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PREFACE

24™ international scientific conference TRANSPORT MEANS 2020 due to the COVID-19 pandemic in the
world, for the first time was organized as a virtual event on 30 September - 02 October, 2020. It continues long tradition
and reflects the most relevant scientific and practical problems of transport engineering.

The conference aims to provide a platform for discussion, interactions and exchange between researchers,
scientists and engineers.

The reports cover a vide variety of topics related to the most pressing issues of today’s transport systems
development.

The main areas covered in plenary session and in the sections are: design development, maintenance and
exploitation of transport means, implementation of advanced transport technologies, development of defense transport,
environmental and social impact, advanced and intelligent transport systems, transport demand management, traffic
control, specifics of transport infrastructure, safety and pollution problems, integrated and sustainable transport,
modeling and simulation of transport systems and elements.

In the invitations to the conference, sent five months before the conference starts, the instructions how to prepare
reports and how to model the manuscripts are provided as well as the deadlines for the reports are indicated.

Those who wish to participate in the conference should send the texts of the reports that meet relevant
requirements under indicated deadlines. Each report must include: a short description of the idea or technique being
presented, a brief introduction orienting to the importance an uniqueness of the submission, a thorough description of
research course and comments on the results.

The submissions are matched to the expertise according to the interests and are forwarded to the selected
reviewers.

Scientific Editorial Committee revises, groups the properly prepared reports according to the theme and design
the conference programme.

The Proceedings are compendium of selected reports presented at the Conference.

Member of Lithuanian and
Swedish Royal Engineering Academies of Sciences

Prof. V. OstaSevicius
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Abstract

Liquefied petroleum gas (LPG) supply systems are widely used in means of transport. Each vehicle sold as a brand new
one must meet the legislative requirements according to the year of manufacture. In the course of legislation,
standardized driving cycles are used, i.e. New European Driving Cycle (NEDC) or Worldwide Harmonized Light
vehicles Test Cycle (WLTC). These are carried out under laboratory conditions, where mainly the vehicle's emissions
are assessed. A slightly different approach was used in the study, because selected functional parameters of the gas
supply system were analysed. Alternatively, the test vehicle is equipped with a multi-point LPG vapour phase injection
system. The procedures contained in a load chassis dynamometer with an axle-supply function were used to achieve the
intended purpose. In turn, a data recorder was used to record functional parameters. In this way, the mileages of selected
parameters related to the operation of the gas supply system were determined, at the same time confirming the more
demanding nature of the WLTC cycle in terms of energy demand. For a certain group of parameters functional
relationships were determined.

KEY WORDS: mechanical engineering, combustion engines, alternative fuel supply, testing, passenger car

1. Introduction

Currently, all vehicles sold as brand new must meet the requirements of the legislative test regulations [1]. If an
additional alternative power supply system is installed in the vehicle, it must meet the legislative requirements
according to the year of vehicle production referring to the original power supply system [2, 3]. The legislative
provisions concern the composition of exhaust gases, and additionally, the emission of CO, (carbon dioxide) may be
translated into fuel consumption. From a formal point of view, tests of this type are carried out in two variants. In the
first one, under laboratory conditions, in standardized driving cycles such as the New European Driving Cycle
(NEDC) [4] or Worldwide Harmonized Light vehicles Test Cycle (WLTC) [5]. In the second one, in conditions of real
traffic Real Driving Emissions test (RDE) [1, 6]. In laboratory conditions, chassis dynamometers are used for load
mapping, which are able to additionally power the vehicle's axles simulating artificially higher inertia. In real traffic
conditions, the route and traffic volume conditions are determined. The emissions of road vehicles are determined in
g/km and therefore it is necessary to use exhaust gas analysers with this type of measuring function. In addition, it is
required that the analysers are capable of identifying as many compounds in the exhaust gas as possible and that they
are mobile for the RDE cycle. Portable Emissions Measurement System (PEMS) analysers are commonly used in
stationary or mobile versions. A separate group in the legislative evaluation are engines of off-road vehicles and
commonly used working machines [7, 8], where the emission is determined in g/(kW-h). A detailed description
referring to the legislative issues of vehicles equipped with internal combustion engines is given in [9-11]. The main
differences in NEDC and WLTC cycles concern acceleration [12], specific power [13], total energy demand [14], as
well as chassis dynamometer settings [15].

One of the most popular alternative fuels used in transport is liquefied petroleum gas (LPG) [16, 17]. Apart from
few cases [18], engines can be easily adapted to this type of power supply [19]. The LPG supply system is an additional
fuel system built from scratch and its operation in the case of injection systems is based on the use of control keys for
petrol injectors and a few own components and sensors [20]. Algorithms of LPG systems control are constantly
modified, as a result of which it is possible to supply the LPG liquid phase with direct injection [21] or to use a
combined system in the latest solution [22]. Apart from some emission problems of the engine fuelled with LPG in the
poor mixture mode [23], the range of stoichiometric mixtures results in reduced emission of PM (particulate matter),
NOx (nitric oxide) and HC (hydrocarbons) with comparable emission of CO (carbon monoxide) [24, 25].

As already mentioned, LPG is the most popular alternative fuel. While LPG sequential multipoint systems are
one of the most popular alternative fuels supply solution. The main problem in this type of power supply systems is the
fact that it is necessary to deliver a larger volume of gaseous fuel in relation to the original fuel - petrol [26]. In many
cases, the accuracy of execution of gas injectors is also not conducive to this, which results in uneven [27] and non-
repeatability of fuel dosage [28]. Continuous searches for the ways to solve the problems with fuel dosage by gas
injectors tend to use the piezoelectric drive [29, 30].
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The driving cycles developed for legislative purposes provide an opportunity to assess the emissions of vehicles.
The recently introduced WLTC cycle gives a more real picture of engine operation than the previously binding NEDC
cycle [31, 32]. Some of the studies concern gaseous alternative fuels [33, 34]. It should be stressed that the exhaust gas
emission is a result of the operation of the power supply system and cooperating systems. A lack of comprehensive
studies on the analysis of operating parameters of the gas supply system during the implementation of various single
cycles was noted, which could be the basis for confirming the differences in their nature. Therefore, an attempt was
made to compare functional parameters of the gas supply system during the implementation of the NEDC and WLTC.

2. Object of the Research

The subject of the research was a Hyundai vehicle, model i20 (Fig. 1). The engine of this vehicle is a 4-cylinder
naturally aspirated power unit originally equipped with Kappa II multi-point petrol injection (Table 1). The vehicle is
equipped with an alternative LPG vapour phase supply system in the configuration shown in Table 2.

Fig. 1 The research object — Hyundai i20

Table 1
The technical data of the Hyundai i20
Vehicle:
- year of the manufacture 2018
- mileage 1080 km
Engine; R4 /16V
- engine displacement 1.248 cm’®

- max. power at engine speed | 86 kW at 6000 r./min
- max. torque at engine speed | 122 N-m at 4000 r./min

- injection system MPi
- respect to emission Euro 6d
- fuel RON 95
- exhaust system TWC(2 NBO sensors)
Gearbox: Manual 5 gear
Table 2
The basic elements of the LPG system
LPG ECU STAG AC QNEXT PLUS
reducer-evaporator STAG AC R02
LPG vapour injector Matrix HD 544
pressure sensor STAG AC PS04
tank Toroidal Elpigas 43 L
multivalve AC MO1

Before starting the tests, the vehicle was checked for the function of the components, the tyre pressure and the
condition of the operating fluids. In addition, the alternative LPG supply system was statically and dynamically
calibrated. The injection times of gasoline and LPG injectors were compared and the multiplier value.

2. Research Methodology

As the tests were of a comparative nature under the conditions laid down in the NEDC and WLTC legislative
provisions, it was necessary to use a device enabling the implementation of these cycles. For this purpose, a chassis-
type load-brake with the Maha MSR 1000 axle drive function was used. It enables the mapping of road conditions
through quasidynamic load adjustment. In addition, the internal software of the dynamometer allows the realization of
driving cycles programmed by the manufacturer, or in its own configuration. The software allows for continuous
recording of traffic parameters and load during tests. In the tests the procedures of NEDC and WLTC cycles contained



in the dynamometer were used.

The AC data recorder (Fig. 2) was used to record parameters related to the operation of an alternative LPG
supply system. This device operates on the principle of "black box", which during the tests records the parameters of the
gas supply system in continuous mode, from the moment the application connects to the Engine Control Unit (ECU)
gas. It is possible to signalize unplanned events by using the button, which is stored in the measurement results.

fENR

Fig. 2 AC data recorder Fig. 3 Program window for reading parameters from the recorder

The values of LPG system parameters are stored on the memory card installed in the AC data recorder. The
results can be directly reproduced via a communication cable in dedicated software using a PC (Fig. 3). The data is
saved as *.osc file which can be played back in this software. For the purpose of the analysis it was necessary to convert
the results into *.csv file.

4. Results and Discussion

The tests were carried out in a controlled laboratory climate on one day. Attention was drawn to the necessity of
lowering the engine temperature to the conditions required at the beginning of the cycles (25 + 5°C for NEDC and
23 + 1°C for WLTP). The necessary load coefficients of the chassis dynamometer resulting from the vehicle's own
weight, air resistance and rolling resistance were calculated and left as constant input data for both analysed cycles.

As the tests were of a comparative nature under the conditions laid down in the NEDC and WLTC legislative
provisions, it was necessary to use a device enabling the implementation of these cycles. For this purpose, a chassis-
type load-brake with the Maha MSR 1000 axle drive function was used. It enables the mapping of road conditions
through quasidynamic load adjustment. In addition, the internal software of the dynamometer allows the realization of
driving cycles programmed by the manufacturer, or in its own configuration. The software allows for continuous
recording of traffic parameters and load during tests. In the tests the procedures of NEDC and WLTC cycles contained
in the dynamometer were used.

When comparing the vehicle speeds (Fig. 4, a), a longer duration and a higher maximum engine speed for the
WLTC cycle is visible. The vehicle speed is the resultant of the engine speed and the transmission ratio used at the time,
S0 it is appropriate to compare the engine speed for both cycles (Fig. 4, b). Comparison of engine speed indicates lower
fluctuations for the initial phase of the NEDC cycle, while higher fluctuations occur throughout the WLTC cycle. The
temperature ranges of the motor (Fig. 4, ¢) and the reducer-evaporator unit (Fig. 4, d) are very similar. In case of NEDC
cycle the temperature has a higher gradient. The LPG pressures for both analysed cycles remain at a similar level
(Fig. 4, e), outside the initial phase up to approx. 100 s. Differences in LPG temperature are visible in turn (Fig. 4, 1),
where in the WLTC cycle the increase is smaller. This may be due to the fact that there is a higher demand for LPG, as
a result of which it heats up less after a phase change in the evaporator. The ECU of the tested engine had the option to
determine the momentary load, which is very helpful in analysing the "aggressiveness" of the tests. Higher load
oscillations are visible (Fig. 4, g) in the case of the WLTC cycle, which confirms a more correct representation of the
actual driving conditions [9, 32]. It is similar with the injection times for the I cylinder (Fig. 4, h), where significantly
higher oscillations occur in the WLTC cycle. The injection time is a reaction to the momentary energy demand
necessary to overcome the resistance to motion, i.e. load. The adjustment of the injection time to the current load
conditions can be evaluated after the Short Term Fuel Trim (STFT), where there is a compatibility in both tests
(Fig. 4, 1) outside the range (700...1200) s for the NEDC cycle, where STFT oscillates above the maximum WLTC
values. The interval indicated is the part of the NEDC cycle referred to as EUDC. On the other hand, Long Term Fuel
Trim (LTFT) corrections do not go beyond the maximum ranges of both cycles (Fig. 4, j).

To evaluation of functional parameters of the gas supply system during NEDC and WLTC cycles it was decided
to use a spread chart. They show the load (Fig. 5, a), injection time of the first cylinder (Fig. 5, b) and STFT correction
(Fig. 5, ¢). The load is a result of movement resistance, the injection time is a reaction to the load and STFT correction
is the correct choice of injection time to the current load state.

On the basis of the results of the research, the equations of linear functions describing the relations presented on
Fig. 5. The results were obtained accordingly have been presented in Table 3.
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Table 3
The linear functions describing the relations

Parameter Function

Load pe =4.169¢ —3-n—2.067
Load ;1 =6.947¢ —3-n—5.809
Lnene = 9:253e —4-n+3.305
tiwire =2.032e —3-n+0.8798
STF T =4.295e —4-n—2.554
STFTy 1c=7.369¢ —4-n—3.434

load

injection time

STFT

Based on the straight directional coefficients in Table 3, it was found that:

— the load calculated by the engine ECU over the WLTC cycle is 66.6% higher than in NEDC;

— in response to the load, the injection time (in this case represented by the I cylinder) over the WLTC cycle is
119% higher increments than in NDEC;

— the evaluation of the combustion process in the form of STFT has shown an incremental trend in the WLTC
cycle 71.6% higher than in NEDC.

Thus, the information on higher energy demand during the WLTC cycle, published in literature reports, was
confirmed [12, 13, 32]. By referring the test results to the roadside driving in non-standard vehicle cycles with a
different engine [35], a closer correlation of the WLTC cycle than NEDC is visible.

5. Conclusions

The main aim of the study was to compare functional parameters of the gas supply system during NEDC and
WLTC cycles. A vehicle equipped with a dual-fuel engine was used for this purpose. Originally equipped with multi-
point petrol injection and alternatively with multi-point LPG vapour phase injection. In the organization of the tests, the
procedures contained in the load chassis dynamometer with the function of powering the axle were used. In turn, a data
recorder was used to record functional parameters. The conclusions are as follows,

— lower engine speed fluctuation was recorded for the initial phase of the NEDC cycle against the WLTC;

— the temperature waveforms of the motor and the reducer-evaporator are very similar;

— the LPG pressure for both cycles under consideration remains at a similar level,

— higher load, injection timing and STFT oscillations have been found for the WLTC cycle, which confirms a
more accurate representation of actual driving conditions;

— functional relationships were determined for load, injection time and STFT in both tests.

In summary, the article presents an analysis of selected functional parameters of the gas supply system.
Presented test results and functional dependencies of selected parameters allow to assess the character of NEDC and
WLTC cycles. They are also the basis for the assessment of the correctness of engine adaptation to alternative power
supply and model analyses. In the next stage, a deeper analysis of a larger number of functional parameters of the gas
supply system operation and their relation to the petrol supply is planned.
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Abstract

The household survey is the most complex survey in the traffic demand modeling process in terms of time, required
sample size, costs and data analyzing. The household survey collects socio-economic data, vehicle ownership,
household size and structure, and trip rates of residents. The significant problem of a household survey is related to
collecting the required sample and achieving a good representation of the whole population. Often residents of the study
area refuse to respond to a survey that is being conducted. This paper will analyze the impact of reducing the required
household survey sample on errors in determining household daily trip rates. Based on the collected household survey
in the urban area of the City of Slavonski Brod in Croatia, the authors will compare the results and differences of the
total sample and the reduced samples.

KEY WORDS: household survey, sample size, trip generation, trip rate

1. Introduction

Traffic data is a basic and indispensable component of traffic modeling. Data collection is a very demanding
activity in terms of finances and the time required to collect specific data. It is necessary to precisely plan activities to
minimize the costs and period time for preparation and collection of data, while maximizing the accuracy and
effectiveness of data. Errors in the input data will create errors in the output data of the model [1]. The data is used for
three main purposes (i) to describe the current situation, (ii) for the development and use of the transport model, (iii) to
monitor the effects of strategy implementation, policy and investment in the transport system.

The basic data used in traffic modeling can be divided into two categories:

1. traffic supply data:

a) capacity of transport infrastructure and transport means;

b) speed of transport means;

¢) traffic flow management;

d) timetables.

2. traffic demand data:

a) number of passengers (goods);

b) travel costs and travel time;

c) attributes of transport system users (socio-economic, age, household size, employment status, trip
purposes).

Various transport demand models are used, but the most commonly used model is a four-stage model
consisting of:

e trip generation. In the first step of the four-stage transport model, the total number of trips generated and
attracted by each zone in the analyzed area is estimated. This can be achieved in several ways, by analyzing the trips of
each individual or household within the zone and directly from the attributes of each zone: population, employment,
number of cars, etc;

e trip distribution. Origin and destination, as well as the total number of trips in a certain period time is
distributed between the zones and is shown by the origin-destination matrix or OD matrix;

e modal distribution. This step determines the type or mode of transportation. The choice of mode or type of
transport is certainly one of the most important steps in the classic transport model since it has a significant impact on
traffic planning and traffic policy of a particular city;

e trip assignments. In the final step of the classical transport model, there is a merge of transport demand and
transport supply and optimal routes are defined.

The main weakness of the mentioned model is the lack of characteristics of the transport network in trip
generation sub-model [2, 3].

The aim of this paper is to evaluate the trip generation parameters of different household survey samples and to
check whether a smaller sample could achieve satisfactory parameter values as in the full sample. The research was
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made based on paper [4] in which the authors analyzed 6000 household surveys in the full sample and reduced samples
from 2400, 1000 and 750 households, but without a clear explanation of how they defined and determined the reduced
samples. The rest of the paper is organized as follows: Chapter 2 describes the most common survey methods of
transport planning, Chapter 3 describes the analysis and results of the research, and Chapter 4 summarizes the main
conclusions of this research.

2. Travel Surveys Methods

Integrating various types of data into computer programs is a common thing. The most well-known computer
programs for multimodal transport modelling PTV VISUM and AIMSUN, allow the import of various types of data,
such as GIS data [5, 6]. Importing GIS data into computer programs significantly reduces the time required to create a
traffic network, ie traffic supply (type of road, type of intersection). Unlike transport supply, collecting data on transport
demand is a long-term activity that requires significant financial resources and time. When developing a multimodal
traffic model, various research on data collection is conducted with the aim of obtaining OD matrices [6].

The household survey is the primary survey for collecting data on daily household trips. The household survey
involves several methodologies, such as a direct interviews (,,face to face), telephone interviews, computer-assisted
personal interviews (CAPI) and computer-assisted telephone interviews (CATI). Other surveys, such as the cordon
survey, can serve as an addition to the household survey or to verify data obtained from the household survey. A
household survey as direct interview is the most expensive and complicated survey, but it gives the best results on the
household trip pattern. It is estimated that conducting a survey by direct interview is three to ten times more expensive
than other methods of data collection (for example by telephone), but the response rate to this survey ranges from 75%
to 85% compared to self-completed surveys.

When conducting a direct interview survey, interviewers can give more detailed explanations in terms of the
meaning of the question or the way it needs to be answered. Because these surveys can be quite lengthy and tedious, the
interviewer can maintain the interest of the respondents and ensure that the entire household survey is completed
without skipping questions and giving ambiguous answers. By noticing the interest of survey participants, and the way
they answer questions, the interviewer can assess the veracity of the answers. Some of the shortcomings, apart from the
cost of conducting the survey, are manifested in the time required to prepare the survey itself and to require trained staff
that is geographically close to the survey location [7, 8].

Unlike a direct interview, self-completion of the survey takes place without the presence of a trained interviewer.
The advantages of self-completion surveys are certainly lower costs compared to the direct interview, higher
geographical coverage and ensuring impartiality because the interviewer does not influence the answers of the
respondents. The biggest disadvantage of the self-completion survey is the low response rate, ie not returning the
survey. It is estimated that the response rate to this survey ranges from 20% to 50%, which is significantly less than
when conducting a direct interview survey. The survey form must be extremely well thought out and designed, and the
questions must be very clear and unambiguous [7, 8].

An online household survey is financially cheaper than a traditional direct interview survey. Free applications
can be used for the needs of the internet survey, in which case researchers only spend their time designing the survey
form. There are no costs for interviewers who would do a classic survey using the direct interview method, nor the cost
of printing a survey form. The problem is that Internet surveys are filled out by a certain group of the population
(mostly the younger generation) [8].

Call Detail Records (CDR) are data generated by the physical movement of mobile phones. Mobile phone
position information is required for the proper functioning of the network on the mobile device. Von Morner [9] lists
several possible applications of CDR in the transport system: (i) public urban transport, (ii) individual transport, (iii)
non-motorized transport. Rutten et al. [10] compared vehicle travel times between data collected using CDRs and
detectors on motorways and urban roads in the Netherlands. Maerivoet and Logghe [11] compared CDR data with data
collected on detectors and GPS data in the urban area of Antwerp (Belgium). The research showed similar results in
travel time between the mentioned data sources. In [12], the authors developed a methodology for determining OD
matrices using mobile data and Call Details Records, and by counting traffic at certain intersections. This methodology
was validated using 2.87 million CDR records in Dhaka (Bangladesh).

GPS surveys are often used to collect household data and serve as a supplement to the household surveys. GPS
devices enable obtaining very precise data on the origin and destination of travel, travel time, route and traffic
conditions while driving. In some cases, the trip purpose can be determined if there is a land use attribute of the area in
the GIS application. Although the use of GPS devices can introduce bias into passenger behavior, their use
complements insufficient trip data from self-completing travel survey. Such surveys are used to make various analyses
such as travel time analysis, modal trip distribution, and travel distribution models [13, 14]. One of the main problems
of research using GPS devices is a weak signal in certain circumstances (tunnels, dense forests). An additional problem
may be the cost of the survey, given the unit price of the GPS devices and the fact that each survey participant must be
equipped with one device. This disadvantage can be eliminated by using "smartphones" with GPS. There is no
equipment cost in this approach, as participants use their own mobile phones. Data collected using a mobile phone can
be forwarded to the database in real time. Participants are required to enter the mode of transport, trip purpose, travel or
parking costs for each GPS movement recorded through the application.
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3. Analysis of Different Household Survey Sample Size

The household survey was conducted as part of the development of the Sustainable Urban Mobility Plan of the
Urban Area of the city of Slavonski Brod, (Croatia). It was conducted on a random sample of households, by direct
interview, on representative days, in October and November 2019. A total of 5% of the total number of households in
the study area was surveyed. The survey was conducted in the household where trained interviewers asked questions
related to general household data and all trips of each household member that occurred the previous day.

The study area is divided into traffic analysis zones (TAZ) where a specific household sample was collected in
each traffic zone. Households were selected at random. The study area is divided into 93 zones, of which 76 zones are
within the city of Slavonski Brod (residential zones, industrial zones, shopping centers, markets, etc.), nine zones are
located outside the city, and eight zones represent external zones that are not located in the coverage area.

A total of 752 household surveys were collected in 36 residential zones. Based on the houschold survey, a
comparative analysis of six samples was conducted. The following household survey samples were taken into account:
total sample and reduced samples by 10%, 20%, 30%, 40%, 50% and 60%. (Fig. 1). The analysis of the full sample and
reduced samples was performed using the SAS Studio program [15]. Representative reduced samples were determined
in SAS Studio using the Select random sample menu containing the Sample size and Specify the random seed options.
Reduced samples were stratified by zones (TAZ) so that in each zone, a specific percentage of the household was
defined at random. Specify the random seed option specifies the initial "seed" to generate random numbers. If the
specified "seed" is not defined, the program automatically determines the "seed" based on the system clock of the
computer. This ensures randomness in the selection of samples.

Figure 1 shows the parameter values in the full sample and the reduced samples. The average number of trips
generated by a household in the total sample is 5.8763, with a standard deviation of 3.1202. The median of the total
sample, reduced sample by 10%, 20%, 50% and 60% is five trips, while the median of the reduced sample of 30% and
40% is six trips. The first quartile (Q1) of all samples is four trips, while the third quartile (Q3) is eight trips, so it is
concluded that the interquartile range of the full sample and reduced samples is four trips, which means that 50% of
households generate between four and eight trips per day. It can be seen that the maximum whisker in all analyzed
samples is 14 trips, and all values above this value were determined as outliers. Also, it can be seen that the data on all
samples are positive skewness, which means that the data are not symmetrically distributed around the median.
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Fig. 1 Distribution of trips by sample size

The largest relative error was 4.31%, and was recorded on a sample that was reduced by 60%, and the minimum
error was -0.52%, and it was recorded on a sample that was reduced by 50%. The relative error for the sample reduced
by 10% is -1.46%, for the sample reduced by 20% is -1.09%, for the sample reduced by 30% is 3.14%, and for the
sample reduced by 40% % is 1.84%.

The analysis of trip generation parameters was made for six travel purposes. Fig. 2 and Table 1 show the values
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of the trip generation parameters of the total and reduced samples for the six purposes of the trip, namely return to
home, work, education, leisure, shopping and others.
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Fig. 2 Trip rates of full and reduced household sample
Tablel
Trip rates of full and reduced household sample
Variable FULL | Reduced 10 | Reduced 20 | Reduced 30 | Reduced 40 | Reduced 50 | Reduced 60
return to home | 2,654 2,623 2,618 2,734 2,710 2,649 2,784
work 0,985 0,982 0,942 1,042 0,998 0,920 1,113
education 0,394 0,368 0,375 0,429 0,425 0,431 0,455
leisure 0,387 0,383 0,370 0,383 0,398 0,407 0,359
shopping 0,657 0,654 0,679 0,670 0,655 0,636 0,631
other 0,799 0,780 0,824 0,803 0,799 0,803 0,784

The relative errors in Table 2 were calculated as a comparison between the trip generation parameters calculated
for the whole sample and the trip generation parameters of the reduced samples. The largest relative errors were
achieved for two purposes of travel: education and going to work. In other cases, the errors are below 10% which is
satisfactory. Nevertheless, it can be concluded that, in general, the travel generation rates obtained from the reduced
sample are close to those from the full sample.

Observing the parameters of a trip generation of reduced samples (Table 2), the largest relative error is 15.63%,
and was achieved on the sample that was reduced by 60% and the trip purpose "education", while the smallest relative
error is -0.20% in a sample which is reduced by 50% and the trip purpose is "return to home". It should be noted that in
the sample reduced by 60% a deviation of more than 10% was obtained, so it can be concluded that in further analysis
with reduced samples greater than 60% this error would be even greater.

Table 2
Trip rates percentage error of full and reduced household sample

Variable FULL | Reduced 10 | Reduced 20 | Reduced 30 | Reduced 40 | Reduced 50 | Reduced 60
return to home | 2,654 -1,16% -1,37% 3,02% 2,11% -0,20% 4,89%
work 0,985 -0,31% -4,42% 5,72% 1,26% -6,61% 12,95%
education 0,394 -6,56% -4,62% 8,95% 7,92% 9,46% 15,63%
leisure 0,387 -1,14% -4,27% -0,95% 2,91% 5,15% -7,28%
shopping 0,657 -0,39% 3,42% 1,97% -0,31% -3,24% -3,91%
other 0,799 -2,41% 3,09% 0,43% -0,07% 0,50% -1,90%
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4. Overview and Conclusion

The household survey by direct interview is still considered the primary way of collecting data when developing
a multimodal transport model. Other methods of data collection (GPS, CDR, Internet, smartphones) have great potential
due to the development of network technologies, but a major drawback is the protection of personal data.

In this paper, certain travel generation parameters in the total household survey sample and six reduced samples
(reduced by 10%, 20%, 30%, 40%, 50%, and 60%) were also analyzed. The average number of housechold trips of the
total sample and the reduced samples were analyzed and compared. The relative errors of the average number of trips of
all reduced samples were less than 5% in relation to the total sample, which is very acceptable.

Observing the relative errors of the trip generation parameters by a purpose that were analyzed in the paper. It
can be concluded that the reduced samples have satisfactory results because the deviations are less than 10% in relation
to the total sample. A sample that is reduced by 60% has deviations greater than 10% for two trip purposes which are
work and education. If further analysis would use data from reduced samples of trip generation parameters whose
relative errors are greater than 10% of the full sample, there is a possibility of obtaining erroneous results in the further
process of making a traffic model, and thus making wrong conclusions.
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Abstract

In the preliminary design of a vehicle, some nominal values for the design parameters are required. The design criteria
are the nominal values for the design parameters to obtain a vehicle with good crashworthiness. A group of 8 vans with
different mass and brand, are selected from the crash test database of the National Highway Traffic Safety Administration
(NHTSA). These vans which were manufactured between 2012 and 2017, earned four or five star rating in full-width
rigid barrier (FWRB) frontal impact test. The values of the design parameters are statistically analysed and the
corresponding design criteria and restraint performance are specified. Acceleration-based injury risk parameters and
restraint performance metrics are defined. This paper presents design guidelines for a van with good crashworthiness and
low injury risk which can be useful in the preliminary design of a van.

KEY WORDS: vehicle safety, frontal impact, design criteria, restraint performance

1. Introduction

The injury risk of an occupant is affected by the following main factors which include the mean acceleration of
the occupant compartment, the shape of the crash pulse, the performance of the restraint system, the deformation of the
car and the amount of intrusion into the occupant compartment [1-4]. In order to obtain a car with good crashworthiness,
a set of design criteria has to be established. In crash tests, dummies record data for several injury measures, such as neck
forces, chest deformation, chest and head accelerations, which are used in the formulas of injury criteria to assess injury
risk to occupants [9]. Apart from the data measured by dummies, there are load cells and accelerometers that record the
structural response of the car. In the preliminary design of a car with good crashworthiness, an engineer needs to know
the nominal values for the design parameters related to the vehicle structure such as the acceleration, deformation and
stiffness of the vehicle.

The National Highway Traffic Safety Administration (NHTSA) conducts full-width rigid barrier (FWRB) frontal
impact tests using instrumented dummies under the New Car Assessment Program (NCAP). In these tests, the rigid barrier
(i.e. wall) is composed of load cells measuring the crush forces and/or moments acting on the car; there are also several
accelerometers attached to the car structure. The data collected for each car is presented in the website of NHTSA along
with a crash test report. For FWRB frontal impact tests, these crash test reports include acceleration and compression of
the dummy chest, maximum value of the HIC (head injury criterion), the neck injury criteria Nij, upper neck and femur
forces, and deformation of the car. However the data, which are not available in the crash test reports, can be processed
to obtain values for the design criteria that are critical to obtain a car with good crashworthiness in frontal impacts.

Turkey is a major producer of vans. In this paper, FWRB frontal impact test data of 8 vans with different mass and
brand, were downloaded from the website of NHTSA [5]. These vans were manufactured between 2012 and 2017, and
they earned four or five star rating (highest rating) in FWRB frontal impact test. The sensor data collected from these
tests are filtered and further processed to obtain vehicle structure related design parameters which are not included in the
crash test reports. These design parameters which are extracted from crash sensors, are maximum deformation of the car
front in the deformation phase (i.e. dynamic crush), mean/peak accelerations of the occupant compartment using both
accelerometers and load cells, maximum force sustained by the car structure, stiffness of the car front, and stiffness over
mass ratio of the car.

The values of the design parameters extracted from crash sensors, are statistically analysed and the corresponding
design criteria are suggested. Additionally, three metrics are defined to assess restraint performance of the tested vans.
This study derives design criteria for the design parameters which are related to the van structure and restraint performance
metrics which are not readily available in the crash test reports.

2. FWRB Frontal Impact Tests and Test Data Processing

In FWRB frontal impact tests, cars impact a fixed rigid barrier (i.e. rigid wall) with 100% overlap at a fixed impact
speed of 56 km/h as shown in Fig. 1. The aim of this test is to obtain information about vehicle crashworthiness and the
performance of the restraint systems. The rigid wall is composed of load cells measuring the crush forces and moments
acting on the car. In these tests, a 50th percentile male Hybrid 11l dummy and a 5th percentile female Hybrid 11 dummy
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are placed in the driver seat and the front passenger seat, respectively. The dummies are belted and equipped with tri-
axial accelerometers, potentiometers and load cells. Several accelerometers are also attached to the vehicle structure such
as the rear sills, rear seats and engine.

Fig. 1 FWRB frontal impact test [5]

One of the aims of this study is to derive vehicle structure related design criteria which can be obtained by
processing the crash sensor data. In the NCAP FWRB frontal impact test, the total barrier force (i.e. crush force or wall
force) and vehicle accelerometer data are filtered according to the Society of Automotive Engineers (SAE) Recommended
Practice J211-1 [6]. The occupant compartment linear accelerations are expressed in the x and z directions of the global
coordinate system shown in Fig. 1. The linear displacement of the undeformed occupant compartment in the global
x-direction is used to estimate the deformation of the vehicle.

After having processed the sensor data as described above, the total barrier force is plotted against the displacement
(or deformation) of the occupant compartment to obtain the overall force versus deformation characteristics of the
structural elements of the vehicle in frontal impact. The curve in Fig. 2 presents an exemplar of force versus deformation
characteristics derived from NCAP FWRB crash test data. It can be seen that the deformation of the car structure is
predominantly plastic. The FWRB impact involves two phases which are the loading phase followed by the unloading
phase. The loading phase starts from the first contact of the car with the wall and ends when the deformation of the car
becomes maximum as seen in Fig. 2. In the unloading phase, a very small portion of the absorbed energy is returned to
the vehicle due to spring-back of the vehicle structure. Since the deformation is close to being plastic, the loading phase
is the dominant phase.
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Fig. 2 Typical car-structure behaviour in FWRB test Fig. 3 Barrier-force-work based loading stiffness

3. Design Parameters for FWRB Frontal Impact Test

A set of design parameters is constructed which are known to be related with the crashworthiness of cars and injury
risk of occupants. Table 1 presents this set of design parameters whose values are obtained directly from the crash test
reports (OCR) or calculated from the analysis of sensor data (CSD). Among these design parameters, the acceleration of
the occupant compartment is known to affect occupant injury risk with higher accelerations leading to higher restraint
forces on the occupant [2-4, 7, 8]. The acceleration of the occupant compartment is related to the mass and the stiffness
of the car. Apart from the mass of the car, the stiffness and the geometry of the energy-absorbing structures are the key
parameters that determine the crash pulse experienced by cars in collisions. Therefore, in designing the occupant restraint
systems, the stiffness of the energy-absorbing structures needs to be known. The total barrier force on the car is an
important value that is required to design the structure of the car to withstand the impact.

The design parameters given in Table 1 also include injury criteria (HIC, Nij, chest compression and chest
acceleration) whose values are measured by the sensors in the dummies. HIC is the head injury criterion which is based
on the resultant acceleration of the centre of gravity of the head and its maximum value is recorded [9]. The maximum
HIC value recorded in NCAP FWRB tests is calculated over a time interval of 15 ms hence it is also denoted by HIC15.
The normalized neck injury criterion Nij is used to evaluate the risk of neck injuries in frontal impacts. Nij is based on a
formula which combines the axial force and bending moment at the connection between the head and neck; in this formula
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axial force and bending moment values are normalized by their corresponding critical values [9]. The limit or threshold
values for the injury criteria are displayed in Table 2.

Table 1
Design parameters (OCR: obtained from crash test report, CSD: calculated from sensor data)

m mass of the tested car including dummies and instrumentation (OCR)

ky, | barrier-force-work based loading stiffness (CSD)

X maximum deformation of the car (CSD)
F peak total barrier force on the car (CSD)

work-based mean total barrier force for the loading phase (CSD)

time-based mean total barrier force for the whole crash (CSD)
@, natural frequency of the car ( \W ) (CSD)

¢ estimated crash-pulse duration (CSD)

t, duration of the loading phase (CSD)

mean acceleration of the occupant compartment (OC) (CSD)

L. | mean acceleration of the OC during the loading phase (CSD)
mean acceleration of the OC based on F,,, (CSD)
mean acceleration of the OC based on F,,, (CSD)

amps | peak moving average (25ms) acceleration of the OC (CSD)

amso | peak moving average (50ms) acceleration of the OC (CSD)
a peak acceleration of the OC (CSD)
ammx | maximum head resultant acceleration of the driver (OCR)

HIC, | head injury criterion (HIC) value for the driver (OCR)
Nij, | normalized neck injury criterion ( Nij ) value for the driver (OCR)

cc, maximum chest compression for the driver (OCR)

ca, maximum chest resultant acceleration for the driver (OCR)

Table 2
Limit values for the injury criteria in the crash test reports
Driver (50th % male dummy)
HIC15 700
Nij 1
Max. chest compression 63 mm

As shown in Table 1, there are various design parameters whose values are calculated from crash sensor data. The
first one is the barrier-force-work based loading stiffness &, which is determined by equating the area under the barrier

force versus deformation curve in the loading phase (see Fig. 3) to spring energy as shown in Equation 1. In this equation,
the terms x F and x represent the maximum deformation of the car, the total barrier force and the deformation of

max >

the car, respectively. x,,,

X

is estimated from double integration of the accelerometer data and it is different from the
permanent deformation of the car measured after the crash test. In Fig. 3, the dashed straight line whose slope is k., is
a linear approximation of the barrier force versus deformation behaviour of the car structure. The natural frequency @,
of the car structure is defined in Eq. 1 as well. The peak total barrier force on the car F, is calculated from load cell data.

The time at which the loading phase ends is f, and it is calculated from accelerometer data. When time equals
t, , the velocity of the car becomes instantaneously zero and at this time the maximum deformation of the car occurs. ¢,

is the crash-pulse duration and it is also the time at which the car loses contact with the barrier. The velocity at which the
car loses contact with the barrier, is called the rebound velocity V, . The crash-pulse duration ¢, is estimated with the aid

of Fig. 3 and it corresponds to the time instant at which the barrier force first becomes zero in the unloading phase. With
V, being the initial impact velocity of the car, Eqs. 2-4 are constructed to define the parameters given in Table 1 in which

F, x and ¢ represent the total barrier force, the deformation of the car and the time, respectively.
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Moving average acceleration of crash pulses was shown to better represent crash severity [ 1]. The calculation of
moving average acceleration involves the mean value of acceleration within a specified moving time interval. This moving
time interval can be chosen to be 25 ms or 50 ms [1, 10]. For instance, a time interval of 50 ms is swept throughout the
crash pulse duration to calculate moving average accelerations for all 50 ms time intervals. For a given crash pulse (i.e.
acceleration versus time history), the maximum (or peak) value of the moving average accelerations for the whole duration
of the crash pulse is reported [10].

The injury risk of the occupant depends on both the crash severity (i.e. crash pulse) and the performance of the
restraints (seatbelt, airbag, energy absorbing steering column and knee airbag). The metrics defined in Table 3 are defined
to evaluate restraint performance. Lower values of these metrics indicate better restraint performance. The head/chest
acceleration factors are basically the ratios of head/chest acceleration over occupant compartment acceleration hence they
show how well the restraints (especially the seatbelt and airbag) limit head/chest accelerations for a given amount of
occupant compartment acceleration.

Table 3
Definitions of restraint performance metrics (See also Table 1)

Head acceleration factor rh50 = ahmx | am50
¥e50 = cad | ams0

7050 = I'h50 r'c50

Chest acceleration factor

Overall acceleration factor

The 8 vans which received four or five stars (the highest rating), are the only vehicles manufactured between 2012
and 2017 in the NHTSA database. In Tables 4 to 6, the mean values of the design parameters and restraint performance
metrics (with standard deviations in parentheses) are given for these 8 vans. Apart from the individual values of mass and
stiffness, the values presented in Tables 4 to 6 are the design criteria values to construct a van with good crashworthiness
and low risk of occupant injury.

