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The results of research according to operation system improvement and locomotive technical equipment of Ukrainian
railways are represented in the article. The scientific work is carried out by “Technical maintenance and diagnostics of loco-
motives” laboratory of Dnipropetrovsk National University of Railway Transport named after acad. V.Lazaryan. The methods
and hardware and software system of train handling rational modes selection are developed for exploitation system improve-
ment. The theoretical basis of implementation necessity of technical diagnostics equipment in locomotive unit is outlined in
the article. The method for determining the limits of diagnostic parameters change is suggested. The method can be used in the
preliminary stage of locomotives maintenance development system, the locomotives are equipped with on-board diagnostics
systems. The examples of diagnostic systems for locomotives node points and their work results are enumerated.
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Introduction

The challenge of reducing maintenance costs is re-
levant to any transportation company operating the
rolling stock. In the locomotive industry the major
portion of maintenance costs accounts for the costs
associated with the expenditures for energy supply, as
well as maintenance and repair of locomotives.

Consumption of energy resources in the complex
is determined by the entire railway system. To a large
extent the overall consumption of energy for traction
is affected by the work of railway traffic services and
technical services (of locomotive facilities and electri-
fication, carriage facilities, track). By providing the ne-
cessary technical condition of rolling stock, track and
power supply devices, these services significantly affect
the ratio of the total and useful expended energy. Thus,
minimization of power consumption for a predetermi-
ned amount of traffic is achieved virtually by all main
railway services directly involved in the transportation
process.

Main material

Employees of the department «Locomotives» of
Dnipropetrovsk National University of Railway Trans-
port named after Academician V. Lazaryan conduct
the research aimed at the development of rational train
handling modes. The developed methods, models and
algorithms allowed designing the hardware-software
complex for calculation of rational modes for handling
the freight train by DC electric locomotive and for re-
adout of parameter charts. The complex provides an
opportunity to accumulate and process the performed
trips, to calculate quickly individual parameter charts,
consumption-optimized for the train motion, taking
into account the compliance with schedule, to perform
traction-optimization calculations for specific opera-
ting conditions, to set the electricity consumption rate
for the traction for different sections, train weights,

running time, permanent and temporary speed res-
trictions. The software was developed allowing to save
additional 4-12% of energy for traction [1, 2].

The algorithm for solving the problem of selecting
the rational train handling mode in the hardware-sof-
tware complex is based on the methods of discrete dy-
namic programming and vector optimization by the

n
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i=l1

n
and minimum running time 2.4 (1).
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The block diagram of hardware of the complex is
shown in Figure 1. During the complex operation pri-
or to the trip the recommended motion path is deter-
mined; it is displayed as shown in Figure 2.
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Figure 1. Block diagram of hardware of the complex. 1, 2 - LEM
sensors for current and voltage of electric locomotive respectively; 3 —
photodetector of current and voltage values; 4 — sensors for speed, control
notches and continuous cab signalling (CCS) readings; 5 - interface
converter; 6 — computing device

During the trip, along with the estimated path, the
complex displays and saves in the database the record-
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Figure 2. Recommended parameters of rational motion path.
1, 2 - electric locomotive current and recommended rational
control speed respectively; 3 - speed limit; 4 — control notches;
5 - integrated track profile; 6 - axes of stations
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ed values of speed, electric locomotive and traction
motor current, traction motor switching circuit and at-
tenuation field, actual catenary voltage, as well as pro-
vides visual and voice prompts for electric locomotive
handling mode.

Currently, work is underway to establish the similar
system for calculating the rational modes of freight train
handling by mainline locomotives. The performed cal-
culations of parameter charts for freight trains yielded
the expected fuel saving of about 5% compared with
the test running results [3].

One of the methods to reduce the operating costs
of transport companies is the improvement of loco-
motive fleet maintenance system. Employees of the
department «Locomotives» and those of the research
laboratory «Technical maintenance and diagnostics
of locomotives» perform studies aimed at developing
methods and means of determining the actual techni-
cal condition of locomotives and their units, as well as
planning the repair period and scope [4-7].

Nowadays, the repair and maintenance of locomo-
tives of Ukrainian railways are carried out according to
a fixed schedule, and the need and the type of regular
repair are usually determined by the locomotive mile-
age. This approach does not consider the actual state
of the locomotive units and the real need in repair of
this type, which leads to considerable additional costs.
In addition, the lack of information as to the scope
and the list of repair works for the specific locomotive
makes it difficult to plan the repair at a depot and sig-
nificantly increases its time.

