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IMPROVING OPERATIONAL EFFICIENCY OF INDUSTRIAL
TRANSPORT LOCOMOTIVES THROUGH THE
IMPLEMENTATION OF MODERN CONTROL AND
DIAGNOSTIC SYSTEMS

V. V. Grachev, A. V. Grishchenko, F. Yu. Bazilevskiy, D. N. Kurilkin, S. A. Kormishin
Federal State Autonomous Educational Institution of Higher Education “Emperor Alexander | St.
Petersburg State Transport University, St. Petersburg, Russian Federation

Abstract. Switching locomotives serve as the foundation of the technological transport network
for nearly any major industrial enterprise. Currently, a significant portion of the locomotives in the
shunting fleet of most industrial plants have exceeded their service life, with wear levels exceeding
90%. In situations where the possibility of renewing the locomotive fleet is limited by financial
constraints, one effective method of reducing transportation and operational expenses is the
modernization of outdated series locomotives. Modern control and diagnostic systems allow for
substantial improvement in the functional characteristics of shunting locomotives with relatively
modest investment in modernization. This article presents the operational results of a TEM18
locomotive from one of the mining enterprises in the Republic of Kazakhstan, which was
modernized through the installation of electronic fuel injection control systems, traction generator
power regulation, and remote monitoring of diesel generator parameters.

Keywords: Shunting locomotive, diesel electronic fuel injection control, instantaneous fuel
consumption, specific fuel consumption per unit of work of the diesel-generator set.

Shunting locomotives serve as the foundation of the technological transport network for nearly
any major industrial enterprise. In any industrially developed country, the total number of shunting
locomotives in the industrial sector far exceeds the shunting fleet of state railways. However, the
average service life of shunting locomotives in Russian industrial enterprises is estimated to be 29
years, with an average wear level of 90%, and more than 60% of the fleet exceeds its service life.
In circumstances where the possibility of renewing the locomotive fleet is limited by financial
constraints, one effective method of reducing transportation and operational expenses is the
modernization of outdated series locomotives. Modern control and diagnostic systems allow for
substantial improvement in the functional characteristics of shunting locomotives with relatively
modest investment in modernization.

In 2021, the Department of Locomotives and Locomotive Engineering at the Saint Petersburg State
University of Railway Transportation, in collaboration with LLC "PPP Dieselavtomatika"

(Saratov) and JSC VNIKTI (Kolomna), carried out modernization and pilot-industrial testing ofa
TEM18 locomotive with a 1-PD4A diesel engine from one of the mining enterprises in the
Republic of Kazakhstan.

The objective of the project was to assess the potential for enhancing the operational efficiency of
shunting locomotives operating in the conditions of a large mining enterprise through the
modernization of the automatic regulation system of the diesel-generator set.
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During the modernization, the TEM18 locomotive series was equipped with the electronic fuel
injection control system ESUVT.01.06-03 (LLC "PPP Dieselavtomatika™) [2], a unified system
for automatic control of electric transmission and locomotive electric drive USTA [3], and a
remote monitoring system for power plant parameters ASC (without fuel level sensors in the fuel
tank) [4] (JSC VNIKTI).

The implemented equipment modifications allowed for the integration of all systems into a unified
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onboard information network and provided continuous remote monitoring of locomotive power
plant parameters (Figure 1).
Figure 1. Scheme of modernization and remote monitoring of the modernized locomotive

Prior to and after the modernization, resistive tests of locomotives were carried out with the
measurement of instantaneous fuel consumption at controller positions, using an automatic weight-
based fuel flow meter of the RTT-02 locomotive type (LLC "PPP Dieselavtomatika™).

One of the tasks addressed during the execution of the work was to evaluate the possibility of
measuring the fuel quantity consumed by the locomotive in operation using the ESUVT system.
For this purpose, the equipment set of the system was supplemented with fuel pressure and
temperature sensors, and a subprogram for measuring instantaneous hourly fuel consumptionwas
included in the control program. During the resistive testing of the locomotive, calibration of the
instantaneous hourly fuel consumption measurement channel was performed using the automatic
weight-based fuel flow meter of the RTT-02 type (LLC "PPP Dieselavtomatika™).

Control measurements of fuel consumption indicated that the measurement error of fuel
consumption using the EFI control system does not exceed 1% compared to the results obtained
with the weight-based fuel flow meter.

Figure 2 shows the dependence of the fuel quantity consumed by the locomotive at the
operator's control positions during one shift (12 hours) on the work performed.

For comparison, Figure 3 presents the results of fuel consumption measurement during the
same period using roller-blade flow meters from one of the automotive fuel consumption
monitoring systems that the locomotives were equipped with before modernization.