Table 4
Car structural properties, mean and standard deviation
m [kg] k 1y [KN/m] w, [rad/s] X, [m] F, [kN] F  [kN]
22125 1217 23.46 0.717 1014.2 434.5
(98.0) (96.8) (1.17) (0.039) (141.3) (13.0)
Table 5
Occupant compartment acceleration parameters, mean and standard deviation
t, [ms] | ¢, [ms] a,lgl a,; [g] a,,[g] a,, [g] a,lgl | ams[g] | amso[g]
132.68 75.77 -13.71 -21.11 -14.13 -20.05 -36.94 -29.94 -26.62
(11.16) (4.19) (1.26) (1.07) (1.40) (0.99) (5.30) (2.19) (1.94)
Table 6
Injury criteria values and restraint performance metrics with mean and standard deviation (driver)
HIC, Nij, cc,[mm] | ca, [g] ¥'n50 Fes0 Y050
204.0 0.3 20.4 41.8 1.83 1.57 2.89
(83.3) (0.05) (3.2) 4.7) (0.29) (0.13) (0.61)
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4. Discussion

The design criteria values for the design parameters in this study are presented in Tables 4 to 6. The results indicate
that in order to obtain a good performing van in FWRB frontal impacts, the vans should have a natural frequency @, (i.e.

square root of stiffness over mass) of 23.46 rad/s with a standard deviation of 1.17 rad/s, a mean deceleration ( a,, ) of
21.11 g for the loading phase with a standard deviation of 1.07 g, a mean deceleration ( a,, ) of 13.7 g for the whole crash

with a standard deviation of 1.26 g and a mean moving average deceleration ( ams0) of 26.62 g with a standard deviation
of 1.94 g. The results indicate that vans require a frontal deformation of 0.717 m on average with a standard deviation
0f 0.039 m to absorb the crush energy and limit occupant compartment deceleration. The peak force F), that the van has
to endure by keeping the occupant compartment intact is 1014.2 kN on average with a standard deviation of 141.3 kN.
The restraint systems of these good performing vans produce maximum head accelerations and maximum chest
accelerations which are 1.83 times and 1.57 times the peak moving average (50ms) acceleration of the occupant
compartment.

Occupant injury risk and the values of the injury criteria ( HIC,, Nij,,cc,) are affected by both the mean

acceleration of the occupant compartment (OC) and the restraint (airbag, seatbelt, load limiter, pretensioner, energy
absorbing steering column, knee airbag) properties. Thus, an optimised restraint system is essential for a car with good
crashworthiness. In order to rate the vans regarding their injury risk in FWRB impacts, an overall injury risk parameter
R=|amso| " rn50 " ¥es50 =| amso| - os0 can be used. It can be seen that the overall injury risk parameter R is an acceleration-
based metric. Table 7 presents the ratings received by the analysed vans in the US NCAP FWRB tests and the
corresponding overall injury risk parameters. Table 7 indicates that 4 star vans have higher injury risk parameter R values
except the 8th van which should have experienced considerable occupant compartment intrusion and/or ineffective knee
airbag interaction (leading to lower-extremity injuries) which is not taken into account by the parameter R. It should also
be noted that the number of data is only 8 since these are the only vans which received four or five stars (the highest
rating), and manufactured between 2012 and 2017 in the NHTSA database. As a future work, the correlations between
acceleration-based injury risk parameters (R, @jmy, caq) defined in this study and the injury criteria (given in Table 3) will
be explored.

Correlation between vehicle rating and the overall injury risk parameter R Table 7
Van 1 2 3 4 5 6 7 2
Rating 5 star 5 star 5 star 5 star 5 star 4 star 4 star 4 star
am50 -23.31 -26.63 -26.45 -24.99 -26.46 -29.72 -27.18 -28.24

7050 2.280 2.805 3.306 3.312 1.915 3.728 3.250 2.544

R [g] 53.13 74.69 87.44 82.77 50.68 110.8 88.35 71.83

5. Conclusions

Eight vans which received four or five star rating (highest rating) in NCAP FWRB frontal impact test, are analysed.
The experimental data of these best performing vans with different mass and brand, can help to obtain design criteria
values for the design parameters which are known to affect the crashworthiness of vehicles and injury risk of occupants.
The design parameters which are presented in Table 1, are either obtained from crash test reports or calculated by
processing the sensor data. The most recent van models are analysed hence the presented design criteria values belong to
the state-of-the-art van design. Occupant injury risk is determined by the combined effect of crash severity (measured by
mean acceleration) and restraint properties. In this study, acceleration-based injury risk parameters are used and an overall
injury risk parameter is defined which takes into account the combined effects of crash severity, restraint effectiveness
and vehicle structural performance. This paper presents design guidelines for a van with good crashworthiness and low
injury risk which can be useful in the preliminary design of a van.
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Abstract

In the process of freight transportation, there often arises a situation when the volume of freight delivery from its suppliers
exceeds its consumers’ warehouse capacity. In this case, there is a need to use intermediate points for excess freight
temporary storage and, as a consequence, we face a multi-stage transportation problem. The transport mobility plan for
suppliers, consumers and intermediate points is often not explicitly specified, and simply a map of their location is
introduced, that is, the transport problem is set using a transport network. It is given a description of the logistics approach,
which, through the use of transport technology, solves the problem of unbalanced freight transportation organization in
transport networks.

KEY WORDS: freight transportation, transport network, multi-stage transportation problem, optimization

1. Introduction

Due to socio-economic changes taking place in Ukraine and under the influence of globalization, the logistics
chains of supply of goods and raw materials at enterprises are changing. They become longer and more complex in
structure. Influenced by information technology facilitating material and financial flows, the integration of individual
supply chain links, which are independent business units, is intensifying. The geography of material flows is also
expanding. It is manifested, in particular, in an increase in freight turnover in both international [1] and domestic [2] road
transportation.

The effective operation of freight customs complexes (FCC) and terminals contributes to rolling stock optimization
at transport enterprises engaged in freight transportation [3-5]. The technology of freight delivery with the use of an FCC
as its intermediate temporary storage points in regular transportation will increase the number of MTE — motor transport
enterprises’ semitrailer trucks on routes and will allow their more efficient use [6].

In the international freight transportation on Ukraine-EU and EU-Ukraine route, the FCC located on the Ukrainian
side of the border may serve as a transshipment point [2]. Ukraine's western regions bordering on the EU member states,
based on effective cross-border cooperation, allow capitalizing on the counties’ favorable geopolitical potential. Long-
term projects for the FCC use along the western border is one of the options for streamlining freight transportation, so the
rational organization of MTE's operation and cooperation with terminal and warehouse complexes is extremely important
and relevant.

2. Logistics Approach to the Organization of Unbalanced Freight Transportation in Transport Networks

Let us describe the logistics approach, which solves the problem of staged freight transportation (multi-stage
transportation problem—MTP) in its network representation. In this case, two alternatives are considered, either the total
warchouse capacity of freight consumers and intermediate points is greater than or is equal to freight quantity offered for
transportation by freight suppliers or it is less than freight quantity to be transported.

Suppose there are m homogeneous freight supply points (SP) A1, A, ...An, with freight quantity ai, as, ...am
respectively. There are n freight consumption points (CP) By, B», ...B, with applications for its acceptance in volumes bj,
b, ...b, accordingly. Moreover, the total volume of this freight delivery exceeds the total number of applications for it,
namely:

Ya >3, (1)

Suppose that there are also / intermediate warehousing points (WP) Ci, C,...C;for the temporary storage of excess
freight, which can accommodate it in the quantity ci, c»,...c;respectively, and, in this connection, there are two possible
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alternatives of the ratios Za, ,Zb i ZCk if the condition (1) is fulfilled:

i=1 Jj=1

n ! m

alternative 1 > b, + dYe2ag; ()
=1 k=1 i=1
n / m

alternative 2 Db+ ¢ <D a. 3)
j=1 k=1 i=1

Let us consider the second alternative (3) of freight delivery as the most interesting from the application perspective
through a specific example, where the location diagram of freight supply and consumption points is presented in the form
of a traffic network (TN). The TN indicates the main loading and unloading points; the average time of movement between
them, namely: freight SPs are marked with black circles (Haisyn— A1, Odesa — A2), freight CPs are indicated with black
squares (Cherkasy — BI1, Kharkiv— B2, Zaporizhia— B3, Mykolaiv— B4 ) and WPs are coded with black triangles
(Kropyvnytskyi— C1, Dnipro —C2, Kryvyi Rih— C3) (Fig. 1).
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Fig. 1 Traffic network

In the TN, the number of freight SPs m = 2 (41, 42), where a; = 10 freight units (FU), a» = 10 FUs, the number of
freight CPs n = 4 (B\, B», B3, Bs), where b =2 FUs, b, =2 FUs; b3 = 2 FUs, bs = 2FUs, the number of intermediate WPs
=3 (C1, C2, C3), and their capacity will be as follows: ¢; = 1 FUs, ¢2 = 1 FUs, ¢3 = 1FUs. There are also 8 intermediate
transit points in the TN. A simplified TN diagram is shown in Fig. 2.

Fig. 2 Simplified traffic network diagram

In order to present this information in a form convenient for its further processing, it is necessary to summarize the
network representation of the freight delivery scheme in a tabular form [7]. First, an array of distances between TN
adjacent points is built, and this stage involves its manual assembly. Then automatically (using the appropriate program),
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based on the array of distances, the origin-destination matrix between all TN points is built.
The shortest route method [8], using the origin-destination matrix data, evaluates the shortest distances in the TN
from each freight SP and warehousing points (Table 1), from each warehouse point to each freight CP (Table 2). Routes

corresponding to these distances are also created [7], which may include intermediate points on the freight transportation
routes (for example, the routes from Haisyn SP to its four CPs):

Haisyn — Uman — Cherkasy = 4.7;

Haisyn — Uman — Kropyvnytskyi — Kharkiv = 10.3;

Haisyn — Uman — Kropyvnytskyi — Dnipro — Zaporizhia = 10.2;
Haisyn — Uman — Odesa — Berezanka — Mykolaiv = 6.5.

Table 1
Distance of SPs to CPs and WP
SPs/CPs | Cherkasy | Kharkiv | Zaporizhia | Mykolaiv | SPs/CPs | Kropyvnytskyi | Dnipro | KryvyiRih
Haisyn 4.7 10.3 10.2 6.5 Haisyn 4.1 8.8 6.9
Odesa 6.6 11.6 10.3 2.2 Odesa 6 8.9 6.3
Table 2
Distance of WPs to CPs
SPs/WPs Cherkasy | Kharkiv | Zaporizhia | Mykolaiv
Kropyvnytskyi 2 6.2 6.1 3.8
Dnipro 6.7 2.7 1.4 6.7
KryvyiRih 4.8 53 4 4.1

In order to solve the problem of planning and further provision of mass freight transportation service in the TN, a
software application (SA) was developed using Delphi, the algorithmic programming language, and Visual Basic for
Application macros to work with the Excel spreadsheet [9].

The SA execution process includes 4 steps illustrated in Fig. 3-6.
Fig. 3 presents a dialog box of the transportation structure task, i.e. the number of SPs, CPs, and WGs.
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Fig. 3 Dialog box of the 1st step in SA execution

Fig. 4 illustrates a dialog box for entering the freight transportation volume.
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Fig. 4 Dialog box of the 2" step in SA execution

Fig. 5 shows a dialog box for entering the matrix of TN transport communications, i.e. the shortest distances
between SPs and CPs, SPs and WPs, WPs and CPs (see Tables 1-2).
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Fig. 6 is a dialog box of the 4™ step in SA running. It schematically presents the results of its execution, namely:
the volume of freight transportation between SPs 41, 4> and CPs B\, B, B3, Basat the first stage of freight delivery (the
cost of its implementation is 54.9 conventional monetary units — CMUSs); freight transportation volumes between SPs A4,
A> and WGs C,, Gy, C; at the first stage of freight delivery as well (the cost of its realization is 19.3 CMUs); freight
transportation volumes between WPs C, C», Cs and CPs Bj, B4 at the second stage of freight delivery (the cost of its
realization is 7.4 CMUs); freight transportation volumes between SPs A1, 4, and Bi, Ba, B3, Bs at the third stage of freight

delivery (the cost of its realization is 55 CMUSs); the total (current) cost of all the three freight delivery stages is 136.6
CMUs.
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Fig. 6 Dialog box of the 4™ step in SA execution

At the same time, an information message is displayed on the screen informing the user about the further
calculations:

Mpu BUKoHaHHI NPOrPan Mo Po38"A3aHHIC TPHOXETaNHGT T3 y AEAKIKX NOCTaHANBHHKIE 33NLLINACA BAHTEX.
[ npeaoskenta poasazanta T3 natucrnts OK, inakiue Cancel.

Cancel

After pressing the OK key, the MTP solution continues and, as a result, Fig. 7 essentially presents a dialog box of
freight delivery in the fourth stage. This figure (see Fig. 7) schematically illustrates the results of the last step in the SA
execution, namely: the volume of freight transportation between an SP 4, and a CP B; at a cost of 2.2 c.m.u. and the
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ultimate (final) realization cost of all the four stages of freight delivery, which is 138.8 c.m.u.
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Fig. 7 Dialog box of the 4" stage of the MTP solution
3. Conclusions

The proposed logistics approach to the unbalanced freight transportation organization in transport networks was
realized in the form of the software-instrumental complex (SIC), which combines the stage of the network representation
of the freight delivery scheme in a tabular form and the stage of the planning and further provision of mass freight
transportation service in the TN. It is proved to be efficient in optimizing freight traffic at the transport enterprises of the
Association of International Road Transport Carriers of Ukraine.

This approach to the optimization of mass freight transportation in the TN, which is based on the use of modern
information technology tools, demonstrates one of the solution methods, but has the following limitations:

1. At the 2", 3" and subsequent stages, an assumption is made about the readiness of all its freighters to stow this
freight in the quantity corresponding to the initial order.

2. For the successful application of the offered approach, it is necessary to transform a preliminary network

representation model of the freight delivery into a tabular form.

3. The SIC can be used for small and medium transport networks due to the limited software environment for its
implementation — Excel spreadsheets.
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Abstract

The article will present the current state of use of modern telecommunications systems LTE on Polish railways. Quick
technological development and market requirements for modern communication systems caused that railway transport,
having proved to be one of the basic carriers, must guarantee access to telecommunication services, both for passengers
and the railway infrastructure itself. The rapid development of civilization, globalization, has resulted in the need for
increasing access to wireless technologies. The introduction of technology based on the GSM-R standard on the railways
has led to the integration in a single system of both voice and data services for traffic guidance and control. An
unquestionable advantage of the GSM-R standard is also the possibility of cooperation in the field of voice services for
passengers with GSM. While GSM-R provides an appropriate level of services for the safety and reliability of control
systems, unfortunately, with the increase in requirements for data transmission services for passengers (e.g. Internet
access, VoiP), it is not able to meet these requirements.

In addition, for GSM-R, when a train exceeds 250 kilometers per hour, users pass through many cells in a very short time.
This results in a loss of signal transmission at 300 Hz. While this disappearance is hardly noticeable for calls, it causes a
very high bandwidth loss during data transmission. Therefore, the article will include a study on the availability of mobile
networks for services designed for passengers. The evaluation of the use of external wireless communication networks
LTE in terms of mobile services, stability and signal availability will be made.

KEY WORDS: Telematics, LTE, GSM-R

1. Introduction

Currently, the research on the use of LTE system in railway tasks is carried out in an advanced way in Asian
countries (China, India, Indonesia) and also on the European continent in Western European countries (Spain,
Sweden) [6, 14, 27-30]. These considerations take into account the solutions proposed by telecommunications consortia
Alcatel-Lucent, Nokia-Siemens and Huawei [3, 4, 15, 19].

Due to the specificity of access to the technology and frequency bands used, the solutions presented above are
based on the analysis of electromagnetic compatibility of existing radio systems based on frequencies specific for given
regions (900, 1800, 2100, 2600 MHz bands) [5, 6].

Extremely important for the analysis of LTE system operation, not only in railway solutions, are issues related to
the use of modern antenna systems based on the technique of adaptive antennas, the use of SDMA (Space Division
Multiple Access) systems or MIMO multi-antenna systems [7, 12, 31].

Theoretical bases for theoretical analysis and modelling of broadband systems, including LTE, for various areas
of application have been presented in publications [13, 16, 17, 20, 24-26]. The methodology of research as well as results
and analyses of computer simulations concerning mathematical modelling of the system and transmission communication
channel have been indicated, paying attention to ensuring adequate capacity and reliability of the system and taking into
account the problem of train movement [10, 11, 21, 22].

LTE system architecture and issues related to broadband signal transmission were standardized in [1, 2, 23].

Currently, no research is being conducted in Poland to use the LTE system on railways as a natural successor to
the European railroad radio communication system based on the GSM-R standard, currently being introduced in our
country. Within the framework of research works carried out at the Faculty of Transport of Electrical Engineering and
Information Technology of the University of Technology and Humanities in Radom, an attempt was made to develop a
method of safe data transmission between railway traffic control devices using fourth generation radio systems [7-9, 18].

2. LTE Signal Transmission Conditions for High Speed and High-Speed Trains

In the LTE system parameters described in the standardization documents, the range of functionality of this system
in relation to mobile users defined as (EU) [2]. According to them, four levels of functionality were distinguished in
relation to the speed of objects using the system:

— full functionality for users (EU) moving at speeds up to 15 [km/h];

— high performance for users (EU) travelling at 15 - 120 [km/h];

— functional support for users (EU) travelling at speeds up to 360 [km/h];
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— no functionality has been defined for mobile users travelling at speeds between 350 - 500 [km/h].

Therefore, there is a need to define the requirements and define the transmission capacity of railway telegrams
using LTE technology. The LTE system specification states that the theoretical signal delay is 10 [ms], and 10 - 100 [ms]
in the control level.

2.1. Rail Research

In order to make measurements, a transmission measurement system for the open LTE system has been built,
presented in Fig. 1. The system will be used for testing, similarly as in [7], in which the transmission takes place in the
first stage of testing between the server and the virtual control-command and signaling device, located on the train path.
Within the framework of measurements, systems that are not real time systems from Microsoft Windows and Apple Mac
OS X operating systems family were used. For modeling we assume GSM-R transmission parameters with the assumption
that meeting these conditions meets transmission safety conditions. The measurements were made in accordance with
ETSI TS 102 250 standard.

Fig. 1 Measurement diagram

The vehicle used a computer with Mac OS X 10.9.5 (Fig. 2) and a Huawei LTE modem with the following
parameters:

— type of input/output: SIM card slot, microSD memory card reader, USB 2.0;

— supported standards: LTE, GSM, GPRS, EDGE, UMTS, HSPA+/HSPA;

— frequency of operation: 800/850/1800/1900 MHz;

— 3G/4G transmission bands: GSM - 850/900/1800/1900 MHz;

— UMTS - 900/2100 MHz;

— LTE - 800/900/1800/2100/2600 MHz;

— maximum wireless transmission speed: downlink up to 150 Mbps (LTE), uplink up to 50 Mbps.

Fig. 2 Mobile testing station

On the receiving side there was a Windows 10 server connected to the Internet via a broadband LTE network via
the MOXA OnCell G3470A-LTE gateway (Figure 3) with the following parameters:

— supported standards: GSM/GPRS/EDGE/UMTS/HSPA/LTE;

— transmission bands: LTE 2100/1800/2600/900/800 MHz (B1/B3/B7/B8/B20), UMTS/HSPA 2100/1900/850/
800/900 MHz;

— transmission speed: LTE - 20 MHz bandwidth: 100 Mbps DL, 50 Mbps UL;

— HSPA - 42 Mbps DL, 5.76 Mbps UL;

— EDGE - 237 kbps DL, 237 kbps UL;

— GPRS - 85.6 kbps DL; 42.8 kbps UL;

— 4 LAN interface ports RJ-45 10/100/1000Mbps;

— cellular network antenna connectors: 2, SMA (female);

— console port: RS-232 (RJ-45);
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— network protocols: ICMP, DDNS, TCP/IP, UDP, DHCP, DNS, SNMP, HTTP, HTTPS, SMTP, SNTP, ARP;
— routing/firewall: NAT, forwarding port, [IP/MAC/Port filtering;

— VPN: maximum number of tunnels - 5, IPSec (DES, 3DES, AES, MD5, SHA-1, DH2, DH5), PSK/X.509/RSA;
— configuration and management options: SNMP v1/v2c/v3, Web / Serial Console, SSH, Remote SMS Control;
— Number of SIM cards: 2.

The computer with the MOXA gateway was a server.

Fig. 3 Measuring station on the server side

Measurements were made on route Warszawa Centralna - Krakow Glowny running on railway line no. 4 - Central
Railway Bus (colour orange - Fig. 4) from 15.08 to 19.08.2019 between 5 a.m. and 10 p.m. taking into account train
timetable, with train speed up to 160 km/h. Train speed was monitored by means of iPhone with Sygic software. For this
purpose, a seat at the window was taken in the vehicle in order to better receive GPS signal.

Fig. 4 The measurement route leave only the line for measurements

No mechanisms were used to block this mode of operation at the measuring terminals to ensure that domestic
roaming networks can measure services.
The average results of measurements on the route under consideration are shown in Tables 1 and 2.

Table 1
Indicators for data transmission — download
Orange Play Plus T-Mobile
Mean Data Rate- upload MDR [Mb/s] 3,43 2,78 5,02 3,21

HTTP IP-Service Setup Time HIST [ms] 1932,00| 3428,00 | 1191,00 | 3 792,00

HTTP Session Failure Ratio HSFR [%] 66,31 71,28 47,28 61,72

Table 2
Indicators for data transmission — upload

Orange Play Plus T-Mobile

Mean Data Rate- upload MDR [Mb/s] 0,92 1,18 1,51 0,9

HTTP IP-Service Setup Time HIST [ms] 1741,00| 1328,00 | 1538,00 | 2632,00

HTTP Session Failure Ratio HSFR [%] 38,36 4223 28,95 42,34
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Table 3

Loss and delay ratings for packages
Orange Play Plus T-Mobile
Round Trip Time RTT [ms] 149,11 128,24 119,12 169,43
IP packet loss ratio IPLR [%] 15,84 15,18 7,6 14,12
IP packet delay variation IPDV [ms] 119,28 110,12 113,72 99,21

The studies described in Tables 1-3 give rise to the thesis that appropriate spatial planning of LTE systems allows
for the resignation from dedicated development of a rail-specific system such as GSM-R. It is possible to use an open
LTE system for railway purposes, both for controlling train movements and for passenger data transmission.

The results of radio signal level tests generated from terminals are shown in Fig. 5.

Received signal levels

|
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-100

-150

o

o

m [-130dBm...-96dBm] M [-95dBm...-40dBm]

Fig. 5 Signal levels from terminals for 4G technology on the measure route

In some parts of the railway line, the signal level has disappeared, due to the fact that the communication
infrastructure allows the signal to cover urban areas and roads. Rolling stock was not included. In case of network scaling
and signal coverage of railway lines as well, there are huge savings. Dedicated communication infrastructure for railways
is not needed then, because it can be replaced by open LTE network with appropriate coding of telegrams according to
PN-EN 50159 standard.

3. Conclusions

The article presents the scope of conducted research on the availability of data transmission services in LTE
standard on a selected railway line. The main objective of the conducted research was to assess the quality of mobile
Internet available in rail transport for public users.

The information obtained during the research confirms the requirements of users for the QoS quality guaranteed
by the operators allowing for trouble-free use of data transmission services in the LTE standard. Using the available tools,
the quality of mobile LTE network on a selected railway line was tested. The tests consisted in making measurements of
basic QoS parameters, as well as verification of operation of selected Internet services. The obtained average link speed
and ping value in accordance with the minimum acceptable values recommended by UKE allow, in the opinion of the
author of the article, to browse websites, use VoIP telephony and network games. The verification of other services
showed that with the link parameters provided, it is also possible to use multimedia services, i.e. streaming HD movies
and Internet TV. Minimum packet losses during transmission confirm the possibility of trouble-free use of e-mail services.

The conducted research allowed to verify the actual parameters of the LTE network in the scope of data
transmission in rail transport, thus they may contribute to the evaluation of the offered data transmission services with the
use of LTE technology in less urbanized areas.
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Abstract

Rapid changes in technology as well as the integration and specialization of economy reinforce trade motives and the
consequences of integration into the world trade system. Trade in services includes trade in transport and travel
services, telecommunication, computer and information services, manufacturing services on physical inputs owned by
others, business services and other business services. Import and export belong to the basic international trade activities,
allowing to obtain utility values from abroad or to supply them abroad. They reflect the advantages and disadvantages
of individual economies reflect government policies and regulations. The aim of this paper is to point out the state and
basic tendencies in trade of transport services in relation to total international trade in services. The survey focuses on
the selected countries of the EU. In identifying the state and basic tendencies in trade of services and their components,
we used OECD statistical data, about international trade in services, export and import and also the structure of the
trade. The modification of Balassa RCA index is used for evaluation some comparative advantages. Trade in services
and, in particular, transport services, is under constant pressure from various factors, such as those of associations,
interest groups, environmental criteria, licenses, qualification of employees or other regulations.

KEY WORDS: international trade, transport, travel, services

1. Introduction

At present, changes are taking place in the field of the economy, which are most often characterized by terms
such as globalization, integration, trans-nationalization. They correspond qualitatively to new relationships between
national economies, societies, processes that cross national borders. The international economic system is no longer
aggregated by nationally determined functions, but becomes autonomous as production and markets become truly
global. Economic activities are fragmented, divided and re-integrated to create new interconnections between countries,
economies or entities. The importance of the division of labor between individual states, national economies and groups
is growing, and consequently the importance of foreign trade activities [1].

As the importance of services in the creation of GDP and added value in individual economies grows, so does
their importance in international trade [4]. Import and export belong to the basic foreign trade activities, while they
enable to obtain utility values from abroad (import) or to supply them abroad (export). At the same time, these activities
reflect the advantages and disadvantages of individual economies, or rather reflect government policies [6, 14]. In the
past, mercantilism has emphasized the importance of government measures to support exports and restrict imports.
Smith and Ricardo pointed to the need for an unrestricted free market with an invisible hand of the market to ensure that
countries and their economies differentiate themselves according to their ability to produce the goods efficiently.
Heckscher-Ohlin's theory of international trade and comparative advantages points to the connection with various
subsidies at the national level, which affect the efficiency of production, as well as with the intensive use of own
resources in exports and obtaining what is rare in imports [10]. Porter's theory of national competitive advantage [25]
points to the impact of the four attributes, namely subsidies on factors of production, domestic demand conditions,
supporting industries and corporate strategies, structure and competition in the market. New theories of trade point to
other characteristics in the economy or individual sectors, for example, the importance of the amount of economies of
scale achieved [2, 15].

Most theories dealt with trade in goods, less with services. With the growing understanding and perception of the
importance of knowledge in the transformation processes in sectors of the economy associated with the provision of
services, new issues are evoked in relation to international trade in services and their individual components. Transport
services are becoming an immediate part of foreign trade relations and with the development of integration there are
changes in trade with them [7].

In the professional literature, the definition of the service category is not yet uniform and consistent [8, 27]. To
define this term, a wide range of approaches is used, which take into account storability / non-storability, weight /
weightlessness, different consumption patterns, etc. [9, 25]. As there are no separate categories of services according to
their characteristics, it is more appropriate to consider the difference between them as gradual and related to the smooth
transition between the tangible and intangible continuum [15]. Similarly, when defining e-services, the professional
public refers specifically to the technology of service provision, i.e. the use of ICT in the process of service
provision [16, 18].
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2. Theoretical Background

When assessing and identifying trends in foreign trade in transport services, it is necessary to define two key
areas, namely the definition of services, including their breakdown and the processes associated with foreign trade,
including the possibility of evaluating and identifying trends.

Trade in services reflects the value of services exchanged between residents and non-residents of the economy,
including services provided through foreign affiliates established abroad. Trade in services includes trade in transport
and travel services, communication services (postal, telecommunications, computer and information services),
construction services, insurance and financial services, computer and information services, royalties and manufacturing
services on physical inputs owned by others, other business services (business, operational leasing, technical and
professional services, etc.), cultural and recreational services and government services. Trade in services leads to the
exchange of ideas, know-how and technology, although it is often constrained by obstacles such as national regulations.
While transport services indicate the development of international trade and the demand for it comes from international
trade, other business services indicate changes in the business environment, companies and challenges to improve their
position in the international market. All services are based on specific knowledge, skills and abilities [5, 17, 18].

The assessment and identification of trends in international trade in services is based on three interrelated
concepts - division of labor, opportunity costs and comparative advantages [20]. The identification of the state and basic
trends in trade in services and their components can be based on OECD statistics 2018 [21, 22, 24], which contain data
used to analyze trade, exports and imports. All OECD countries compile their data according to the 2008 System of
National Accounts (SNA) [23].

Within the analysis of trade in transport services, the basic trend and the trend in terms of the structure of trade in
transport services according to individual modes of transport can be identified by basic statistical tools. A modified
Balassa RCA index is used to compare export trends. The Balassa index is defined as the share of a selected country's
exports in a given commodity group in that country's total exports to the share of world exports in that commodity
group in total world exports. It is therefore based exclusively on data on exports in a given commodity group, the
country's total exports and world exports. It indicates the relationship between the specialization of the selected country
and the specialization of another country, or a reference group of countries, in this case the world [13, 14]. Modification
of the index is possible according to the relevant commodity group, total exports in the given group and exports of the
given regional grouping.

The formulation of the result is, of course, dependent on the achieved value of the index. The existence of the
country 's comparative advantages in exports in a given commodity group is indicated by the value of the RCA
indicator greater than 1. If the index of a given commodity group is less than 1, this is a comparative disadvantage [26].
Indicates that the country exports less than the reference group average in a given commodity. For an even more
detailed identification of the revealed comparative advantage, according to source [11] possible index values can be
divided into four categories (a-d) determining its size and intensity:

a) 0 <RCA <1 no comparative advantage;

b) 1 <RCA <2 weak comparative advantage;

¢) 2 <RCA <4 moderate comparative advantage;

d) 4 <RCA strong comparative advantage.

3. Aim and Methodology

The aim of this paper is to point out the state and basic tendencies in trade in transport services in relation to
trade in services and trade in individual types of transport services based on international statistics. The survey focuses
on the Visegrad countries (further V4 countries), e.g. Slovak Republic (SR), Czech Republic (CR), Hungary (H) and
Poland (PL) as part of the European Union and the Eurozone. V4 countries have been a part of the European Union
(EU28) since 2004. SR is also part of the Eurozone (EU19).

Table 1
Main performance indicators for V4 countries in 2013 and 2016 (OECD 2013-2016) [23]
. SR CR H PL EU28 EU19
Indicator
2013|2016 2013|2016 | 2013|2016 | 2013 [ 2016 | 2013 | 2016 | 2013 | 2016
Population mil 5,6 | 54 | 11 |10,5] 1041 99 |39,7| 38,6 | 507 [511,5] 338 | 341
GDP per capita PPPS$ 2015|27838|30520(31252(34454(24522(27335|24697|27362|37419|39435(39900(41755
GDP growth % - 1899 - [1635] - [1851] - |1233] - [1007| - |8,89
GDP growth per capita % - (2239 - (16,14 - |32,74] - |26,12| - 5,39 - 4,65
lncre;ase in exports of trade in % i 0.42 i 1,10 i 8.42 = 43| - | 247 i 2.06
services
Increase in exports in trade in % ) 498 ) 537 ) 7.74 ) 10,68 _ -8.98 ) -1.44
transport services
f;rg?iferfomance in transport % |28,13]29,32(22,5923,54|24,16| 24,01 [27,34|27,15|19,00| 16,88 | 17,28 | 16,64
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From the point of view of the previous economic development of these countries until the year 1989, it is usually
assumed that their foreign trade activities have a similar development and therefore form a regional grouping of V4.
The performance indicators of evolution of GDP and export in services as well as the transport services for V4 countries
in the 2013-2016 are shown in Table 1. Export performance in services expresses the volume of exports in transport
services in total exports of services.

In identifying the state and basic tendencies in trade in transport services and their components, we used OECD
2018 statistical database [21, 22, 24], which contain data used to analyze trade, export and import. We focused on the
evaluation of transport modes shares, regional distribution or main regional direction and structure of transport services

trade.

4. Results

When comparing and evaluating the V4 countries in terms of their export and import of transport services in
years 2013 and 2016, it can be stated (Table 2) that the shares in the export of transport services to the EU28 countries
were equal to 69% in the year 2013 for Czech Republic and 82% in the year 2016 for Hungary. Similar results are in the
import of transport services, while the share of imports from EU28 countries with the exception of the Czech Republic
reaches a high level (Table 3). In terms of mutual trade ties of the V4 countries, relatively small shares were identified,
with the exception of the export of transport services of the Czech Republic to Slovakia.

In terms of the increase in exports of trade in services in the period under review (Table 1), there are significant
differences between the V4 countries. The lowest increase of 0.42% was in the Slovak Republic, the highest in Poland
11.43%, but all V4 countries recorded either a positive or negative significant difference compared to the EU28 and
EU19. The V4 countries achieved positive growth in trade in transport services, but both the EU28 and the EU19 saw a
decline in trade in transport services. Similarly, the V4 countries achieve significantly higher export performance in
trade in transport services (ratio between exports of transport services and exports of services) compared to the EU28

and the EU19.

Table 2
Transport services exports in V4 countries in terms of their geographical direction in 2013 and 2016
Export in SR CR H PL
transport 2013 2016 2013 2016 2013 2016 2013 2016
services 100% 100% 100% 100% 100% 100% 100% 100%
EU28 71% 71% 69% 72% 79% 82% 79% 81%
Euro area 47% 49% 49% 52% 55% 53% 63% 63%
Austria 11% 15% 3% 3% 16% 13% 4% 4%
Germany 16% 15% 15% 15% 14% 14% 26% 26%
SR 6% 7% 4% 4% 2% 1%
CR 15% 12% 1% 2% 3% 3%
H 4% 3% 3% 3% 1% 1%
PL 1% 1% 5% 5% 4% 5%
V4 20% 16% 13% 15% 9% 11% 6% 6%
UK 1% 2% 7% 7% 8% 9% 4% 5%
USA 1% 0% 2% 2% 2% 2% 4% 3%
Table 3
Import of transport services in V4 countries in terms of their geographical direction in 2013 and 2016
Import in SR CR H PL
transport 2013 2016 2013 2016 2013 2016 2013 2016
services 100% 100% 100% 100% 100% 100% 100% 100%
EU28 85% 83% 47% 48% 79% 80% 73% 76%
Euro area 48% 48% 37% 37% 59% 60% 55% 54%
Austria 16% 13% 2% 2% 10% 8% 3% 3%
Germany 18% 22% 10% 11% 20% 20% 24% 23%
SR 6% 6% 6% 6% 2% 2%
CR 20% 16% 3% 3% 4% 4%
H 7% 6% 2% 2% 1% 1%
PL 6% 7% 2% 2% 3% 4%
V4 33% 29% 10% 10% 13% 13% 7% 7%
UK 1% 1% 3% 4% 5% 4% 4% 6%
USA 1% 1% 7% 7% 5% 4% 6% 5%

Tables 4 and 5 are stated the results with respect to foreign trade activities related to trade in transport services
and passenger transport services within the V4 and EU28 countries as well as EU19 in the years 2013 and 2016.
Percentages of trade in transport services show a positive difference between exports and imports in Slovakia, Hungary
and Poland. They are also positive in Czech Republic in the year 2016. The only exception was the year 2013, when the



35

import volume of transport services in the Czech Republic was higher than exports. In the V4 countries as a whole,
exports exceed significantly imports in trade in transport services, in contrast to both the EU28 and the EU19.

Table 4
Structure of trade in transport services by transport mode

Trade in transport SR CR H PL EU28 EU19 V4
services 2013 | 2016 | 2013 | 2016 | 2013 | 2016| 2013 | 2016 | 2013 | 2016| 2013 | 2016 | 2013 | 2016
Sea export 1% 1% 1% 1% 1% 1% 4% 3% | 39% | 32% | 23% | 20% 3% 2%
transport import | 10% 9% 5% 6% 4% 4% | 17% | 16% | 32% | 29% | 20% | 17% | 10% | 10%
Air transport export 3% 3% | 21% | 20% | 33% | 37% | 12%| 12% | 28% | 31% | 19% | 24% | 17%| 18%
import 0% 0% 5% 9% 9% 8% 6% 5% 3% 3% 5% 4% 6% 6%
Rail export | 15% | 12% 8% 7% 7% 5% 4% 3% 3% 2% 5% 4% 7% 5%
transport import 0% 0% 5% 9% 9% 8% 6% 5% 3% 3% 5% 4% 6% 6%
Road export | 41% | 38% | 59% | 56% | 47% | 45% | 61% | 60% | 22% | 23% | 39% | 38% | 56% | 54%
transport import | 55% | 51% | 48% | 57% | 38% | 40% | 50% | 46% | 26% | 28% | 40% | 43% | 47% | 48%

When assessing the share of exports and imports of passenger transport services in the total trade in services of
V4, EU28 and EU19 countries, it can be stated that, unlike in the EU28, in V4 countries exports exceed imports, with
the highest percentage differences seen in Hungary. Road transport dominates in the structure of transport services
export and import (Table 4) in the all V4 countries as well as in EU19. The share of personal travel services in travel
services both in export and import is about 5% lower in the V4 countries compared to the EU28 and EU19 (Figs. 1-2).

2013 2016 2013 2016
V4

2013 2016 2013 2016

SR CR H PL EU28 EU19

M sea transport - export M air transport - export  Mrail transport - export  Wroad transport - export

Fig. 1 Share of export in services of selected countries, EU28 and EU19 countries
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Fig. 2 Share of import in services of selected countries, EU28 and EU19 countries
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Table 5
Structure of trade in travel services

Trade in travel SK CZ H PL EU28 EU19 V4

services 2013 | 2016 | 2013 | 2016 | 2013 | 2016 | 2013 | 2016 | 2013 | 2016 | 2013 | 2016 | 2013 | 2016
Business | export 15% | 14% | 27% | 23%| 12% 9% | 19% | 25% | 15% | 15%| 14% | 13%| 19% | 20%
import | 13% | 14% | 23% | 18% | 21% | 17%| 27%| 22%| 19% | 18% | 15% | 15%| 24%| 19%
Personal |export | 85% | 86% | 73% | 77% | 88% /| 91%| 81% | 75%| 85%| 85%| 86%| 87%| 81%| 80%
import | 87% | 86% | 77% | 82% | 79% | 83%| 73%| 78%| 81%| 82%| 85% | 85%| 76%| 81%

In order to determine the tendencies and possible specialization of the V4 countries, we investigated the share of
exports in transport services in the export of services. If we focus on assessing exports and the potential comparative
advantage of the V4 countries in the transport services business through the Balassa RCA index [11, 14], it can also be
stated (Table 6) that Slovakia and Poland have a weak comparative advantage in the transport services (Balassa RCA
index is more than 1.00), which in the period under review in Slovak Republic increased. To compare the level of the
Balassa index for transport services, we state (Table 6) that:

* Slovakia achieves a moderately strong comparative advantage in trade in telecommunications services
(Balassa RCA index is more than 2.00), which increased even more in the period under review;

* in trade in postal and courier services (Balassa index higher than 2.00 in 2013, and higher than 1.00 in 2016)
and transport services, a weak comparative advantage, which is, however, higher than in the Czech Republic and
Poland;

* In other countries, only weak comparative advantages were recorded (Balassa RCA index between 1 and 2),
namely in Hungary in trade in telecommunications, postal and courier services, in Poland in trade in transport services.

