ex ths. UAH 357.6
VAT
Average technical speed km/year 45.6

Findings

To determine the flow of lubricants to lubricate
the TMSB, the number of repairs and maintenance
for the life cycle of the diesel locomotive is deter-
mined in accordance with the repair cycle chart.

The assigned lifetime of the locomotive mile-
age is defined as a double life of the run prior to
major repairs within OR-2, which is 3120 thousand
km. Proceeding from the mileage resource of the
M62 series locomotive and the standards of inter-
repair runs, the normative quantity of repairs and
maintenance of the locomotive for a life cycle is
determined, which is:

— OR-2 — 1 repair;

— OR-1 - 2 repairs;

— CR-3 - 12 repairs;

— CR-2 — 17 repairs;

— CR-1 - 29 repairs;

— M-3 — 250 maintenances per cycle;

— M-2 — 112 maintenances per year.

When performing the overall, current repairs,
as well as maintenance for the locomotives with

plain friction TMSB, during a seasonal oil change,
its full replacement is carried out. In the course of
maintenance, the plain friction TMSBs are refilled
with oil [5]. The oil consumption for a complete
change for the plain friction TMSB is: 12-12=144
| for the locomotive section, for oil refilling: 12-0.4
= 4.8 | for the locomotive section. Thus, the aver-
age annual oil consumption for plain friction
TMSB reaches 1 322.4 1.

When performing the overall and current re-
pairs for diesel locomotives with anti-friction
TMSB within CR-3, a complete change of oil is
carried out. When performing maintenance within
M-2, the anti-friction TMSBs are refilled with oil.
The oil consumption for a complete change for the
anti-friction TMSB is: 12-1.5 = 18 | for the loco-
motive section, for oil refilling: 12-0.15 = 1.8 | for
the locomotive section. Thus, the average annual
oil consumption for the anti-friction TMSB reaches
15.93 litres.

Taking into account the loss of oil when pour-
ing and refilling (10%), the average annual cost of
lubricants is:
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— for locomotive with plain friction TMSB —
18 183 UAH;

— for locomotive with anti-friction TMSB —
908 UAH.

The cost savings for
are:18183-908=17 275 UAH per year.

Costs for maintenance and repair of M62 loco-
motive WMB with plain friction and anti-friction
TMSB include the costs associated with:

— remuneration of employees engaged in the
maintenance and repair of WMB, the level of
which is determined by the complexity and skill of
repair personnel;

— cost of materials and spare parts for mainte-
nance and repairs.

Labor costs are determined on the basis of the
list of TMSB-related works performed during
maintenance and repairs, the normative level of
work and the value of the standard hour of the re-
spective category. It takes into account the time
factor for support needs 1.093 (for preparatory and
final actions 3.5%, time for servicing the work-
place 3.1%, time for rest and personal needs 2.7%,
total — 9.3%).

The labor intensity of the anti-friction TMSB
maintenance is adopted at the level of 25% of the
corresponding value for the plain friction TMSB

lubricants

due to simplification of the process of servicing the
anti-friction TMSB.

The costs associated with remuneration are giv-
enin Table. 3

Table 3 shows that the average annual labor
costs are: for the plain friction TMSB
181926/20=9096 UAH, for the anti-friction

TMSB 19412/20=971 UAH. Thus, the cost sav-

ings  associated  with  remuneration  are
9096 —971=8125 UAH per year.

During the lifecycle of the M62 series locomo-
tive, when performing overhaul repair, a complete
change of the TMSB brasses is performed. During
CR-3 current repairs 35% of brasses are changed.
The cost of the package of TMSB brasses is 50
thousand UAH ex VAT. Thus, the average annual
cost savings for spare parts is:

(50000-(1+2)+50000-12-0.35)-12
20

=216 000 UAH/year.