As can be seen from the figures, the accuracy and reliability of fuel consumption measurement
by the EFI system significantly surpasses the corresponding indicator for volumetric flow meters
and enables solving a wide range of tasks related to controlling and accounting for fuel usage in
locomotives.
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Figure 2. Fuel Consumption Dependence of the Locomotive under Load during a Shafi {12
hours) based on EFI Swstem Data as a Function of Work Completed i July 2021
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Figure 3. Fuel Consumption Dependence of the Locomotive under Load during a

Shift (12 hours) based on Volumetric Flow Meters Data, as a Function of Work
Completed in July 2021

The values of all parameters of the locomotive's diesel generator set, controlled by the EFI,
USTA, and ASK systems (including 23 analog parameters such as instantaneous fuel
consumption, speed, locomotive coordinates, and 17 discrete parameters including system self-
diagnostics and fault messages), are transmitted wirelessly to a remote server every second.
These data are then stored in a specialized database.

To analyze the information, the operator connects to the server via the Internet and retrieves
data for the desired period using server software.

The processed information retrieved from the server can be analyzed using Microsoft Excel or
specialized software.

Figure 4 presents the results of resistive tests conducted on the TEM18 locomotive before and
after modernization.
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Figure 4. Results of resistive tests conducted on the TEM18 locomotive before (1) and after (2)
modernization

Figure 5 presents the average values (for five shifts in September 2021) of specific fuel
consumption per kilowatt-hour (kWh) of the diesel generator set (DGS) for different controller
positions of the modernized TEM18 locomotive and a locomotive of the same series equipped with
standard fuel equipment and the USTA system, operating at the same stations.

As can be seen from the figures, the implementation of the electronic fuel control system in
combination with the microprocessor-based electric transmission control system of the locomotive
results in a reduction of idle fuel consumption of the diesel generator set by 20...35% and a

decrease in the specific effective fuel consumption per unit of DGS work in load
modes by 8...25%.
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Figure 5. Average specific fuel consumption per kilowatt-hour (kWh) of diesel generator set
(DGS) work for different controller positions of the modernized TEM18 locomotive and the

TEM18 locomotive with standard fuel equipment.
The results of comparing the average operational fuel consumption between the modernized
TEM18 locomotive and the reference TEM18 locomotive with standard diesel fuel equipment are

presented in Table 1.

Table 1. Comparison of operational fuel consumption for TEM18 locomotives with EFI and
standard FE (Fuel Equipment)

TEM18 with EFI TEMA18 with standard Fuel Equipment (FE)
Average
Average specific | Differenc
zl\gggt:; Work, corTsoLfr?:pti specific Work, corTsOL}r?:pti fuel e, %
' kWh on, kg consumptio kWh on, kg consumpti (424-
' n, kg/kWh. ' on, 6784)
kg/kWh
July 19271.6 | 10878.7 0.564 9197,7 6467,45 0.703 -19.7
August 10994,1 | 6820.51 0.620 11309.7 | 8106.084 0.716 -13.4
September | 12450.6 | 7924.15 0.636 12807.3 | 9012.99 0.703 -9.7
October 13809.8 | 9595.7 0.695 10646.8 | 8122.50 0.762 -8.9
November | 13868.2 | 8154.6 0.588 13711.7 | 8986.70 0.655 -10.3
December | 15085.3 | 9685.77 0.642 12657.2 | 8358.56 0.660 -2.72
D%g?i%éhe 85479.6 | 53059.43 | 0.620 | 61132.7 | 42586.83 | 0697 | -11.05
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Thus, the implementation of electronic fuel injection control for diesel engines allows for
significant improvement in the operational characteristics of locomotives from older series witha
longer service life.

Continuous remote monitoring of DGS parameter values enables efficient control of locomotive
crews in terms of compliance with the locomotive's operational requirements. It also facilitates
monitoring the technical condition of the locomotive's main components, thereby enhancing
reliability and reducing maintenance costs.

Currently, work is underway to develop modernization projects for other series of industrial
transport shunting locomotives.

The development of the EF1.01 control system series is further advanced with the EFI.06 control
system series, which encompasses electronic fuel control systems for DM-21 diesel engines (Ural
Diesel Engine Plant LLC, Yekaterinburg), D49 engines (Kolomna Plant JSC, Kolomna), as well
as 211D engines (Volgodieselmas, Balakova).

In the EFI1.06 control system series, a series-parallel multi-plunger electrically controlled pump
was developed and introduced for the first time. It is available in six- and eight-section versions.
Additionally, temperature control of the exhaust gases at the cylinder outlet has been implemented,
expanding the functional capabilities of the EFI.06 control system. This allows for the solution of
the following additional tasks:

- Automatic monitoring of exhaust gas temperature and adjustment of fuel injection duration
to the cylinders based on the results;

- Automatic reduction of the diesel engine crankshaft rotation speed when the permissible
exhaust gas temperature limits are exceeded, with the ability to directly monitor the
results on the control unit display.