Table 6
RCA Balassa Index - export in V4 countries for transport services
SR CR H PL
Balassa Index RCA 2013 | 2016 | 2013 | 2016 | 2013 | 2016 | 2013 | 2016
Transport services 1,10 1,14 0,88 0,91 0,95 0,93 1,07 1,05
Telecommunication services 2,83 3,82 0,43 0,33 1,44 1,94 0,66 0,43
Postal and courier services 2,39 1,34 0,75 0,74 1,31 1,42 0,68 0,86

5. Conclusions

International trade in services has been growing in recent years, and the share of services in GDP is also
growing, especially in the developed countries of the world. Within the V4 countries in 2013-2016, overall trade in
services increased on the export side by 7%, on the import side decreased by 0.85%, trade in transport services
increased by 22.9% on the export side and remained at the same level on the import side. Trade in postal and courier
services on the export side increased by 7.76% as well as the same percentage increase on the import side. In trade in
telecommunications services, exports increased by 5.79% and imports decreased by 2.28%.

Trade in services and, in particular, transport services, despite the V4 membership in the EU28 and in the single
market, is under constant pressure from various factors, such as those of associations, interest groups or other
groups [3, 19]. Three of the V4 countries are not members of the euro area and the use of national currencies and their
own monetary policy also affects international trade in the trade in services. However, new transport-related technical
and technological solutions create new opportunities in the trade in services and need to be constantly addressed.
Technological changes in different sectors and markets lead to changes in the trade in services, which are inevitably
linked to international trade and the use of the comparative advantages of individual countries in the international
environment [12]. However, barriers and emerging opportunities in trade in services need constant attention, as
innovations in products, processes or business models based on digital technologies, data analytics, software, etc. are
directly linked to cross-border data flows. Trade in services as the center or heart of innovation is currently gaining new
meaning and dimension.
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Abstract

The retrospective analysis and analysis of prospects for the use of river freight transport in Ukraine give reasons to
expect river passenger transportation services as a complementary generation of the offer of business stakeholders.
Formation and realization of the corresponding potential of river passenger transport will be possible in the conditions
of restoration and stimulation of demand for such services. Conditions and mechanisms for creating demand for inland
passenger traffic by the regular and tourist sectors have been investigated. The necessity to search for extracurricular
success factors of river passenger transport of value direction is substantiated. The effectiveness of the implementation
of which, in particular, depends on the rate of spread of the behavioral economy, the implementation of its principles in
the predominantly rational behavior of potential passengers of river transport in terms of logistic service quality
(facilities, time, convenience, compatibility, etc.).

KEY WORDS: river passenger transport, demand for transport services, inland waterway transport, value factors

1. Introduction

Globalization of the economy and regional integration as significant factors influencing the formation of a
competitive supply of river transport has a significant impact on economic growth and sustainable development of
individual regions and the country as a whole. Modernization of river transport, which should be considered not only as
a component of modernization of the economy but also as an element of the transformation of public life, affects the
improvement of market decision-making processes of consumers and mechanisms of public choice.

The history of river passenger transport in Ukraine both within the USSR and during its independence shows a
decline in demand for river passenger transport over a long period time. For example, if in 1975 the number of
transported passengers amounted to 27.9 million passengers, in 2000 — 2163.3 thousand passengers, then in 2018 — only
596.2 thousand passengers. However, the decline in demand for such transportation was accompanied by a decrease in
the supply of services by businesses and other stakeholders, including the state, which showed low interest for the
development of the sector and low efficiency of public administration. The unsatisfactory condition of the majority of
river infrastructure and suprastructure and point investments by some private investors do not stimulate the
development of river passenger transport in Ukraine.

The development of river freight transport will facilitate access to river infrastructure by the passenger transport
business, first of all, by means of opening river waterways and the resumption of river ports.

In addition, since in foreign markets the tourist segment plays the leading role in maritime passenger traffic and
is positioned as part of the cargo segment, passenger seaports can be part of port transport and logistics clusters which
may later be joined by river ports with the participation of “river-sea" vessels. This also indicates the untapped potential
of river ports as part of expanding the geography of passenger traffic.

Not less important consequential result of the growing demand for river transportations is the strengthening of
the role of human values, improving the environment, economic socialization, sustainable development with its inherent
features of a socially inclusive approach to generating economic growth, going beyond rationality and shaping inclusive
behavior by economic agents and others, and collectively — the formation of an environment that becomes attractive for
generating demand for passenger transportation in Ukraine. In addition, an increase in demand for cruises, the
realization of tourism, recreational potential of the country etc. can be the point factors of growth.

The above-mentioned versatility of approaches to assessing the prospects of river passenger transport in view of
the actualization of the impact of the behavioral economy on its development enriches the expected usefulness obtained
by the participants of the passenger transportation market and determine the relevance of this study.
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2. Methodology

The method of formulating the conclusions of the empirical study is an observation made by forming an
information base of the studied object and identifying preferences among business entities in the process of verifying
the hypothesis about the possibility of realizing the potential of river passenger transport in Ukraine under certain
conditions. The development of river passenger transport in Ukraine is analysed with the help of a comparative analysis
of the most developed sectors of river passenger transport of Germany, Poland, France. Marketing research techniques
used in the study are the survey method with the help of self-developed questionnaires and desk research. The
implementation of the performed empirical study was carried out in the following sequence.

3. Results
The review of the most developed segments of river passenger transport in such European countries as Germany,

Poland, France has been performed in this work in order to derive the dominant trends in the development of river
passenger transport, the results of comparison of which are given in Table 1.

Table 1
Comparative analysis of countries: the segment of passenger transportation by river transport, 2016 [1]
No Indicator Unit | Europe Countries
Germany | Poland | France
1 | Length of navigable river routes km 28000 6708 3572 5034
2 | Density of river roads krr;(/rln(zOO 2.75 18.78 11.42 7.82
3 | Number of enterprises in the sector units 4000 437 248 308
4 | Number of employees in the sector person | 18645 5787 545 2518
Absolute deviation of the number of employees in the
> passenger transportation service, 2016/2012 person | 3948 1743 272 331
Proﬁtablllty of the sector (the ratio of gross operating 9 ) 29 29 7
income to turnover)
7 | River cruise fleet (vessels) units 359 58 1 32
8 | Number of small river cruise ships (10-39 beds) units 67 3 - 24
Number of one-day cruise ships, including: units - 913 117 365
9 | - ships on rivers and canals units - 783 117 365
- ships on the lakes units - 130 - -
10 | Number of passenger seats on rivers and canals th(s)lel;?snd - 168.8 10.32 47.6
11 | Number of passengers carried by rivers and canals million - 34 - 10.6
person

The analysis of Table 1 showed that the highest density of river roads among the analysed countries is in
Germany - 18.78 km/1000 km?, it is characterised by the largest share of navigable river routes that are regularly used -
84.2%.

There are about 4,000 domestic passenger transport service companies in Europe. They employ 18,645 people.
The share of enterprises in Germany, Poland, France and Italy is 49%. They employ 59.95% of employees. The largest
increase in employees in 2012-2016 was in Germany - 1745 people, (30%), France (551 people, or 21.88%) and Italy
(470 people, or 20.19%). While in Germany the increase in employment is related to the annual increase in business
profitability, in French shipping there are high maintenance costs, which has a negative impact on profitability [1; p.11].
In Germany and Poland, the profitability of passenger traffic is higher compared to the profitability of freight traffic.
However, in France, the profitability of passenger transport is lower than in the freight sector.

The European passenger market is divided into the following segments: river cruises; one-day trips by rivers,
canals, including ferry traffic; one-day trips by lakes.

River cruises. In 2018, the number of passengers on river cruises in Europe increased by 14.6% compared to
2017 and amounted to 1.64 million tourists. The structure of this segment is distributed as follows: the share of tourists
from the United States and Canada is about 38%; the share of tourists from Asia, Russia and Scandinavia was 41%; the
share of tourists from Britain and Ireland - 31%. Since 2004, the growth of the river cruise fleet has been registered in
Europe. In 2018, there were recorded 359 active cruise ships with 52078 berths [1; p. 31].

One-day trips by river. In the segment of day trips by river (passenger ships without cabins) in European
passenger transport, the leading positions are occupied by Germany, France and Italy. In terms of the number of ships
and passenger seats, the leading positions are occupied by Berlin, Hamburg and Paris. Demand for transportation tends
to increase but depends on the phases of the economic cycle. For example, in a number of countries (Italy, France) there
was a significant drop in demand during the economic crisis of 2011-2012. However, in 2016 the number of passengers
carried by rivers and canals in Germany increased to 34 million people, France - 10.6 million people [1].
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One-day trips to the lakes. The leader of the segment is Italy due to the presence of a significant number of lakes
in the country, as well as Germany, which jointly lead in the number of tourist ships (191 and 130, respectively). As for
the segment of one-day trips by river, the situation in this sector is significantly dependent on the phases of the
economic cycle. In 2016, the number of passengers transported by lakes in Germany was 10.6 million people, in Italy -
11.4 million people.

All segments of passenger traffic are characterized by the following features [1]:

e significant seasonal fluctuations in demand for transportation despite the efforts of companies to extend the
season in the winter;

e change in the age structure of travellers: an increase in the share of consumers aged 26-40 in more than four
times (in 2018 to 8.3% against 2% in 2017);

e increase in the share of German travellers in the age group 41-55 from 11.8% to 18.3%;

e higher rates of development of the premium segment of passenger transportation relative to the segments of
luxury and ultra-luxury. For example, in Germany, demand in the premium segment increased from 39.4% in 2017 to
45.6% in 2018, while the market share of the luxury and ultra-luxury segment (together) increased from 6.3% in 2017
to 14.3% in 2018;

e in terms of the ethnicity of travellers, the increase in demand in 2018 was the following: consumers from
Asia, Russia, Scandinavia and Eastern Europe - an increase of 41%; Britain and Ireland - by 31%, America and
Germany - 14.3% and 14.7% respectively.

The integration of Ukrainian passenger transport with existing international transport corridors into interstate
transport passenger flows and the spread of global trends of globalization and inclusive development in the passenger
transport sector shows lower involvement of Ukrainian citizens in international and domestic water passenger traffic
compared to the use of not only freight transport in the country but in terms of passenger traffic in the country
(Table 2).

Table 2
Analysis of the dynamics of the river passenger transportation segment in Ukraine, 2000-2018 [3]

No Indicator 2000 | 2010 | 2015 | 2016 | 2017 | 2018 | 2018/2000, %
| Number of passengers transported, 2163.3| 9852 | 550.8 | 4485 | 562.9 | 596.2 27.56
thousand people
2 | Number of trips per person, trips 0.04 0.02 0.01 0.01 0.01 0.01 25
Passenger turnover, thousand passengers | s7)7 3141603.8| 8040.5 | 12554.1/19567.1(25511.7]  95.45
3 km, including:
- international traffic - 24053.0| 2682.1 | 7813.2 |12836.0|17354.4 -
- internal traffic 26727.3|17550.8| 5358.4 | 4740.9 | 6731.1 | 8157.3 30.52
The average dlstancg of passenger 12 42 15 23 35 43 358 34
4 | transportation, km. including:
- international traffic - 2227 1788 1132 1146 1181 -
5 River vessels, units, including: 2025 | 2064 | 1321 1312 | 1401 - -
- passenger, units - - 151 151 166 - -
Density of waterways, km of ways per 1
6 thousand km” of territory 4 4 3 3 3 3 75
7 Intensity of passenger traffic, million 0.01 0.02 0.01 0.01 0.01 0.01 100
passengers km per 1 km of way length

According to the analysis, the number of passengers in 2018 amounted to 42153.2 thousand people or 27.56%
from 2000. The number of trips per person per year during this period decreased by 4.

In the conditions of the same freight transport work of this transport for 2000 - 2018 (the rate of decline for this
period was 4.55% in 2018 - 25511.7 thousand pass-km.), the average distance of passenger transportation increased
from 12 to 43 km. Deterioration of passenger transport performance occurred in the context of declining infrastructure
and suprastructure of logistics processes in the industry - reducing the number of river vessels, the length of public
waterways, thousand km (17.39% for the period 2000 - 2018), the density of waterways, km of roads on 1 thousand
km?2 of territory (by 25% for the analysed period). The analysis indicates a stage of stagnation in the Ukrainian segment
of passenger traffic, significant over-regulation by the state and, as a result, low interest of business and local authorities
in its development.

Instead, the trends of globalization and informatization which have embraced the world economy on a large
scale have led to significant social and economic transformations and initiated a phase of inclusive development of
modern economic systems in these countries based on principles of behavioral economics.

If at the level of individual countries the state of economic development is measured by the index of
development inclusiveness, IDI, which more thoroughly assesses the development of generally accepted ratings based
on GDP per capita, levels of exports and imports, capital investment, etc., then for local areas (port-side regions, certain
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cities, ports, etc.) the consequences of economic growth can be assessed, for example, with the indicators of social-
economic development and quality (comfort) of life or doing business in certain areas.

In this context, the authors of the publication propose to consider river passenger transport taking into account
economic efficiency, environmental rationality and social orientation of business in the segment of passenger transport
and complementary development of adjacent to river freight and passenger transportations port regions (Fig. 1).

Sustainability

Social inclusion Ecological rationality

| J
Value approach - Behavioral economics

Fig. 1 Concepts of development of the territories adjacent to river transportations

As the author’s estimate, Ukrainian river passenger transport, in the context of the study of complementary
development of areas adjacent to passenger traffic in conditions that meet the resource and environmental
characteristics of the regions, should be considered as:

e additional to freight transportations component of the city, suburban and intercity transport network. For
example, a potential part of the city transport infrastructure of Zaporizhzhia, the river trams requires their adaptation to
the city transport network and logistics system of the city and suburban areas (between Stryzhavka and Sabarov),
development of river transport infrastructure, including the construction of a single property complex of the river
station. The river suprastructure also needs to be developed. It is expedient to restore navigation on the river through the
city, return of Zaporizhzhia river port to state ownership, which is facilitated by social-economic factors (availability of
river passenger services, competitive level of river transport prices against road transport), ecological features of the
city (the flow of the river throughout the city of Zaporizhzhia) and geopolitical factors (safety of the coastal area) [4].
As an example that has been successfully implemented, it is expedient to mention river passenger transportation by
high-speed hydrofoils "Nibulon Express" by the rivers Dnipro and Southern Buh from 2017, the services of which were
used in 2017-2019 by more than 75 thousand passengers [3];

e a component of the creation of tourist and recreational infrastructure of the region, the specifics of which will
be functional diversity: medical (climatotherapy), health (route-walking, water sports, fishing, etc.); cultural-cognitive
(cultural-historical, etc.); entertaining (theatrical-concert, active-recreational; gastronomic; shopping, entertaining, etc.);
educational (training, conferences, briefings, etc.); combining types of recreation with the involvement of different
modes of transport; cyclicality (limited by the navigation season) and will contribute to the reorientation of the
economy of these regions towards the growth of value added in the service sector through the efficient use of resource
potential;

e a factor of complementary development of other industries, the actual manifestations of which are the
following in shipbuilding: production of low-tonnage watercraft for urban transport (for example, Zaporizhzhia,
"Analogue" plant) and pleasure activities (Mykolayiv, "NIBULON" shipping company) [2], ship repair industry, the
revival of water and motorsports (for example, "Maritime School" as part of the Society for the Promotion of the Army
and Navy, Zaporizhzhia), catering, etc.), which stimulates structural changes, promote the use of new (innovative)
technologies, employment growth, encourages the extension of the life cycle of these industries, etc., which will
ultimately "unblock" economic activity at the regional level, increase the share of services in the gross regional product
of riverine regions;

e factor of development of interregional cooperation (concerning the attraction of investments, development of
interregional passenger routes, joint promotion of regional potential in foreign markets);

e the factor of promoting the unloading of other types of land transport, especially urban transport by attracting
consumers to river passenger transport;

e the factor of solving ecological and economic problems of port regions by the use of electric traction engines
on watercraft.

The marketing component of the effectiveness of ensuring the quality of the transportation process should relate
to increasing the mobility of passengers, trips per year; reduction of the average daily interval of movement, hours;
including peak hours, min.; increasing the speed of river transport, km/h; reduction of the average load on the free area
of the interior of the river vehicle at peak hours, people/m’, ensuring the regularity of river vessels on the routes, %.

In this context, the results of a marketing study of the factors generating demand for river passenger traffic,
conducted in the Dnipro region, indicate a fairly optimistic assessment of the progress of river traffic in Ukraine. In
particular, the purpose of the study was to identify the existing and future demand for passenger transportations by river
transport, to clarify the criteria for choosing this type of transport.

The survey method was chosen as the method of marketing research, the self-developed questionnaire - as a
research tool. The sample size included 68 respondents. This method involves obtaining information from the
respondent on pre-formulated questions as a result of communication with the help of self-developed questionnaire
Google Forms. The information obtained during the survey was processed using the computer program SPSS and
Microsoft Excel.
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According to the research, during long-distance trips throughout Ukraine (101 - 500 km) 81% of respondents use
the road (bus transport) and 76% - railway. For 71% of respondents, the business was the main purpose of the trips. The
main factors in choosing this type of transport are, first of all, travel time, fare and comfort.

But at the same time, the assessment of the properties of transport for long-distance trips shows the following.
The reliability and safety of traffic are in the first place with the highest score (5 points - very important), travel time -
in second place; environmental friendliness of transport - in the third. This confirms the hypothesis of conscious choice
underlying the study as these conditions, sometimes with the exception of travel time, can be provided by river
transport. The following results also confirm the feasibility of developing river passenger transport in Ukraine: given
the opportunity to travel by river, almost 37% of consumers would make their choice in favour of river transport

(Fig. 2).

n
46% Yes

= No

Difficult to answer

Fig. 2 Choice by consumers of river transport
The choice of potential consumers of river transport for travel is based on the following important principles: a

trip by the river is an additional aesthetic pleasure, the consumer is "interested in trying something new", the possibility
of combining a business trip with a tour, environmental friendliness and transport safety (Fig. 3).

T EN: BN E: B

FENREY |

it is an ecological this is the safest  a trip by river (sea) - an  interesting to try optimal ,,price- opportunity to
mode of transport transport additional aesthetic "new" quality* ratio combine a
pleasure business trip
with a tour

Fig. 3 Conditions for choosing a consumer of water transport

Another area of river transport development is tourism. According to the results of the study, it can be concluded
that such a proposal is quite interesting for Ukrainians.

= extremely interesting
proposal

= not very interesting

- not interesting at all

= interesting proposal

Fig. 4. Respondents' interest in the offer of river cruises
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For 23.8% of respondents such a proposal is extremely interesting, for 54% - it is an interesting
proposal (Fig. 4).

At the same time, it was found that 17% of Ukrainians travel around the country regularly, 81% - travel
occasionally. This underlines the need to develop river transport not only to perform direct communication functions
related to the movement of people but also to travelling. At the same time, the factors of choosing transport for travel
become less rational with regard to the traditional ones - time and money. Such properties as an interesting route
(60%), excursions while driving (54%) and the presence of a developed port infrastructure during stops (49%) come to
the fore.

Along with the traditional tourist model "3xS", associated with the sun, sand and sea, a new model of recreation,
called "3xE" - entertainment, excitement, education — is beginning to play a significant role. Here, physical activity,
emotional experiences, adventures, entertainment are combined with cognitive and educational elements. The effect of
this trend will be both the expansion of areas where tourism is developing and the creation of new tourist areas
(attractions). Inland waterway transport, which is beginning to play an increasingly important role in tourism, is
suitable for this tourist model.

4. Conclusions

According to the results of the study, the main factors of the development of the potential of river passenger
transport are the current trends in the development of river tourism; a new concept of a holistic tourist offer, which
considers inland navigation an important part of the tourist offer; fashion for active leisure, which promotes the
development of river sports; climate change favourable for river tourism; participation of local authorities in the
promotion of modern river tourism; involvement of local governments in the implementation of investments, which is
an important component of tourism development and creates favourable conditions for the provision of a wide range of
tourist services; development of such segment of transportation as yachting, chartered small ships for families or
groups of people, other small ships and kayaks, the statistics of which are not taken into account in the statistical
reports; favourable impact of river tourism development on the environment.

The current stage of decline of river passenger traffic requires urgent reforms, reorganization and search for
effective ways of restoring passenger traffic, the efficient use of vehicles, investment in the construction of passenger
ships and demand assessment on a marketing basis. In particular, the processes of transformation of river passenger
transportation require the implementation of the following tools: construction of regional route systems for river
passenger transport with the support of information and telecommunication technologies, development of models for
coordination of all modes of transport in port-side regions, research of regularities of demand for river passenger
transportation and defining the capacity of the Ukrainian market of passenger transportation, evaluation of its main
segments; increasing the efficiency of monitoring passenger flows on river transport with the development of
information and communication technologies.
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Abstract

Logistics and especially warehousing plays an important role in everyday work and is becoming one of the main factors
of differentiation in the market. This is closely related to the calculation of logistics costs. The issue of personnel costs
in logistics plays an important role at the present time. The aim of logistics cost management is to reduce personnel
costs and increase the competitiveness of logistics service providers. Finding effective methods in the process of
calculating business personnel logistics costs is very difficult today, but it is a topical issue in the field of management
of the logistics costs. A significant part of the logistic tasks are carried out by logistics service providers, these
businesses play a key role in operating selected logistics industries more efficiently. The aim of this article is to
assemble the calculation of personnel logistics costs of warehousing in a logistics service provider with regard to
management of logistics. The article is based on the research of the world literature, in-depth interviews with senior
managers, an analysis of internal data of the logistics service provider and a snapshot of the day. The article shows as a
case study how to better calculate the personnel logistics costs in a selected logistics service provider.

KEY WORDS: personnel logistics cost calculation of warehousing, cost calculation, logistics service provider,
warehousing, case study

1. Introduction

Warehousing is one of the unforgettable activities within the logistic chain. It ensures the warehousing of
products in various forms and in many positions within the logistic system. The role of warehousing stems from market
needs and product shifting to the consumer. The basic types of stocks can be distinguished whether they are the supply
stage or the distribution stage. Warehousing provides both space and time benefits, helping to ensure a high level of
customer service. Currently, companies are trying to minimize logistics costs. Logistics also includes warehousing.
Customer satisfaction must not be compromised, which results from the reliability of the supplies. The aim of this
article is to assemble the calculation of personnel logistics costs of warehousing in a logistics service provider with
regard to management of logistics.

2. Theoretical Background and Methodology

Logistics is critical to business success because it fulfils the promise given to the customer [1-2]. In today’s life,
logistics is an area that plays an irreplaceable role in every business and company. The chain of logistics activities
ensures the smooth running of the production process and logistics costs are associated with each logistics activity.
These costs are significant items that largely affect the company's overall profit or loss [3].

Every company and logistics service provider asks how to reduce costs and waste while maintaining profit
growth in a free market environment. This question is partially answered by logistics, which also opens the way for a
wide range of business optimization methods and tools [4]. The purpose of logistics is to reduce costs, especially
transport costs. While the first remains the most significant logistics cost, the cost of transporting supplies is second. In
addition, other goals are time savings and improved service reliability, including flexibility. Companies involved in the
physical distribution of cargo strongly support strategies that enable them to reduce transportation costs in a competitive
environment [5]. Logistics activities cover three main areas; these are incoming (inbound), internal and outgoing
(outbound) logistics. Inbound logistics includes procurement and integration activities. Improved integration
with suppliers can affect several dimensions of business performance, including cost, quality, technology, delivery,
flexibility and profits [6-7]. Internal logistics can be seen as operations in the production, transfer and handling
of materials, and inventory and warehouse management [8]. Internal logistics begins when raw materials enter
the company until the product is ready for distribution. Internal logistics activities affect a variety of product aspects,
including cost, quality and performance. As a result, they need to be constantly monitored and evaluated for continuous
improvement [9]. Outbound logistics includes processes such as distribution, marketing, sales and service. It has been
found that an information technology system improves such processes in a number of ways, including accurate order
delivery information used to provide adequate capacity at the expert level for customer support. In addition, product
tracking allows increased customization, meeting customer requirements and reducing long-term shipping costs.
This leads to higher inventory turnover with a higher market share, due to the reliable and readily availability of those
products or services that customers most demand [10].
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Logistics is an important factor supporting globalization and international trade flows. Modern logistics systems
savings are based on inventory reduction as the speed and reliability of supplies eliminates the need for warchousing.
Consequently, the reduction of stock requirements is one of the advantages of logistics. However, this means that stocks
have been transferred to some extent to the transport system, especially to roads but also to terminals. Stocks
are in transit, further contributing to congestion and pollution. Environment and society, not logistics service provider,
assume external costs [5]. Deconcentration of demand and supply, increasing customer requirements lead to increased
logistics costs [11]. Companies and logistics service providers are increasingly paying attention to distribution costs,
which can range from 30% to 40% of total product costs. Such data based on research carried out among Polish
companies are given in the literature [12]. Total distribution logistics costs consist of transport 37%, inventory financing
22%, warehousing 21%, customer service and distribution 20% [13]. The issue of improving distribution logistics is
particularly relevant for express courier services and logistics service providers [14]. Logistics costs are becoming
increasingly blurred. Price is the focus of the company and the survival of the company. Many companies are paying
more and more attention to this problem [15].

The new innovative approach in logistics can bring for warehousing the reduction of the logistics costs, mainly
personnel costs for the logistics service provider. This is especially thanks to the implementation of warehouse
management system and calculation of logistics costs [16]. Through an efficient management process, logistics costs,
especially personnel costs can be effectively reduced, and conversely, efficiency and better resource allocation can
be increased [17-18]. Express courier companies and logistics companies must strive to increase the level of customer
service provided with the optimal pricing policies [19].

Transport is a major component of logistics costs, but it is not the only one. Others include warehousing, capital
costs, insurance, obsolescence/loss, packaging and logistics management [20-21]. Logistics costs can be calculated
using different methods and data sources, although the literature review shows that they can be divided into two main
classes [22-25]:

e using available data from national accounts or other statistical sources such as national customs data or
cif/fob ratios provided by the International Monetary Fund,

e is to obtain data on sector-specific logistics costs and wholesale industries or offers from carriers and
logistics service providers.

Total logistics costs can be divided into the type of kidnapping tax [3, 26]:

e transport and handling costs related to the movement of goods come from internal and external freight,
packaging and damage to goods during handling;

e packaging costs include all costs associated with packaging materials and packaging and labelling processes;

e inventory management costs are costs of maintaining good inventory levels;

e administrative costs include all costs associated with long-term planning and operational management
of material flows;

e order costs can be attributed to order processing and production orders;

e capacity related costs are annual depreciation and maintenance costs;

e cost of shortages and delays;

e environmental costs.

Personnel and distribution logistics costs represent one of the highest shares of total logistics costs and their
rationalization can bring great commercial and competitive advantages [27].

A case study has been selected as one of the qualitative research methods, as it is one of the most commonly
used research methods aimed at implementing various managerial approaches into organizations' practice [28]. The case
study is defined as an empirical overview of the current phenomenon in its natural environment using multiple sources
of evidence. Study cases are selected based on predefined case conditions [29-30]. A real case study is a qualitative
research method based on a study of one or a small number of situations to apply findings for similar cases [31].

3. The Case Study

Table provides an analysis of the time required for the occupation of warchouse space, according to which
the personnel costs are determined. Hourly labour costs are determined according to the wage regulation of the selected
logistics service provider. These costs include basic salary, afternoon and night shift supplements, variable salary, the
share of the 13th salary, subsistence allowance, tax levies and other items. The table counts with three shift managers
and a warehouse manager. No time analysis is performed for these positions. For other positions, i.e. forklift driver,
administrator and production operator (worker), time analysis is performed (hourly wage costs are shown in green
fields). 21 working days will be considered, which means a total of 63 shifts per month in 3 shift operations. The
monthly time-lapse image revealed that the number of pallets in and out was 39,500 pieces per month, which, after
dividing by 63 shifts, can obtain the number of pallets handled per shift, i.e. 627 pieces.

The time analysis was performed as follows:

e Detection of all activities to ensure operation;

e Designation of the worker performing the activity;

e Measure the time required to perform a given activity (per pallet);

e By multiplying this time by the number of pallets per shift, the duration of the activity per shift is obtained,;
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e The sum of these times is equal to the number of minutes needed to ensure shift operation;

By dividing 60, the number of hours is determined.

This number divided by seven (the number of hours of active work of an employee) is the desired result,
i.e. the number of employees required per shift (multiplying by three will result in the total number of employees in
three shifts without management).

4. Calculation of Personnel Logistics Costs of Warehousing

Based on the number of employees, wage costs are determined as the product of hourly wage costs, the number
of employees and the working time fund (21 working days and 8 hours working hours, i.e. 168 hours per month).
Management costs are added to these costs (see Table).

Table
Analysis and calculation of time and personnel logistics costs of warehousing in CZK
Income - Warehousing - Expedition Shift Manager |Warehouse Manager
Management Costs 107,031 45,190 | 39,500 pallets/month |
Number of Working Days 21
Number of Shifts/Day 3 627 pallets/shift
Number of Shifts/Month 63 193.35 197.48 168.57
N. |Activities Forklift Driver |Administrator Worker Forklift Driver [ Administrator | Worker
1]Unloading of pallets 0.50 0.00 0.00 313.49206 0.00000 0.00000
2| Administrative activities related to unloading 0.00 0.10 0.00 0.00000 62.69841 0.00000
3| Goods receipt - quantity control 0.00 0.10 0.50 0.00000 62.69841| 313.49206
4| Software entry of material into stock state 0.00 0.10 0.00 0.00000 62.69841 0.00000
5|Repackaging 0.00 0.00 0.00 0.00000 0.00000 0.00000
6|Pallets warehousing 0.70 0.00 0.00 438.88889 0.00000 0.00000
7|Order receipt - find material 0.00 0.10 0.50 0.00000 62.69841| 313.49206
8| Picking at the dispensing point 1.00 0.00 0.00 626.98413 0.00000 0.00000
9|Delivery completion - dispatch control 0.00 0.50 0.50 0.00000 313.49206( 313.49206
10| Depreciation from warehouse 0.00 0.30 0.00 0.00000 188.09524 0.00000
11]Issue of delivery note, packing note 0.00 0.30 0.50 0.00000 188.09524( 313.49206
12| Loading of pallets 0.50 0.50 0.00 313.49206 313.49206 0.00000
13|Receiving empty packages - cargo control 0.00 0.00 0.00 0.00000 0.00000 0.00000
14| Warehousing of empty containers 0.00 0.00 0.00 0.00000 0.00000 0.00000
15|Removal of empty packaging 0.00 0.00 0.00 0.00000 0.00000 0.00000
16| Evidence of packaging 0.00 0.00 0.00 0.00000 0.00000 0.00000
Minutes/pallet (In-Out) 0.00 0.00 0.00
Minutes/shift 2.70 2.00 2.00 1692.85714|  1253.96825| 1253.96825
Hours/shift 0.05 0.03 0.03 28.21000 20.90000]  20.90000
Employees/shift 0.01 0.00 0.00 4.03000 2.99000 2.99000
Employees/day 0.02 0.01 0.01 12.09000 8.96000 8.96000
| Total number of employees without management 30| 12 9 9
389,796 298,593 254,871
| Total personnel costs without management costsl 943,260 CZK
| Total number of employees including 3 shift managers and a warehouse manager| | 34 Persons |

| Total personnel costs including manage ment costs| | 1,095,481 CZK |

The analysis shows that a total of 34 employees is required to ensure operation, representing the total
of approximately CZK 1,095,500 (approximately 41,339 Euros) per month. The exchange rate Euro to CZK is: 1 Euro
is 26.5 CZK.

5. Conclusion

The continuous development of technologies, the expansion of companies and the increasing growth
of competition force companies to improve the quality of provided services. For the company to focus on its core
business and to achieve quality results, it is preferable to outsource activities to companies specializing in the field.
Such organized cooperation requires a close relationship between companies; continuous communication, exchange
of information, solving common problems, etc. Integrating branches of outsourcing companies directly into customer
premises becomes very advantageous. The case study from this article showed the calculation of personnel costs
of warehousing in selected logistics service providers. This analysis showed that the total of 34 employees
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are needed to ensure operation, which is approximately CZK 1,095,500 (approximately 41,339 Euros) per month.
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Abstract

Intensive development of express passenger train services in Poland was observed in the second half of the 1980s. The
number of trains grew fast and several limited-stop services were introduced at that time. In 1988 the first two train
pairs, utilising the Central Trunk Line, started to operate at the maximum speed of 160 km/h. In 1992 two new
categories of high quality express trains were implemented: EuroCity on international routes and InterCity serving the
most important domestic connections. The largest number of express trains (belonging to various categories) operated
in the late 1990s. In the following years, due to degradation of railway infrastructure on several sections, journey times
were generally increased and some express trains were reclassified as ordinary fast trains.

The railway infrastructure modernisation projects, combined with rehabilitation (revitalisation), small-scale investments
and with extensive maintenance works, allowed for significant journey times reductions on numerous routes,
particularly from 2014/2015 timetable. Simultaneously, the new generation of rolling stock were introduced, including
ED250 Pendolino high-speed EMUs, new coaches for loco-hauled long-distance trains and two types of long-distance
EMUs for 160 km/h. Thanks to this coordination of infrastructure and rolling stock investment, it was possible to
increase the number of high quality express train connections. On numerous routes, particularly those linking Warsaw
with the capitals of voivodships, the fastest-ever journey was achieved.

On the basis of historic timetable data, the evolution of express train offer of the Polish railways in the 1989-2019
period has been analysed, either in terms of quantity of trains or their quality (journey time, on-board services). The
research results have been presented in the series of maps illustrating changes in the shape of the network and the
number of services. Moreover, several synthetic indicators have been developed. In the discussion, the development of
express train services in Poland has been compared to the evolution of similar services in other Central-Eastern
European countries.

KEY WORDS: infrastructure, express train, operation, network

1. Introduction

At the times of the socialist, centrally-planned Polish People’s Republic, the domestic railway passenger
transport offer consisted of three categories of trains: passenger (slow) trains, fast trains and express trains. It was
noteworthy that passenger (Osobowy) trains operated not only on short- and medium-distance routes, but in some cases
served also as long-distance connections, for example, Cracow—Szczecin, Kielce-Szczecin and Cracow-Gdynia routes
(all mentioned connections exceed 600 km). However, the most frequently used train category for long-distance
journeys were fast (Pospieszny) trains. In 1970s and in early 1980s the express train offer was composed of 11 train
pairs.

Intensive development of express passenger train services in Poland was observed in the second half of the
1980s. The number of trains grew fast and several limited-stop services were introduced at that time. In 1988 the first
two train pairs, utilising the Central Trunk Line (CMK), started to operate at the maximum speed of 160 km/h. Since
1986 the domestic express network was supplemented with a few Interexpress trains, establishing the connections
between the capitals of the Comecon (Council for Mutual Economic Assistance) countries.

The transformation of the political system, as well as the social and economic transformation initiated the huge
changes in railway transport. This transformation had huge impact on its competitive position, in particular in relation to
the road transport (in case of freight and passenger transport) and to the air transport (mainly in case of passenger
transport). The difficult situation of integrated railway companies (like PKP in Poland) in early 1990s was characterised
by Engelhardt [5-6]. The author pointed out the very low cost coverage in passenger transport (usually only 20-30%)
and insufficient public subsidies. Therefore, the development of express train services, sufficiently fast to compete with
passenger car and simultaneously covering its costs from the revenues, was treated as one of the most important means
of improvement of competitiveness of railways in the long-distance market segment.

The essential features of express trains are usually the highest possible commercial speed and the service quality,
superior in comparison with ordinary passenger and fast trains. It was also the case of express train services in former
socialist countries, like Poland, the German Democratic Republic (GDR), Czechoslovakia, Hungary, Bulgaria and
Romania. In the late 1980s and early 1990s they had only limited number of stops on intermediate stations and the
shortened journey times. They were composed of the best available rolling stock, including (as a rule) the restaurant or
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bar car. To guarantee the comfort of passengers, the seat reservation was usually compulsory (extra charge). Moreover,
the express supplement was charged in addition to the price of the fast train ticket (Bulgaria, Czechoslovakia). In
Poland the dedicated express train tariff was in force (200% of the passenger train price).

In 1992 two new categories of high quality express trains were implemented on PKP network: EuroCity on
international routes and InterCity serving the most important domestic connections. Enhanced comfort of the new trains
included 6 seats in the second class compartments (instead of 8 in all other trains) and complimentary meal (beverages
and sweets). To make the full use of the infrastructure capabilities, the InterCity and EuroCity trains usually operated
with EP05, EP08 and EP09 locomotives, achieving 140-160 km/h and painted in orange instead of the usual green.

To make the evolution of high quality train services in Poland fully understandable, it is necessary to
characterise the most important changes in the train categories at that time. In 2009, due to legal problems related to the
reduced fares for dedicated groups of passengers, the new train category Express InterCity (EIC) was implemented in
place of the two previous categories: EuroCity (EC) and InterCity (IC). Some Express (Ex) trains, however, were
operated until 2014. In December 2014, the high-speed ED250 electric motor units started scheduled operation. The
new category Express InterCity Premium (EIP) was introduced for these train services. The InterCity train category was
implemented again, however, not in the express train segment, but as a brand of the high-quality fast trains, operated in
the framework of PSC contract [21]. The remaining basic standard fast trains belong to TLK (Twoje Linie Kolejowe)
category. The limited fast train services are also operated by Przewozy Regionalne (PolRegio) under the name of
InterRegio.

During 30 years, between 1989 and 2019, the express train offer was gradually modified. The highest number of
express trains operated in the late 1990s. In the following years, the number of such connections started to decrease.
The significant progress has been achieved recently (starting from 2014), thanks to the modernisation of infrastructure
and the implementation of the new rolling stock. The aim of the present paper is to research the transformation of the
express train segment in Poland in the years 1989-2019.

2. Existing Works

Contemporary works related to the fast railway services are mainly focused on technical aspects of the design
and construction of the high-speed railways, e.g. Brunello [4]. However, there are also works addressing the operation
of such railways. For example, Massel characterised the transport offer on newly-built Berlin — Munich route, including
train relations, their numbers, stopping patterns, journey times and connectivity aspects [12]. It is clear that investment
in high-speed railways enhances temporal and spatial accessibility of the largest cities.

In 2004, the International Union of Railways (UIC) ordered a study devoted to the possibilities of developing of
high-speed rail in Central and Eastern Europe (PECO Study) [9]. In this study prospects for construction of high-speed
railway lines in 11 countries of the region have been analysed [11]. All the aspects related to the development of high-
speed railways in Poland have been discussed in the comprehensive monograph edited by Zurkowski, including
infrastructure, rolling stock, transport and environmental problems [22]. The analysis of impact of the proposed high —
speed rail network in Poland on the spatial accessibility has been presented by Sleszynski [16]. It is noteworthy that
transport accessibility in various context and scale has been researched in case of numerous countries and regions in
Central-Eastern Europe. The methodology for assessment of accessibility has been presented in the works by Sleszynski
[15] and Rosik [13].