In the middle conditions of operation, the M62
series diesel locomotive (incl. the idle time in re-
pairs) per year carries out gross turnover in the
amount of:

Table 3

Calculation of expenses connected with remuneration of labour for work with TMSB during
repairs and maintenance of M62 series diesel locomotive during the life cycle

> Labour intensity with| | 8 Unified social tax

S « § allowance for auxilia-| £ ® @ Payroll fund, UAH UAH ' | Total expenses, UAH
€ S S ry time, man-hour |'€ 3| E

=g 3| g Egl =

S5 E B S 5 g

< | & & | Plain | Ami- |88 B Plain | Anti- | Plain | Anti- Plain Anti-
‘C;i O § friction | friction | § & « friction | friction | friction | friction | friction friction
5 = | 2

M-2 | 3 |33.47| 0.38 0 22401 1.1 | 31339 0 6 895 0 38234 0
M-3 | 5 |42.92| 4.59 0 250 | 1.1 | 54176 0 11919 0 66 095 0
CR-1| 5 [42.92| 121 3.03 29 1.1 | 16567 | 4149 | 3645 913 20212 5062
CR-2| 5 |42.92| 16.26 4.07 17 1.1 | 13050 | 3267 | 2871 719 15921 3986
CR-3| 5 [42.92| 38.13 9.53 12 11 (21602 | 5399 | 4752 | 1188 26 354 6 587
OR | 5 (4292 | 87.44 | 21.86 3 11 |12385| 3096 | 2725 681 15110 3777

Total per life cycle 149119| 15911 | 32807 | 3501 | 181926 | 19412
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3781.82-416-(1—0.08) .365-10°° =
=528.3min. t-km br.

Specific fuel consumption is 34 kg per 10000
ton-km br. Total fuel consumption per year reaches

528.3-10°-34
10 000

1072 =1796.22 tons.

Average section speed reaches 45.6 km/h, then
time in the movement of the diesel locomotive of
the operating rolling stock is

416 =9.12 hours per day.
45.6

The annual budget of idle time in «hot» condi-

tion of the M62 series locomotive reaches:

(24-9.12)-365-(1-0.08) = 4997 hours per year.

Fuel consumption for idle time in «hot» condi-
tion reaches:

4997.25.107% =124.9 tons.

Fuel consumption of the M62 series locomotive
in the train operation reaches:

1796.22-124.9=1 671.32 tons.

Since the gear ratio efficiency of the anti-
friction TMSB is 1.055 times higher than that of
the plain friction TMSB, fuel savings will average
over the year

1671.32

1671.32—- =87.1 tons.
1.055

At the cost of diesel fuel of 22059 UAH/ton,
the annual saving in fuel consumption for hauling
operation will be:

87.1-22059=1921339 UAH per year.

The overall average annual economic effect of
modernizing the section of the M62 series locomo-
tive reaches:

(17 275+8125+216 000+1921339) 107 =
=2162.7 ths.UAH per year.

Investment costs per M62 series locomotive
section are defined as the product of the number of
WMBs and the cost of upgrading one WMB and
equal to:

6-357.6=2145.6 ths. UAH ex VAT.

The discount rate is determined using the mod-
el of capital asset valuation (3-method) as the cost
of capital invested in the field of economic activity
«Transport».

The risk factor 3 is defined as the ratio of the
covariance of the return of the investigated invest-
ment asset and the capital market return.

As a measure of return on investment, the prof-
itability of equity capital of large and medium-
sized enterprises in Ukraine as a whole (capital
market return ratio) and the sphere of economic
activity of «Transport» (investment assets return
ratio) are used. The net profit and equity figures
are shown in the Table 4 [9].

According to Table 4, the covariance of profit-
ability (55.7) and market profitability dispersion
(155.4) were determined. Thus, the Betta coeffi-
cient for investments in the sphere of economic
activity «Transport» reaches

B> _0358.

155.4

As the base rate, we used the rate of return on
investments with a minimum risk — the average
interest rate on long-term deposits of economic
entities in 2017 was 14.3%.