The EFI.06 control system is designed for use on locomotives such as TGM4, TGM6, TEM9,
TEM14, and TEM15. 5.

In 2021, comparative rheostatic tests were conducted on TEM9 locomotives equipped with the
8DM21 diesel engine with the EFI.06 control system and locomotives with standard fuel
equipment.

The test results indicate that the system's implementation reduces the hourly fuel consumption
during idle operation of the DGS by 10-30% (Figure 6) and the specific fuel consumption per

kilowatt-hour (kwWh) of DGS work under load by 1.5-10.5% (Figure 7).
6

Standard Fuel
Equipment 520
rpm, 5 kg\h

|
EFI1.06 control

system
350 rpm;
3,3 kg/h

Hourly fuel consumption
w

0
Figure 6. Hourly fuel consumption of the TEM9 locomotive at idle with the power unit's
standard fuel equipment and the EF1.06 control system
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Figure 7. Specific fuel consumption of the power unit of the TEM9 locomotive with the
standard fuel equipment and the EF1.06 control system

Simultaneously, the emissions of toxic substances with exhaust gases are reduced, and the diesel
engine's sound power at idle mode of the DGS is decreased by 10 dB or more.

Currently, the fuel management electronic control systems of the EFI.06 series are undergoing
operational tests on the TEM9 locomotive with the DG-882L diesel generator, on the TGM4
locomotive with the 211D3 diesel engine, and on the TGM6 locomotive with the 7-6D49 diesel
engine.

In the conditions of significant wear of the shunting locomotive fleet at industrial enterprises and
the lack of funds for its renewal, partial modernization of locomotives produced in previousyears
by installing modern control and diagnostic systems allows not only reducing operational fuel
consumption but also increasing the reliability of locomotives. Additionally, it enables the
utilization of modern methods for organizing and planning shunting operations.
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DEVELOPMENT OF DIGITAL MODELS OF CARRIAGES AND
PREPARATION OF BIG DATA FOR THE DEVELOPMENT OF THE
ALGORITHM FOR PREDICTING THE REMAINING SERVICE LIFE OF

CAR UNITS AND PARTS
V.l.Fedorova
(FSEE AO Petersbutgh State University of Railways named after Emperor 1,5t.-Petersburgh,
Russian Federation)

Abstract. The paper presents the main results of multivariate modeling of the movement of gondola
cars on bogies with axle loads of 23.5 tf (bogie 18-100) and 25 tf (bogies 18-9855 and 18-194-1) in
various combinations of track design and technical condition of both cars, and the railway track. Based
on the modeling results, recommendations were made for optimizing the running parts in terms of
reducing wear on the wheel flanges, and a functional diagram was provided for assessing the service
life of the running parts ofcars.

Key words: freight car, chassis, resource, bogie, digital model.

Nowadays, the issues of improving the reliability, efficiency, maneuverability and maintainability of
freight rolling stock are relevant. No less important issues are extending the service life of components
and parts, and expanding the permissible operating modes offreight cars.

The tasks of preventing derailments associated with the failure of individual parts and components of
the car and their cyclic durability, which allows maintaining stable and reliable operation in the entire
range of modes, developing methods and diagnostic tools that allow organizing the maintenance and
repair of cars and their parts according to their technical condition.

In turn, an important issue is the development of the required volumes of transportation on time with
a given level of safety, reliability and economic efficiency, which is the main task of the railways.
Providing transportation may consist of a set of measures to increase the weight and/or length of the
train, and/or increase the axle load, increasing the capacity of station throats, other measures leading
to an increase in the route speed of freight trains, etc., which has already been generally done on
Russian railways: double trains weighing 7,100 tons are running, new series of 2ES6 locomotives have
been put into operation, and train schedules are being analyzed and optimized.

To select the optimal scheme for mastering given volumes of traffic, it is necessary to conduct a
comprehensive technical and economic analysis, including linking the method of increasing transport
and throughput capacity with changes in the load of the track infrastructure, the choice of the type and
design of the track, its maintenance schemes (maintenance and repair strategy), with the actual and
forecast volumes of traffic, the possibility of providing transportation with traction (linking with the
platform of tractive rolling stock).

The implementation of this approach with the required quality, timing and complexity of solutions is
impossible without the use of modern digital technologies for modeling forecasting and analysis - a
digital twin of the system being optimized.

The “carriage-track” system is an ideal sample for building a digital twin, but research on the whole of
this system and experience shows that the task is quite difficult, as it includes a large number of
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