The changes in the network of express train connections in Poland between 1975 and 1999 and their influence on
the accessibility of 23 largest cities in the country have been researched by Kossowski [8]. It should be noted that the
accessibility of the long-distance train connections in 1999 has proved superior in comparison with the year 1975.
Bochenski [3] researched the changes in the rail accessibility of the Polish cities with more than 10 thousand inhabitants
in the years 1950-2015. The technical (infrastructure) and organisational (transport services) accessibility have been
analysed. According to this research, in the year 2016 almost 100 cities had no passenger rail connection. In the case of
62 cities, only freight railway access was available. Retrospective analysis of the transport offer and tariff changes in
the long-distance market segment of the Polish railways in the years 1989-2007 have been presented by Wolanski [20].

Commercial speed is a crucial factor, characterising attractiveness of particular means of transport. This factor is
extremely important in the case of long-distance railway services. The analysis of commercial speeds in Poland in the
year 2010, focused mainly on the connections between Warsaw and the capitals of voivodships, has been published by
Massel [10]. Inter-agglomeration transport modelling was the scope of comprehensive paper by Zurkowski [23].

The separate problem constitutes the railway cross-border transport. Gamon and Gomez elaborated a technical
and operational analysis of the border crossings between Poland, the Czech Republic and Germany, taking into account
differences in the power supply systems, signalling systems, operational rules, as well as difficulties resulting from
language barriers [7]. The changes in passenger offer in international traffic in the years 1990-2015 have been studied
by Beim and Soczowka [2]. They pointed out the development of passenger services on the Polish-German and the
Polish-Czech borders and a significant decrease of cross-border traffic on the Eastern border.

Railway transport, and particularly rapid passenger transport in Poland, an formed important subject of extensive
research. The investigations were focused mainly on problems related to accessibility and took into account the
influence of the future high-speed network. However, there was no large scale comprehensive research concerning
long-term changes in the express passenger services and taking into account all their essential aspects.
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3. Research Methodology

In this chapter, the Authors explain how the infrastructural, economic, legal and organisational factors in the
railway sector and in its environment determined the development of rail express train services in Poland. Basing on the
comprehensive data, including historical railway timetables and transport statistics, the evolution of the express train
offer of the Polish railways in the years 1989-2019 has been analysed, both in terms of quantity (number of trains), and
its quality (journey times, services on board).

The most time-consuming activity has proved to be the extraction of the data from the timetables, necessary to
fill in the data base on express services. It should be noted that until the year 2011/2012, the national railway timetables
were published annually in a paper form (in the years 1993-1994 the separate timetables for summer and for winter
period were printed). Starting from 2012/2013 timetable, only pdf files, generated by the infrastructure manager (PKP
PLK), have been available. The data base has been constructed on basis of the railway timetables and the Railway Atlas
of Poland [14]. It contains the numbers of trains on particular sections of the network, numbers of train kilometres,
journey times and numbers of direct train connections between the capitals of all voivodships (according to the present
administrative division). It should be noted that in case of the voivodships with two capitals, i.e. Kujawsko-Pomorskie
and Lubuskie, in which the government (the Provincial Office) and self-government (the Marshall Office) authorities
are located in different cities, the larger city was included in the analysis (Bydgoszcz and Zielona Gora respectively).

The outcome of the research has been presented in a series of maps illustrating the changes in the express train
network and in the numbers of trains, including not only year-round services, but also seasonal trains. Due to changing
practice in the definition of periods of operation, only trains operating at least 5 times a week and 6 months a year have
been counted as all year round trains. This reflects the changes in tourist traffic, especially in mountain regions, when
some trains did not run in spring and in autumn period.

It should be noted that the adopted methodology has not been limited to the typical parameters used in the
statistics of the Central Statistical Office (GUS) and the Office of Railway Transport (UTK). An additional problem is
that some railway statistics from the 1980s and 1990s were not published annually. Therefore based on their database,
the Authors proposed a few new synthetic indicators.

4. Research Results

A synthetic representation of the express train network and its transformation in 1989-2019 period has been
shown in Fig. 1 in a form of maps, supplemented with the table summarising the number of trains and their categories in
particular years (presented in 5 year intervals). A characteristic feature of this network is the radial system of trains
connecting the regional administrative centres with Warsaw. It is noteworthy that only a limited number of connections
serving the cities other than Warsaw were operated. There are two essential factors of this phenomenon: the settlement
network (distribution of the population) and the technical characteristics of the railway network, in particular the
maximum speeds on main lines. The best maximum speeds have been offered mainly on the railways concentrating in
the capital. On the remaining routes, including those covered by AGC agreement and/or forming the part of TEN-T
network, the maximum train speeds have been usually lower. This determined the possibilities of the introduction of an
express train, taking into account the criterion of the commercial speed, which should not be lower than 80 km/h [24].

The development of the network in the early 1990s was possible thanks to the utilisation of the railway lines with
the maximum speed at the level of 120-160 km/h. On several routes, traditional fast trains were replaced with the
express trains (or InterCity trains), in particular in the most attractive times of the day. Moreover, several improvements
were introduced to the passenger offer, including implementation of the fixed-interval timetable, with the express trains
operating every two hours, or even (especially in the peak times) every hour. It should be remembered that a rapid
decrease in the total number of passengers carried by PKP occurred in the 1990s. There were significant cuts in the
regional transport offer at that time. Howevers the share of express trains in the total rail passenger transport increased
significantly (see Table 1 and Table 2).

Table 2 shows the structure of operational work in passenger traffic made on the railway network. It should be
noted, that only the trains operated at least 5 days a week and at least 6 months a year have been included in the
calculations.

Table 1
The rail passenger transport in Poland 1985-2018
Type of train | 1985 [ 1990 | 1994 | 1999 | 2004 | 2009 [ 2014 | 2018
Number of passengers [min]
Passenger 959,9 721,5 445,2 3374 219,2 2284 242,6 262,8
Fast 36,2 59,5 41,1 47,8 44,2 47,2 20,8 38,7
Express (incl. IC, EC) 5,8 6,4 7,4 9,9 6,3 5,5 34 6,4
Total 1 .000,8 787,5 493,7 395,2 272,1 282,6 268,2 309,7
Share [%]
Fast 3,6 7,6 8,3 12,1 16,3 16,7 7,8 12,5
Express (incl. IC, EC) 0,6 0,8 1,5 2,5 2,3 1,9 1,3 2,1
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Table 2
Structure of trainkilometres in passenger traffic on the Polish railway network 1989-2019
[%] 1984 1989 1994 1999 2004 2009 2014 2019
Passenger 86,5 77,2 68,2 64,1 65,8 65,2 69,2 67,0
Fast 11,8 19,9 24,3 24,8 23,8 25,1 24,2 25,9
Express (incl. IC, EC) 11,7 2,9 7,5 11,1 10,4 9,7 6,6 7,1

Around the year 2000, the growth of the express train offer in Poland stopped. The main reason proved to be the
deterioration of railway infrastructure. An insufficient level of renewals and maintenance in the years 1990-2010,
resulting from the dramatic shortage of funding, led to the gradual reduction of maximum speeds on several railway
lines and to the imposing of permanent speed restrictions on numerous sections, including main lines. As a
consequence, the journey times on numerous sections had to be increased. In numerous cases the longer journey times,
in combination with relatively high express train fares, made these trains unattractive for passengers. Consequently,
several express trains were downgraded and started to be operated as ordinary fast trains.

The breaking point, as far as the condition of infrastructure is concerned, was achieved after the year 2010.
Thanks to the combination of huge modernisation projects with EU funded revitalisation projects and with track
renewals financed from the state budget and from the Railway Fund, it was possible to reverse the negative trends.
Starting from 2011, the speed balance on PKP PLK network has been positive, which reflects a gradual improvement of
railway infrastructure conditions. As a result of increased maximum speeds, the journey times were shortened in a scale
of the entire network. Particularly large acceleration of train services could be observed in the 2014/2015 and
2015/2016 timetables.

These positive changes can be attributed to the effect of the synergy of infrastructure improvements with the
implementation of the new generation of the rolling stock, including ED250 Pendolino high-speed electric motor units,
operated as Express InterCity Premium. Increasing the maximum speed on the Central Trunk Line to 200 km/h,
together with the modernisation of remaining sections on Warsaw — Cracow, Warsaw — Katowice, Warsaw — Gdansk
and Warsaw — Wroclaw lines, made Pendolino trains competitive to domestic air transport.

It should be noted, that in the 1990s all passenger trains in Poland were operated by the integrated railway
undertaking, i.e. Polish State Railways (PKP), which was also responsible for the management of infrastructure. In the
framework of PKP restructuring, the new companies, responsible for particular market segments were established. To
operate express passenger services, the PKP Intercity company was established in 2001. Its goal was to develop high
quality long-distance connections linking the largest agglomerations on a commercial basis. The process of changes in
the railway transport market and its liberalisation was characterised in detail by Taylor and Ciechanski [17-19].

In December 2008, the remaining long-distance services (fast trains) were transferred from PKP Przewozy
Regionalne to PKP Intercity. This change has proved to be very controversial. Initially, especially in 2009 and 2010, it
resulted in huge tensions in the entire railway sector. Several problems for passengers occurred as a result of the
disintegration of the offer in interregional (inter-Voivodship) and regional market segments.

Contradictory to the railway freight market, there was no decision to liberalise the railway passenger transport
market. There is a diversity of passenger operators in Poland. All of them, however, are in the ownership of the state or
regional authorities (voivodships). The only exception is Arriva, DB Group company, which (after a competitive
tender) has been contracted to operate the regional services on non-clectrified routes in the Kujawsko-Pomorskie
voivodship.

The attractiveness of express passenger services is determined mainly by the quality of service and by the level
of fares. However, the situation in the road sector is equally important. Rapid development of the road infrastructure in
Poland, and simultaneously, a growing number of private cars are key factors. Newly built sections of motorways and
expressways were utilised in 2011 by Souter Holdings Poland to implement an extensive network of domestic and
international bus services, aggressively competing with railways. On some routes, 10, 15 or 20 services per day were
operated and two or even three double-deckers were used to cope with growing demand in peak hours. The main factors
of the commercial success of Polski Bus were: attractive ticket prices and the journey times comparable to those offered
by rail [1]. A significant acceleration of long-distance trains of PKP Intercity from December 2014 and from December
2015 reversed the trend and the bus competitor was forced to cut its services on several routes. In 2017, Polski Bus was
taken over by Flixbus. Now only a limited number of connections of the previous network is still operated.

The key factors defining the competitiveness of the railway offer on particular routes are the journey time and
the commercial speed. Four parameters have been proposed to assess the evolution of journey times and commercial
speeds in Poland in 1989-2019 period:

1) The average journey time between all capitals of voivodships in both directions (in total 240 traffic relations);

2) The average journey time between Warsaw and the capitals of voivodships (15 traffic relations);

3) The average commercial speed between all capitals of voivodships in both directions (in total 240
traffic relations);

4) The average commercial speed for relations connecting Warsaw and the capitals of voivodships
(15 traffic relations).

The average journey times in the years 1989-2019 and the average commercial speeds for inter-capital
connections have been presented in Fig. 2. The average journey times for the connections between Warsaw and the
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capitals of the voivodships are generally better in comparison with the average journey times for all analysed
connections. For example, in the year 1989, the respective values of the average journey time were 3 hours 30 minutes
and 5 hours 46 minutes. It can be explained with the parameters of railway infrastructure and its condition, which were
the best in the case of lines radiating from Warsaw.
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Fig. 2 Average journey times and commercial speeds for the connections between the capitals of Voivodships

The journey times and the commercial speeds of trains on the Polish railway network improved significantly
from the year 1989 till 1994. This enhanced level was maintained until the year 2000, culminating with extraordinary
journey time reductions implemented in the 2000/2001 timetable. At that moment, however, the infrastructure condition
deteriorated rapidly, mainly to dramatically reduced expenses for maintenance and renewals (in 1999 only 132
kilometres of track were renewed). As a result the scheduled journey times on several routes could not be maintained,
causing huge delays, especially in case of Cracow — Wroclaw — Poznan - Szczecin route (delays up to 1 hour). In the
years 2001-2013, a general downward trend was observed, with average speeds dropping almost to the level of the year
1989 (in case of connections between Warsaw and the capitals of the voivodships even worse).

As a result, of modernisation of infrastructure in main corridors and the implementation of the new rolling stock
the average commercial speed for all connections between the Voivodships improved significantly and exceeded 83
km/h in 2016/2017 timetable, while the average commercial speed for the connections radiating from Warsaw achieved
the level of 105 km/h. It is notable that in the case of Warsaw — Katowice and Warsaw — Cracow routes the commercial
speeds of Pendolino trains exceeded 130 km/h.

5. Express Train Services in Central-Eastern European Countries

In the 1970s and 1980s the close cooperation of national railways in Central-Eastern Europe (for example in the
framework of OSZhD) resulted in an exchange of experience and, consequently, in several similarities in various
aspects of railway technology (for example through the adoption of uniform OSZhD system of signal aspects) and
operation. In all countries, the railway passenger transport offer evolved into the three-tier structure with the following
train categories: passenger (slow) trains, fast trains and express trains, i.e. the same as on PKP network. In 1989, the
express train services were operated in all European Comecon countries. The special case was the CFR offer structure
in Romania, with the top train category branded as “Rapid”. On the other hand, Hungary was the first Central-Eastern
European country, in which EuroCity trains were introduced (1988). Brief characteristics of the express train services
have been presented in Table 3 (international express trains, composed of sleeping cars only are not included).
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It should be noted, that there was no uniform approach in categorisation of international trains in particular
countries. For example, in 1989, the “Pannonia” train from Berlin to Sofia was operated as a fast train (Schnellzug) in
GDR, express train (Expresni vlak) in Czechoslovakia, fast train (Gyorsvonat) in Hungary, rapid train in Romania and
fast train (Brzi vlak) in Bulgaria. As a result, some express trains changed their category at the national border.

Table 3
Express train services in Central-Eastern European countries in 1989
Country No of No of Max. speed Highest Route with the highest
domestic Ex international [km/h] commercial commercial speed
train pairs EX train pairs speed [km/h]
Bulgaria 9 0 130 81 Sofia — Plovdiv
Czechoslovakia 8 20 140 81 Praha - Bratislava
GDR 11 4 120 88 Berlin — Schwerin
Hungary 17+1 2 (EC) 120 91 Budapest — Debrecen
Poland 23+4 4 160 111 Katowice — Warszawa
Romania 6+2 (Rapid) 5 120 79 Bucuresti - Constanta
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Fig. 3 The express train network in Czechoslovakia in 1989

In the following years, significant changes took place in the train offer structure. New, higher quality domestic
trains were introduced by several national railways:

e Express trains in Romania, superior to still existing Rapid services (1992);

e Intercity trains in the former GDR (1990), Hungary, the Czech Republic (1993), Slovakia (1993),
Romania (1995).

Moreover, Intercity trains were implemented in 1994 in Bulgaria, however, not as the top-quality express
service, but rather as a better category of the fast train.

In the following years, additional new categories were introduced by some railway companies: InterCityRapid
(ICR) in Hungary (2004) and InterCityExpress (ICE) in Romania (1998-2002).

Recently the quantity of train categories in several countries has been significantly reduced. Therefore, all long-
distance train services in Bulgaria are operated as fast trains (Brzi viak). Similarly, full transport offer in this segment in
Romania is branded as IR (Interregio).

6. Conclusions

To conclude it is necessary to state that two phases of the rapid development of express train services in Poland
can be distinguished: the first starting from the late 1980s till the year 2000, and the second from the year 2014 till now.
These periods of growth were separated with a long time of stagnation and recession, from the beginning of the century
till 2014. The factors facilitating the development of the express train offer in the first phase were mainly
organisational, and can be treated as ‘quick win’ measures, focused on the best possible utilisation of existing assets
(infrastructure, rolling stock, lack of “on-rail” competition) to retain the share of rail in the long-distance market
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segment. Contradictory to this, the new offer in the intercity sector, implemented in 2014-2015, was the result of
massive infrastructure and rolling stock investments.

The experience of a few European countries, also, from Central-Eastern Europe, shows that the overall effect of
infrastructure investment could be enhanced. However, it is necessary to take into account the administrative and legal
factors, which not necessarily were favourable for the development of rail transport in general, and express train
services in particular. Also the competition of road transport, utilising the newly built motorways and expressways
seriously affected activities of railway operators, mainly PKP Intercity.
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Abstract

The operation of railways is inevitably linked with the possibility of occurrence of a wide variety of hazards, some of
which have high potential to cause accidents with very serious consequences. It is acknowledged that the elimination of
all hazards and risks connected with them is virtually impossible. However, this well-known fact does not mean that the
technical operation of railways there should be only reactive attitudes towards safety as a whole and risks in particular.
The potential hazards and associated with them risks must be reduced to a practically acceptable level. Solving this
problem is associated with a very important element of safety management, namely risk management. The paper contains
a definition and clarification of the theoretical framework and some practical principles for the operational risks
managing in the railway company activities.

KEY WORDS: risk management, operational risks, railway company, decision making, risk acceptance

1. Introduction

The successful safety management of transport companies requires two basic things - firstly, reliable information
about events and phenomena occurring within the operation process, and secondly, proper analytical tools for their
analysis and assessment. In a more specific sense, where decision-making on issues of operational safety is necessary, the
availability of information regarding the hazards and risks for the transport process is a basic requirement. Historically,
railway managers have always relied on "sufficient expertise and information" for this type of industry, especially when it
is necessary to evaluate the risks associated with the operation of technical equipment and its usage by the operating
personnel. In other words, thanks to its long history and specific characteristics, railway transport has always had great
success in maintaining a significant amount of "fundamental knowledge" on safety. However, recent decades have been
marking a significant growth of the new technical and technological solutions used within the rail industry. The lack of
adequate and typical for their specifics knowledge about their safe behaviour leads to the need for the development of
new analytical and forecasting techniques, the majority of them based on the concept of risk and the principles of its
management.

Therefore, the proper understanding of the nature of risk, its elements and principles of management, and also the
peculiarities of the process of decision-making in this area are essential for achieving an acceptable level of system safety
in railway companies. The paper presents the essence of risk and related concepts, approaches and applicable decision-
making methodologies and contains a definition and clarification of the theoretical framework and a practical approach
for managing the operational risks in the railway systems.

2. Practical Guidelines for Decision-making in System Safety

From a practical point of view, within the safety management system of a rail undertaking (infrastructure manager
or carrier), there are three major issues whose proper understanding and relevant actions are fundamental for successful
decision-making in system safety management. They could be expressed by the next three questions: What the terms
hazard and risk mean? How the hazards could be identified and the concomitant risks ranked? How to make a successful
decisions most appropriately to reduce the highest risks on a practicably reasonable level?

2.1. Hazard and Risk Essence

It could be said that there is no broadly accepted definition of risk. The literature review in the field of operational
safety shows that the concept of risk is used in many fields and areas of human activity, but in a number of cases quite
descriptively [1-4]. For the practical issues of rail safety, the most appropriate understanding of risk is as referred to as
triplet (s;, p;, ¢;), whose elements are: s; - i-th accident (incident) scenario, p; — the probability of scenario i occurrence, ¢; -
consequences (effect) after scenario i [4].

Risk is an inevitable attribute of every hazard. The latter is an ongoing (but unwanted) state of a technical or
technological system and is usually the initial stage of an accident scenario.

The probability of hazard existence depends on system design and its attributes and maybe just 1 (hazard exist in
the system) or 0 (hazard does not exist in the system). Every hazard has three major components and the comprehensive
knowledge about them makes the hazard recognizable.
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Hazard major components are:

e Source of hazard (Hazardous system element). This is the major hazard element creating the impetus for its
occurrence, such as a mechanism whose specific failure may be hazardous regarding system functioning.

e Actuating mechanism. This is a unique sequence of events (initiating and successive) transforming a hazard
from dormant (principally existing) state to an active accident state.

o Target. It could be a person or an object that is vulnerable to injury and/or damage, and it describes the
severity of the accident happening after hazard actuation.

Railway accident (incident) happens when all components of the actuating mechanism of a hazard (generally
randomly oriented with respect to the corresponding process having specific relation with the entire transport process) are
"arranged" in a logical order. This order is known as an accident scenario [5]. The accident scenario contains an initiating
(trigger) event and one or (usually) more intermediate events leading to the final mishap state. The concepts of hazard
actuating mechanism and accident scenario [6] are illustrated in Fig. 1.

Hazard actuation S

A set of events in a specific ' :
alignment (specific l::zan‘!
sequence of events) i s
' ': " v E
GEVEENTE V ;
---------------- Accident

S-source of hazard, T-hazard target, E-element (event) of hazard actuating
mechanism

Fig. 1 Hazard — accident actuation
2.2. Hazard and Nature of the Risk

This is one of the most important stages of the overall process of risk analysis. This is an analytical and sometimes
complex to implement the process of "visualization" and "knowledge acquisition" concerning a hazard based on certain
statistical information on incidents (accidents) and knowledge about the studied technical or technological system
(subsystem, individual element) [7-8]. In addition, the correct identification of hazards requires extensive knowledge on
both the general methodological issues of risk management and the existing analytical approaches (and also methods) for
the description of hazards elements [9].

There are several practical approaches to identify hazards within the scope of the technical operation in a railway
undertaking, the most common of them are based on:

e available information on adverse events and gained operational experience;

e known or prior facts regarding the causal chain "source-target" that is typical for a hazard;

e analysis of good practice existing in the risk management in other organizations;

e concentration on potential and conceivable adverse events within the corresponding studied process;

e verification and analysis of common or partial safety criteria, norms, regulations, provisions, rules, principles
and objectives, etc.

The identification of a particular hazard should contain a description of all three components. The description
should be clear and concise, yet comprehensive enough to be used as a basis for further risk analysis. Unidentified
hazards or misstatement descriptions may lead to extremely undesirable consequences, such as expenditure of time and
resources for activities (mitigation measures) associated with low-risk hazards and skip the implementation of adequate
measures in respect of other high-risk hazards.

In that sense, one of the most essential elements of the safety management system of a railway undertaking is the
so called hazard record. It should describe most completely all possible hazards that may occur within the
implementation of the transport process. Hazard record plays the role of a knowledge foundation based on which the
decision-making for safety improvement is made.

Therefore, the correct description of hazards is an important element not only of the theory but of the practice of
risk management [10]. There are quite a few methods of hazard identification and analysis. The analyst must carefully
choose the appropriate analytical tools to achieve the objectives of performed analysis.

Another essential practical problem that is to be solved and is situated between the procedures of hazard
identification and decision-making for defining mitigation measures for safety improvement is hazard gradation (ranking)
with respect to the level of their risks. In any railway subjects or companies, there are usually a great number of
conceivable hazards and the concomitant risks have to be ranked. This is necessary because some of them (those having
the highest level of risk) will demand immediate actions and allocation of resources.

A very powerful tool used to rank and prioritize risks is the Pareto Analysis. This analysis is based on the Pareto
principle, well-known in the field of quality management [11]. That principle applies very widely to many types of
activity and can be stated as: “Most of the effects are due to a few of the causes.” The Pareto principle is also known as
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the 80/20 rule because it is based on the idea that 80 percent of a situation's problems can be traced to 20 percent of the
causes.

In the operational safety management of given railway systems, the Pareto analysis could be implemented through
the next steps:

1. Preparation of a list of hazard (risk) sources according to the specific activities of the studied railway
company, e.g. activities as sources of risk e.g. from Al to A10.

2. Assessment of the magnitude of every activity’s risk (Table 1). This stage could be fulfilled by the usage of
some methods. The simplest one is by the utilization of rank matrices - providing the capability to evaluate as the ranks of
individual elements of risk and also the total risk rank (score).

3. Ranking of the sources of hazard in descending order of risk score (Table 2, Column 2).

4. Calculation of the cumulative scores - starting from the top of the risk score (Table 2, Column 3).

5. Analysis of which sources have contributed to 80% of the total risk. In the example, in Table 1 almost 80% of
the total risks have been contributed by just four (sources of a hazard: A3, Al, A7, A4) of the total ten sources of hazards.
That means: 80% has been contributed by 40 % of the sources.

6. Emphasis on those activities (sources of hazard) which contribute most to the total operational risk (safety) in a
specific railway company.

Table 1 Table 2
Risk rank table Cumulative ranks in [%]

Activity Risk Activity R:ssgg:rk R T

(Source of | Rank (Source of | 4o ding| Risk Rank
hazard) (Score) hazard) . ™| (score)
Al 20 A3 67 49.630
A2 1 A1 20 64.444
A3 67 A7 15 75.556
Ad 10 Ad 10 82.963
A5 8 A5 8 88.889
A6 3 A8 4 91.852
AT 15 A9 4 94.815
A8 4 AB 3 97.037
A9 4 A10 3 99.259
A10 3 A2 1 100.000

The Pareto Analysis is a starting point for a more detailed analysis (if applicable and necessity). Of course, the
initial intention has to be emphasized on undertaking activities (sources of hazard) with the highest risk (those
contributing to 80% of the total operating risk). Further actions should be focused on activities with calculated low total
risk but having high potential for great severity of consequences. Additional analysis of their probability of occurrence
has to be performed, and if it turns out high or there is great uncertainty concerning its magnitude some appropriate
measures should be put in place.

3. Decision-making on Risk Acceptance

It must be recognized that the evaluation procedure regarding the acceptability of risk as a whole and in particular
the choice of approaches and criteria to implement that evaluation is the most controversial elements of the entire process
of risk management. Works [12-13]. summarizes the complexity of these elements. The assessment of risk acceptance
has two main elements: approach (principle) of acceptance and criterion of acceptance.

The criterion of risk acceptance is a pre-accepted benchmark Rp.cima against which the risk under assessment
R =f(s;, p; ¢;) 1s to be compared. Generally, the criterion can be of any kind: the value of a parameter, characteristics of a
technical or technological system, rules for risk management, etc.

In most standards for risk analysis, assessment and evaluation, the criterion of risk tolerability are defined in
advance as an essential element (touchstone) of the entire safety management procedure. The principle of acceptability
determines how the criterion for risk evaluation is interpreted. In this sense, one of the main approaches is ALARP
principle [14-15].

The ALARP principle is the most suitable for practical application, easy to understand and providing capability
for comparatively accurate results within the safety management system of a railway undertaking. ALARP is an acronym
for “as low as reasonably practicable” and says that the risks associated with the functioning of a system should be
reduced to a level that is as low as reasonably practicable. That means, if the risk reduction achieved by implementing
certain safety measures is insignificant compared to the costs of these measures, it would not be reasonably practicable to
implement them. ALARP principle is the most suitable for practical application, easy to understand and providing
capability for comparatively accurate results within the safety management system of a railway undertaking. ALARP is
an acronym for “as low as reasonably practicable” and says that the risks associated with the functioning of a system
should be reduced to a level that is as low as reasonably practicable. That means, if the risk reduction achieved by
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implementing certain safety measures is insignificant compared to the costs of these measures, it would not be reasonably
practicable to implement them. In other words, a risk reduction action is not reasonable (it does not lead to a reasonably
low level of the risk) if there is a gross imbalance between the risk reduction and the related costs allocated to this
reduction action. The ALARP principle defines 3 risk levels which can be illustrated by Fig. 2.

[
Unacceptable region:
Risk cannot be accepted except in
\ 4 hazard / extraordinary circumstances
1
(g o @ hazhd Tolerable region:
2 X Permanent monitoring on the risk and
% rz;asfﬁ'::b /é if there is practically reasonable
c measure = mitigation measure it is implemented
2 o ©
o
° Y Broadly acceptable region:
No need of intentional measures for
o risk reduction just actions to maintain
assurance that risk remains at this

level

Fig. 2 ALARP regions

In most cases, the risk is situated on a certain level in the field of tolerable ALARP region (for the upper and lower
limits of which there are quite a few proposals, e.g. [16-17]). As mentioned above, this fact implies the need for
continuous monitoring, analysis and evaluation of the risk to justify the need to define and implement measures for its
reduction. This need is sometimes obvious, but in many cases, further, analysis is required, and for this purpose, many
engineering and economic approaches and methods are applicable [18-19]. The structure of the procedure for applying
the ALARP principle for justifying risk reduction activities in railway companies can be summarized in Fig. 3:

Implementation of Implementation of Implementation of
the measure the measure the measure

s Low coslsﬁ ﬂ Positive effect *c;, -

= . @«
pEE et 3| Detailed Additional 25
ge g= q:na i:° = | Quantitative | |=| qualitative =3 5
e . : =2
g2E 2 analysis analysis EE

S 2

'—

Stage 1 Stage 2 Stage 3

Fig. 3 Procedure of ALARP principle application

Stage 1: Performance of a qualitative analysis of the benefits and problems of application of a certain measure for
risk reduction. If the cost of the measure is not considered to be significant - the measure is implemented. It is deemed
that there is no significant disproportion between the costs and benefits of the measure.

Stage 2: If in the previous stage the costs have been defined as significant, additional economic analysis should be
performed. Depending on the criterion (indicator) there are several possible approaches for further analysis, the most used
of which are [1]:

e Cost Per Unit Risk Reduction — E cpyrg:

s __NPY X lB-c) )] 0
cruRR © M+S/10+L/200

equivalent

where NPV is Net Present Value of implementing a risk control measure. This value is computed based on B, — it is total
costs in period ¢, C, is total benefits in period ¢ (without the economic benefit of the reduced number of fatalities), ¢ is the
time horizon for the assessment of studied risk reduction measure (0 - first year and n - last year of the assessment
period), r is the discount rate. Value M .y vaiens 18 €quivalent to mortality. This value is computed through: M is the
number of Fatalities, S is the number of Major injuries, L is the number of Minor injuries [1]. Obtained for different risk
reduction measures is used for decision making in the process of safety management and most specifically whether the
implementation of respective mitigation action (measure) is economically expedient.
o Implied Cost of Averting a Fatality — E ;o4
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Eanmta
Eicqr = M—l > (2)

reduction

where E .. 1S the annual cost of the mitigation action and M ,cguei0n 1S the reduction in annual fatality number.

The practical application of this approach requires a criterion by which to determine the effectiveness of the
studied mitigation action. In specialized literature, there are some proposals for such a criterion. Work [16] proposes that
a certain risk reduction measure could be deemed as cost-effective and because of that implemented to reduce the risk
from one ALARP level to another.

Stage 3: Performance of additional qualitative analysis if the approach and criterion of the second stage did not
show conclusive results on the effectiveness of studied risk reduction action. At this stage, lots of analytical techniques
could be in the help of analyst and decision-maker, for example: What-if analysis, Check List Analysis, ... In any case, it
is necessary to address as many aspects of measure effectiveness as possible, for instance: 1. connection of the measure
with the best available technical and/or technological solutions; 2. practical applicability of the measure to improve
quality of undertaking's safety management system; 3. presence of potential for "residual" problems after the
implementation of the measure and especially within the operational safety; 4. presence of potential conflicts between
different conditions of the technical exploitation after measures implementation [20]. If the additional qualitative analysis
shows the possibility (or presence) of the positive trends in result of mitigation action (measure) implementation, the
action is adopted as effective, i.e. there is no significant disproportion between the costs and benefits of measure [16].

4. Conclusions

The process of risk management is vital for safety management in a given transport undertaking. It allows us to
obtain a comprehensive picture of risks to the operational process caused by the behaviour of technical equipment and
human-operator working together to meet the major purpose - safe transportation process. Moreover, risk management
allows comparing the levels of a type of risk before and after the occurrence of specific events and/or conditions. This is
particularly important for safety management because it allows assessment of the effectiveness of risk reduction
measures. The latter is of great importance regarding the overall functioning of railway undertaking, simply because
safety improvement is a controversial matter - always required but at the same time connected with costs (sometimes
very large). The operating experience shows that in many cases safety experts meet serious difficulties to justify the
need to define and implement safety measures. The main reason for that is the presence of uncertainty regarding many
of risk evaluation aspects. The present paper discusses the approaches and stages of the practical implementation of a
procedure for decision-making regarding risk and safety improvement in rail company activities.
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Abstract

Today the world energy market is in great transition and the demand for clean energy such as liquefied natural gas
(LNG) is increasing rapidly. LNG is the main transfer form of long-range for water transportation and short range for
land transportation. For socioeconomic aspects, using LNG for road transport could reduce oil demand, contribute
energy security in nations with scarce energy resources and could change the quality of life for people because LNG-
powered transport produces a low amount of noise and air pollutants. For the environmental aspects, LNG supplies as
fuel for marine vessels or road trucks, toxic engine emissions are lower than traditional fuels: up to 80% for carbon
monoxide, 70% for nitrogen oxides and 45% for non-methane volatile organic compounds, because of reduction of
sulphur oxides and particulate matter are larger than 97%.

The main objective of this research work was to evaluate the impact of technological operations and composition of
LNG on LNG ageing and management of boil-off gas during its storage in Klaipeda LNG Reloading Station. This
terminal is used as intermediate storage of LNG before loading LNG trucks, LNG bunkering ships and operation of
process heat production plant. When LNG is stored for a long time, the volatile components (nitrogen and methane)
start evaporating and this causes changes in composition and quality, which is called ageing process. This investigation
could be useful in case of LNG market oversupply or with existing demand to storage LNG as a reserve.

It was found that the nitrogen and methane concentrations of LNG remained practically unchanged during the analysis
of the loading in the Klaipeda LNG Reloading Station cycles, and the corresponding calorific values only fluctuated
within the error range. So, the LNG does not chemically age concerning to its market value. However, there is technical
ageing that affects the management of the distribution system. The LNG as well as the percentage of vaporized gas in
the storage tanks were mainly influenced by technical parameters such as the time of complete unloading from the
storage tank into the LNG trucks, a number of LNG loading to the LNG trucks and the transfers between storage tanks.
The transfers between the tanks are in turn influenced by the heat exchange in the processing pipeline with the
environment, which leads to an increase in LNG temperature. The analysis also showed that discharging a tank over a
longer period of time causes rapid heating of the LNG. This leads to an increase in the BOG. It is recommended to
avoid these transfers between tanks until the planned technical improvements have been implemented.

KEY WORDS: LNG, LNG ageing, boil-off gas, LNG terminal, alternative fuel

1. Introduction

Liquefied natural gas (LNG) has been increasingly used in the maritime transport sector in recent years due to
almost no sulphur and particulate matter during the combustion process and it can emit about 90 percent less nitrogen
oxides. According to DNV GL, ships powered by LNG can reduce CO, emissions by 15 to 20% [1].

Liquefaction of natural gas is carried out at a temperature up to —162°C. In this state, the LNG holds about 1:600
volumes of natural gas, and its conversion into liquid allows us to transport larger volumes of product cargo to any
place in the world [2]. It is believed that LNG should become the fuel of the next decade and even the future. The most
important driver of these changes is the new requirements that have led to the development of LNG in the transport
sector and the development of infrastructure in the ports, including Klaipeda Seaport [3-5].

Through heat input into the storage tank, LNG begins to change over time, named as ageing or weathering. This
not only affects the composition, but also the thermodynamic parameters [6, 7]. A change in composition would also
result in a change in calorific value [8].

The amount of evaporated BOG at LNG terminals could be affected by various factors. In the absence of
discharge, BOG mainly appears due to constant heat leakage into cryogenic tanks and associated recirculation pipelines
used for LNG insulation [9]. During circulation, heat is absorbed through the pipelines and enters the tanks with LNG
that leads to an increase of BOG release. Tanker truck loading together with LNG component composition also affects
the amount of released BOG.

The main objective of this research work was to evaluate the impact of technological operations and composition
of LNG on LNG ageing and management of boil-off gas during its storage in Klaipeda LNG Reloading Station.
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2. Methodology

2.1. Object of This Work

The object of this work was the LNG distribution station JSC “Klaipédos nafta” (Fig. 1).

BOG management unit
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Fig. 1 Simplified scheme of the LNG distribution station of the JSC “Klaipédos nafta”

. Gas fired heating
— T2 LNG o boilers

— T3 LNG
( ) LNG reloading to trucks
} — T4 LNG

LNG pumps LNG D

- T5 LNG 000 o—o

LNG distribution station is intended for receiving, temporarily storing and reloading liquefied natural gas to
tanker trucks or bunkering vessels or LNG powered vessels. LNG is purchased from Klaipeda FSRU ,,Independence* or
from other terminals in the Baltic or North Sea to LNG distribution station.

LNG small scale terminal infrastructure consists of five bullet type tanks (T1-5) with a volume of 1000 m® and
with possibility to have a pressure up to 7 bars inside. Each of them could be filled up to of 90 % its capacity. The daily
volume release of BOG could reach 0.05-0.15 vol. % from volume stored.

Meanwhile, the first storage tank T1 is intended to supply BOG to the boiler house of JSC , Klaipédos Nafta“.
The LNG from T1 is pumped to the LNG regasification unit consisting of four Ambient Air Vaporizers, an electric
heater and other equipment needed to control the flow and temperature of the gas supplied to the boiler room. The
maximum regasification rate is 7000 N m® h™'. The LNG distribution station infrastructure also consists of a tanker truck
loading platform, which can carry out two tanker loading operations from the second storage tank T2 at the same time,
with a maximum loading speed up to 100 m® h”'. Remaining three T3, T4 and T5 storages are used for storage of LNG
which is pumped into tanks 1 and 2 as required. BOG that forms in the T 2-4 during operation remains trapped in the
tanks and is not discharged to the boiling plant.

2.2. Basic Process Performance

For this work, measurements of LNG temperature, mass flow were determined with Coriolis flow meters and
composition were recorded using a gas chromatograph over a period of four ship deliveries of LNG to the distribution
terminal. During this period 150 tanker trucks were dispatched from these LNG stocks. After a preliminary analysis of
the selected data, one loading cycle was selected for further detailed analysis, during which 35 tanker truck filling
operations took place. This loading cycle consisted of two loading periods: period (a) — loading from the bunkering
vessel into second storage tank (T2) and from it to the tanker truck. Period (b) consists of the same load being
transferred from one storage tank to another (T2) and loading into tanker truck.

Calorific value and density were determined by JSC “Klaipédos Nafta”. The filling level of the tanks was
derived from the mass flows between the tanks and the loading station to the trucks.

3. Results and Discussions
Fig. 2 shows three LNG temperature measurement series during the loading of 35 tanker trucks. The curves for

tanker trucks 17, 18 and 19 have a bend which is caused by the subsequent pumping of LNG from tanks 3-5 into Tank
2.
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Fig. 2 LNG temperature variation dependence on the number of truck loading operations in three ship-to-shore
operations

Fig. 3 shows changes of product temperature and level in storage tank after loading of a tanker truck. The
temperature curve corresponds to the curve with solid line in Fig. 2.
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Fig. 3 Trends of temperature and product level in the tank while loading into tanker trucks: a - after loading from T2 to
tanker truck (A/C number); b - after loading from T4 to T2 and loading tanker truck (A/C number)

Tank T2 was filled to the 82% level by a bunkering vessel. The tank was then successively emptied in two
periods in tank trucks:

a) 20 tanker trucks participated in this cargo period and the maximum filling level of the tank decreased from 82
vol.-% to practically the lowest level permitted of 5 vol.-%. The initial temperature of the cargo of —154°C increased to
—143°C. Data in Fig. 3 shows that after discharging liquefied natural gas to a third tanker truck, when the level of the
cargo tank decreased by 8%, from 82 to 74 vol.-%, first temperature warm up observed from —154°C to —153°C.
Overall, the temperature increases very unevenly during the following tank truck loads.