The yield of the stock market at the current
time is defined as the average yield of the stock
index UX (index of Ukrainian shares) per one year
(from 15.11.2016 to 15.11.2017). The index at pe-
riod beginning was 791.11, at period end -
1261.62 [9]. The average annual rate of income is

126162
" 79111

Thus, the nominal discount rate before taxation

-100-100 =59.47 %.

is
R:Rb+B-(Rm—Rb):

=14.3+0.358-(59.47 -14.3) =30.5 %.
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Table 4
Determination of the return on equity
Year Net financliJejAIdr_iesult, min. Average equity, min. UAH Equity at psg?f'j end, min. Return on equity, %
in Ukraine transport in Ukraine transport in Ukraine transport in Ukraine transport

2016 | 133244 | 6622533 | 1790507 | 727082,3 |1806908,5| 729 340,6 0,74 0,91
2015| -373516 | -17847,8 | 1627381 | 438080,6 |1774104,6| 7248239 -22,95 -4,07
2014 | -590067 | -22591,6 | 1715516 | 165346,2 | 1480658 | 151 337,3 -34,4 -13,66
2013 | -22839,7 -1423,4 1927658 | 176269,8 |1950374,9| 1793551 -1,18 -0,81
2012 | 35067,3 31277 1745612 | 1795253 |1904940,2| 173 184,5 2,01 1,74
2011 | 677979 2839,8 1506498 | 1802354 |1586284,7| 185866 4,5 1,58
2010 | 13906,1 1348,7 1348125 | 169027,3 |1426711,6| 174 604,7 1,03 0,8
2009 | -371311 4 889,5 1201571 | 155846,4 |1269537,7| 1634498 -3,09 3,14
2008 | -41025.1 2345 1081690 | 139033,1 |1133603,7| 1482429 -3,79 0,17
2007 - - - - 1029 775,5| 129 823,2 - -

When forecasting the costs, the concept of base
prices is used, so the real discount rate is used for
discounting. The inflation rate is assumed to be
11% per year [9]. That is, the real discount rate
reaches:

305-11

1+0.11

Thus, the main indices of the economic effi-
ciency of modernization of the M62series locomo-

tive are as follows:
— Net present value (formula (2))

=17.6 %.

1-(1+0.176)

NPV =2162.7 - —-2145.6=

=9 662 ths. UAH;

— Internal rate of return (3))

— Static payback period is:

21456

oo = -12 =11.9months.
2162.7

The graph of accumulation of the net present
value of the project is shown in Fig. 1

Originality and practical value

Taking into account the specifics of the type of
locomotive work in freight traffic, we developed a
method to determine the individual components of
the average annual economic effect of moderniza-
tion of the diesel locomotive WMB, which in-
cludes saving of oil costs, repairing and servicing
the diesel locomotive WMB, as well as change of
TVSB brass and saving fuel costs for traction.

The practical value of the work lies in the fact
that on the basis of the above methodology and
research results it is possible to determine the ex-
pediency of modernizing the locomotive taking

1_(1+ 'RR)_ZO into account the peculiarities of its operation
2162.7.-—— 7 21456=0; _ p p .
Conclusions
IRR =1.007: It is clear from the calculations above that the

— Profitability index (formula (4))

1-(1+0.176)

0.176
2145.6

2162.7-

PI =

=5.5times;

net present value (NPV) of the project is 9662
thousand UAH, the internal rate of return (IRR) of
the project is 100.7%, which exceeds the discount
rate, the profitability index (P1) of the project is 5.5
times higher than 1. Schedule in Fig. 1 shows that
the discount payback period of the project is 1.2
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years (14.4 months), which is considerably less
than the life cycle of investments.

Thus, the main criteria testify that the consid-
ered innovative project on modernization of M62

series locomotive provides a high level of cost ef-
fectiveness.
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Fig. 1. Accumulation of net present value

At the same time, the value of the discounted
investment payback period for modernization
shows that it is expedient to conduct it if the re-
maining useful lifetime of the modernization object
(M62 series diesel locomotive) is not less than 15
months.