One of the solutions to this problem is to improve
the methods for diagnosing and predicting changes in
the technical condition of locomotive units, develop-
ment of methods for determining the frequency and
scope of repairs on the basis of diagnostic data and
«history» of the locomotive operation.

The new traction rolling stock is equipped with on-
board diagnostics systems; the main objective of such

systems is to increase the reliability of locomotives and
to allow transferring to the maintenance and repair of
locomotives using the diagnostic results of their units.

Many failures are preceded with the gradual de-
velopment of a defect, changes in physical properties,
size and shape of parts. The identification of such de-
fects without disassembling the unit before transition
to a failure condition allows eliminating the defects in
a timely manner with significantly less resource spent
for this rather than for restoration of unit performance
after its failure.

The theoretical basis for the transition to a rolling
stock repair in view of its actual technical condition
should become an integrated locomotive fleet manage-
ment system. The existing locomotive on-board diag-
nostic tools enable continuous monitoring of perform-
ance of many units and assemblies of locomotives, but
do not allow identifying the possible resource of trou-
ble-free operation of each unit and assembly.

The task to predict the failure time of a technical
object on the basis of the diagnosis is not new in the
theory of technical diagnostics; these problems have
been solved both for the railway and other modes of
transport. The solution to this task is reduced to predic-
tion of the timing of failure of the rolling stock parts.

There are various models to solve the task of pre-
dicting the failure time. The most accurate one can be
considered the model that uses the current technical
state data. To solve this task, you can use the following
model [8]:

(2)

where ¢, - operating time as of the date of prediction;
T - predicted residual life of parts.

Calculation of T is carried out taking into ac-
count the stochastic nature of the changes in techni-
cal conditions. This approach assumes that the value
T, is determined taking into account the residual life
distribution law Z of its parameters - the expectation
M, coefficient of variation v, and the set probability of
failure-free operation P(%).

T =flZ, M, v, P()].

tfail = tO t Tres’

(3)

These parameters are determined by analysing
the information obtained as a result of diagnosing the
current state of the locomotive. In order to predict the
instant of failure, the accumulated statistics for each
implementation (that is, each processing of diagnostic
information) is displayed as the following function:

T, =Y, (4)

where -Y_ value of the current technical state as of the
moment of prediction ¢ .

Graphical interpretation of the unit residual life
prediction based on the analysis of the diagnostic pa-
rameter is shown in Figure 3.

Prediction of the instant of failure requires repeated
control diagnosis. The number of inspections depends
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Figure 3. Unit residual life prediction based on the on-board
diagnostic system data

on the technical condition of the locomotive and the
diagnostic parameter change rate. In the case of on-
board diagnostic system the instant of time ¢ can be
regarded as a period of time between the reading and
processing of the on-board diagnostic system data. The
result of the diagnostic data processing is the depend-
ence of the actual changes in the diagnostic parameter
on the operating time indicated by a solid line in the
figure. The end result of the unit residual life determi-
nation, in any case, will be the conclusion concerning
the need for repair and scope thereof.

The main task of predicting changes in the techni-
cal condition is to determine such parameters as the
time of subsequent processing of diagnostic data ¢,
and failure (running) time. In any case, while predict-
ing the residual life value there is a failure undetection
probability due to incomplete compliance of the pre-
dicted changes in the unit technical state with the ac-
tual dynamics. From our point of view, one of the op-
tions to improve this approach may be to determine the
residual life using the concepts of optimistic and pes-
simistic residual life. By optimistic prediction T we
mean the residual life corresponding to the lowest rate
of failure development, while by pessimistic prediction
T, .on the contrary, the highest rate of failure develop-
ment. These two values will determine the acceptable
limits of diagnostic parameter change. To determine
the unit residual life using this approach it is necessary
to analyse the dynamics of the diagnostic parameter
for this unit on the other locomotives. Comparison of
the rate of diagnostic parameter change in the control
unit with the dynamics of diagnostic parameter change
in similar units will enable to take into account the fail-
ure development features and to predict the failure oc-
currence more effectively.

The acceptable range of diagnostic parameter
change in the simplest case can be determined using
the known rule 3.

TP =T% —3c

res res , ( 5 )
o _ mav
Tres - Tres +30

where Tre; - average predicted value of the residual
life, o — standard deviation of the residual life.

The proposed method can be used at the prelimina-
ry design phase of the maintenance system for locomo-
tives equipped with on-board diagnostic systems.

The method is based on systematization and pro-
cessing of diagnostic results. The disadvantage of this
approach is the need to determine the distribution law
of the residual life random variable and the residual life
characteristics as a random variable. In cases where the
random variable distribution law does not correspond
to the most common distribution laws, the calculation
of residual life will be difficult. In addition, the software
for the calculation must have a multivariate calculation
algorithm depending on the random variable distribu-
tion law.