During the LNG unloading process into a tanker truck, a vacuum is created at the top of the tank, resulting in

faster LNG evaporation to compensate for this pressure loss [10].
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b) Reloading of LNG from the fourth storage tank T4 to a second storage tank T2 and afterwards to a tanker

truck.

It is important to highlight that after mixing second storage tank T2 LNG warmed up residue of —143°C with the
fourth storage tank T4 reloaded product, total cargo temperature reached only —148°C instead of the approximately —
151°C corresponding to the first period. On its completion of 15 tanker truck loading operations LNG level in the tank

reached 18 vol.-% and product warmed by 5°C up to —143°C.

This can probably be explained by heat ingress in the cargo loading line, possibly because of the different

pipeline lengths between tanks and the transfer rate of the loading pump.

The analysis of the loading data in period (b) shows that the temperature change of the LNG is slower, and the

loss reaches 5°C during the entire back loading period.
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It can be seen from the data presented in Fig. 4 that during the analysed cargoes the concentration of methane in

LNG varied from 92.61 to 92.59 mol-%, and nitrogen from 0.35 to 0.28 mol-%.

It was found that gas nitrogen and methane concentrations were practically unchanged during loading of LNG
from storage tanks to tanker trucks. This is probably due to the evaporation and auto cooling processes of the product
that take place during the loading of LNG into the tanker truck. At this point vacuum is formed at the top of the tank,

Nitrogen, mol %

Gross calorific value, kWh kg?
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which promotes the release of BOG and during release, the tank charge cools down, inhibiting the change in component
composition.

Fig. 5 shows the trends of LNG temperature and higher calorific value changes during loading onto tanker truck.
It was found that during storage of LNG, temperature changed from —154 to —143°C. Meanwhile, refuelling from
another storage tank using the same LNG cargo resulted in a 5°C drop in temperature from —143° C to —148°C.

It was determined that after the 1st loading into the tanker truck, the higher calorific value of LNG reached
15.170 kWh kg, Meanwhile, after loading the 20th tank, it increased by 0.014 kWh kg™ to 15.184 kWh kg™'. After
reloading liquefied natural gas cargo with the same composition from one storage tank to another and reaching the 15th
tanFer truck loading operation, the calorific value increased by 0.002 kWh kg™ — from 15.186 kWh kg™ to 15.188 kWh
kg™.

Summarizing the tendencies of temperature and higher calorific value changes of LNG loading cases during the
process of tanker truck loading operations, it can be stated that with temperature increase in the storage tank from —
154°C to —143°C, the gross LNG calorific value varied within the standard deviation from 15.298 +0.05 kWh kg™ (a
period) to 15.304 + 0.03 kWh kg™ (b period).
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Fig. 6 The trend of the temperature and density of LNG in the case of tank truck loading

Fig. 6 shows the change in temperature and density of LNG after each loading operation to a tanker truck. It was
found that during the loading cycle of cargo during period (a) the highest decrease of density was observed
(17.17 kg m™, or 3.9%), when the temperature of LNG warmed up to 11°C. Compared to period (b), when the
temperature change was 5°C and remained more stable, the density decreased by 4.72 kg m™, or 1.9%.

The decrease in density can be explained as follows: As a result of heat entering through the walls of the storage
tank, the temperature of the LNG increases, and as the temperature of the LNG increases, the volume increases, and the
density decreases accordingly.

Due to the ageing process (the lighter components start to evaporate), the heat entering the upper part of the
storage tank through its walls accelerates the formation of BOG from the free surface area of liquefied natural gas. As a
result of heat ingress, the temperature of the liquid increases, LNG warms up, and as the temperature of the LNG
increases, the volume increases, and the density decreases accordingly.

4. Conclusions

1. It has been determined that at the LNG distribution station the ageing process of the stored LNG and the
management of the evaporated gas are influenced by the initial composition of the cargo, the time it was unloaded from
the storage tank to the tanker trucks and reloading operations from one storage tank to another which due to different
pipe length in technological line leads to a different amount of heat ingress and influences LNG temperature.

2. It was found that the concentration of nitrogen and methane in the LNG was practically unchanged during the
analysed period, while the higher calorific value varied within the standard deviation. So there is no chemical aging.
However, there is technical ageing, which affects the management of the distribution system. The analysis of the data
shows that when the storage tank is unloaded over a longer period of time and the LNG level in the tank decreases
around 50 %, the rapid heating of LNG occurs:

— During loading of the liquefied natural gas, when the cargo was loaded from the ship to the storage tank
within 18 days, after 20 loading operations, the LNG warmed up the most, even at 11°C, which caused the largest
decrease of the LNG density in the tank — 3.9%.



68

— Meanwhile, after reloading between storages, LNG has warmed up to 5°C within 12 days. The density of
LNG decreased by 1.9% over the whole period.

3. It was found that reloading of LNG from T4 to T2 caused heat loss and warmed up by 6°C - from —154°C to —
148°C, therefore it is recommended to avoid product reloading operations between storage tanks as this would ensure
minimum temperature loss during its storage.

After the completion of this work, the plant was modernized. It is now possible that tank trucks can be loaded
from any tank. It is also possible to fill all tanks from a ship. If it will be necessary to do tank to ship bunkering
probably it will be possible to do it from all tanks. However, tanks 1 and 2 will be closed for that operation, because of
the boiling plant and to have big enough pressure for the transportation gas via pipeline to the tank. It is possible to send
BOG to a boiler plant from all tanks.
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Abstract

The article introduces the solution of the issue of implementation of a problem of the own engineering design of a quick
clamping device of attachments for a skid-steer loader Locust L1203, which is produced by the WAY Industries, Inc.
company. There are presented a structure, a drive-train and a control system of the loader as well as the current unsuitable
state of the quick clamping device. Therefore, it is necessary to modify and optimize it. There are listed important input
data, which effect the engineering design of the optimised structure. Moreover, numerical analyses of the own engineering
design of the quick clamping device are performed in order to ensure its safe operation. Computations and simulations
will serve as a base for the production of a real prototype of a device and testing. After successful results, serial production
of the device will be introduced.

KEY WORDS: a skid-steer loader, an engineering design, a steel structure, numerical analyses, a quick clamping device

1. Introduction

Improving productivity and safety of the production process is the primary task of transport and handling machines.
Mechanisation and automatisation of the production process contribute significantly to improvement of productivity.
Mechanisation and automatisation are necessary for such areas, in which a person is not able to work sufficiently in terms
of performance and precision. For this reason, the subject of this research is a small compact skid-steer loader Locust
L1203 form the Slovak producer WAY Industries, Inc., which by its operability makes easier the work of a man in a wide
range, as evidenced by peripherals manufactured for this universal loader [1, 2, 15].

There are many attachments for skid-steer loaders. Every from them is intended to be used for different purpose
ad they are used in various branches, such as agriculture, forestry, construction, etc. The solved quick clamping device is
determined to carry more types of attachments, e. g. an angle broom, a breaker, a backhoe, a concrete mixer, a root
grapple, pallet forks and others.

2. A Skid-Steer Loader Locust L1203

There are more producers of building and handling machines, such as Bobcat, JCB, John Deere, Caterpillar, Volvo
and others. Some produce their machines in every weight and dimensional categories; others are more focused on a certain
assortment of machines. The WAY Industries manufacturer is one of them. It produces a small and compact skid-steer
loader (Fig. 1).

Fig. 1 A skid-steer loader Locust L1203

The loader has four wheels, which are driven by hydromotors, controlled independently. The loader is equipped
by a hydraulic system, which handles various attachments [14, 16, 18].

Recently, the producer manufactures three basic models of skid-steer loaders. Figure 2 shows the basic geometrical
dimensions of the biggest model, which is marked as Locust L1203. This one can handle the maximal weight of the load.
The technical parameters of this skid-steer loader are listed in Table.
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Table
Technical parameters of the Locust L1203 loader
Hight 2,180 mm
Length with a buckets 3,745 mm
Width with a buckets 2,100 mm
Operational weight 4,300 kg
Tipping load 1,200 kg
Maximal design speed 12 km-h'!
Volume of a buckets 0.66 m*
Stroke force 30 kN
Drawing force 41 kN
Lifting power 28 kN
Engine YANMAR 4TNV 98 ZNSA 2
Engine power 62.5 kW/85 HP
Type of driving system Hydrostatic
Hydraulic pump of an attachment Regulation — LS/LUDV
Distributor of an attachment With closed system
Balancing of a buckets Hydraulic
Noise level 101 dB
Tyres 12.5-18

The hydraulic system of the loader serves for driving, steering and controlling of attachments and it consists of
three hydraulic circuits, i. e. a control circuit, a working attachments circuit and a driving circuit. The hydraulic circuit of
the driving system includes two regulation pumps, two hydromotors and accessories of the distribution. The hydraulic
circuit ensures transmission of torque from an engine to side gearboxes using regulations pumps and hydromotors,
reversing of operation of the loader, steering of the loader. Steering system work on the principle of different rotational
speeds of wheels on the left and right side, which allows use to drive toward, turn left and right, reverse and even to turn
about vertical axis [4, 6, 13].

Pair of aggregates, i. e. the regulation pump and the hydromotor are interconnected using high-pressure flexible
tubes. Filling gear-pumps are built-in in the regulation pumps and suck working liquid from a tank through a filter. The
filter includes a vacuum-meter, on which degree of pollution of a filter element is indicated. The maximal allowed value
of the underpressure is 24.5 kPa at the hydraulic oil temperature of 50°C. The working liquid is pulled from the filling
pump through reversing valves, which are built-in the regulation pump body, to a low-pressure leg of the enclosed
hydrostatic circuit.

The controlling circuit of the distributer and the driving system of the loader consists of a pump, which is built-in
pair of a servo valve and an appropriate distributor. The pump sucks working liquid from a tank and presses it to input
sections of cross valves. They regulate working liquid either to working sections of the distributor, i. e. working
attachments are controlled or to servo cylinders of regulation pumps, i. e. the driving system is controlled. The direction
of working liquid is determined by the position of servo-valves levers.

3. The Variant Solution of Quick Clamping Device Optimisation

The current state of the quick clamping device is shown in Fig. 2a. It is mounted to the boom end and it serves for
connection of attachments with the loader. This component allows us to change attachments during couple of minutes
and there is not necessary to mount them slow to the boom. Its main parts are two side beams. In the upper part are metal
bushes.

a b

Fig. 2 a - The current state of the quick clamping device; b - the boom with the quick clamping device

The main disadvantage of the current state of the boom is the fact, that the device is handled manually. The operator
has to enter a loader cabin, to approach an attachment and to hang it on the quick clamping device. After that, he has to
get out of the cabin and manually lock the attachment using a levers system. For operation, the operator has to enter the
cabin again and then he can use the loader (Fig. 2, b).
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Therefore, the main demand is to eliminate this time-consuming process, i. €. to ensure comfortable handling with
the quick clamping device form the loader cabin.

Another demand is that the basic dimensions of the current state of the quick clamping device will be kept also for
the newly designed technical solution. Only the cross beam dimensions can be modified.

3.1. Engineering Design with a Single-Acting Hydraulic Cylinder

The first engineering design of the modified quick clamping device is the design with one single-acting hydraulic
cylinder with a pull-back spring, which is shown in Fig. 3, a. For the proper choice of the hydraulic cylinder, external
dimensions of the cylinder have been the most important parameters. The single-acting hydraulic cylinder is mounted
between two consoles, which are fixed using a securing pin. The distance of holes in consoles, in which hydraulic
cylinder’s eyes are mounted, is of » = 630.8 mm. The length of end parts of securing pins for attachments locking in the
oversailing state is of /= 1,082.8 mm and in the plug-in state is this length of /= 1,026 mm. Hence, we can determine
the value of the piston stroke as follows:

z=1-1'=1,082.2—1,026 = 56.2 mm. (1)

After market analysis, the hydraulic cylinder marked CJF 50/28/300 U25 has been chosen. A scheme of this
cylinder is shown in Fig. 3, b.

25mm _Z_SmT
=" Odwzdusiovad M16x1,5
n |
El I / \
| g
8!
28mm S0mm |
L 480mm |
b 780mm |
a b

Fig. 3 a - The engineering design with a single-acting hydraulic cylinder; b - a scheme of the single-acting hydraulic
cylinder

This cylinder is connected with a hydraulic system of the loader using a quick-acting coupling FFI 34 GA M. Since
it is the single-acting cylinder, one valve is a release valve. Subsequently, the maximal axis forces of the hydraulic cylinder
at the maximal working pressure p.q.. = 18.5 MPa were calculated using the following formulation:

2
Fmaxl = Pre 7 Dl 1, 2)
4
where D; is the internal diameter of the cylinder, D = 50 mm and # is the total mechanical efficiency of the cylinder,
whereby the value of # = 95% is given by the cylinder producer. When we substitute values to the formulation (2), the
wanted value of the force Fui is of F1 =34,508.43 N. The formulation (3) expresses the calculation of maximal force
Fax during retracting of the hydraulic cylinder:

. 3 2_ 2
Fpr =" SDI i )’m 3)

where d; is the external diameter of the piston rod and the value is of d; = 28 mm.

Then, by substituting of corresponding values to the formulation (3), we get the value of the force Fiuax during
retracting of the hydraulic cylinder Fiuu = 23,686.59 N. The working pressure p is regulated using a valve to the value
of p =3 MPa. Acting forces at this value of pressure are determined by the same formulations (2) and (3) for the pressure
value of p =3 MPa. Then, the force value for extension is of F,; =5,595.98 N and for retracting the force value is of
F.1=3,841.04 N.

As it is noticed above, this engineering design includes a pull-back spring. It is a compression spring with following
parameters: the spring wire diameter is of d =4 mm, the internal diameter of the spring is of D3 = 38 mm, the length of
the unloaded spring is of /s = 120 mm, the number of coils is of z = 12, the spring stiffness is of k = 5.52 N-mm™! and the
maximal compression of the spring is of /.. = 64 mm. These parameters allow us to calculate the maximal force, which
the spring can absorb without plastic deformation. The formulation for the maximal force calculation is:

F =kl . 4)

max max
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Substituting spring parameters described above to the formulation (4) we get the maximal force in the spring of
Finax = 353.44 N. From this follow, that the hydraulic cylinder can produce even at the pressure of p = 3 MPa sufficient
force for spring compression. This compression suffices for pulling down of securing pins.

The advantage of this engineering design is the need for only one hydraulic flexible tube. Another advantage is
removing several elements from the original system, which reduces the cost price of the quick clamping device.

The disadvantage is a more complicated structure of the securing mechanism, which leads to the needed
modification of the cross beam and to increase of production time. The most serious deficiency of this design is related
to practical operation and it is the fact that in the case of failure, it has not any additional mechanical actuation, which
would serve as the emergency operation. For that reason, other engineering design has been created.

3.2. Engineering Design with a Single-Acting Hydraulic Cylinder
The second engineering design of the quick clamping device (Fig. 4, a) consists of using a double-acting hydraulic
cylinder (Fig. 4, b). The double-acting cylinder is mounted to the quick clamping device using pins. These bolts transmit

the compressive force from the hydraulic cylinder to two levers. Levers are fulcrumed and either extension or retract pins
ensuring the mounting of the attachment.

25wy (6K m16x1,5 26mm

Fig. 4 a - The engineering design with a double-acting hydraulic cylinder; b - a scheme of the double-acting hydraulic
cylinder

Analogous to the previous engineering design, the basic dimensions have been the main criterion for the proper
choice of the hydraulic cylinder. The spacing of holes for pins is of @ = 656.24 mm. The length of end parts of pins for
ensuring attachments in the oversailing state is of / = 1,082.2 mm and in the plug-in state is of /”= 1,026 mm. It means,
the piston stroke is the same as in the first design, and it is of z = 56.8 mm. Based on the obtained data, we have chosen
the hydraulic cylinder CJ2F 40/22/350 U25. In this case, two hydraulic flexible tubes with quick-acting couplings
FFI 34 GA M are used. Flexible tubes serve for the hydraulic liquid inlet to a hydromotor on attachments. The maximal
force of the hydraulic cylinder is calculated from cylinder dimensions and maximal working pressure. Formulation (2)
expresses the calculation of the maximal force for extension of the hydraulic cylinder F),q3, whereby the internal diameter
of the hydraulic cylinder is of D, =40 mm and the total mechanical efficiency of the cylinder is given by the producer
and it is of #=95%. Then, after substituting of corresponding values to the formulation (2) we get the value of
Finas =22,085.4 N. The maximal force for retracting Fy.4 we get from the formulation (3), where di =22 mm is the
external diameter of the piston rod and the value of the force Fiua 1S of Fiuas = 15,404.56 N. Also in this engineering
design the hydraulic liquid pressure is regulated to the maximal value of p =3 MPa. When we substitute all needed
parameters to formulations (2) and (3), we get the value of the force for pushing forward of Fy, =3,581.4 N and for
retracting of F.» =2,498.025 N. These forces are sufficient for working of securing pins as well as for minimizing of
damage of quick clamping device structure and attachments.

The main advantage of the second engineering design is the simple modification of the original clamping device.
It is necessary only to change newly designed rotating levers and to assembly new components to the system. Such a
solution is a budged price and it reduces the time needed for modification of the quick clamping device. In case of a
hydraulic cylinder failure, this cylinder can be simply removed and a latching system can be handled manually, as it is
used in the current state. Therefore, the second engineering design is accepted for production.

4. Finite Element Analysis of the Chosen Engineering Design

The second engineering design of the quick clamping has been submitted to finite element analysis. For these
analyses, Ansys software package has been used [5, 9, 10, 17]. The main objective has been to found out the distribution
of stresses and deformation in the device structure. All useless elements, which have any influence on numerical results,
have been removed from the FE model. Therefore, the model consists of basic supporting parts of the quick clamping
device, on which the load acts. The quick clamping device is mounted to the boom using four securing pins, which are
placed side holes in side beams. For that reason, axes of these holes are set as boundary conditions of attachment and the
quick clamping device is fixed in them. A detail of a model of the lever-type gear is shown in Fig. 5.
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Fig. 5 A 3D view on the detail of the designed structure of the lever-type gear of the quick clamping device

The acting force is another boundary condition. This force simulates the load, which is generated by the fully
loaded buckets and it is located in the middle of the buckets. From Tab. 1, it is possible to find the tipping load of
my = 1,200 kg, whereby the calculation has to include also the weight of the bucket of m; =153 kg. The value of the
acting force F), is given by the following formulation:

E,=(my-m,)-g, )

where g is the gravitational acceleration of g = 9.81 m-s2. Applying corresponding values to the formulation (5) we get
the force value, which is applied as the boundary condition of the load of the quick clamping device, namely
F,,=12,272.93 N. Using the model symmetry, the half of this force has been input to the model, which leads to shorter
computing time. After defining boundary conditions, the calculation was performed.
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Fig. 6 a - Distribution of maximal deflections in the quick clamping device body under maximal static load;
b - distribution of the von Misses stresses in the quick clamping device body under its maximal permissible static
load

Fig. 6, a shows simulated deflections, which are generated under a given static load. It can be seen, that the greatest
deformations are detected in the bushes locations and the lateral beam of the quick clamping device. The highest
calculated value of the deflection is 0.12 mm. It is an acceptable value of the deflection for such a rugged structure and it
does not lead to the significant influence of the functionality and safety operation of the device.

The distribution of stresses in the quick clamping device is shown in Fig. 6, b. From these results, we can identify,
that the maximal values of stresses are generated again in the bushes locations, in which the buckets are mounted and
their value is over 170 MPa. On the contrary, in the middle parts of the structure are stresses, which values are only about
30 MPa. When they are compared with the yield of the strength of the used material, ie. with the value of
Re3s =235 MPa, generated stresses can be neglected. Bushes are made of the steel with the yield of the strength of
Re355 =355 MPa. Therefore, the structure of bushes is dimensioned properly in terms of the static load.

The selected engineering design was analysed in terms of strength and deformation of the structure. Based on
simulation computations there were justified, that the structure of the quick clamping device meets all requirements. For
detailed analysing of the structure, a dynamic analysis of the device should be performed. In future research, a multibody
model will be created and all necessary output parameters will be evaluated [3, 7, 8, 11, 12].

5. Conclusion

The described work includes a summarization of knowledge about the quick clamping device, which is intended
to be mounted on the boom of the skid-steer loader. The main reason for modification of the current state of the device
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structure is the improvement of handling of the device directly from a loader cabin.

Therefore, the engineering design of the quick clamping device has been created regarding all requirements
imposed on the device by the producer in terms of manufacturing, technology processes, ergonomics and safety. The
main demand has been to design such a system, which will be able to ensure attachments that an operator of the loader
does not need to get off the loader cabin. Two engineering designs have been proposed. The first one has not met all
safety demands in case of emergency operation of the device. The second engineering device includes different hydraulic
systems. This design combines advantages of simplicity of structure, safety operation in case of hydraulic system failure,
fairly good price and minimal needs to modify the original structure.
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Abstract

This paper aims to propose a methodology for assessing the criteria for the effectiveness of transportation of intermodal
services “car on the train” named also motorail trains. The motorail trains offer service at which passengers can take
their car along with them on their journey. The passengers are carried in the train, while the cars are loaded separately in
specialized wagons of the same train. This study proposes a methodology based on the combination of Strengths-
Weaknesses-Opportunities-Threats (SWOT) analysis and multi-criteria Best-Worst method (BWM) to evaluate
different criteria for assessment the motorail transportation. The methodology of the research includes two steps. The
first step includes the SWOT analysis to identify strengths, weaknesses, opportunities, and threats related to passenger
railway transport. The sub-criteria for each SWOT group has been defined. A total of 31 sub-criteria are included in this
study. The second step includes the determination of the weights of the main criteria and sub-criteria. The Best Worst
Method (BWM) which is based on a linear programming method has been applied. It was found that the main
importance for SWOT group has the strengths group criteria. The methodology could be applied to evaluate different
alternatives of development of passenger railway transport based on defined criteria, sub-criteria and their weights.
KEY WORDS: SWOT analysis, BWM, multi-criteria analysis, passenger, car, train, motorail, railway transport

1. Introduction

The intermodal services of the type “car on the train” are also called a car shuttle train, car-carrying train or auto
trains. This technology allows passengers to transport from door to door their car. This service is common in many
countries. The motorail services are available for both domestic and international transport in many European countries.
Some regular day and night trains include car-carrier wagons.

It is important to evaluate the effectiveness of the introduction of this technology by analyzing predefined
criteria. The intermodal service of the type “car on the train” offers a number of advantages for users such as: passenger
comfort, opportunity to use free time, safety and security, environmental protection.

This paper aims to propose and assess the criteria for evaluating the service “car on the train”.

The SWOT analysis as a strategic planning technique to identify strengths, weaknesses, opportunities, and
threats related to the investigated system. The strengths and weaknesses are internal parameters, while the opportunities
and threats focus on the external environment. The SWOT analysis is an appropriate means to study the sub-criteria
related to the four parameters.

The SWOT analysis has been used by authors to make research on different purposes. The SWOT analysis has
been applied to select a logistic strategy [1], public transport [2], and other research fields and decision-making
activities [3-5]. The scenario for rail freight development, based on a detailed SWOT has been studied in [6]. SWOT
analysis is used to analyse inner and external factors of intercity mass transit, [7]. Thirteen sub-criteria have been
defined in SWOT groups and assessed by using AHP method. In [8] the Bus Rapid Transit transport has been analysed
based on SWOT analysis. The questionnaires have been applied and the results have been modelled based on SWOT
technique.

It should be noted that some authors only define the criteria in SWOT groups, while other authors additionally
determine the weights of the criteria using multicriteria analysis methods.

The novel contribution of this paper is the elaboration of a methodology for assessing the effectiveness of the
development of motorail service. The methodology consists of two steps. In the first step, the criteria in each SWOT
group have been defined. In the second step, the weights of criteria have been assessed based on Best — Worst Method.

2. Methodology

This paper proposes a new integrated approach based on the combination of SWOT analysis and Best-Worst
method for multicriteria analysis.

The methodology includes the following steps:

o Step 1: Defining the criteria for decision making. This step of methodology uses SWOT analysis as a
strategic planning technique to identify strengths, weaknesses, opportunities, and threats related to the investigated
system. This study proposes the following sub-criteria for each SWOT group:

o Internal strengths (IS): IS1 - Opportunity to use a restaurant; IS2 -Availability of free Time; IS3-Ability
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to use the Toilet; IS4 - Ability to use travel time for other activities; IS5 - Opportunity to sleep and rest; IS6 - Ability to
move during the trip; IS7- Security and safety of travel; IS8-Eco-friendly transport.

o Internal weaknesses (IW): IW1- Availability of loading and unloading operations; IW2 - Option for theft;
IW3 -Lack of specialized wagons; IW4 - Poor customer reputation; IWS5 - Increase in total transport time due to
additional handling operations; IW6 - Extra fees; IW7 - Low frequency of the trains; IW8 - Transportation only in
certain months.

o External opportunities (EO): EO1- Priority development of rail transport in the European Union; EO2 -
Make rail transport a national priority; EO3 - Increasing competitiveness of rail transport generated by the technological
development of the sector; EO4 - Development of intercity train services; EO5 - Increasing the speed of trains after the
reconstruction of the railway infrastructure; EO6- High toll road taxis.

o External threats (ET): ET1 - Increased motorway speed (shorter journey); ET2 - Improving the condition
of the road infrastructure; ET3 - Increasing the share of bus and coach transport; ET4 -Permanent decline in fuel prices;
ET5 - Poor condition of the railway infrastructure and delays in the implementation of infrastructure projects; ET6 -
Existing rail infrastructure does not allow the development of speeds that make the service offered competitively; ET7 -
High rental rates for specialized cars; ET8 — The reduced financial opportunity to purchase specialized wagons; ET9 -
Insufficient interest in customer service.

e Step 2: Determination of the weights of criteria.

This study applied the BWM method to calculate the weights of criteria. This approach uses a pairwise
comparison of the criteria. The decision maker identifies the most important criterion called best, and the criterion with
the opposite role called worst. The method uses linear programming to define the criteria weights. The methodology of
BWM consist of the following steps, [9, 10]:

o Determination of the best and worst criteria.

o Determination of the preference of the best criterion over all the other criteria.

o Determination of the preference of each of the other criteria over the worst criterion.

o Determination of the weights.

The experts give their preferences by using a linguistic scale for pairwise comparison for BWM. The scale
includes numbers between 1 and 9. Score 1 shows that the compared criteria have the same importance. The value 9
presents extreme importance. Table 1 presents the linguistic scale.

Table 1
Linguistic scale for pairwise comparison for BWM
Scale Score Scale Score
Equally important 1 Strongly more important 5
Equal to moderately more important 2 Strongly to very strongly important 6
Moderately more important 3 Very strongly more important 7
Moderately to strongly 4 Very strongly to extremely more important 8
important Extremely more important 9
The results Best-to-Others vector is as follow:
A, =(a,,a,,,....a,,), D
where a,; — preference of the best criterion B over criterion . In this case, a,,=1.
The results Others-to-Worst vector is as follow:
4, =(ay,,a,,,....a,, )T > (2)
where a; = preference of the criterion j over the worst criterion /. In this case, ay,, =1.
The following minimax model is formulated to determine the weights of criteria:
minm/qlx{|wg—aBj.wj|,|wj—ajW.wW|}; 3)
n
Z w; = L; (4)
Jj=1
ijO,forallj=1,...,n, %)

where w, — weights of criteria, j = 1,...,n.

The model given by formulas (3) — (5) is solved by transferring to linear optimization model as follow:
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miné&”; (6)
Wy —ayw,| <&, forallj; )
W, =@y | < ", forallj; ®)
Zw/. =1; )

=
ijO,forallj=1,...,n. (10)

The model given by formulas (6) — (10) is linear and has a unique solution. The optimal weights
(W ,W,,...,w,) and optimal value &* are obtained. The value &” is defined as the consistency ratio of the system. A
value closer to zero is desired for consistency.

3. Results and Discussion

The BWM method has been applied to determine the weights of SWOT criteria and sub-criteria. Six experts, two
specialists from academia and four specialists from BDZ Passengers service LTD, have been made group assessment of
criteria using scale 1-9, (Tab.1)

The assessment starts with the main SWOT criteria. The criterion Internal strengths (IS) have been selected by
the experts as the best criterion. The criterion External opportunities (EO) has been determined as the worst criterion.
Table 2 and Table 3 present the pairwise comparison for the best and the worst criterion.

Table 2
Pairwise comparison vector for the best criterion for main criteria
Internal Internal weaknesses
Best to Others strengths (IS) Iw) External opportunities (EO) | External threats (ET)
Internal strengths (IS) 1 2 3 3
Table 3
Pairwise comparison vector for the worst criterion for main criteria
Others to the Worst External opportunities (EO)

Internal strengths (IS) 3

Internal weaknesses (IW) 2

External opportunities (EO) 1

External threats (ET) 2

For the main group Internal strengths (IS), the sub-criterion Security and safety of travel (IS7) has been
determined as the best; the sub-criterion Opportunity to use a restaurant (IS1) has been determined as the worst. Table 4
and Table 5 presents the pairwise comparison.

Table 4
Pairwise comparison vector for the best criterion for Internal strengths (IS)
Criteria Best to Others IS1 1S2 IS3 1S54 IS5 IS6 IS7 IS8
IS7-Security and safety of travel 3 3 4 2 2 2 1 2
Table 5
Pairwise comparison vector for the worst criterion for Internal strengths (IS)
Criteria Others to the Worst IS1- Opportunity to use a restaurant

IS1- Opportunity to use a restaurant 1
IS2 - Availability of free Time
IS3 - Ability to use the Toilet
1S4 -Ability to use travel time for other activities
IS5 - Opportunity to sleep and rest
IS6 - Ability to move during the trip
IS7- Security and safety of travel
IS8 - Eco-friendly transport

WA WA A(—|~

For the main group Internal weaknesses (IW), the sub-criterion Lack of specialized wagons (IW3) has been
determined as the best; the sub-criterion Extra fees (IW6) has been determined as the worst. Table 6 and Table 7
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presents the pairwise comparison. For the main group External opportunities (EO), the sub-criterion Increasing the
speed of trains after the reconstruction of the railway infrastructure (EO5) has been determined as the best; the sub-
criterion High toll road taxis (EO6) has been determined as the worst. Table 8 and Table 9 presents the pairwise
comparison. For the main group External threats (ET), the sub-criterion Increased motorway speed (ET1) has been
determined as the best; the sub-criterion Increasing the share of bus and coach transport (ET3) has been determined as
the worst. Table 10 and Table 11 presents the pairwise comparison.

Table 6
Pairwise comparison vector for the best criterion for Internal weaknesses (IW)
Criteria Best to Others W1 w2 W3 W4 IW5 IW6 W7 TW8
IW3 - Lack of specialized wagons 3 4 1 3 3 3 2 2
Table 7
Pairwise comparison vector for the worst criterion for Internal weaknesses (IW)
Criteria: Others to the Worst IW6 - Extra fees
IW1- Availability of loading and unloading operations 1
IW2 - Option for Theft 1
IW3 - Lack of specialized wagons 3
IW4 - Poor customer reputation 2
IWS5 - Increase in total transport time due to additional handling operations 3
IW6 - Extra fees 1
IW7 - Low frequency of the trains 4
IW8 - Transportation only in certain months 2
Table 8
Pairwise comparison vector for the best criterion for External opportunities (EO)
Criteria Best to Others EO1 | EO2 | EO3 | EO4 | EO5 | EO6
EOS5 - Increasing the speed of trains after the reconstruction of the railway infrastructure 1 1 3 1 1 3
Table 9
Pairwise comparison vector for the best criterion for External opportunities (EO)
Criteria Others to the Worst EO6 - High toll road taxis
EOI - Priority development of rail transport in the European Union 3
EO2 - Make rail transport a national priority
EO3 - Increasing competitiveness of rail transport generated by technological development of the 5
sector
EO4 - Development of intercity train services 3
EOS - Increasing the speed of trains after the reconstruction of the railway infrastructure 4
EOG6 - High toll road taxis 1
Table 10
Pairwise comparison vector for the best criterion for External threats (ET)
Criteria Best to Others ET1 | ET2 | ET3 | ET4 | ET5 | ET6 ET7 | ET8 | ET9
ETI - Increased motorway speed (shorter journey) 1 1 2 3 2 2 3 3 3
Table 11

Pairwise comparison vector for the best criterion for External threats (ET)

ET3 - Increasing the share of

Others to the Worst bus and coach transport
ETI - Increased motorway speed (shorter journey) 3
ET2 - Improving the condition of the road infrastructure 3
ET3 - Increasing the share of bus and coach transport 4
ET4 - Permanent decline in fuel prices 1
ETS5 - Poor condition of the railvyay infrastructure'and delays in the implementation of 4

infrastructure projects
ET6 - Existing rail infrastructure does not allow the de?\{elopment of speeds that make the service 4
offered competitive

ET7 - High rental rates for specialized cars 3
ETS - Reduced financial opportunity to purchase specialized wagons 3
ETO - Insufficient interest in customer service 3
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The values of Consistency & for the main criteria and sub-criteria are shown in Table 12. It can be seen that
these values are closer to zero, which shows a high degree of consistency.

Table 12
Values of Consistency for main criteria and sub-criteria
Table Main criteria 1S W EO ET
g 0.07 0.08 0.07 0.03 0.05

The weights of the main criteria and sub-criteria are determined according to linear optimization model
(formulas 1-10) by using Solver in Excel. Table 13 shows the weights of the main SWOT group criteria, local weights
for each group and the global weights of sub-criteria. The global weights present the priority of all sub-criteria taking
into account the weights of the main criteria.

Table 13
Local and global weights of main criteria and sub-criteria
Sub- Local Global Sub- Local Global
Main criteria | Weight criteria weight weight Main criteria Weight criteria weight weight
IS1 0.044 0.019 EO1 0.207 0.026
1S2 0.096 0.043 EO2 0.207 0.026
IS3 0.072 0.032 EO3 0.080 0.010
IS4 0.144 0.064 EO4 0.207 0.026
IS5 0.144 0.064 EOS 0.241 0.030
1S6 0.144 0.064 External EO6 0.057 0.007
Internal 1S7 0.210 0.093 opportunities - - -
strengths (IS) 0.444 IS8 0.144 0.064 (EO) 0.123 - - -
W1 0.057 0.015 ET1 0.183 0.032
W2 0.078 0.020 ET2 0.183 0.032
IW3 0.241 0.063 ET3 0.118 0.020
W4 0.104 0.027 ET4 0.043 0.007
W5 0.104 0.027 ET5 0.118 0.020
W6 0.104 0.027 ET6 0.118 0.020
Internal W7 0.156 0.040 ET7 0.079 0.014
weaknesses W8 0.156 0.040 | External threats ET8 0.079 0.014
(Iw) 0.259 - - - (ET) 0.173 ET9 0.079 0.014

Fig. 1 illustrates the weights of the main SWOT group criteria. It can be seen that the main importance of SWOT
group has IS - Internal strengths, (0.444).

Fig. 2 presents the global weights of all sub-criteria. It can be seen that the main importance have the criteria:
IS7 - Security and safety of travel (0.093), IW3 - Lack of specialized wagons (0.063); IS4 - Ability to use travel time for
other activities (0.064), IS5 - Opportunity to sleep and rest (0.064); IS6 - Ability to move during the trip (0.064); IS8 -
Eco-friendly transport (0.064).
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Fig. 1 Weights of main SWOT criteria

Fig. 2 Weights of the sub-criteria
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3. Conclusions

In this research has been developed a methodology for evaluating the development of intermodal services of the
type “car on the train” by applying SWOT analysis and Best-Worst method. The sub-criteria related to the strengths,
weaknesses, opportunities and threats have been defined. Thirty-one sub-criteria have been defined in SWOT groups. It
was found that the main importance of SWOT group has the IS - Internal strengths, (0.444). The main importance has
the sub-criteria: IS7- Security and safety of travel (0.093), IW3 - Lack of specialized wagons (0.063); IS4 - Ability to
use travel time for other activities (0.064), IS5 - Opportunity to sleep and rest (0.064); IS6 - Ability to move during the
trip (0.064); IS8 - Eco-friendly transport (0.064). The received results for the weights of criteria could be used to rank
the alternatives of transportation by motorail trains. In this case, an application of other multi-criteria methods is
needed.
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Abstract

In the gravity shunting process, many factors influence the moving wagons. They change the rolling speed. External
influences come from the environment. Internal ones depend on the construction of single wagons, the structure of the
groups of wagons and also the sort of transported cargo. These influences are variable as a function of distance and
time.

Automatic shunting control systems should provide the fast, accurate and safe wagons movement to the appropriate
directional tracks. The basic tasks of these systems include the automatic operation of switches and automatic speed
control. There is required an ability to forecast changes in the movement of groups of wagons and appropriate impact in
individual areas of marshalling yard.

The cost of testing new automated control systems is high. During the tests there is a danger for the safety of people,
rolling stock and station infrastructure elements. Therefore, an important role in the research process plays the models
of the gravity shunting process and the ability to simulate the movement of wagons.

The article discusses the use of a simulator of the wagon shunting process during research carried out by the author.
KEY WORDS: marshalling yards, wagon shunting control systems, railway transport safety

1. Introduction

Sorting of trains at automated marshalling yards should ensure the safe movement of individual wagons to the
appropriate marshalling tracks. At stations equipped with a hump, wagons move as a result of the conversion of
potential energy into kinetic energy. The basic element of the shunting process is acceleration and retardation of the
wagons. Accelerated from the hump wagons are moving independently [1]. Therefore, it is necessary to use braking
devices (rail brakes) that reduce their kinetic energy and allow speed regulation.

The initial kinetic energy of the shunting wagons (exceeding the top of the hump) is proportional to the speed
that the locomotive pushes the train. During the movement of the wagons from the top of the hump to the destination
point in the marshalling track, the potential energy gradually decreases due to the track inclination.

During rolling down, the kinetic energy of the wagons is being gradually reduced due to various factors. External
- coming from the environment and internal - depending on the technical parameters of the wagons. Among others,
these includes: resistance (depending on the structure of the wagons, their technical condition, weight, weather
conditions), aerodynamic resistance (depending on the shape and size of the front and side surfaces of the wagons, wind
strength and direction), the technical condition of the tracks, type of load transported, interactions (collisions) between
the set of shunting wagons.

The wagon shunting process should enable the displacement of each set of wagons to the correct marshalling
track, reach the appropriate place in the track (target point), and arrive at standing wagons with safe speed.

If several sets of wagons are moving on the selected marshalling track at the same time, the location of the target
point changes dynamically. The speed control system must enable forecasting the location of the target point, e.g. by
estimating the results of measuring the movement parameters an individual set of wagons.

2. Automatic Speed Regulation in Marshalling Control Systems

In Poland, two braking positions are used at automated marshalling yards. On the way of rolling down wagons,
there are built: brakes of 1st position (in the track lead of the station) and brakes of 2nd position (in marshalling tracks).
These are electrohydraulically controlled clasp brakes (Fig. 1).

On the way of rolling down the wagons, there are various restrictions on the speed limit. These limitations are a
result of the variable geometry of individual tracks, their technical condition, as well as the technical parameters of
built-in infrastructure elements.