The feasibility study is executed in the prices
and standards of 2017 at the stage of development
of the technical documentation for WMB moderni-
zation and should be clarified according to the re-
sults of their work in real operating conditions.
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E®EKTUBHICTbh MOJAEPHI3ALIIl KOJICHO-MOTOPHUX BJOKIB
TEIIJIOBO3A 3 BUKOPUCTAHHAM MOTOPHO-OCBOBHUX
HIAITAITHUKIB KOYEHHSA

Mera. BuxopucraHHs MOTOpHO-0ChOBHX migmunHUKIB (MOII) KodYeHHS 3aMiCTh MOTOPHO-OCHOBHX
MAMATHAKIB KOB3aHHS € TMPIOPUTETHUM HANPSMKOM PO3BHTKY JIOKOMOTHBOOYIYBaHHS M €KCIUTyaTalii HasBHHX
JIOKOMOTHUBIB. BupileHHs 3aBJaHb LIOA0 BIPOBA/DKEHHS Ha JIOKOMOTHBAxX KoiylicHO-MoTOopHHX OyiokiB (KMB) i3
HIIMIAITHEKAMH KOYEeHHsI TIOTpe0ye MOIIYKY albTepHATHBHUX BapiaHTIB 1 HOBUX TEXHIYHHX pilleHb. MeTOr CTaTTi
€ BH3HAYEHHS JOIIBHOCTI MepeodiIagHaHHA KOJICHO-MOTOPHOTO OJIOKa TEIUIOBO3a HA MiJIMIMITHUKH KOYEHHS
HIISXOM po3paxyHKy xkuTTeBoro mukiay (LCC). Meroauka. ITopsaok i KpuTepii OliHKH €KOHOMIYHOT €(hEKTHBHOCTI
MPOEKTHUX (IHBECTHHIHHMX) TPOIO3MIIA Ta I1HBECTHUIIMHMUX MPOEKTIB, 3aTBEp/pKeHI mocTaHoBolo KabiHery
MinictpiB Ykpainu, nepeadavaroTs, M0 OIMiHKY €KOHOMIYHOI e()eKTUBHOCTI iHBECTHIIHHOTO MPOEKTY 3/1HCHIOIOTH
32 TaKMMHM KpUTEpisIMH: YHCTa IIPUBEIEHA BapTiCTh, BHYTPIIIHS HOpPMa JIOXIIHOCTi, JMCKOHTOBaHUH Nepiox
OKYIHOCTI ¥ iHIeKc MpuOyTKOBOCTi. BUKopucTaHHS 3a3Hau€HHUX KPUTEPIiB €KOHOMIYHOI €()EeKTHBHOCTI IMOBHICTIO
BIJINIOBiJ]a€ CYYaCHHUM IMPHHIUIAM, TECOPETHKO-METOAUYHUAM IiAXO0JaM 1 CBITOBIH MPaKTHII OIHKH €()EeKTUBHOCTI
iHBecTHLid. Y pOOOTI OIIHKA TEXHIKO-€KOHOMIYHOI e(eKTHMBHOCTI MOZEpHi3alil KOJIiICHO-MOTOPHOTO OioKa
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TEIJIOBO3a IMPOBEJCHA Ha OCHOBI PO3PaxyHKy W MOPIBHSHHS HACTYIMHHUX KPUTEPIiB — YUCTOI NMPUBENECHOI BapTOCTI
(NPV) monepHizauii, BHyTpimHboi HOpMmu noxoay (IRR), immekcy moximaocti (Pl) #i AMCKOHTHOTO TepMiHY
okymHOcTi. Pe3yabTaTn. BukoHaHi po3paxyHKH 3Ha4€Hb OCHOBHUX KPHTEpiiB CBiq4aTh, MO iHHOBAIIIHIA IMPOEKT
i3 MognepHi3amii TermaoBo3a 3abe3redye BHCOKHHA piBeHh €KOHOMIWHOI edextuBHOCTI. Ilpm mpoMmy BenmndmHA
JIUCKOHTOBAHOTO TEPMiHY OKYIHOCTI iHBECTHLIH y MOAEpHi3aliro mependadae, mo ii MPOBENCHHS € IOUUIHHIM,
SIKIIIO 3aJIMIIKOBHH PECypC CTPOKY KOPHCHOTO BHKOPHCTAHHS MOJEPHI30BAHOTO TEIIOBO3a cepii M62 He MeHmmi
3a 15 micsaniB. HaykoBa HoBH3HA. 3 ypaXyBaHHSAM OCOOIIMBOCTEH BHIY poOOTH TEIUIOBO3a MiJ Yac pyxy B CKIami
BaHTA)XHOI'O MOi37]a po3pobieHa METOAMKA 3 BU3HAYCHHS OKPEMHUX CKIIAJO0BHX CEPEIHbOPIYHOrO €KOHOMIYHOTO
e(eKTy BiJ MOJIEpHI3aIlii KOJICHO-MOTOPHOrO OJ0Ka TermioBo3a. [lo HUX HajekaTh €KOHOMis BUTpAT HAa MAaCTHIIO,
Ha PEMOHT i 00CIIyroByBaHHS KOJICHO-MOTOPHOTO OJIOKa TEIUIOBO3a, Y TOMY uucii 3aminy BkiamumiB MOII, ta
€KOHOMIsl BUTpAT Ha maybHe Jist TSru noizais. IlpakTuyna 3HaunmicTb. PesynpTat poboTH 103BOJISIOTH BU3HA-
YHUTH JOLUIBHICT MOJEPHI3allil TEIUIOBO3IB 3 YpaXxyBaHHIM OCOOJIMBOCTEH Ta YMOB iX pOOOTH, a TAKOX CHELU(IKH
Mo/JIepHi3arii.
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IOOEKTUBHOCTH MOAEPHU3AIIUN KOJIECHO-MOTOPHBIX
BJIOKOB TEIIJIOBO3A C IPUMEHEHHUEM MOTOPHO-OCEBBIX
HOAMNITHNKOB KAYEHUA