The method which is devoid of this disadvantage is
the use of artificial neural networks. Artificial neural
network is a set of mathematical and algorithmic met-
hods for solving a wide range of tasks. Characteristic
features of artificial neural networks, which is a univer-
sal data processing tool, are: a flexible model for non-
linear approximation of multivariate functions; time
predicting possibility for the processes depending on
many variables; classification by various parameters,
allows partition of the input space into the areas. The
neural network has the ability to learn by establishing
correspondence between the control parameter chan-
ge dynamics and the fact of failure onset.

The practical realization of the proposed method is
carried out during the analysis of the diagnostic data
of electric locomotives DE-1 and VL11"%. The meth-
ods for diagnostic data analysis, as well as the software
tools for the calculation of reliability indicators and di-
agnostic data systematization were developed [4,5,9].

It is obvious that solution of the set tasks requires
appropriate means of technical diagnostics, as well as
methods and tools for the diagnostic data analysis. The
laboratory «Technical maintenance and diagnostics of
locomotives» developed a number of stationary auto-
mated stands for diagnosing locomotive units and as-
semblies.

There is developed variant of microprocessor sys-
tem for diesel locomotive hydraulic transmission test-
ing, which has no analogues in Ukraine [10]. Test data
collection was automated in order to fix rapid proc-
esses for determination of the technical condition of
a hydraulic transmission. The developed information-
measuring system allows improving the hydraulic
transmission testing process due to automation and
improvement of the accuracy of control parameters
measurement. The measurement results are the initial
data for further researches to in order to determine
the technical condition of the hydraulic transmission
UGP750-1200 during the factory post-repair testing.
The program interface is shown in Figure 4.

To test the diesel locomotives the laboratory devel-
oped an automated test stand for 1D12 type diesel. The
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Figure 4 - Interface of hardware-software complex for diesel locomotive hydraulic transmission testing
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stand controls more than 20 analogue parameters of
a diesel generator unit. The water rheostat is used as a
loading device. For the diagnosis of operating diesel lo-
comotives we use the portable device for determination
of irregularity in diesel crankshaft rotation [11] and the
portable system for monitoring the working process of
internal combustion engines — DEPAS 4.0 [12].

For bench diagnosis of traction electric motors we
designed the non-destructive isolation diagnostic sys-
tem [13] and the device for traction electric motor diag-
nostics by irregularity in armature shaft rotation [14].
To diagnose by irregularity in armature shaft rotation
it is proposed to use a high-precision rotary encoder.
Diagnosis is carried out when the motor is idling. This
diagnosis system is available and does not require sig-
nificant investments in its implementation. The possi-
bility of using the proposed method of traction motor
diagnosing is confirmed by experimental studies aimed
to determine the irregularity in armature shaft rotation
and connection of the latter with faults of TEM (trac-
tion electric motor) units. The experimental results are
shown in Figures 5 and the overall view of the equip-
ment is shown in Figure 5. The diagrams 1-3 (see Fig-
ure 5) correspond to the motors with faults, the upper
diagram corresponds to the motor after the repair.

Conclusions

The analysis of the available devices for locomotive
unit diagnosing leads to the conclusion that their cur-
rent implementation allows:

— improving the traffic safety (preventing form acci-
dents while driving, controlling the actions of the
locomotive crew);

— reducing the time for troubleshooting in electrical
circuits (controlling the response of electrical ap-
paratus);

— identifying (and more often - confirming) the fact
of failure onset in controlled units.

In fact, the diagnosis systems have monitoring
function over the changes in the technical state of lo-
comotives units.

From the perspective of technical diagnosis the
main tasks of any diagnostic system are:

— performance measurement of diagnosed object
(fault-free/faulty);

— operation control (control in order to avoid any
failure that can violate the performance);

— troubleshooting (fault identification and ways to fix
it);

— predicting changes in the technical state of the di-
agnosed object in the future;

— definition of the previous state of the diagnosed object.
The existing diagnosing methods to some extent

perform the first three tasks, but their solution does

not clearly determine the repair scope and scheduling,
which is necessary for transition to the repair of rol-

ling stock in view of its actual technical state. Further
improvement of the locomotive maintenance system
is based on the multiple diagnoses of locomotives and
their units, accumulation of diagnostic knowledge data
base and its analysis according to the developed tech-
niques. The solution of these tasks will allow carrying
out the transition to the locomotive maintenance sys-
tem based on the actual technical state of locomotives.
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YCOBEPHIEHCTBOBAHME
IKCIUIYATAIIMN I TEXHITYECKOTI'O
COJEPKAHMA TOKOMOTHMBOB
YKPAMHCKUX JKEJIE3HBIX TOPOTI

b. E. Bognap, A. b. Oukacos, [I. B. Boosip

JHenponemposckuil HAUUOHANbHYILL YHUBEPCUMEM
IHCe/Ie3HO00POHCHO0 MPAHCNOPMA UMEHU
axademuxa B. Jlasapsana