Restrictions concerns:

— speed of pushing the train on the marshalling hump;

— speed of wagons entry onto brakes of 1st and 2nd position;

— traffic speed at switches;

— speed of traffic on track curves;

— speed of the reach to the point of destination (wagons standing on marshalling tracks).



Fig. 1 Clasp brake type ETH on 1st braking position

The time-limited restrictions are also introduced by the current traffic situation in the rolling area of the wagons.
For safety reasons and to enable operation of switches, it is necessary to maintain the required speed differences
between a successive set of wagons in the track lead of the station, as well as in marshalling tracks. It is also important
to maintain appropriate spacing between successive wagons in the track brake zone.

One of the tasks of the automatic control system is to assess the traffic situation at the marshalling yard
(including control of the switches and marshalling tracks occupation, shunting speed monitoring), forecasting the
displacement of wagons in zones Sp1 and Sp2 (Fig. 2) and appropriate adjustment of their speed according to the needs
and restrictions.

Point of destination
wy
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Fig. 2 Arrangement of brakes (B) and switches on the way of rolling down the set of wagons (W) and the zones of
forecasting the movement of the Sp1 and Sp2

The intensity of external and internal interactions that cause the reducement of the kinetic energy of the wagons
is changing dynamically, also as a function of time and also as a distance. Therefore, forecasting the value of the
movement parameters of the wagons at individual points of the way is usually wrong [2]. Safe achievement of the target
point requires monitoring the position of individual wagons and their speed changes. Also important is the ability of
effective counteraction of the effects of existing impacts.

3. Simulation in the Research of Automatic Shunting Control Systems

The correct functioning of the automatic shunting control system (ASC) affects not only the efficiency of the
marshalling, but also the safety of this process. Errors in the functioning of the automatic control system can lead to the
occurrence of dangerous events. Cause a threat to the health or life of employees, damage to of rolling stock or cargo as
well as infrastructure elements of the marshalling yard.

Therefore, before the start of the functional tests of the ASC system at a real marshalling yard, laboratory
experiments are carried out using simulators. Their goal is to assess the correct functioning of the ASC system in
various, often atypical, conditions of wagons movement. In particular, the simulator allows you to evaluate and
optimize the rail brake control algorithm in the wagons speed control process.

The algorithm of controlling the system's executive elements must be adapted to the topology of the marshalling
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yard for which the ASC system is intended. Therefore, the simulator maps the station's track system (Fig. 3), the
location of switches and the arrangement of individual system components (rail brakes, speed meters, track sensors,
etc.).

Fig. 3 Diagram of the station track system on the screen of the shunting process simulator

The built mathematical model enables prediction of changes in kinetic energy of the wagons during free rolling
from the hump and changes in their speed under the influence of rail brakes.

In the used model, it is possible to define, inter alia, the number of wagons that are shunted, their mass,
resistance to movement and the frequency of rolling down from the hump [4].

Visualization of the marshalling process, on the simulator screen (Fig. 4), allows you to observe the course of
individual experiments and assess the correctness of the control algorithm.

Fig. 4 Visualization of the marshalling process on the simulator screen

Tests performed using the simulator allow you to check the functioning of the system:

— during the marshalling of wagons with different traffic parameters;

— at different speeds of run into the rail brakes;

— at different required exit speeds from the brake;

— for different time sequence of the wagons rolling down from the hump;

— for rolling stock diversified in terms of quantity and technical parameters (mass, length, running resistance,
number of axles, etc.);

— in various, typical and rarely seen, as well as dangerous movement situations.

During the research on the new asc system, the simulator was mainly used to define the correctness of the rail
braking algorithm. The experiments also allowed to evaluate the effectiveness of speed regulation in various movement
situations. In particular, they allowed to check:

— correctness of the implementation of braking when the actual wagons speeds exceeded the set values;

— correctness of brake release when the real speed of the wagon reached a value close to the set speed;

— correct system response in the event of wagon acceleration in the braking zone (function of additional
braking) and exceeding the required speed;

— correctness of the system response in the event that the system detects the entry of the next wagon into the
braking zone during the stay in this zone of the previous wagon (overtaking function).
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The use of a simulator make it possible to carry out a large number of experiments. Performing this number of
tests in real conditions at the marshalling yard would be very expensive. Making them would require many months of
work. Some experiments could lead to dangerous situations. It could be a threat to people, used rolling stock and the
marshalling yard infrastructure.

Positive results of tests carried out with the use of a simulator allowed to start field tests of the ASC system
installed at the marshalling yard.

4. Conclusions

Each of shunting wagons can be treated as an entity that exists from the moment of train decomposition when it
is pushed on to the hump until a new train is created on the marshalling track.

The entity (wagon) can be described by a set of attributes (technical parameters) and a set of features of its
dynamic state (speed and position of the way of rolling down) [3].

The control system of the wagon shunting process (and in particular the automatic speed control system) should
be a follow-up system. Speed regulation should take into account the values of the attributes of individual wagons and
changes in their dynamic state caused by external and internal factors.

Field tests of new automatic marshalling systems should be preceded by laboratory tests using mathematical
modeling. Experiments made by using the simulator significantly speed up the research process and reduce its cost.
They allow you to check the effectiveness of the system in various, often unusual or rare scenarios of the wagon
shunting process. They also enable the analysis and assessment of the system operation and optimization of the control
algorithm and its adaptation to the local parameters of the marshalling yard.

They allow you to eliminate unacceptable behavior of the control system, guaranteeing its safe operation in real
field conditions.
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Abstract

Today's turbulent and highly competitive market environment forces companies to continually improve and streamline
their processes. One of the management and planning tools is modelling and dynamic simulation of business processes.
It allows to model selected processes and simulate various proposed changes in processes in order to determine if these
changes will improve the current situation. Logistic centres are one of the most important points of the logistic
infrastructure, as they are usually supplied with different modes of transport. There are many logistic processes in logistic
centres that need to be constantly monitored, analysed and improved. The logistic process of sorting consignments
for further distribution is modelled and dynamically simulated using Witness Horizon Manufacturing Performance
Edition software within this article. The aim of this paper is to improve the logistic process of consignments sorting using
modelling and dynamic simulation.

KEY WORDS: dynamic simulation, logistic process, consignment, logistic centre

1. Introduction

In today's globalization, logistics has become one of the value added generators for the customers. Deconcentrating
of demand and supply, increasing customer’s demands lead to increased logistic costs. It leads to a decrease in the sales
margin or an increase in prices. It is therefore necessary to improve logistic processes. Simulation is an effective tool
for improving logistic processes [1]. The use of analytical techniques alone cannot completely analyse and optimize
the logistic system. However, the simulation technique can show a specific state and identify the obstacle and idle source
of the system, which provides a detailed description of the actual process information and production of the logistic
system. Nowadays, simulation tools can replace experiments, design and improve systems, train and learn
operators. All measures are designed to operate in an environmentally friendly and cost-effective way [2]. Simulation
tools are becoming increasingly knowledge warehouses that flexibly and extensively guide the entire life cycle of a device
from planning to dismantling. The isolated solution of partial tasks reaches its limits: complex manufacturing processes
require a comprehensive view of the system and interdisciplinary work. This is especially true for process engineering
(unit operations) and logistics (material and information flow). In addition, it is known that an economically successful
process alone is not the sum of optimally functioning components. Understanding the interdependencies of all process
subsystems enables trouble-free and convenient production. In this context, it is essential that holistic evaluation
and improvement develop an integrative linkage of the corresponding simulation tools already used successfully in sub-
disciplines. The assessment of overarching strategies and boundary conditions is another necessity.

With the rapid development of the economy, the development of logistic companies around the world is facing
a major challenge, in particular, logistic companies generally lack basic competitiveness, efficient logistic processes and
awareness of service innovation is not strong [3].

Logistic processes exist, directly or indirectly, in any business operation. More than ever, the complexity of logistic
operations is increasing as they are influenced by changes in technology, business globalization, the nature of the
workforce, and political and environmental factors. As these logistic processes become more complex, they are more
difficult to analyse and modify to achieve optimal business logistic operations [4]. Today, many business-modelling tools
are available to assist in analysing and identifying logistic processes. Although considerable progress has been made in
supporting supply chain modelling and logistic network optimization, there is still a need for integrated modelling of
logistic processes.

The aim of this paper is to improve the logistic process of consignments sorting using modelling and dynamic
simulation using Witness Horizon Manufacturing Performance Edition software.

2. Theoretical Background

Process modelling plays an important role in any organization. One of the potential area of modelling is logistic
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process. Understanding these processes and presenting them as models allows to identify possible problems and provide
solutions. Modelling requires the acquisition of skills to describe the studied reality in a way that reflects its most
important characteristics but is not very complex. Simulation offers many potential solutions and allows iteration
of a previously developed model. This can help optimize all logistic processes [5]. Simulation models are important
for the planning, implementation and operation of logistic systems because they can display their dynamic system
behaviour [6]. Computer simulation is a well-accepted tool for modelling the behaviour of large or complex operational
logistic systems [7]. Logistic systems and processes are exposed to a number of risks that may arise from various negative
scenarios. A characteristic feature of these risks is that they often simultaneously have an impact on both goods and the
environment. A key parameter in the reliability assessment is the selection of appropriate methods, techniques and models
in relation to the specific characteristics and characteristics of the logistic system under consideration and the available
information and resources. Risk modelling is a dynamic process that involves a wide range of activities and skills,
including system or process analysis, development, testing, simulation and application of methods and models, and
periodic enhancements and fixes. Logistic processes often have considerable uncertainty associated
with their complexity, the reliability of available information on current risks, and the availability of various statistical
parameters from the previous period [8]. Distribution logistics is the last link in online shopping, whose importance grows
with increasing demand from the company. Whether the goods can be delivered to consumers on time affects consumer
satisfaction with this purchase directly [9].

Simulation modelling techniques are one of the basic tools used to identify, analyse and optimize logistic processes
and systems [10]. Many modern logistic process simulation tools use discrete event simulation. References to discrete
event simulation applications in logistics can be found in [11-14]. This kind of simulation is very useful and often the
only tool supporting analysis of complex logistic systems, including their dynamics.

The logistic industry has also transformed itself into a rapid development phase. Distribution costs are estimated
to account for more than 50% of total operating costs. This problem needs to be urgently addressed. In addition,
distribution logistics as one of the three main logistic content (distribution, warehousing and management) includes
planning management, distribution tools, distribution routes, delivery time, natural environment, human resources, etc.
More important is the distribution logistics. Therefore, today it pays great attention to optimizing and analysing
distribution logistics, shortening delivery times, improving distribution efficiency and reducing distribution costs [15].
Distribution tools are essential throughout the process, which takes up considerable resources under uncertainty
of requirements. To dramatically reduce logistic costs, this reduction is significant through optimization [9, 15].

Foreign scientists have often discussed and studied factors affecting the core competencies of logistic companies
from different angles and methods for improving the core competencies of logistic companies in the field of logistic
processes [16-19]. Distribution logistics costs represent the highest proportion of total logistic costs and its rationalization
can bring great business and competitive advantages [20]. Resource planning as well as proper distribution logistics are
critical steps in managing complex logistic networks [21].

3. Methods

Authors used method of dynamic simulation using simulation software which is called Witness Horizon
Manufacturing Performance Edition software (hereinafter referred to as Witness Horizon). Dynamic simulation enables
to virtually streamline processes before their implementation. It is important that processes can be simulate without
unnecessary risks and needless waste of money.

Authors created layout of logistic centre which is focused on the logistic process of sorting consignments. Figure
1 shows layout of the logistic process of sorting consignments. The aim of this paper is to improve the logistic process
of consignments sorting using modelling and dynamic simulation. Logistic centre uses a high level of automation
(primarily automatic identification technology — bar codes and QR codes and system of belt conveyors).

The simulation model consists of following basic elements:

e consignments;

e input gates;

e system of belt conveyors;

e machines (bar code scanners);

e output gates.
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Fig. 1 Layout of logistic centre (simulation model) with Witness Horizon software

The second [s] is the base time unit of the model and the conveyor speed [m/s] is the basic variable parameter of
the model. There are listed parameters of the simulation model in Table 1.

Table 1
Parameters of the simulation model
Simulation parameters
number of input gates 5
number of consignments per gate 5000
number of output gates 7
time of picking one consignment at the input gates [s] Triangle distribution (8, 12, 17)
number of consignments picked at one time per gate 1
the first consignment picked up in time [s] 0
001 — 005 conveyor speed [m/s] S
006 — 009 conveyor speed [m/s] 52
010 conveyor speed [m/s] 53
012; 014; 015; 016; 017; 018 conveyor speed [m/s] S4
011; 013;019; 020; 021; 022; 023 conveyor speed [m/s] S5
024 conveyor speed S6
scan speed of 1 consignment by reader (machine) [s] 2
reader failure rate (frequency) Uniform distribution (175, 360)
fault repair time of reader (machine) [s] 10
total simulation time [s] 28 800

The total simulation time was 28 800 s which is 8 hours (one shift). The aim of the dynamic simulation was to find
the optimal speed of the conveyors in the individual groups (variable s; — s¢) in order to sort the maximum number
of consignments during the total simulation time. The authors performed several simulations and based on the evaluation
of statistics of individual elements of the model, the variables 51 — s were adjusted.

There are listed parameters of individual simulations in Table 2.



88

Table 2
Parameters of individual simulations
Simulation parameters Simulation 1 | Simulation 2 | Simulation 3
number of input gates 5
number of consignments per gate 5000
number of output gates 7
time of picking one consignment at the input gates [s] Triangle distribution (8, 12, 17)
number of consignments picked at one time per gate 1
the first consignment picked up in time 0
001 — 005 conveyor speed [m/s]........ S 5.6 4.7 2.8
006 — 009 conveyor speed [m/s]........ 52 2.8 2.8 3.0
010 conveyor speed [m/s]............... 53 2.2 2.8 2.1
012;014; 015; 016; 017; 018 conveyor speed [m/s]...... S4 3.0 2.6 2.8
011;013;019; 020; 021; 022; 023 conveyor speed [m/s].... s5 6.9 4.2 3.0
024 conveyor speed ................. S6 3.0 2.8 2.8
scan speed of 1 consignment by reader (machine) [s] 2
reader failure rate (frequency) Uniform distribution (175, 360)
fault repair time of reader (machine) [s] 10
total simulation time [s] 28 800
sorted consignments in total [pieces] 10859 | 11660 | 9432

Witness Horizon enables 2D visualization of the dynamic simulation of the model (see Fig. 2) and thus it is
possible to identify bottlenecks and subsequently to improve the logistic process of sorting consignments.
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Fig. 2 Demonstration of simulation in software interface of Witness Horizon
4. Results and Discussion

Individual simulations were evaluated according to conveyor s statistics (see Figure 3). The activity of conveyors
during the total simulation time can be divided into three parts:

e % Empty — the conveyor moves without consignments;

e % Move — the conveyor moves with consignments;

e % Blocked — the conveyor is temporarily blocked.

Furthermore, authors evaluated according to the maximum number of sorted consignments during the total
simulation time.
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ue Witness
Conveyor Statistics Report by On Shift Time
Name % Empty % Move % Blocked
Conveyor024 8558 13.99 043
Conveyor001 54.34 36.85 6.81
Conveyor002 52.07 38.94 8.99
Conveyor003 4818 38.89 12.92
Conveyor(04 43.03 36.65 18.32
Conveyor(05 4534 38.59 16.07
Conveyor006 0.02 593.01 6.97
Conveyor007 0.02 8742 1257
Conveyor008 0.02 81.13 18.85
Conveyor009 0.02 76.64 23.34
Conveyor(10 0.02 79.58 20.40
Conveyor011 42.01 57.99 0.00
Conveyor012 0.13 96.67 3.19
Conveyor(13 50.90 4510 0.00
Conveyor014 0.28 97.70 2.02
Conveyor(15 042 98.20 1.38
Conveyor(016 0.63 98.60 0.76
Conveyor017 1.26 98.15 0.59
Conveyor(18 508 94 68 0.24
Conveyor(019 56.73 4327 0.00
Conveyor020 63.62 36.18 0.00
Conveyor(21 71.26 2874 0.00
Conveyor022 ha.02 41.98 0.00
Conveyor(023 46.12 53.88 0.00

Fig. 3 Conveyor's statistics - simulation 2

The best results were obtained in simulation 2 (see Table 2). 11 660 consignments were sorted for the total
simulation time (8 hours). This simulation also showed the best results in terms of conveyor’s statistics (no value
% Blocked was extremely high).

5. Conclusion

The simulation of the production process is an excellent tool for the data analysis, which takes place in almost
every production company. It is possible to monitor all areas in the company that produces any product through the
dynamic simulation. The aim of this article was to improve the logistic process of consignments sorting using modelling
and dynamic simulation. Authors performed several simulations which were evaluated and compared with each other.
Using modelling and dynamic simulation were found the optimal speed of the conveyors in the individual groups (variable
51— 86) as shown in Table 2.

Witness Horizon software is an important tool to support logistic planning and optimization of logistic processes
because dynamic simulation enables to virtually streamline processes before their implementation in practice.
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Abstract

One of the aspects that negatively affects the quality of peoples’ life is a crime and other anti-social activities. The
offenders of such activity use a variety of forms that are specific and in many cases sophisticated. Unlike other anti-
social activities, crime has a criminal character. In most cases, the economic but also social consequences of crime are
much greater than those of other anti-social activities. However, the negative impact on the quality of life is primarily
caused by crime, of which people have the knowledge and feels himself. Subjective feeling often does not correspond to
the real state, which can be expressed based on objective crime statistics. The most common type of crime that occurs in
society is property crime. This type of crime may include crimes related mainly to theft. A typical feature of theft is the
appropriation of unauthorized property benefits without the use of violence. The offender's subject of interest may be
varied. Where the finances themselves are not of the offender's interest, the offender is mostly interested in the theft of
valuable and easily monetizable articles. Such articles include motor vehicles. Theft of motor vehicles is one of the
most common forms of theft. The paper focuses on the investigation of the theft of motor vehicles and articles them
from the objective and subjective side in the selected region. The aim of the paper is to confront objective statistical
data on the theft of motor vehicles with the subjective perception of such thefts by citizens in the selected region

KEY WORDS: motor vehicle, theft, region, crime prevention

1. Introduction

Crime and other anti-social activities belong among the phenomena that significantly negatively affect the
quality of life of each individual. This negative phenomenon is influenced by many aspects, which can be sociological,
psychological, but also economic. The process of globalization, coupled with technological progress, has caused
offenders of crime and other anti-social activities to use new, more sophisticated methods, which is also linked to the
emergence of new forms of crime. Despite the emergence of new forms of crime, there is still a crime in society, which
can be considered traditional.

The most widespread type of crime in Slovakia is property crime. Despite its annual decline, property-related
crimes belong among the most numerous types of crime. Property crimes can also include theft of motor vehicles, their
parts or things from these vehicles. An objective view of the mentioned thefts is provided by crime statistics. However,
in order to know the real situation, it is necessary to supplement this objective side of thefts with a subjective side. An
objective view of the thefts of motor vehicles and things from them can be found on the basis of a survey. By finding
out the real state of the issue, it is possible to propose new and effective forms of crime prevention, which could be
implemented by state or private entities in practice.

2. Crime and Other Anti-Social Activity

Crime is a special phenomenon that disrupts the harmonious functioning of society and takes various forms. It
negatively affects the life and health of the individual, population groups, but also the whole society and causes
material, spiritual, mental, physical and other damage [1]. Criminal law can define crime as an illegal act, the features
of which are listed in the Criminal Code [2, 3]. As other anti-social activity it is possible to consider the conduct that is
an offense or other administrative offense, or conduct that is not an offense or other administrative offense, but has a
negative effect on society [2]. Crime can, therefore, be considered more serious than other anti-social activities. The
seriousness of this type of illegal act can be manifested not only in terms of damage to property, but especially in harm
to the health or life of the victim.

Criminology is a specific scientific discipline that deals with a crime as a social phenomenon, the investigation
of the causes and conditions of its origin, the issues of its prevention and the issues of the investigation of victims of
crime. The study of criminological factors creates a precondition for criminological research, on the basis of which it is
possible to propose effective and efficient measures for crime control [4]. Crime control (also called fight against crime)
involves prevention and repression. Crime prevention (and other anti-social activities) means targeted, planned,
coordinated and comprehensive action on the causes and conditions that cause or facilitate crime (and other anti-social
activities), with a view to preventing and suppressing it [2]. Crime repression (and other anti-social activities) is the
opposite concept to crime prevention (and other anti-social activities). Crime repression (and other anti-social activities)
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means its suppression using violent but legal means.

In order to examine the regularities between crime and other social phenomena, it is necessary to observe and
describe the crime. The first task of any sociological, and therefore also criminological, research is to describe crime
through criminal statistics. In this context, it is necessary to distinguish the phenomenology of crime from the etiology
of crime. The crime phenomenology deals with the study of both quantitative and qualitative variables of crime, which
can be expressed exactly. The crime etiology deals with the study of the very causes and conditions of crime [5]. In the
phenomenology of crime, it is necessary to examine 5 variables, which are shown in Fig. 1.

Fig. 1 Variables of crime phenomenology research [1]

The state of crime indicates the number of committed crimes or the number of persons who committed these
crimes at a certain time in a certain place. The state of crime is given in absolute numbers. The level of crime is
calculated from the number of crimes committed at a certain time in a certain place with respect to the population. The
level of crime is usually expressed by a coefficient per 10,000 or 100,000 inhabitants, called the crime index. The
dynamics of crime characterizes the development of crime within a certain period of time (e.g. 10 years). The tendency
of crime expresses the future development of crime as well as the direction of its change (decreasing, stagnant,
increasing). The structure of crime determines the share of individual types and groups of crimes in the total number of
all crimes committed in a certain place during a certain period of time. It, therefore, expresses the qualitative aspect of
the state of crime [1,4,7]. In the conditions of Slovakia, there are distinguish the following types of crime [5, 8, 9]:

e Violence crimes — Murder, robbery, organized crimes, extremism;

e Moral crimes — Rape, sexual abuse, human trafficking;

e Property crimes — Theft;

e Other crimes — Drug crimes, illicit armament, arson, rioting;

e Remaining crimes — Military crimes, crimes against the republic, traffic crimes;

e Economy crimes — Corruption, embezzlement, fraud, copyright infringement.

Among the mentioned types of crime, the most frequently occurring type of crime in Slovakia is property crime.
Property crime occurs despite the enormous security of homes with mechanical barriers, cylindrical inserts, video
surveillance systems or alarm systems [10, 11]. The motive for property crime is most often [1]:

e acquiring movable property for oneself or others;

e causing damage to foreign movable and immovable property;

e securing an above-standard way of life other than one's own abilities.

The goal of property crime is profit by obtaining cash, securities and lucrative tangible assets. Property offenders
can be classified according to various aspects. One of the classifications is the division of offenders according to the
subject of interest. The offenders are mostly interested in the theft of funds, jewelry, works of art, antiques, collections,
electronics, luxury clothing, but also motor vehicles and their parts. According to the method of committing, it is
possible to divide the offenders of property crimes into offenders who perform the crime in a professional way and
offenders who used the current situation to commit the crime. A typical offender of property crime is a novice male
offender, young under the age of 30 with basic education, unemployed, addicted to alcohol or drugs, extrovert (social,
accessible, sensitive, carefree) with elements of choleric (lability, impulsivity, dissatisfaction, mood swings) [1, 12, 13].
Fig. 2 shows the share of property crime in total crime and the share of selected types of property crime (theft of motor
vehicles, theft of things from them and theft of their parts) in total property crime in Slovakia.
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Fig. 2 The share of selected types of crimes in total and property crimes in Slovakia [14]

Almost half of all crimes recorded in Slovakia in 2010 were related to property crime. In the observed period, the
share of property crime in total crime gradually decreased. In 2019, one third of all recorded crimes were property
crimes. By analyzing property crime, it is possible to find out how many crimes were related to thefts related to motor
vehicles. The most numerous group is represented by the theft of things from motor vehicles. In the monitored period,
the share of thefts of items from motor vehicles related to property crime decreased by half. However, in absolute
numbers, this type of theft decreased from 6,631 recorded crimes to 1,431. The share of thefts of motor vehicles related
to the total number of property crimes is stable and does not change significantly in the observed period. The number of
such thefts decreases in direct proportion to other property crimes. In the observed period, the number of these thefts
decreased from 3,104 to 1,042. The smallest group of property crimes related to motor vehicles are thefts of their parts.
The share of these crimes related to property crime is less than 2 percent and is slightly declining. In absolute numbers,
it can be said that the number of recorded thefts of vehicle parts in the observed period decreased from 624 to 219.
Fig. 3 shows the share of property crime in total crime and the share of selected types of property crime (theft of motor
vehicles, theft of things from them and theft of their parts) on total property crime in the Zilina Region.
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Fig. 3 The share of selected types of crimes in total and property crimes in Zilina Region [14]

Also in the Zilina Region, at the beginning of the observed period, the share of property crime in total crime was
almost 50 percent. Every year (with the exception of 2013), this share of property crime in total crime decreased and in
2019 it fell below 30 percent. In absolute numbers, the number of recorded crimes decreased from 10,551 to 6,983 in
the observed period, while property crime decreased from 5,214 property crimes to 2,029. However, the share of thefts
from motor vehicles in relation to total property crimes was above national average. In 2015, this share reached a value
of almost 18 percent. However, the share of the number of thefts of motor vehicles in relation to total property crime
has recently started to increase. Although at the beginning of the observed period this share fluctuated between 6 and 7
percent, in 2016 this share exceeded 7.5 percent and in 2019 it climbed to almost 8 percent. However, in absolute
numbers, there is a decrease in these crimes from 330 to 181. Thefts of vehicles parts in the Zilina region were above
the national average at the beginning of the observed period. From 2010 to 2014, the share of thefts of vehicles parts in
relation to total property crime was around 4 percent. From 2015 to 2019, this share fell to an average of less than 2
percent. In absolute numbers, almost 200 cases of these thefts were recorded per year in the first half of the observed
period, while in the second half of the observed period they fell to around 60 cases per year.
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3. Survey of the Perception of Motor Vehicle Theft

The subjective side of the perception of the state of crime can be found on the basis of a survey conducted
among citizens. Based on the survey, it is also possible to detect a latent form of crime (crimes that citizens did not
report). By combining the objective and subjective side, it is possible to create a realistic view of the issue [15]. To
examine the subjective perception of theft of motor vehicles, a survey was conducted on a sample of 206 respondents
living in the Zilina Region. Fig. 4 shows the type of crime that respondents consider to be the most serious.
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Fig. 4 Respondents' perception of the crime severity

Based on the results of the survey, it can be stated that citizens consider property crime to be the most serious
type of crime that occurs in their surroundings. A major problem for respondents is also the occurrence of drug crime.
Other part of the survey focused on property crime in terms of theft of motor vehicles. Fig. 5 shows the subjects of
interest that were most frequently stolen from respondents.
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According to the respondents, the most common subject of interest of offenders of property crime was a motor
vehicle. The second most common answer - theft of car-radios, is very closely related to the theft of motor vehicles. A
large number of property crime offenders also focus on the theft of electronics - notebooks, tablets, mobile phones etc.
Fig. 6 shows the form of vandalism that respondents encountered in their motor vehicles.

Vandalism is a very common type of crime or other anti-social activity. The most common form of vandalism
encountered by respondents is scratching the paint. Theft of vehicle parts is also a very common type of vandalism.
Uncommon responses include tire damage (puncture or deflation) and theft of vehicle signs or logos. Rarely,
respondents also encountered car body damage and broken windows. Fig. 7 shows the amount of financial damage
caused to the respondents by the damage of the vehicle.
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Fig. 7. The amount of damage caused to the vehicle

The offenders of property crime, by their activities, in most cases caused only small-scale damage in the amount
of € 100 to € 999. Damage in the amount of € 10,000 to € 14,999, which was identified by almost a third of
respondents, is also highly represented. Public car parks are among the places where car thefts are most common. There
is also a small representation of parking lots of companies, garages, hotel parking lots, or even parking lots at gas
stations. Very striking information from the survey is that almost 60 percent of motor vehicle thefts occurred during the
day. This fact confirms the unwritten rule that theft occurs mostly during the day, not at night. More than 90 percent of
thefts of motor vehicles and their things from them were reported to the police. Nevertheless, it is necessary to
encourage the reporting of all types of such thefts, as they may also be related to other property crimes.

4. Conclusions

Crime can be considered a phenomenon that negatively affects a person's quality of life [16, 17]. Crime occurs at
a certain time and place. The role of the state security forces is to take measures to minimize this anti-social activity by
effective measures. It is possible to propose and implement such measures only on the basis of knowledge of the
regularities of committing this activity. Crime can be examined on the basis of objective indicators of crime - statistics.
However, crime statistics can be greatly influenced by latency. In order to know the real state of crime, it is necessary to
reveal the subjective perception of this phenomenon by citizens through a survey [18, 19].

One of the types of crime that negatively affects each individual is property crime. This fact is also confirmed by
the realized survey. Based on official statistics, it is possible to confirm that thefts related to motor vehicles have a large
share in the total property crime. Damage caused by crime related to the theft of motor vehicles, their parts or things
from them in most cases ranges from € 100 to € 999. Vandalism also plays an important role in these types of crime,
which most often manifests itself in the form of paint scratches, theft of vehicle parts, or tires damages. The
conscientiousness of citizens in reporting this form of crime can be described as very positive. State security forces, as
well as private entities, should develop measures to reduce this type of crime and raise citizens' awareness of how to
effectively defend against this negative phenomenon. It is also necessary to continue national projects such as "Car is
not a shop window", which warn citizens not to leave valuables in cars in visible places.
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Abstract

This article contains the analysis of possible investment ways for the development of industrial technologies on the
example of railway transport and the associated decision-making process. A risk assessment method was used in this
study when introducing innovative technical solutions for improving friction interaction in a two-point «wheel-rail»
contact, which is based on the Monte Carlo method. The result of simulation modeling is forecasting of the most and
least risky technical solutions for introducing them in railway transport and reducing such risks.

KEY WORDS: making decisions, risk, innovation activity, studies, risk management, introduction, railway transport

1. Problem Statement

Aging of Ukrzaliznytsya, JSC fleet of trains, the technical condition of which does not meet modern
requirements, the end of the normative life of most locomotives, freight, passenger cars and other rolling stock require
the introduction of innovative technologies and technical solutions.

Investments are the main method of extended reproduction of capital stock. Innovative investment is one of the
promising investment methods in the advanced countries of the world. A study of the state of innovation in the railway
industry of Ukraine indicates that its level remains low. Namely, the share of enterprises that implemented innovations
is about 11% - 12% [1, 2]. The main reason, which hinders innovation in industry was and remains the risk of
introducing new technical solutions, according to the State Committee on Statistics of Ukraine [3].

Decision-making support suite of tools is essential for increasing the efficiency of decision-making on the
implementation of innovative projects at a machine-building enterprise. It shall include an assessment of the level of
risks and economic security, which shall be carried out using expert assessments and allows increasing the likelihood of
making the right managerial decision.

2. Actual Scientific Researches and Issues Analysis

A study of foreign experience indicated that investments in innovative activities of enterprises are on average
highly cost-effective, despite the significant risk of such investments and a long payback period. Moreover, investments
in scientific developments bring effect not only to a single enterprise, which implements them, but also to society as a
whole [4]. While assessing the efficiency of investments in the innovative activity of enterprises, there is a risk that
when choosing individual innovations for such studies, it is necessary to consider those that provide a high return on
investment.

Traffic safety during the transportation of freight and passenger trains is the main criterion for assessing the risk
in railway transport. It is customary to characterize the level of safety with the probability of the implementation of
certain dangers and threats, occurring phenomena and processes that are accompanied by the formation of factors that
negatively affect the person and the environment. This is the mathematical expectation of the most important types of
damage [5].

Possible scenarios for the implementation of innovative technical solutions can lead to significant material
losses. This has led to the creation and practical application of system approaches, methods and tools for assessing the
risk of their introduction.

The risk assessment process includes the following:

= description of the system, hazard identification and generation of possible scenarios of accidents and the
consequences of certain events that are related to the transportation process;

= assessment of the impact or consequences of influence of such events on people, tangible assets and the
environment;

= calculation of probability of such an adverse result in practice and its consequences, depending on various
operational and organizational safety measures;

= quantitative description of risk levels beyond the boundaries of the object in terms of consequences and
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probability;

= assessment of risk levels by the means of comparing them with certain quantitative criteria.

Monte Carlo method is one of the methods that allows quantifying the risks of implementation, namely,
simulating random variables in order to calculate the characteristics of their distributions. Simulation according to
Monte Carlo method allows building a mathematical model for a process with uncertain parameter values. And, while
knowing the probability distributions of process parameters, as well as the relationship between parameter changes
(correlation), get the distribution of project profitability.

3. Materials and Results of the Study

Different types of projects have different vulnerability to risks. It is revealed during simulation. Simulation
modeling according to Monte Carlo method has several stages.

Creation of a forecast model is the first stage of the risk analysis process. Such a model determines the
mathematical relationships between numerical variables that relate to the forecast of the selected financial indicator.

The source data of the current forecast of economic benefits and expenses shall be indicated in the tables below
(Table 1). Their maximum and minimum values, in which each of the technical solutions that were suggested for
implementation was investigated, shall be taken from literary sources [6-9].

The model for calculating the NPV indicator (net present value) is usually used as a basic model for the analysis
of investment risk. The NPV of the project will be positive, and the project itself will be effective in case if the
calculations indicate that the project covers its internal costs, and also brings capital owners an income not lower than
they set.

Simulating of a forecast model is the second stage. A sufficiently large volume of random scenarios is generated.
Each of these scenarios corresponds to certain values of cash flows. The generated scenarios shall be gathered together
and processed statistically in order to determine the share of scenarios that correspond to a negative NPV value. The
ratio of such scenarios to the total number of scenarios gives an assessment of the risk of investment.

Distributions of probabilities of variable models impose the possibility of choosing values from certain ranges.
Distributions are mathematical tools that help weighting all the possible outcomes. This controls the random selection
of values for each variable during the simulation. Information, which is contained in a probability distribution with
multiple values, is used during risk analysis.

Table 1
Initial data for forecasting the resulting economic benefits and expenses while introducing innovative solutions

Economic effect factors Cost factors during introduction
Designation Name Meas. unit | Designation Name Meas. unit
ES Energy saving UAH IC Intellectual expenses man/hour
RS Resource saving UAH MC Material expenses UAH
LS Labor saving UAH LC Labor costs man/hour
EC Environmental saving UAH SC Maintenance service man/hour

During the simulation, the values of the variables shall be randomly selected within the boundaries of the given
ranges, according to the distributions of probabilities and correlation conditions. The value of the project efficiency
indicator shall be calculated for each set of such variables. An example of calculating project efficiency is shown in
Fig. 1. All obtained values shall be stored for subsequent statistical processing.
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For the practical implementation of the risk assessment of the introduction of new technical solutions in transport
according to the Monte Carlo method, simulation shall be performed in the Microsoft Excel software package. This
package generates random numbers that are calculated according to a specific algorithm based on the use of a pseudo-
random number sensor. A feature of this package is the fact that it can generate correlated random numbers.

The processing and interpretation of the results obtained at the stage of model simulation is the final stage of risk
analysis. Each simulation represents an event probability, which is equal to:

100
p=—1, (1)
n

where p — probability of a single prediction; %; n — sample size.
As arisk measure, it is advisable to use the security of the simulated project, which is expressed as a percentage,
during investment designing (Fig. 2).
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Fig. 2 An example of simulating the security of an investment project

For sake of graphic example, let’s consider advanced technologies, namely, methods for optimizing the frictional
interaction of a wheel with a rail, which is the basis for the safety of rolling stock. They are applicable in railway
transport and theoretically are cost effective. However, in practice, the solution of these issues is associated with a
certain degree of risk, which is currently difficult to predict and take into account. We will be based on methods for
optimizing the frictional interaction of wheels with rails that are shown in Fig. 3 [9].
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Risk assessment of the introduction of innovative technical solutions that are indicated above was carried out.
The results of this are shown in Figs. 4 and 5.
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Use of the suggested decision-making procedure will increase the level of economic security during the
introduction of innovative technical solutions in railway transport that are aimed at reducing real hazards and risks of
economic security of the enterprise, the optimal distribution of resources for the innovative development of railway
production.

A risk assessment method was used in this study when introducing innovative technical solutions for improving
friction interaction in a two-point «wheel-rail» contact, which is based on the Monte Carlo method. In this case the
results of the simulation coincide with the decision for choosing the most promising ways in order to improve the
contact conditions in the «wheel-rail» tribocoupling using expert assessment [10, 11]. The least risky technical solutions
for the introduction of railways that are aimed at reducing them were identified as a result of the simulation.
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4. Conclusions

On the basis of the analysis of theoretical and experimental studies of friction contact, it can be stated that
control of the mechanical component is not sufficient for achieving consistently high traction qualities of the rolling
stock. Therefore, it is suggested to control the clutch of the tribological «wheel-raily system by controlling and
regulating the local-mechanical temperature component in the range from 250 to 450°C, depending on the frictional
conditions of contact.

Based on the results obtained, an algorithm for controlling the thermomechanical loading of a local tribological
contact was developed, consisting in cleaning and cooling the contacting surfaces with a two-phase flow of dry ice
granules and forced cooling with compressed air using a Ranque-Hilsch tube in order to achieve a stable contact
temperature.
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Abstract

The scope of safety of vehicle use and its operation depends on both the design, efficiency of the steering and drive
system, the tires used, but also on the interior finishing materials used. In addition to aesthetics, the materials used must
be resistant to damage and have limited ability to sustain combustion in an emergency. Vehicle ignition is an extremely
dangerous situation. The appearance of a flame is a threat to the driver and passengers and the environment due to the
possibility of uncontrolled spread of fire, as well as the possibility of an explosion of fuel or operating fluids. The article
presents the results of flammability tests, according to the requirements of PN-ISO 3795, of materials used inside
vehicles from 15 different models of passenger cars randomly selected.

KEY WORDS: flammability tests, material flammability, car upholstery, motor vehicles

1. Introduction

Continuous automotive development and an increase in the number of vehicles on the road means a reduction in
road capacity and a decrease in safety. Reducing the speed of travel is characterized by limiting the tragic effects of
road incidents. However, it also causes drivers fatigue and frustration, which can translate into more accidents and
collisions. Regardless of the type of traffic incident, one of the most dangerous is a vehicle fire. Car manufacturers
already in the design of the interior of the driver's cabin have in mind the comprehensive safety assessment related to
both the safety of users and rescuers. Rescuers' hazards include, for example: uncontrolled activation of an airbag,
explosion of pyrotechnic loads tightening seat belts or electric shock [1]. The appearance of fire additionally causes the
possibility of initiating an explosion of fuel and operating fluids and the formation of dangerous chemical compounds,
e.g. during the burning of plastic parts [2-5] or the operating factor used in air conditioning in fire conditions can be
broken down into toxic hydrogen fluoride [6] and in contact with water may form hydrofluoric acid. Vehicles with LPG
or CNG installations are characterized by valves that release gas accumulated in the tank to prevent explosion [7, 8].
Released gas in such a situation is an additional source of danger.