Leas. Mcnonp3oBanne MOTOPHO-0ceBBIX NMOAUIHUKOB (MOII) kaueHnss BMECTO MOTOPHO-OCEBBIX ITO/IIIUITHHU-
KOB CKOJIB)KEHUS! SIBJIAETCS IPUOPUTETHBIM HAIIPABICHUEM Pa3BUTHS JTOKOMOTHBOCTPOEHHUS M HKCILUIyaTallUM HMe-
IOIIUXCSl JIOKOMOTHBOB. PemieHne 3agay 1O BHEAPEHHIO HA JIOKOMOTHMBAX KOJIECHO-MOTOPHBIX Oj0k0B (KMDB)
C TMIOAUIMITHUKAMH Ka4eHUs TpeOyeT MONCKA albTePHATUBHBIX BApUAHTOB M HOBBIX TEXHHYECKUX perieHuil. L{enspro
CTaThH SBJIAETCS OMpE/eNIeHHE 11e1ec000pa3HOCTH Mepeo0opyA0BaHuUs KOJIECHO-MOTOPHOTO OJIOKA TEIUIOBO3a Ha
MOIIIMITHUKY KadeHHs ImyTeM pacdera xusHeHHoro Iukia (LCC). Meroauka. ITopsanok U KpUTEpHH OLIEHKH 3KO-
HOMHYECKOH 3(P(PEKTUBHOCTH IPOEKTHBIX (MHBECTUIMOHHBIX) MPEAJIOKEHHH W HMHBECTUIIMOHHBIX IIPOEKTOB,
yIBEp)KJeHHbIe TocTaHOoBIeHHeM KabmHera MMHHCTPOB YKpaWHBI, MPEAINONIAralT, YTO OIEHKa YKOHOMHYECKON
3G PEKTUBHOCTH WHBECTHUIIMOHHOTO INPOEKTA OCYIIECTBISIETCS IO CIIEAYIONIMM KPUTEPHSM: YHCTasl MPUBEICHHAS
CTOUMOCTh, BHYTPEHHSSI HOpMa JOXOJHOCTH, JUCKOHTHPOBAHHBIA MEPUO] OKYIAEMOCTH M HHIAEKC JOXOMHOCTH.
Hcnonb3oBaHue yKa3aHHBIX KPUTEPHEB SIKOHOMHUYECKOH 3 (EKTUBHOCTH ITOJIHOCTBIO COOTBETCTBYET COBPEMEHHBIM
MIPUHINIIAM, TEOPETUKO-METOJUIECKUM TI0JIX0/IaM ¥ MHUPOBOH MPAKTHKE OLEHKH 3(P(PEKTUBHOCTH MHBECTUIMH. B
paboTe omeHKa TEeXHHKO-3KOHOMHUYECKOH 3()(EKTHBHOCTH MOAEPHU3AIMH KOJIECHO-MOTOPHOTO OJIOKA TEIIoBO3a
IIPOBE/ICHAa HAa OCHOBE pacueTa M CPaBHEHHS CIEAYIOIIMX KPUTEPHEB — YHCTOM npuBeaeHHOU cromMocTd (NPV)