AnHoTanusA. B craTbe mpefcTaBIeHbl PE3YIbTaThI
paboT IO YCOBEpPIIEHCTBOBAHUIO CHUCTEMbI 9KCIITya-
TaUM ¥ TE€XHUYECKOTO COJEP>KaHUA JIOKOMOTUBOB
YKPalHCKMX JXe/le3HbIX fopor. Hayunble paboThbI BbI-
Ho/THeHbI 1abopartopueit «TexHMdIeckoe cofeprkaHie
Y IMarHOCTMPOBaHMe TOKOMOTUBOB» [JHenpomnerpos-
CKOTO HaIlIOHA/IbHOTO YHMBEPCUTETA XKENIE3HOZOPOXK-
HOTO TpaHCIIOpTa uMeHu akK. B.JIasapsana. [Ina ycosep-
IIEHCTBOBAHNA CYICTEMBI SKCIUTyaTal i IOKOMOTHBOB
pa3paboTaHBl METOABl M IIPOrPaMMHO-AIIIAPATHBII
KOMIUIEKC [/Ii BBIOOpa palMOHATbHBIX PEXUMOB
BOX/IeHNs Moe3[0B. KoMIiekc Mo3BoAeT HaKaIlIn-
BaTh ¥ 00pabaThIBaTh BBINOJIHEHHbIE MOE3JKM, OIle-
PaTUBHO pPacCYUTBIBATD MHAVBULYa/IbHbIE PEXKMMHbBIE
KapTbl, ONTMMM3MPOBAHHbIE [T0 MIHMMYMY PacXxofioB
Ha IiepeMellleHNe T10€3/ja, C YIeTOM BBIIIOIHEHNA Tpa-
¢uKa ABVDKEHNA, BBIIOMHATD TATOBO-ONTYMU3AIM-
OHHbIE PacyeThbl [i/I1 KOHKPETHBIX YC/IOBUI 3KCIIIya-
Taluy, HOPMMPOBATb PAacXOfbl 3NIEKTPOSHEPTUM Ha
TATY IJIA Pa3sHbIX YYaCTKOB, MAacC I0€3JI0B, BpEMEHN
X0fla, TOCTOSHHBIX ¥ BPEMEHHBIX OTPAHMYEHNUI CKO-
pocru. Pazpaborano mporpaMMHOe obecIiedeHne, Ko-
TOPOE IO3BOMAET JOIOTHUTETBHO SKOHOMUTD 4-12%
37IEKTPOSHEPTUM Ha TATYy. B craThe M3/M05KEHO Teope-
TIYeCKoe 00OCHOBaHVE HeOOXOAVIMOCTV BHEIPEHUA
TE€XHUYECKUX CPEJCTB JMarHOCTUPOBaHUA B TOKOMO-
TUBHOM X03AiicTBe. [Ipeyioxxen MeTon onpeeneHns
TOIIyCTUMBIX IIpe/Ie/IOB M3MEHEHNA IMarHOCTUYECKO-
ro mapaMeTpa KOTOPBII MOXeT OBIThb VICIO/Tb30BaH
Ha IIpelBapUTETbHOM 3Tale paspabOTKU CUCTEMbI
cofiep>KaHMA JIOKOMOTMBOB 00OPY/IOBaHHBIX 60OpPTO-
BBIMU CHUCTeMaMM [MarHocTupoBaHus. IIpmBeneHb
IpYMepPBl MATHOCTMYECKMX KOMIIZIEKCOB [/ Y3/I0B
JIOKOMOTMBOB U pe3y/lbTaThl UX paboTbl. IIpencras-
JleHbl MH(POPMAIMIOHHO-U3MePUTeIbHASA CUCTeMa /I
MICIBITAaHMIT TUApaBmndeckux nepegayd YITI 750/1200,
aBTOMAaTVM3MPOBAHHBIN UCIIBITATE/IbHBIN CTEHJ [iU3e-
neii tuna 17112 v ycTpoiicTBO AMarHoCTUpPOBaHuA TH-
TOBBIX 3JIEKTPOJIBUTATEIEN TI0 HEPaBHOMEPHOCTH Bpa-
IIeHNA Bajla AKOPA.