A burning vehicle poses a great threat to users, surroundings and other vehicles [9, 10]. In Poland, an increase in
road transport fires is noted and more than 8,000 are recorded annually (Figs. 1 and 2). It is estimated that the content of
plastics in a passenger car is about 160 kg [11]. These items of equipment include, for example, plastic covers, gear
belts made of plastic composites [12-14], rubber seals, tires [15-17], rugs and seat liners. They constitute a significant
amount of potentially flammable material accumulated on a small area. The extent of safety depends significantly on
the quality of the materials used in the vehicle. Bearing in mind, among other things, the flammability of materials, they
must balance comfort of use, aesthetics, weight, safety and price, which is often the basic criterion for choosing a given
material. However, it should be remembered that the use of materials with reduced flammability could contribute to
slowing down the combustion process and reducing the negative effects of fire.

The assessment of the scope of safety for road vehicles has been unified in the European Union by the European
Commission, which has developed legal acts regulating the criteria for assessing the flammability of products used
inside vehicles. Requirements for the flammability of materials used in the construction of some motor vehicles and
their resistance to fuels and lubricants are included in Regulation No. 118 of the United Nations Economic Commission
for Europe. In the PN-ISO 3795: 1996 standard - Road vehicles and tractors, agricultural and forestry machines -
Determination of the flammability of materials used inside vehicles [18], the methodology of flammability tests
identical to the one contained in the Regulations is described. In Regulation No. 118 the limit of flame travel is
determined, which is 100 mm / min.

Many research units perform tests in accordance with the procedure described in Regulation 118 or ISO 3795.
Volvo has even increased the safety of the driver and passengers by tightening the requirements of the Regulations by
an internal procedure setting the flame propagation speed to 80 mm / min. Car upholstery flammability tests were also
carried out at the Fire Research Institute in Sweden [21]. 17 plastic products were used for the tests, which are used as
finishing materials for the interior of buses. The tested materials were used in the passenger compartment for seat
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upholstery, wall sheathing, dashboard, curtains, etc. The tests showed that product No. 3, being the sheathing of the
interior wall and seat, did not meet the requirements of the criterion of flame spread speed specified in the Regulations
and exceeded the value flame propagation velocity of 100 mm / min. The results of testing individual materials are
shown in Fig. 3.

2038

10 008

1200 @

207 IEEEEEEEEES— O 281 989
1000 935 923 937

2016

8 858 788 778

800 @ 685
2018 8328 |
=

GO0
204 8106
&O0
o

202

8126

20m

8436
F &P & F & FF
7 ,;af-" '#_g{" . .;?'é' d&@‘#‘ \}*ﬂf A & & o (:6“

2010 8671 o q’}&b 3
0 2000 4000 6000 8OB0 10000 1 2 3 4 5 6 7 8 9 1011 12
Fig. 1 Statistics on road fires of means of transport Fig. 2 Statistics of road fires of means of transport
(motorcycles, buses, trucks and passenger cars) (motorcycles, buses, trucks and passenger cars) in
in 2010-2018 based on data from the National 2018 broken down by month based on data from the
Headquarters of the State Fire Service [19] National Headquarters of the State Fire Service [20]
180
160 :
S 140/
E 120 .
- fail
i 100
: a]
80 v
:
L
$ a0
20y - —
0L ‘
1 2 3 4 5§ 6 7 8 9 10 11 12 13 14 15 16 17

ProductNo.

Fig. 3 Results of tests carried out in accordance with the requirements of ISO 3795 at the Fire Research Research
Institute in Sweden [21]

At the Institute of Natural Fibers and Herb Plants in Poznan, comparative tests of flame spread velocity in
leather-like and natural leather materials were performed [22]. Natural leather was self-extinguishing and the flame
propagation speed was 0 mm / min. The artificial equivalent obtained a flame propagation speed of 66 mm/min.

Tests on the degree of flame spread for the EPP material (Expanded Polypropylene) were carried out in
accordance with the method described in the Regulations at [IZO-BLOK [23]. Foamed polypropylene is used in many
industries, e.g. in construction or in the automotive industry, and is characterized by good flexibility, low weight,
chemical resistance and the ability to absorb energy. For the selected material, tests were carried out on the effect of
density on the flammability parameter. Tests have shown that as the product density decreases (lower mass), the speed
of flame spread across the surface of the product increases.

The article presents the results of tests on the flammability of materials used inside vehicles from randomly
selected 15 different models of passenger cars, according to the requirements of Regulation No. 118 and PN-ISO 3795.

2. Research Methodology

The test method consists of placing a 356 x 100 mm sample inside a U-shaped holder which, after entering the
test chamber, is exposed to a standardized flame. The flame is generated using a Bunsen burner, and the tested material
is exposed to flame for 15 s. The test determines:

— is the material self-extinguishing;
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— at what time the flame goes out;

— whether there is propagation of flame spread;

— what is the speed of the combustion front spreading [mm/min].
The scheme of the test stand is shown in Fig. 4.
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|

Fig. 4 Test stand made in accordance with the requirements of PN-ISO 3795 [18]

3. Test Results

Tests were carried out for 15 materials constituting the seat upholstery used inside commonly used passenger
vehicles. Samples for testing were taken at the auto-scrap area from cars for cassation. Due to the fact that the car's
history is unknown, it is not possible to indicate to what extent, conditions and period of time the vehicle was used and
what detergents were used to clean the upholstery. The list of vehicle brands and test results is presented in Table and
graphically in Fig. 5.

The purpose of these tests was to check whether the material used meets the requirements of UNECE Regulation
No. 118 regarding the degree of flame spread. The tested samples were seasoned in a climatic chamber at (23 +2)°C
and humidity (50 = 5)%, in accordance with the requirements of PN-EN 13238: 2011.

140
124,12
< 120
£
£
£ 100
o
3
< 80
"]
c
=]
© 60
o)
©
Qo
o
o 40
[
£
=
) i I I I I I I I I I I I
0 m
& { %l {Q %) @ R O 5 R
T KR U Y S S S < L P S
&S & £ & T SR AR Rl O, & of
T LR SN F & € &
Rl & @ & < & S N & '}60 & C & N
o S Q o N ) & o @
() A ()
&L X° < ¢ < © <

Fig. 5 List of vehicle brands as a function of flame propagation speed



105

Table
Comparison of vehicle brands and test results
Time Length Speed )
Lp. Car Model burn out | spread of | Material
mark upholstery
[s]/ [min] | [mm] |[mm/min]
1 Citroen C4 Picasso 21;15 96 33,68 velours
2 | Volkswsagen Golf 3.4 4 69,57 leather
weag 0,058 ’
6,48
3 Peugeot 307 0.108 19 leather
. 73,34
4 Citroen C3 1222 138 velours
179,53
5 Peugeot 1007 2.992 138 46,12 velours
6 Ford Focus 122?’1737 138 65,32 velours
152,53
7 Peugeot 309 2.542 90 35,40 velours
8 Renault Twingo ?61’ Z; 138 - velours
231
9 Renault Megane 385 138 35,84 velours
128,3
10 Renault Modus 2138 138 64,54 velours
. . 240
11 Daihatsu Materia 7 138 34,50 velours
. 173,68
12 Renault Clio 2.895 138 47,67 velours
13 | Chevrolet Aveo 131,74 138 62,85 velours
2,196
. 230,25
14 Citroen C5 3.8375 138 35,96 velours
15 Renault Scenic 139;’2215 138 42,85 velours

4. Analysis of Test Results

The tests showed that the leather upholstery (Volkswagen Golf and Peugeot 307) does not ignite after turning off
the burner and, as a consequence, there is no flame spread on the surface of the material. The obtained result is in line
with the results of tests carried out at the Institute of Natural Fibers and Herb Plants in Poznan [22]. Other upholstery
materials of passenger car seats made of fabrics had a differentiated flame propagation range in the speed range from
33.68 to 124.12 [mm / min]. In this range, the flame propagation values of two samples did not meet the flammability
criterion (100 mm / min) contained in Regulation No. 118 and PN-ISO 3795. It should be noted that materials made of
fabric have always ignited and allowed the flame to spread to sample surface.

5. Conclusions

The tests were carried out to check whether the tested materials meet the criteria for flame propagation speed
contained in Regulation No. 118 and PN-ISO 3795 after a few years of vehicle operation. 15 types of car upholstery
were tested. In the case of two samples in the form of leather materials, the best results were obtained for which the
flame propagation speed after the disappearance of the fire source was 0 [mm / min]. Two samples of upholstery made
of fabrics did not meet the requirements of the Regulations, and the flame spread at a speed above 100 mm / min.
However, it should be noted that materials can change their properties and properties during the operation process as a
result of the use of cleaning and preserving agents, as well as exposure to atmospheric conditions.

Tests carried out according to ISO 3795, allow assessment of material flammability on a small scale (exposure to
a flame 38 mm high), which allows to imitate / model threats caused by a small source of fire. This method may not be
suitable for testing upholstery materials for all types of cars, in particular special vehicles, e.g. military vehicles, due to
anticipated threats.

Proper confirmation of the combustibility of materials inside the vehicle is very important for the safety of
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travelers. This parameter undoubtedly affects safe evacuation and reduces the likelihood of fire spreading.
Acknowledgement

The tests were carried out at the Scientific and Research Center for Fire Protection - National Research Institute
in Jozefow.

References

1. Szajewska, S.; Rybinski, J. 2016. Przemieszczanie si¢ strefy spalania w pozarze samochodu, Autobusy: Technika,
Eksploatacja, Systemy Transportowe 17(10): 111-114.

2. Krawiec, P.; Wargula, L.; Dziechciarz, A.; Malozi¢¢, D.; Ondrusova, D. 2020. Evaluation of chemical
compound emissions during thermal decomposition and combustion of V-belts, Przemyst Chemiczny 99(1): 92-98.

3. Krawiec, P.; Rozanski, L.; Czarnecka-Komorowska, D.; Wargula, ¥.. 2020. Evaluation of the Thermal Stability
and Surface Characteristics of Thermoplastic Polyurethane V-Belt, Materials 13(7): 1502-1 - 1502-18.

4. Porowski, R.; Kuznicki, Z.; Malozi¢¢, D.; Dziechciarz, A. 2018. Determination of Toxicity in Combustion
Products-State of the Art. BiTP, 52(4): 82-98.

5. Guzewski, P.; Malozieé, D.; Wrdéblewski, D. 2016. Red Book of Fires. Selected problems of fires and their effects,
CNBOP-PIB, Jozefow.

6. Lewandowski, T.A. 2013. Additional risk assessment of alternative refrigerant R-1234yf. Gradient Corporation,
July, 24.

7. Szpica, D. 2018. Validation of indirect methods used in the operational assessment of LPG vapor phase pulse
injectors, Measurement 118: 253-261.

8. Szpica, D. 2018. Research on the influence of LPG/CNG injector outlet nozzle diameter on uneven fuel dosage,
Transport 33(1): 186-196.

9. Omazda, A.; Rybinski, J.; Szajewska A. 2012. The research of the development of a passenger car fire in a closed
space, BiTP 27(3): 65-70.

10. Makovicka, O.L.; Svetlik, J. 2012. Fire of personal motor vehicle, BiTP 26(2): 21-26.

11. Kaczmar, J.W.; Nakonieczny, L. 2003. Zastosowanie tworzyw sztucznych w budowie $rodkow transportu w
aspekcie ich palnosci, Inzynieria Maszyn 8(1): 49-57.

12. Krawiec, P.; Domek, G.; Wargula, L.; Walus, K.; Adamiec, J. 2018. Wear evaluation of elements of V-belt
transmission with the application of optical microscope, MATEC Web of Conferences 157:01009, MMS 2017,
DOI10.1051/matecconf/201815701009

13.Domek, G.; Krawiec, P.; Wilczynski, M. 2018. Timing belt in power transmission and conveying system. In
MATEC Web of Conferences (Vol. 157, p. 04001). EDP Sciences.

14. Wojtkowiak, D.; Talaska, K. 2019. Determination of the effective geometrical features of the piercing punch for
polymer composite belts, The International Journal of Advanced Manufacturing Technology 104(1-4): 315-332.

15. Kulikowski, K.; Szpica, D. 2014. Determination of directional stiffnesses of vehicles’ tires under a static load
operation. Eksploatacja i Niezawodno$¢, 16.

16. Walus, K.J.; Warszczynski, J. The characteristics of mechanical damage of carcass and steel belts wires that
occurred during a process of sudden tire decompression on the example of road incident, Transport Means -
Proceedings of the International Conference 2019, 907-910.

17. Dudziak, M.; Lewandowski, A.; Walus, K.J. 2020. Static tests the stiffness of car tires, IOP Conference Series:
Materials Science and Engineering 776(1): 012071.

18.PN-ISO 3795 Pojazdy drogowe oraz ciagniki, maszyny rolnicze i lesne — Okreslanie palnos$ci materiatlow
stosowanych wewnatrz pojazdow.

19. https://www.motofakty.pl/artykul/galeria/pozar-auta-ile-samochodow-kazdego-dnia-plonie-w-polsce/3.html

20. https://rankomat.pl/samochod/pozary-samochodow-zobacz-kiedy-i-gdzie-jest-ich-najwiecej#pid=3

21.Forsth, M.; Modin, H.; Sundstrom, B. 2013. A comparative study of test methods for assessment of fire safety
performance of bus interior materials, Fire and Materials 37(5): 350-357.

22. Kozlowski, R.; Mieleniak, B.; Muzyczek, M.; Fiedorow, R. 2006. Flammability and flame retardancy of leather,
Leather International 11.

23. Hylewski, D. 2016. Innowacyjna technologia produkcji wyrobow ze zmodyfikowanego EPP o obnizonej gestosci,
Przetworstwo Tworzyw 22.



107
Proceedings of 24™ International Scientific Conference. Transport Means 2020.

The Influence of Load Modes on the Resource Reliability of Engine Parts of
Agricultural Machinery

V.0. Pylyovl, 0. Linkovz, D. Samoilenkos, S.0. Kravchenko", V.V. Pylyovs, L. Mordivintsevaﬁ,
S. Lykov’

'National Technical University “KharkivPolytechnic Institute”, Kyrpychova 2, 61002, Kharkiv, Ukraine,
E-mail: pylyov@meta.ua

*National Technical University “KharkivPolytechnic Institute”, Kyrpychova 2, 61002, Kharkiv, Ukraine,
E-mail: oleglinkov76(@gmail.com

SWarsaw University of Technology, Narbutta 84, 02-524 Warsaw, Poland, E-mail: dmytro.samoilenko@pw.edu.pl
*National Technical University “KharkivPolytechnic Institute”, Kyrpychova 2, 61002, Kharkiv, Ukraine,
E-mail: dvs.khpi2016@gmail.com

SNational Technical University “KharkivPolytechnic Institute”, Kyrpychova 2, 61002, Kharkiv, Ukraine,
E-mail: vww3pylyov@i.ua

SNational Technical University “KharkivPolytechnic Institute”, Kyrpychova 2, 61002, Kharkiv, Ukraine,
E-mail: irkal3n@bigmir.net

'SE “MALYSHEV PLANT” Plekhanivska, st, 126, Kharkiv, 61037, Ukraine, E-mail: sergsowar@gmail.com

Abstract

The most common power unit for agricultural machinery is a diesel engine. The requirements for them are constantly
being tightened. Modern diesel engines must comply with a wide range of requirements for ecology, efficiency and
reliability. The article considers the impact of operational cycles of the agricultural machinery engines that operate in
the Baltic countries, Poland, Ukraine and Kazakhstan on the design reliability of the piston engine. In view of this fact
in the article the features of unsteady heat-stressed state of the piston and its impact on the time of trouble-free
operation are considered.

KEY WORDS: diesel engine, field furrow length, operation cyclicity, operation model, piston, combustion chamber
edge, heat-stressed state, damage buildup, physical reliability

1. Introduction

The use of internal combustion engines (ICE) is an indispensable feature of modern society. These engines are
significant factor that have an effect on people's living standards. Therefore, with the improvement of ICE, the
requirements for ensuring environmental friendliness and efficiency criteria become more stringent. Recent analysis
shows that the problem of harmful emissions could be considered technically solved, and the ICE will continue to be
regarded as a power generating means for long term [13, 20]. At the same time, increasing the energy efficiency of
vehicles is inevitably associated with increasing the specific power of engines.

The efficiency of the internal combustion engine, at high levels of forcing, significantly depends on the ability to
retain heat in the combustion chamber. But it significantly increases the thermal stress of parts of the combustion
chamber. The materials of the parts begin to work at the limit of strength. Therefore, the problem of ensuring the
physical reliability of these parts often comes to the fore [17].

The piston of the ICE is one of the highly heat-stressed parts of the engine. Further boosting of the engines leads
to cases of cracking of the edges of the combustion chambers of the pistons. This is especially true for diesel engines,
the operating conditions of which are associated with frequent changes in load modes [19]. Therefore, the purpose of
the work is to determine the influence of diesel engine operating conditions on the physical reliability of the heat-
stressed zone of the piston.

Long operating time of the diesel engine at high levels of loadings and high frequency of change of level of
loading are a characteristic feature of technological cycles of work of agricultural machines [4, 12]. Therefore, the
diesel piston of an agricultural tractor was chosen as the object of research. The main task of the work is to choose a
theoretical model of engine load for the system for predicting the level of physical reliability of the combustion
chamber parts of the ICE. Such a model must comply with the concept of guaranteed assurance of the design resource
in the process of design or modernization of the ICE. This thesis means that when in the process of calculations the
efficiency of the structure is established, then in real operating conditions its physical reliability will not be violated
during the specified resource.

2. Formulation of the Research Task

Today there are a number of alternative routes for the design of pistons, they mainly differ in the level of detail
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of the real physical processes that are modeled [5, 7, 9, 14, 15]. For refined models, the loss of strength of the material
under non-stationary loads is associated with the notion of damage buildup. It is supposed that the magnitude of damage
determines the part of exhaustion of physical reliability over the time T and has a complex relationship with temperature
¢ and stress ¢. The design is operable if the condition is performed

dFs(z')z(p(t(r),O'(r))Sl. (1)

Among the factors which influence on the destruction of combustion chamber parts, the main ones are:

- fatigue of the material, which is determined by the high-frequency periodic change of the parameters of the
working medium in the cylinder and the presence of transients of the engine load;

- creep process, which slows down or accelerates depending on the previously acquired state of the material;

- relaxation of thermoelastic stress, that accompanies the process of creep under conditions of deformation
restrictions.

All these factors are directly determined by the specific technological cycles of a specific purpose engine, which
is a function of the model of its operation:

E={§],§2,...,§k}, (2)

where &, ,i=1,2,..., k. —representative transients of the engine of a specific purpose.
Taking into account (2), Eq. (1) acquires a concretized form:

d;5(E,7)= (B dr)olr))<1. (3)

Then on the basis of (3) the equation for establishing the degree of damage to the material of the part for the
intended service life P takes the form:

Np 1

d (2, P) 3| 4
FS\—9 _,Z:;NF,- +,Z:1:N_S[’ ( )

where N, —the number of all piston load cycles for the intended service life P; N, —the number of cycles to failure
from fatigue in a single load cycle i; N — the number of cycles to failure from creep in a single load cycle i.

The corresponding blocks of the design analysis system are presented in Fig. 1. A review of the
literature [4, 5, 8, 12] shows that the real problem of practical use of this system is the lack of reliable models of
operation E. For this reason, in [1] it is proposed to use its simplified equivalent instead of the complete model. The
maximum possible simplification here is the use of one, the most important transition process ;. Accordingly, the total
resource of the structure P is proposed to be replaced by its analogue II, which does not violate the concept of
guaranteed assurance of the resource:

Np 1

dFS(gl’H):z

i=1 N Fi

Npp 1
+Z1:]\/_’ <P, dFs(E’P)SdFS(‘fl’H)' ©)
i=1 Vg,

i

The method of determining the value IT is known and is given in [1]. Then the practical application of approach
(5) requires definition of the competing transient processes &/ ,i=1,2,...,/ and finding a solution.

d (&, 01) = max(d,(&/,10), i=12.....1. 6)

The influence of the transition process & on the results of the calculation d, is proposed to establish by
equation:

fli = dFs(gfﬁn)/dFs(églbmeaH) 5 (7)

base

where &’ — significant transition process of a characteristic group of a specific purpose engine.
Then expression (6) can be represented as:

dypg(EoT) =max(f} ) dpg (&0, 1T), i=12,...1. ®)
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Thus, the detected transient process is recommended for use as a theoretical model of engine load in the system
of analysis of physical reliability of the structure, which is presented in Fig. 1.

/ Components of the model of loss of physical reliability \

The model of
Material boundary f The model of \
properties conditions damage buildup
Geometric The model The model of the
model of the material fatigue
nonstationary
Theoretical heat conduction
model of engine The qulel of the
load The model of the material creep
\ stress-strain state K j/

Fig. 1 The set of blocks of the system of analysis of the physical reliability of the combustion chamber of the internal
combustion engine

Solution (7, 8) is a general statement of the research problem. Let's move on to its formulation relative to the
engine parts of an agricultural tractor.

Cyclic operating conditions of the engine in the process of agricultural work are characterized by the presence of
two main operating modes. The first is a difficult mode of performance of technological operation at movement on the
field and the mode of turn of the unit which close to idling. Thus, the load model & will be characterized by the

operating time in these two stationary modes and the transient processes of heating and cooling of parts when changing
stationary modes. The average statistical data of model §1b‘”" for the conditions of tractor use in Ukraine are known. The

duration of the diesel loading cycle in Ukraine is 360 s with a field furrow length of about 600 m [5, 10]. On the other
hand, in the economic evaluation of agricultural processes, the recommended range length is 1500-2000 m [16].Thus,

the model & for the conditions of tractor use in Ukraine is not the only and optimal. This necessitates the formation
of a plurality of transient processes 5; i=1,2,...,1.

According to [10], in different regions of Ukraine and in different farms, the field furrow length is mainly from
200 m to 1000 m. In Kazakhstan, there are fields with a length of 300-400 m and 2000 m. In the Baltic countries there
are mainly fields with a length of 150-200 m and 300-400 m. Consider in detail the indicator of the length of the furrow
for Poland. Fig. 2 illustrates statistics on the distribution of croplands between Polish farms [6]. Similar data are
presented in [2].Based on the recommendations [3, 16], we obtained the possible length of the corresponding croplands.
The results of this assessment are presented in Fig. 3. It is obvious that different farms will have significantly different

technological cycles and corresponding engine loading processes & .
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Fig. 2 Distribution of croplands and farms in Poland Fig. 3 Dependences of the length of the field furrow on
cropland area

We limit the area of research from below to the value of the furrow of 150 m. This corresponds to the execution
time of the technological operation lasting 60 s. The maximum execution time of the technological operation can be
taken close to 1000 s. Such parameters of the set of possible models will correspond to the vast majority of cases for the
countries considered above. This is enough to summarize the results. The turning time of the unit must be minimal. But
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it depends on the characteristics of the fields and other technological factors. For models, take this time in the range of
30-60 seconds. On this basis, we can form a generalized set of competing transient processes &, i=1,2,...,/. Table
lists these processes.

Table
Array of the models of operation of the engine of an agricultural tractor
Model number, i Time of technological operation, sec Unit turning time, sec Total cycle time, sec

1 60 30 90

2 (&) 330 30 360
3 300 60 360
4 1050 30 1080
5 1020 60 1080

Thus, the formulation of the task is completed. It consists in establishing on the basis of a mathematical model
(5), (7), (8) the most difficult transition process from the array given in the Table. The result of this search is not
obvious. On the calculation base IT, as the total cycle time decreases, the effect of material fatigue increases, and as the
cycle time increases, the effect of creep increases. The result also depends on the design of the combustion chamber
parts and the speed of its heating and cooling.

3. Research Results and Discussion

The calculated study was performed for a diesel piston boosted to 30 kW / 1. Piston diameter 120 mm, piston
stroke 140 mm, nominal crankshaft speed 2000 min-1. The load of 0.15 kV / 1 is accepted for the mode of turning of the
unit. Analysis of the physical reliability of the piston was performed using a set of models presented in Fig. 1.

The piston material is aluminum alloy AK12M2MgH (Al25). The properties of the material are accepted
according to the monograph [5]. At this stage of research, creep rates are adopted independent of the frequency of diesel
load cycles.

To model the operation of the piston at the limit of strength adopted the design of the piston without the cavity
for oil cooling. The piston and its geometric model are presented in Fig. 4. The points in Fig. 4, b indicate the control
zones of temperature and thermal stress. The damage calculation (5) is performed for the edge zone of the combustion
chamber (point 1).

Fig. 4 General view of the investigated piston (a) and its accepted geometric model (b)

The boundary conditions of the nonstationary heat conduction problem are established on the basis of the
experimental data presented in [8]. Mathematical models of problems of heat conduction and stress-strain state of a
design are well known. High-frequency fluctuations in temperature and stress are taken into account [5].

The damage buildup calculation for the specified time ITaccording to expression (5) was performed by the
authors using the software tool RESURS [11]. Derivative values are accepted according to the work [1]. For a tractor
diesel piston IT =3500 hours.

Fig. 5 shows the change in the heat-stressed state of the piston at the control points for some of the load models

of the diesel & . Fig. 6 shows the obtained values of the parameter f,' of the influence of the transient process on the
damage buildup d Fs(ff ,IT) for all considered models §f ,i=1,2,...,1, relative to the base model. The components of

parameter f;' from the factors of fatigue and creep of the material are also given. Consider the obtained results.
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Fig. 5 Temperature and thermal stress of the piston at control points

Fig. 5, a, b shows the change in the heat-stressed state of the piston at the control points for the model &'. It is

evident that during the technological operation for a period of 60 sec the piston does not have time to warm up to a state
of heavy stationary mode. And during the turn of the unit for a period of 30 sec the piston does not have time to cool to
the initial state. Under such conditions of cyclic loads, the maximum thermal stress in the area of the edge of the
combustion chamber for the second cycle is less by 6 MPa.

Fig. 5, c, d shows the change in the heat-stressed state of the piston at the control points for the base model f,ﬂb"“
It is seen that during the technological operation for a period of 330 seconds the piston already has time to become
heated up to a state of heavy steady state. But the change in thermal stress during transients is close to the previous
version. The main difference here is four times less frequency of changing the load modes of the diesel engine.
Comparison of the values of the parameter f;' (Fig. 6) shows that reducing the load cycle 4 times (from 360

seconds to 90 seconds) increases the damage buildup 1.5 times. This is a significant result that should be taken into
account for forced diesels when operating near the strength limit of materials. The main contribution to the increase in
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damage is the process of creep.

Fig. 5, e, f shows the change in the heat-stressed state of the piston at the control points for the model & . It
differs from the base model by increasing the turn time of the unit from 30 seconds to 60 seconds with a constant cycle
time (360 seconds). In this case, the edge of the combustion chamber of the piston is cooled to 20°C more. This leads to
an increase in thermal stress in each cycle to almost the stress of the first cycle. Fig. 6 shows that in this case the
proportion of fatigue injuries increases. Some reduction in the effect of creep here is due to the accepted in the model
reduction of the time of technological operation from 330 seconds to 300 seconds.

Fig. 6 also shows that reducing the frequency of the transients significantly reduces the value of the parameter
/. Thus, increasing the load cycle by 3 times (from 360 seconds to 1080 seconds) reduces the damage buildup

0,4 - 0,5 times. The nature of the ratio of damage to fatigue and creep remains similar to that discussed above.

f1i 1,6
1,4—

12—

1,0+— 101

0,8-— 053 0,40
0,6-—

0,4— 0,17 ——
0,18

0.2- 0,50 0,47 =37
s ’ 0,31

0

1 2 3 4 5
&/ model number

[ fatigue O creep

Fig. 6 Influence of the transient process on the damage buildup in control points 1

Based on the obtained results, it can be seen that model &' should be used for the general theoretical model of

the tractor engine load for the system of forecasting the level of physical reliability of the combustion chamber parts of
the internal combustion engine. It corresponds to the time of technological operation of the agricultural unit lasting 60
seconds and the time of its turn of 30 seconds. For some regions, such as Kazakhstan, as well as some large agricultural
firms, the model of diesel load may be different with a different result of the design of combustion chamber parts. The
choice of the updated model can be made on the basis of use of the interactive map of agricultural fields (Agricultural
OneSoil Map) in which 42 European countries and the USA are included [18]. In our opinion, such a progressive
approach will help increase the energy efficiency of the full life cycle of structures designed for individual segments of
the consumer market.

4. Conclusion and Future Scope

On the example of the analysis of conditions of operation of agricultural machines the technique of formation of
model of operation of the engine for system of forecasting of physical reliability of details of a combustion chamber is
presented. The method is proposed for use at the stage of development of new engines or their modernization, taking
into account the concept of guarantying the resource.

The influence of the characteristics of the diesel load cycles on fatigue and creep damage buildup has been
established for the edge zone of the combustion chamber of the piston. It is shown that the value of the parameter of the
influence of the transition process on the damage buildup can vary in the range of 0,4-1,5 relative to the mean data for
the conditions of tractor use in Ukraine. This discrepancy between the physical reliability of the pistons is significant.
Therefore, we can conclude that for some cases it is advisable to use different models of loading of diesel engines with
a different result of the design of combustion chamber parts.

Further areas of work are listed further. Development of a theoretical model of the engine for the conditions of
specific agricultural firms with small field sizes and high frequency of technological cycles of agricultural units.
Establishing the level of physical reliability of pistons depending on the diameter of the cylinder and other design
features. Development of an adaptive piston cooling control system. Development of a control system and extension of
the appointed piston life.
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Abstract

The handling equipment is more modern and companies pay more attention to the safety of the warehousing operator
every day. Every company which is using handling equipment is constantly renewing them for this reason. Handling
equipment is used for professional relocation, loading and directing of material in production, warehousing and cycle.
The handling equipment form a whole for a certain area of transport handling, including organization. The aim of this
article is the selection of handling equipment in the warehouse using multi-criteria decision-making. Choosing the right
handling equipment in the warehouse is based on the number of pallets, the position behind the steering wheel, the
battery, speed, load capacity and manoeuvrability. Multi-criteria decision-making is a scientific discipline of operational
research that deals with the analysis of decision-making situations in which decision-making variants are assessed not
only by one but by several conflicting criteria. The article uses the weighted sum method, where alternatives are
assigned numbers according to the order of individual characteristics, the highest sequence number has the highest
alternative number.

KEY WORDS: handling equipment, multi-criteria decision-making, warehousing

1. Introduction

Material handling equipment, of which transport is an important part, is an integral part of virtually every
technological process. It has a significant impact on quality, economy and safety in all areas of business throughout
the globalized world. Material handling, as a set of operations required in manufacturing, has become an important field
of modern technology. The field began to develop study and cover other major operations. Thus, all technological
transport and warehousing and many other handling operations are routinely included in handling today.

Economic globalization and market liberalization have led to the separation of production and consumption
places, which has led to significant growth in world trade and the intercontinental flow of goods [1]. Logistics is an area
that represents an irreplaceable role in every business and society in today's globalized world [2].

The aim of this article is the selection of handling equipment in the warehouse using multi-criteria
decision-making. Choosing the right handling equipment in the warehouse is based on the number of pallets, the
position behind the steering wheel, the battery, speed, load capacity and manoeuvrability.

2. Theoretical Background

The conditions under which industrial enterprises are evolving today mean that advanced information
technologies are evolving intensively and introduced into manufacturing processes to ensure greater flexibility and
adaptability to the changing external environment. The problems associated with demonstrating the characteristics of
the warehouse process in the relevant supply chains are therefore of particular importance [2]. This is due, on the one
hand, to the need to minimize overall aggregate costs in terms of the whole customer satisfaction process to ensure the
competitiveness of next-generation production systems and on the other to a high proportion of total logistics costs in
supply chains of industrial enterprises [3-4]. Thus, one of the most important goals (from minimizing logistics costs of
enterprises) is to document the fleet characteristics of the material handling equipment, which directly ensures the
implementation of the material handling process and consequently significantly affects performance indicators of
industrial supply chains [5-6]. The problem is also complex because warehouse performance indicators (including
transport capacity and operating costs) depend on both the amount of material handling equipment and its technical
characteristics [7-8].

The goal of almost every business is to optimize all logistics operations to minimize errors and gain a
competitive edge despite other businesses in the industry [9].

Modernization of mechanical structures and structural components helps to mitigate the negative impacts
of operating conditions and ensure the desired output [10]. Each moderation should be accompanied by a review
of the maintenance strategy. The most effective, but also the most demanding, is proactive maintenance [11].
Warehousing logistics managers are interested in providing high quality services especially in handling equipment to
their customers at an optimal price [12-13]. Logistics and express courier services companies have to strive to increase
the level of the customer service provided with optimum pricing policy [14].
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3. Methods

Multi-criteria decision-making is a scientific discipline of operational research that deals with the analysis
of decision-making situations in which decision-making variants are assessed not only by one but by several conflicting
criteria. The article uses the weighted sum method, where alternatives are assigned numbers according to the order
of individual characteristics, the highest sequence number has the highest alternative number.

The AHP and WSA methods are used in this study. AHP is a decision support procedure developed by Saaty
[15] to deal with complex, unstructured, multi-criteria decisions. AHP is based on three factors: model structure,
benchmarking of alternatives and criteria, and synthesis of priorities. AHP has been widely used in the literature to
address a number of complicated decision-making problems [16-19].

The Weighted Sum Approach, also known as the weighted partial order method, is also based on the
maximization of utility, but assumes only a linear utility function. Using it, a normalized criterion matrix R = (r;) is
created, whose elements are obtained from the criterion matrix Y and its rows corresponding to the ideal (I) and basal
(B) variant. The matrix already represents a matrix of utility values of the i-th variant according to the j-th criterion. The
option that reaches the maximum utility value is then selected as “best”, or handling equipment are ranked based on a
decreasing utility function value [15].

4. Results and Discussion

Electric pallet truck — Jungheinrich

With the designation ESE 533, the electric pallet truck (see Fig. 1) is suitable for long-distance transport with
a large number of pallets. It can handle up to three pallets at a time and has an operator safety cabin. It is equipped
with AC motors for smooth starting and high end speeds, ensuring a powerful 48 V battery with 1,000 Ah capacity.
360° steering range facilitates manoeuvrability between racks thanks to low steering wheel speed. The display shows
the battery range, cruising speed, program selection, mileage, operating hours and total time. The load capacity is rated
at 3,300 kg at speeds up to 20 km/h [20].

G {
——— e J

Fig. 1 Jungheinrich ESE 533 electric pallet truck [20]

Electric pallet truck — Still

The OPX 25 Plus from Still (see Fig. 2) is designed for horizontal order picking and for transporting multiple
pallets at the same time. The weight of the load can be up to 2,500 kg at a speed of 14 km/h. Safe driving through curve
speed control, which reduces speed depending on the steering angle, ensuring safe passage between shelves. The battery
is 24 V with a capacity of 345 Ah [21].

Fig. 2 Still OPX 25 Plus electric pallet truck [21]
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Electric pallet truck - Toyota BT

The Toyota BT Levio 3.0 t is a specific electric pallet truck (see Fig. 3) for two consecutive pallets with a load
capacity of up to 3,000 kg and a traveling speed of 19 km/h. It is also designed for transport over long distances.
It is equipped with a safety cabin with height-adjustable operator seat. The battery has a capacity of 840 Ah and a
voltage of 48 V [22].

Fig. 3 Toyota BT Levio 3.0 t electric pallet truck [22]

The selection of the Milk run electric pallet truck (see Table 1) for each manufacturer Jungheinrich, Still
and Toyota BT is compared by: number of pallets, driving position, battery, speed and load capacity.

Table 1
Comparison of electric pallet trucks for Milk run; Source: Author based on [20-22]
Jungheinrich Still Toyota BT
Number of pallets (pieces) 3 2 2
Driving position Sitting Standing Sitting
Battery (V/Ah) 48/1000 24/345 48/840
Speed (km/h) 20 14 19
Load capacity (kg) 3300 2500 3 000

Selecting the electric pallet truck for the Milk run

The selection of the right electric pallet truck is based on the number of pallets, the position behind the wheel,
the battery, speed, load capacity and manoeuvrability. For the criterion “number of pallets”, the author defined points
0-10 of the weight of the evaluation. The more pallets, the less points, as the length of the electric pallet truck affects
manoeuvrability and passage between racks (see Table 2). The second criterion for points is “driving position”
(also points 0-10). The best position is the sitting position, which increases the safety and comfort of the operator. The
third criterion is “battery” - again rated by 0-10 weight points. The maximum score is for higher V/Ah. The fourth
criterion is “manoeuvrability”. The better the manoeuvrability, the higher the score (0-10).

Table 2
Comparison of electric pallet trucks for Milk run with achieved criteria values; Source: Author based on [20-22]
Nl;r;tl)gssof ;]i)rslzglclngl Battery Speed c;(;i(iity Manoeuvrability
Jungheinrich 5 10 10 20 3300 2
Still 10 5 2 14 2 500 10
Toyota BT 10 10 5 19 3000 7
Weight criteria vg 0.03 0.35 0.07 0.25 0.20 0.1

For Table 2, the author defined weight criteria v, (X 1) according to importance. The weight criteria vy is
the most important to the least important: position behind the wheel vg 0.35; speed vg 0.25; manoeuvrability vg 0.10;
battery v, 0.07 and number of pallets vy 0.03.

A matrix (F) is created from Table 2 to form a normalized matrix (F"):

5 10 10 20 3300 2
F=[10 2 2 14 2500 10]. (1)
10 10 5 19 3000 7
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The same principle as for the electric pallet truck from the column is the highest value that divides the other
values in the column.

0.500 1 1 1 1 0.200
F'=| 1 0.500 0.200 0.700 0.757 I . 2)
1 1 0.500 0.950 0.909 0.700

For this task, the author also used the method of weighted sum order, where alternatives are assigned numbers
according to the order of individual characteristics, i.e. the highest sequence number has the highest alternative number.
For example, in the “battery” column, in the order 3-1-2 (see Table 3).

Table 3
Weighted sum method of the electric pallet truck for Milk run; Source: Author based on [23]
. Number | Driving Load .. Z v fl
ilk oitpe s | porion Battery | Speed S Manoeuvrability 4 ief ik
Jungheinrich 1.0 2.5 3 3 3 1 4.455
Still 2.5 1.0 1 1 1 3 1.245
Toyota BT 2.5 2.5 2 2 2 2 2.190
Weight criteria vg 0.03 0.35 0.07 0.25 0.20 0.10
Calculation:
PRI 3)
For Jungheinrich 1.0-0.03+2.5-035+3-0.07+3-025+3-0.20+1-0.10=4.455
For Still 25-003+1.0-035+1-0.07+1-025+1-020+3-0.10=1.245
For Toyota BT 25:0.03+25-035+2-0.07+2-025+2-020+2-0.10=2.190

According to the calculation Z V[, the Jungheinrich electric pallet truck is the best one, but its disadvantage

is its size and manoeuvrability. This electric pallet truck is only suitable for transport on long and straight tracks.
The Jungheinrich ESE 533 has been selected according to multi-criteria decision-making.