MOJIepHHU3AINH, BHyTpeHHeH HopMBI foxoaa (IRR), nngexca noxogHoctu (PI) u TMCKOHTHOTO CpOKa OKYNaeMOCTH.
Pe3yabrarhl. BhIIOJHEHHBIE pacyeThl 3HAYEHUN OCHOBHBIX KPUTEPUEB CBUAETEIbCTBYIOT, YTO WHHOBAL[MOHHOM
MIPOEKT 110 MOACPHHU3ANNH TEIJIOBO3a 00ECIIEYNBAET BEICOKHMH YPOBEHb IKOHOMHUUYECKOH 3 dekTHBHOCTH. [Ipn aTOM
BEIMYMHA TUCKOHTHPOBAHHOTO CPOKA OKYIIAeMOCTH MHBECTHIIMH B MOJCPHHU3AIMIO IPEAyCMaTPUBALT, YTO €€ Mpo-
BEZICHHE I1€TIECO00Pa3HO, €CIM OCTATOYHBIH PECYPC CPOKa MOJIE3HOTO UCTIOIb30BAHHUS MOJEPHU3UPOBAHHOTO TEILIO-
Bo3a cepun M62 He menee 15 mecsineB. Hayunasi HoBu3na. C yueToM ocoOeHHOCTEH BHia pabOThI TEIIIOBO3a BO
BpeMsi JBIDKEHHSI B COCTaBe TIpPy30BOIO I0oe3[a pa3padoTaHa METOAMKa 110 OMNPEAEICHHIO OTIEIbHBIX
COCTaBIISIIOLIMX CPEAHET0JJOBOTO0 HKOHOMHYECKOro 3ddekra 0T MOAEpHU3ALUM KOJIECHO-MOTOPHOTO OioKa
TerioBo3a. K HUM OTHOCATCSI 3KOHOMHMSI PAacXoJI0B HA CMa3Ky, HA PEMOHT M OOCITy>KHBaHHE KOJECHO-MOTOPHOTO
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070Ka TemIoBO3a, B TOM yHcie 3ameHy Biimaapimed MOT, u KoHOMHS 3aTpaT Ha TOIUIMBO JUISL TSATU IIOE3JIOB.
IIpakTHyeckass 3HAYUMOCTBh. Pe3ynbTaTel pabOTHI MO3BOJISIOT OINPEAEIHTH LEJIECOO0Pa3HOCTh MOJICPHHU3ALUH
TETJIOBO30B C y4ETOM OCOOEHHOCTEH 1 YCIIOBHI NX PabOTEHI, a TakKe CIICHU(UKH MOJCPHNA3AIHN.

Kniouegvie crosa: moaepHn3ays TEIIOBO3a; KOJIECHO-MOTOPHBIN OJOK; TEXHHKO-3KOHOMHYecKast 3(dexTus-

HOCTb, NOAIINITHUKHN Ka4YCHMUS, JKH3HCHHBIN ITHKJI

=

10.

11.
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