5. Conclusion

High-quality handling equipment is an important part of the future-oriented intralogistics success in every
company. Industrial manufacturing processes require a number of special handling equipment. It is currently used
to support decision making by appropriate methods such as multi-criteria decision-making. Transport or more general
material handling equipment involves not only solving technical issues, i.e. equipping business with suitable means
of transport and handling equipment, but also problems associated with their purpose of utilizing and solving energy,
economic and environmental aspects. The selection of the right electric pallet truck was based on primary criteria such
as: number of pallets, position behind the wheel (driving position), battery, speed, load capacity and manoeuvrability.
Jungheinrich's electric pallet truck was selected using the multi-criteria decision-making analysis and was recommended
for further use.
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Abstract

Railway stations are places with mass occurrence of people and a constant frequency of movement, but at the same time
with deficient protection level. In the security community is considered as soft targets. The threat of attacks on soft targets
is currently realized mainly through their vulnerability respectively weakness points in the complex of system object
protection. In the conditions of the Slovak Republic, but also in other countries of the world, does not exist generally valid
method for the effective protection of soft targets by assessing their vulnerability and the resulting soft target protection
methods and techniques. For example, a methodology for evaluating the vulnerability of the soft target, valid in the Czech
Republic, is freely available. Based on the principles and procedures defined in the above methodology, it is possible to
quantify the degree of vulnerability of transport terminals, such as for example railway stations. The main goal of the
article is to demonstrate the possibilities of using the above mentioned methodology for the quantitative evaluation of the
railway station and its important systems and services threats and in this way help to effectively increase the level of
railway stations operational safety and persons in them.

KEY WORDS: soft targets, railway station, threat assessment, qualitative evaluation, security measure

1. Introduction

Soft targets represent for a perpetrators of violent crime easiest and most vulnerable places available for a potential
terrorist attack in society. The paper will define the term soft target and will present and apply to a particular object the
approach to evaluating the threats of the railway station as a potential soft target. Authors of this paper chosen as an object
of interest the railway station in the town of Zvolen.

There is currently no existing uniform definition of soft targets, but soft targets are generally considered to be
insufficiently protected civilian objects in which gather large numbers of people. It is necessary to realize that soft targets
cannot be completely secured only by means of video surveillance system, physical protection, alarm security system or
other security systems and elements used in security practice. For example shopping center, as a potential soft target, may
have the best modern and new security system on its premises against property crime, but even so it will be much more
vulnerable to a violent or terrorist attack, than a state strategic army object.

Experts have in publications different opinions on certain definitions of soft targets. For example, we present
Kalvach [1] states that in security circles, the term is used to refer to places with a high concentration of people and a low
degree of protection against attacks, which creates an attractive target, especially for terrorists. Leitner et al [2] define a
soft target as places with a large number of people and a low level of security protection against violent attacks. These
are transport terminals and stations, tourist attractions or larger events for the public. In a broader definition, it also
considers schools, hospitals or swimming pools to be a soft target. Malanik [3] argues that soft targets can be characterized
by different perspectives and divided according to different criteria. In his opinion, these are primarily places with a mass
occurrence of people (crowded places).

It is important to define the difference between critical infrastructure and soft targets. In the protection of soft
targets the purpose is to protect the lives and health of people, in the protection of critical infrastructure the primary
purpose is to protect the element of critical infrastructure and to ensure the continuity of its activities. The threat of attacks
on soft targets is currently realized mainly through their vulnerable resp. weaknesses within their complex protection
system [4]. Based on the publicly available methodology for assessing the threat of a soft target [5], valid in the conditions
of the Czech Republic, it is possible to define the basic principles and procedures for assessing the threat of objects with
a mass occurrence of people, such as. also railway stations. The aim of the paper is to options the possibility of using the
above-mentioned, publicly available methodology for quantitative assessment of threats to the railway station, its
premises, key systems and services and thus help to effectively increase the level of operational safety not only of railway
stations but especially persons working in them.

2. Methodology for Soft Target Threat Assessment
When evaluating the threat to a soft target according to [5], it is important to identify two basic variables:

o the probability of an attack that a particular variant of the relevant way of attack may exist;
o the impact of the attack that the variant of the attack considered in this way would have on the object if it were
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carried out.

By evaluating these variables, it is possible to estimate the overall threat of a soft target, usually by violent attack.
Both the probability of execution and the impact of a particular attack can be examined by appropriately selected
subcategories, which will be gradually scored during the evaluation. This enables not only the prioritization of threats in
terms of probability and impacts, but also the objectification of proposals for protective measures and efficiency in the
application of methods of securing and protecting a particular protected interest. The purpose is not to try to statistically
determine the parameters - how, when and where an attack can be carried out, but especially to think about each possible
way of attack, analysis of relevant scenarios and prevention options and measures for their disallowing.

2.1. Determining the Probability of a Particular Way of Attack

Estimation of the probability of a particular way of attack can be performed using subcategories (Fig. 1).

Estimation of the probability of a particular way of attack

the occurrance of the considered
mode of attack

the availability of resources for a
considered way of attack

the complexity of carrying out
the considered way of attack

Fig. 1 Subcategories for estimating the probability of a particular way of attack

Availability of resources for the intended way of attack

In the evaluation, the assessor focuses mainly on the weapon used or other means to carry out the attack. When
estimating points evaluation it is necessary to consider whether one or more types of weapon are used (knife and firearm
or vehicle and explosives). It is considered whether it is a weapon that can be used by any attacker, or it requires some
type of trainging. Another factor is the fact whether the weapon is freely available or people need a specific permit for
use. (for example firearms license with a permit) or it cannot be obtained legally. An equally important factor is the
attribute of availability and delivery time of the weapon. When quantifying the points evaluation, 1 is considered - as the
most difficult weapon available, on the opposit 7 - as the most readily available weapon (Table 1) [5].

Table 1
Points evaluation of the quantitative scale of resource availability for the chosen way of attack [5]
Points 1 2 3 4 5 6 7
Weapon Weapon ltg:;ﬁlpe (:in A weapon More
Availability obtained by obtained by h h f P commonly | A weapon
of resources criminal criminal t rous ora available that is .
for the activity, need a | activity, need a erumin al permit, or weapons, or | commonly Without
intended way | professional professional acprty, mhore weapon less | available weapon
of attack training, long | training, short “?t out 1 these available (knife)
delivery time | delivery time protessiona weapons (car)
training

Occurrence of a particular way of attack

By evaluating the occurrence, the evaluator determines how the chosen way of attacking the considered soft target
for different categories of attackers is "favorite" either in a given location or at a specific time. It is also considered
whether this way of attack has already happened or was being prepared on a similar target and in a similar location in the
past. It is examined whether this is a way of attack that has not yet occurred in the area, but has occurred in a nearby
region or neighboring country, or it is only a hypothetical threat. The occurrence of a particular type of attack is also
assessed by a qualified estimate in the range 1 to 7, where 1 - represents the attack with the lowest frequency and 7 - the
attack with the highest frequency (Table 2) [5].

Table 2
Points evaluation of the quantitative scale Occurrence of a particular way of attack [5]
Points 1 2 3 4 5 6 7

It has never | Itoccurred | It occurred |He appeared | He appeared It has It has

occurred in the rarely rarely several times | several times| occurred occurred
Occurrence of . . . . .

a particular Slovak happens in | happens in in nearby in nearby |several times| several
P Republic or in nearby the Slovak countries countries in nearby times in

way of attack : . . .
nearby countries Republic countries Slovakia

countries
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The complexity of carrying out the potencional way of attack

When evaluating the complexity of the implementation of an attack, we focus on the complexity of the preparations
for the attack, as well as the mode in the building and its security against specific types of attacks carried out at a certain
time and place. The evaluator assesses whether the attack must be carried out by an individual, group or organization. It
also assesses whether the attack requires short-term or long-term preparation and cooperation of persons in its preparation.
An important factor is also whether the attacker must cooperate with criminal or terrorist groups, in particular in obtaining
weapons or other appropriate means of attack, whether such cooperation is one-off or longer-term cooperation, and so on.

Other evaluated parameters and attributes can be e.g. whether the attack requires penetration into the regime
environment of the target, whether it takes place in a public place, whether it requires realization in a short narrow time,
at a precisely determined place, or whether successful execution of the attack is possible even after a longer period, or in
several places. The complexity of the implementation of the attack is also evaluated in the range of 1 to 7, where 1 -
represents the most complex attack and 7 - the simplest enforceable attack (Table 3).

Table 3
Points evaluation of the quantitative scale the complexity of carrying out the potencional way of attack [5]
Points 1 2 3 4 5 6 7
An Coordinated | One-time More Simple or |It requires the| Individual
The internationally | action atthe | cooperation | complex or one-time | involvement | without the
complexity | coordinated, | locallevel of | with alocal | long-term | cooperation of more help of
of carrying | long-prepared | cooperation terrorist cooperation | with alocal | people, a other
out the eventofa  |with a terrorist| group, place with a criminal publicly persons,
potencional | terrorist group, | group, place | inaccessible criminal group, a accessible | publicly
way of accessible or |inaccessible to| to the public |group, a place place place accessible
attack inaccessible to | the public inaccessible | accessible to place
the public to the public | the public

The total estimated probability of a particular attack can therefore have a value of a maximum of 7+ 7 + 7 =21
points.

2.2. Determining the Impact of a Particular Way of Attack

The impact of an attack is meant to be a negative impact that could be caused by carrying out a particular way of
attack on the intended soft target.

As we address the issue of soft targets, a potential attack will be expected to focus on people's lives and health, not
on the movable and immovable assets of transport infrastructure. It is obvious that the intended attack usually has a
negative impact on other socially significant values, such as. material damage, economic consequences, damage to the
environment and more. The values of the impact of a particular attack on an object must therefore also include these,
usually negative, effects. As well as the probability of an attack, determining the impact will be expressed using selected
sub-categories, which may vary depending on the specifics of the evaluated object. However, the generally valid - basic
subcategories [5]. Which should be considered in each case are shown in Fig. 2 :

Determining the impact of a particular way of attack

Impacts of the attack on Impacts of the attack on Economic / financial Impact of the attack on
lives and health the protected object impact of the attack the functioning of

Fig. 2 Subcategories for estimating the impacts of a particular way of attack

These subcategories are again evaluated quantitatively - on a scale of 1 to 7. In many cases, the more precise
determination of impacts depends on circumstances that cannot always and unambiguously be determined. The evaluator
must therefore realize that the purpose of the threat assessment is not to obtain a table with the most accurate numbers
possible, but rather to think about relevant way of attacks and to systematically identify soft target vulnerabilities [6].

Impacts of the attack on lives and health

When assessing the impact on lives and health, we focus on the number of people who may be affected by an
attack in a given variant (at a certain time and place) and the severity of the consequences for the life and health of people.
For the quantitative scale on a scale of 1 to 7, point 1 - means only psychological shock or. minimal injuries, on the
contrary, but with a maximum evaluatio of 7 - these will be serious injuries and deaths of a larger number of people [5].

Impacts of the attack on the protected object

By assessing the impact on the building, we focus not only on the technical damage to the building, but also on
the impact of the attack on the operation of the object and the possibility of resuming activities after the attack, especially
with respect to damage to the building and disruption of services [7]. In the range of the quantitative evaluation scale on
a scale of 1 to 7, point 1 -will be minimal to no damage to the building and operations, and opposite point 7 - will be the
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complete destruction of the building, or. damage to its statics to such an extent that the object will no longer be able to
operate.

Economic / financial impact of the attack

The impact on the economy has several levels. It is up to each entity whether to choose the assessment of the short-
term impact associated with reconstructions, short-term limited traffic, etc., or whether it will take into account the long-
term impact on traffic, economy and transport services of the affected site and many other factors. In this quantitative
assessment, the need to adapt it to the specific reference object of the survey, the situation in the object and its immediate
surroundings and the financial possibilities of its operator is particularly important.

With the selected scale 1 to 7, the point 1 means - represents either minimal or no impact, on the contrary, with
the point 7 - it will be only the liquidation impact, which will terminate the further operation of the building in the long
run [5].

Impact of the attack on the functioning of society

The evaluation focuses on the impact of the attack on the community immediately affected by the attack. It can
be, for example a community of school which consist from pupils, teachers, other staff, or and parents. With regard to the
focus of the contribution, it will be mainly the employees of the railway station and the people who were currently using
the building as a boarding / alighting or transfer station. In the quantitative evaluation of scales 1 to 7, the point 1 - will
have a minimal impact on society and its functioning, on the contrary, the point 7 - presupposes the termination of the
activity of the affected entity or society [4].

In contrast to the probability calculation, the impact assessment for different types of soft targets will differ
significantly. The resulting estimated value of the impact of the attack can be obtained by the sum of the expected values
of the impact on lives and health, the object, the economy of the subject, the functioning of the object and society. The
total estimated impact rate of a particular type of attack, therefore, can have a maximum value of 7+ 7 + 7 + 7 = 28

points.

Indicative scores according to Table 4 are used to evaluate the subcategories of the potential impact of the attack.

Table 4
Points evaluation of the quantitative scale subcategories of impact assessment [5]
Points 1 2 3 4 5 6 7
Impacts of .. Minimal Serious . S.er1.0us Serious injuries
Shock, Minimal L L L injuries to
the attack on . . injuries to a |Serious injury| injuries to a / deaths of a
. minor injury to s more people
lives and . Lo large number | to individuals | large number large number
health injury individuals of people of people and deaths of of people
peop peop individuals peop
. More serious Extensive | Destruction of
No Minor damage Local L .
. .. ..= | damage to the . -y limitation of | the object or
Impacts of | possible |to the building ; restriction of | Limiting the . .
- . . object or . . the disruption of
the attack on| minimal | or disruption | .. . the functionality . . ; .
. disruption of . . functionality its statics
the damage to | of operation . functionality | of a part of an . .
. the action . of the object | without the
protected the without . of'a room or | object or part s
. - oL without : or the possibility of
object  |building or| limiting . part of an of an action o .
: . . limiting possibility of |  its further
operation | functionality . . event . .
functionality operation operation
Economic / No impact Impact in the | Impact over |Impact over 1 | Impact over 4 Impact
financial or u P to ’| Impactup to | order of tens | 500,000 € million € million € econorP; icall
impact of P 5000 € of thousands | solvable by |unsolvable by |unsolvable by | ~;. . " y
500 € . . . liquidating
the attack of € insurance msurance nsurance
Impact of No General fear ;eda:nrlsel:igf Tempora
the attack on . Weak impact |, . . of being genng POTAY | Termination of
obvious . Minor activity| . persons when | suspension of .
the . at individual o active, greater s . Community
- 1mpact on restrictions L participating | community .
functioning . level restriction of . S activities
. society R in other activities
of society activities s
activities

2.3. Method of Calculation for Total Threat

The total threat level (7) is calculated using the mathematical relationship 7= P x I, where the variable P is the
sum of all probabilities and the variable 7 is the sum of all impacts. In order to determine the overall threat level, we set,
in addition to the resulting quantitative relationship, also semi-quantitative threat limits:

12-119 very low threat, 120-239 very low threat, 240-359 medium threat, 360-479 high threat, 480-588 very high threat.

3. Case Study - Zvolen Railway Station, Slovakia

To demonstrate the applicability of the above method of assessing the level of threat to a soft target, the Zvolen
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railway station was chosen as the object of research. Fig. 2 shows the immediate surroundings, the interior, the entrances
to the building, the tracks belonging to the track and the adjacent bus station.

Fig. 2 Railway station Zvolen, its interior, near surroundings, entrances

Based on the agreement and permission by superintendent of the Zvolen railway station were search of premises,
the available safety documentation was analyzed and security incident records through the Checklist were identified
problems and risks in the security of the station , guided interview provided practical suggestions and warnings about
shortcomings in the security system of the building [2], etc. Based on the above activities and a personal detailed
inspection of the building, its immediate surroundings and the current state of its safety, it was possible to carry out an
expert point evaluation of the basic variables and their subcategories. When conducting a threat assessment, it is important
to know, in addition to the sources of threats, also the relevant ways of carrying out the attack. The ways of attack may
differ for individual specifics of the reasearch objects. For the evaluated object of the railway station, they were also with
regard to the fact that they may occur or have already occurred several times in the premises of the railway station Zvolen,
or were performed in its immediate vicinity or the following ways of attack, were chosen for a similar railway station in
the Slovak Republic:

e attack with a cold weapon (stabbing, cutting, etc.);
attack with a firearm (short, long);
intentional arson,;
crowd attack on the object (eg violent gathering of ultras fans, etc.);
imitation of explosive;
fake notification of an explosive;
explosive placed in a certain space;
abduction of a person;
verbal aggression with the possibility of physical attack in the vicinity of the building;
physical assault without the use of a weapon;

a suicide attack using an explosive.

Options for estimating the location of the attack:

¢ in the building - semi-public spaces (as the station spaces close from a certain hour) [6];

e in close proximity to the premises (eg entrances);

¢ in the vicinity of the building (eg near a car park, a park in front of a station, etc.).

Expected variants of attack timing:

e during daily operation, when the building is open to the public;

e at night during the closing of the station, when travel documents are not sold in the building and the interior of
the station is closed to the public.

4. Evaluation Threat of the Research Object

The value of the variable probability and the variable impact can be calculated as the sum of the points within the
individual subcategories characterized above. The total threat level of the object is then determined as the product of the
sum of the points of the subcategories the probability of attack and the subcategories the impact of the attack variable.
The results obtained by inspection, analysis of documentation and recorded security incidents, interviews with employees
and security audit of the reference object of the railway station Zvolen were used to assess the level of threat and are in
the event of a potential attack the most threatening for human health and lives, but also for railway station. (Table 5).
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Table 5
Results of quantitative threat based on variables and their subcategories
Identification of Evaluation
potential ways of Location Timing SUM SUM Threat level
attack probabilities impacts reatieve
in the building during daily operation | 6+7+6=19 [4+4+2+3=13|19 x 13 =247
Cold gun attack | in close proximity | during daily operation | 6+7+6=19 |[3+2+1+4=10/19 x10=190
in the vicinity in night 6+7+6=19 |3+1+1+4=9|19x9=171
Assault with a in the building during daily operation | 3+4+7=14 [4+3+3+4=14|14x14=196
firearm in the vicinity in night 344+6=13 [4+1+1+4=10/13x10=130
Intentional arson | in close proximity in night/ dur} ng daily T+7+7=21 |1+2+1+1=5|21x5=105
operation
Crowd attack on . o . . .
= = 9 20 = ¢
the object in the building during daily operation | 7+7+6=20 [5+6+3+6=20(20 x 20 =400
in close proximity | during daily operation | 7+4+7=18 |[1+2+3+6=12|18 x 12=216
Imitsitiqn of in the vicinity during daily operation | 7+4+7=18 |1+2+2+6=11|18x 11 =198
explosive — . -
in the building | ™ Might/duringdaily 2\ o e 1y L6131 6=16]18x 16 =288
operation
Fake notification | o (o - i | during daily operation | 7+5+7=19 |1+5+3+6=1519 x 15 =285
of an explosive
Explosive placed | .\ o oroximity | ™ Mgt/ duringdaily | 5 0500 1746454 6=24/20 % 24 =480
in a certain space operation
Kldn[:)lgg)sl;lng ofa in the vicinity during daily operation | 5+2+4=11 [4+1+1+4=10{11x10=110
Verbal in the building | during daily operation | 7+7+7=21 |[S+2+1+3=11[21 x 11 =231
aggression with — . .
the possibility of | i (10cc proximity | P Meht/duringdaily o ooy s g4 321021 x 10=210
physical attack operation
Physical assault | in close proximity | " Mgt/ duringdaily o, o o5y 4 =10/21 < 10=210
without the use of operation
a weapon in the building during daily operation | 7+7+7=21 [4+2+1+4=11|21x11=231
Suicide attack
using an in the building during daily operation | 3+2+7=12 [7+6+3+6=22|12x22=264
explosive.

We determined the calculation of the total risk level on the basis of the calculation in subchapter 2.3. From the
results of the semi-quantitative determination, it is possible to evaluate that the probable attacks will most often have a
low threat for the investigated object. According to the examination, the medium risk of potential attacks, is not an
exception for this reason, so it is necessary to take protective measures, which should aim to improve this current state of
protection. Very high threat and high threat came to us only two separate potential attacks.We get very high threat level
and high threat only in two separate potential attacks. Prevention of possible potential attacks of various kinds is a matter
which needs to be given special importance. In order to be able to effectively protect the object from an economic, social,
material or other point of view, it is necessary to determine the priority of individual attacks.

After evaluating the results, the following measures were proposed to the railway station management:

e regular patrol from the city police in the vicinity of the railway station during the day and a continuous
inspection of the surroundings between 0 and 6 am;

e video surveillance system for the entrances to the railway station [8], which will be connected to the monitoring
desk of the centralized protection of the city police;

e higher involvement of the railway police in the areas of the track and railway underpasses;

e abolition a gambling facilities (at least listed near the railway station) according to the example of other
places in the Slovak Republic, which abolished this type of gainful business activity in their scope;

e solving the issue of inadaptable citizens from apartment buildings in the vicinity of the railway station at the
level of the city of Zvolen, the Banska Bystrica self-governing region and the Higher Territorial Unit.
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5. Conclusions

On soft targets and particular transport objects have been attacked more and more frequently last recent years,
mainly by metro or railway stations. In the conditions of the Slovak Republic, such an attack has not yet been recorded,
but there have been several serious events abroad associated with attacks on transport infrastructure and its facilities.
Based on the application of the methodology for the assessment of the threat to soft targets [5] and its subsequent
modification and application to the selected reference object of the railway station Zvolen, it is possible to say several
conclusions. The most risky potential attack on the station object was identified attack by an explosive placed in a specific
area. Such an attack can also be carried out by an individual who does not need additional weapons, acts alone, usually
with the aim of maximizing damage to health, lives or destruction or long-term restriction of operation, services and
activities of individual facilities. The building can only implement building protection concepts and positions of inputs
and technical means so as to minimize the effects and consequences of this type of attack. Similar attacks are very difficult
to predict not only in terms of time but also in space, (places of attack).

Another way of attack with a high probability and impact was the attack of the object by a crowd. This case has
occurred several times in the past when moving hockey fans from Banska Bystrica from or to a railway station, especially
when confronted with home fans. Other threats, such as verbal attacks with a potential escalation into a physical attack,
physical attacks without a weapon, attacks with a weapon are to some extent frequent and primarily specific to the object
chosen by us because in the past there were several outbreaks of crime in its vicinity (game room, housing estate with
inadaptable citizens). However, these usually do not endanger the building or its functionality and operation.
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Abstract

The restrictions in emission standards which are introduced for a longer time have been defining the primary direction
of development in the automotive industry. Manufacturers compete in developing innovative solutions to reduce
emission or usage of alternative sources of propulsion to power the vehicles. One of the least developed propulsion
systems are the pneumatic drives. The paper presents the preliminary researches of a pneumatic engine developed by
the conversion of a two-stroke internal combustion engine. The components allowing to modify the compression ratio
were made as well. The original engine dynamometer constructed for testing purposes, dedicated to low power units,
was described. The engine adjustment characteristics were determined for different supply pressures. For the purpose of
identifying the external parameters, speed characteristics for the different compression ratios were determined and
compared with respect to each other. The obtained results demonstrated the validity of modifying the compression ratio.
Load characteristics were also drawn up, by determining the ratio of the volumetric flow rate of air supplying the engine
to the obtained power. The torque in the best of the examined cases was similar to the serial value, however, it occurred
at a lower rotational speed. A significant decrease in the engine power was observed. Preliminary tests indicated that
further research is necessary regarding the realisation of the variable engine compression ratio in order to cope with the
temporary power demand.

KEY WORDS: mechanical engineering, pneumatic engines, testing

1. Introduction

Over the past several years, the main trend in automotive development is striving to reduce fuel consumption and
emissions of harmful substances. Manufacturers compete in developing new systems and solutions to ensure lower fuel
consumption and thus lower level of emissions, while maintaining or improving performance parameters. Mainly it is
caused by the continuous tightening of the exhaust gas emission standards [1, 2], as well as the introduction of new,
increasingly accurate test procedures World Harmonized Light Vehicle Test Procedure (WLTP) and Real Driving
Emissions (RDE) [3, 4]. The automotive companies adopt various strategies in order to comply with the approval
requirements [5-11]. Systems such as SPCCI (spark controlled compression ignition) prove that it is still possible to
work on improving the efficiency of the internal combustion engine [12]. The use of the particulate filters for spark-
ignition engines also became increasingly common [13]. A separate group of emissions issues are engines of working
machinery and non-road vehicles [14, 15].

Despite this, the most popular solutions are hybrid systems, which combine the combustion engine with the
electric motor that supports it [16]. This type of drives are available from a majority of the manufacturers. Some of the
companies launched work on the use of the fuel cells to power vehicles [17, 18]. Less popular combination of the drive
is a hybrid system using a combustion engine and a pneumatic engine [19-21], works on the development of this
technology are still underway.

The first records of the pneumatic engine used to power a vehicle are from the late 19th century. Over the years,
many concepts for engines powered by compressed air were presented, the main ones being vane engine [22, 23], rotary
engine [24], piston engine [25, 26], unconventional engine [27]. Nowadays, only few commercial companies offer
drives units powered by compressed air [28, 29]. In a economic or functional aspects, they are fully comparable with
the electric drives [30]. In terms of the ecology, they transfer emissions directly from the vehicle to the place where the
compressed air is produced. It is important to note that the compressed air is used for many other applications, including
powering machines and equipment in production plants, which allows existing networks to be used for filling the tanks.

To determine the external parameters of pneumatic engines, usually the methods used for combustion units are
applied [31]. The basic assessment criterion is the engine speed characteristics presenting the dependence of indicators
such as power output and torque from the engine speed. This enables to know the course of the torque curve, which
among other things allows to evaluate the elasticity of the engine. In addition, for research purposes, the load,
adjustment and idle speed characteristics are determined. In an internal combustion engine, the load characteristics
describe the dependence of the fuel mass flow rate and Brake-Specific Fuel Consumption (BSFC) from the engine
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power at a constant engine speed. In the case of a pneumatic engine, the Brake-Specific Fuel Consumption is replaced
by the Brake-Specific Air Consumption (BSAC) indicator [32], which is the ratio of the mass flow rate supplying the
engine and the engine power. Using the adjustment characteristics, it is possible to determine the influence of the
selected adjustable parameter on the examined indicator. An example can be the dependence of the composition of the
supply mixture in relation to the engine power. In turn, for a pneumatic engine, it may be a dependence of the rotational
speed from the engine supply pressure.

2. Subject of the Research

The engine from the Romet 50 T-1 moped was selected as the research object. It is a single-cylinder, two-stroke
construction with the engine displacement of 49.8 cm?® [33]. The base engine parameters were presented in Table 1. In
order to adapt the engine to the compressed air supply, a series of design changes were made, described in detail in [34].
The primary problem in modifications of this type of propulsion units is to ensure fuel dosage at the appropriate timing
due to the lack of a valve timing system. For this purpose, the described solution used valve &8 in Fig. 1 screwed in place
of the spark plug, opening of which is forced through a pin attached to the piston 7. The valve is built from a ball, which
is pressed against the valve seat by the engine supply pressure, and a perforated pipe which is used as a guide. As the
piston approaches the Top Dead Centre (TDC) position, the pin presses on the ball in the valve, displacing it and
simultaneously resulting in a gradual opening of the valve. During the piston return movement, the valve is closed as a
result of the air pressure acting on the ball. The valve lift can be adjusted to a small extent by screwing it in or out of its
seat in the head. The advantage of this solution is a simplicity of design, while the disadvantage is the symmetry of
supply in a relation to TDC. This causes a phenomenon of compression of the air that enters the cylinder. The original
supply system using the carburettor was removed, and the intake channel was blinded 6. Additionally, it was necessary
to blind the scavenging ports in cylinder 5, and to ensure lubrication of bearings / of the crank-piston system 2 and 3
using hole 4. Custom plates were also made, mounted between the cylinder head and the cylinder in order to change the
engine compression ratio. The power supply is regulated by valve 9 providing air from the tank /0.

Fig. 1 Diagram of the engine modification range [34]

Table 1
The basic engine technical data [33]
Parameter Value
number of cylinders 1
type of engine two stroke
displacement 49.8 cm?
bore / stroke 38 mm /44 mm
compression ratio 8:1
max. power at rotation speed | 1.84 kW at 5200 r./min
max. torque at rotation speed | 3.5 N-m at 4500 r./min

3. The Test Stand

Experimental tests were conducted on an engine dynamometer (Fig. 2) created for the purpose of testing a low
power engines [34]. As a load generating element, drum brake / was used. The brake drum was fixed to the
dynamometer shaft, which in turn was connected to the engine crankshaft. To the brake base, on which the brake shoes
were attached, rod 2 was mounted, acting on a weight 3 (measuring range up to 0.5 kg, accuracy 1 g). During the engine
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operation, the brake drum rotated together with the crankshaft.

As a result of brake application with the brake cable tensioning mechanism, the brake shoes exerted pressure on
the drum, thus generating braking torque on the engine. The moment also acted on the base with the rod at the end of
which the pressure on the weight was measured. From the pressure on the weight, the force was calculated and then,
knowing the length of the bar, the torque generated by the engine was calculated. The engine speed was read using a
Hall effect speed sensor 4 (measuring range 5-9999 r./min., accuracy +3 r./min.) which uses a magnet mounted to the
brake drum. Apart from the dynamometer, the test stand consisted of a pneumatic system whose function was to ensure
appropriate, adjustable engine supply conditions. For the purpose of enabling the adjustment of the air pressure of the
engine supply, a pressure regulator and a pressure gauge 5 were used. For flow rate measurement the Bronkhorst High-
Tech F-106BI 6 flow meter was used (measuring range up to 500 m*/h, accuracy +1% FS). Tests were performed using
measurement card 7 and laptop 8 with dedicated software. Pneumatic system hoses before and after the flow meter were
selected in order to avoid pulsating phenomena.

8
7 6
4 5
2 1
3

NG S PAC,

Fig. 2 The test stand
4. The Test Results and discussion

In the first stage of the research, the engine adjustment characteristics at a different pressure of the air supply
were determined. The purpose of this test was to determine the appropriate supply pressure for conducting subsequent
tests. Each time supply pressure value was determined and it was expected for the engine speed stabilization. Analysing
the research presented in [32, 34] the decision was made to use custom plates under the cylinder head changing the
compression ratio to ¢ = 7.04. The obtained results (Fig. 3) indicated that the rotational speed increases with the increase
of the supply pressure. Attempts below 4e5 Pa and above 7e5 Pa were not recorded due to incorrect operation of the
engine within these pressure ranges.

3000 1 n=-20.329p° + 228.35p7 - 208.9p
R>=0.994
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<
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Fig. 3 Adjustment characteristics of pneumatic engine

The character of rotational speed changes (Fig. 3) was approximated using non-linear regression, the least
squares method and the function of 3rd degree polynomial, obtaining determination factor R? = 0.994. On the basis of
the coefficients of polynomial, it is possible to conclude about the character of rotation speed changes in respect to
supply pressure. The maximum rotation speed was n = 2731 r./min for supply pressure p = 7e5 Pa.

Subsequent tests were aimed to determine the speed characteristics of the pneumatic engine. Decision was made
to test the engine at the highest supply pressure value, i.e. 7e5 Pa, at which the engine operated steadily. Additionally,
the compression ratio € was adjusted. Changes in the compression ratio were achieved using custom plates mounted
between the cylinder head and the cylinder of the engine. Each time the height of the valve lift was adapted through
regulation of the appropriate threaded connection tightening angle to maintain the same timing phases. The resulting
compression ratio depending on the number of used custom plates is shown in Table 2.
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Table 2
Dependence of the compression ratio on the number of custom plates

Number of plates 1 2 3 4 5
Compression ratio ¢, - 8.00:1 | 7.04:1 | 6.31:1 | 5.74:1 | 5.28:1

The procedure during the test was the same every time. The supply pressure was established up to the specified
value of 7e5 Pa, then using the brake, successive rotational speeds were obtained. The measurement was realized in the
direction of increase and decrease of rotational speed, and in Fig. 4 average values were presented. When the engine
operation was not stable, the measurement was interrupted and these points were not included in the characteristics.
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Fig. 4 Received speed characteristics of pneumatic engine for different compression ratio

The tests showed the highest operating speed range with compression ratio ¢ = 5.28. However, in this case the
engine did not run stable. The most stable operation of the engine was with ¢ = 7.04. In other cases, it was difficult to
establish a rotational speed below 1500 r./min. The engine obtained the greatest power with ¢ =5.74 and the highest
torque with ¢ =5.28. The high torque value was a result of the lower rotational speed values achieved by the engine.
The obtained speed characteristics demonstrate that, in the case of pneumatic engines, with increasing rotational speed,
its operating parameters significantly deteriorate. It is consistent with the results of the mathematical modelling
presented in [32]. The maximum torque value 7pmax = 3.07 N-m was obtained for a configuration with a compression
ratio of ¢ = 5.28. Compared to a torque value of Tpmax = 3.50 N-m for the base combustion engine, this value is 12.3%
lower. The maximum torque for the pneumatic engine occurred at n7,max = 894 r./min, which is significantly lower than
for the combustion engine 77cmax = 4500 r./min. The maximum power was obtained at a compression ratio ¢ = 5.74 and
was Ppmax = 0.36 kW, which relative to the power of the combustion engine Pemax = 1.84 kW was 80.4 % lower. In this
case, again, the rotational speed was decisive factor, which for the pneumatic engine was napmax = 1975 r./min, and for
the combustion engine 7xemax = 5200 r./min.

Due to the fact that with a compression ratio of ¢ = 7.04, the engine operated most steadily this value was used to
determine the load characteristics. The test speed was set to n = 1500 r./min, as it corresponded approximately to the
maximum power. In this case, the test consisted of changing the engine load with maintaining constant rotational speed.
A torque was read and then power was calculated using the rotational speed. In turn, the value of mass flow rate was
determined using the Bronkhorst High-Tech F-106BI flow meter. The subsequent step was the determination of the
value of the Brake-Specific Air Consumption (BSAC) parameter from Eq. 1:

Bsac=<, (1)
P
where O — volumetric flow rate; N — power.
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Fig. 5 Received load characteristic of pneumatic engine
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Similarly to the regulatory characteristics, the variability of load characteristic parameters (Fig.5) was
approximated using non-linear regression, the method of smallest squares and the function of 3rd degree polynomial,
obtaining the coefficient of determination R*> = 0.994. The mean of the volumetric flow rate was Q = 10 m*h, which
gives an average BSAC = 48 m*/(kW-h).

Analysing the test results, it is important to note that the maximum engine speed was relatively low for the speed
and adjustment characteristics. Mostly it is caused by problems with air dosing due to the reduced filling time of the
cylinder at higher rotational speeds. In the low rotational speed range, the symmetry of the inlet valve with respect to
the TDC generated a counter-pressure in the cylinder, which increased the resistance in the compression stroke. It can
be prevented by using the solenoid valve [32], or by using a valve with piezoelectric transducer [35, 36]. The flow
properties of valves, including prototype ones, can be initially determined using CFD (Computational Fluid
Dynamics) [37], eventually using indirect dynamic methods [38]. In the course of the research, a problems with
movement resistances resulting mainly from the friction process was found. In case of considering the possibility of
using new friction pairs in pneumatic engine systems, the methods presented in [39] may be used to assess friction.

5. Conclusions

The presented research demonstrates that pneumatic engines can be an alternative to the other sources of
propulsion. The minor modification range needed to adapt the engine to this type of power supply is an additional
advantage. The engine dynamometer developed for the purposes of researches allowed to determine the fundamental
characteristics of this type of engine. The conclusions are as follows:

1. The maximum rotational speed of the pneumatic engine was 2731 r./min. for a supply pressure value
of 7e5 Pa, at compression ratio 7.04.

2. The highest torque value obtained with the compression ratio of 5.28 was 3.07 Nm, which is 12.3 % less than
in the combustion engine. The maximum torque occurred at 894 r./min versus 4500 r./min for the combustion engine.

3. The maximum power of 0.36 kW was obtained with a compression ratio of 5.74, which is 80.4 % lower value
than in the base combustion engine. In this case again, the rotational speed was lower, it was equal 1975 r./min
compared to 5200 r./min for the combustion engine.

4. The mean of volumetric flow rate was 10 m*h which gives an average BSAC value of 48 m3/(kW-h).

More detailed study of the impact of the supply conditions may allow to improve the obtained parameters.
Moreover, a change in the design of the air dosing element (valve) shall be considered in order to obtain greater
possibilities of controlling the opening time or supply phases. This might also enable an increase in the supply pressure
range at which the engine operates correctly.
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Abstract

The power supply system in transport infrastructure projects, namely railways and subways, requires constant monitoring
of network operation to display information links between system components and facilities. Monitoring is carried out
constantly in real time, as there is a need to capture large amounts of information from sensors, this requires a large
amount of memory and the complexity of its analysis. Due to which we obtain primary data that reflect the processes of
mode to pre-emergency, emergency and post-emergency. The development of a system model will allow to register
primary information that reflects synchronously temporal processes pre- abnormal, abnormal, post- abnormal, as well as
ways to organize synchronously recorded primary data and ways to form them into a single information space from the
system general point of view. Based on models, methods and techniques, there is a possibility of modern computer
monitoring, namely the formation of management decisions that will affect its object, along with the functions of analysis
and processing of collected data. Therefore, studying the system model of information flows in the networks of the power
supply system under such conditions, namely the organization of monitoring, it should be considered from a system-wide
point of view within a single information space of the power supply system in transport infrastructure projects.

KEY WORDS: information, methods, monitoring, project, system model, computer network, energy-saving technologies

1. Introduction

Today, dictates completely new requirements for the management of processes in production, as well as the
analysis and processing of information from the means that directly participate in the process. Therefore, there is a need
monitoring of systems, which is an integral part of the processes of automated control of production and technological
processes. Therefore, for the processes of electricity supply of the power supply system in transport infrastructure projects
there is a need to capture a large amount of information from devices, which requires a large amount of memory and the
complexity of its analysis and processing [1]. The complexity of the analysis and processing is that the processes of
electricity supply of the power supply system of the subway and railway transport have a number of features. Namely,
the information, as a result of the monitoring process, which comes from the sensors, in terms of analysis of abnormal
modes of the power supply network, are primary data that reflect the modes of operation of the power supply network:
pre-emergency, emergency and post-emergency. As a result, there is a need to develop models and such methods of
continuous monitoring, through the use of which the registration of primary information is realized, which reflects
synchronously over time pre-abnormal, abnormal and post- abnormal processes.

The process of monitoring the state of the power supply network in transport infrastructure projects, namely in the
framework of railway transport and subway projects, which we will consider, is carried out continuously over time.

2. Research of Information Flows in Power Supply Network Networks

Recently, due to the expansion of the scope of microprocessor devices in intelligent energy, there is a tendency to
consider the functions of monitoring and control as a whole. For example, in [2], based on the fact that the basic concept
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of monitoring in all branches is "monitoring the state of the object for management purposes", the authors introduced the
definition of "monitoring in electricity” and noted that this concept should include assessment object and its forecasting,
which is already one of the management functions. Therefore, it is better to consider the monitoring system and the
automated process control system in a complex. As an object of monitoring and control we will consider any device
involved in the intelligent power supply network, technological processes occurring in it, processes that have a significant
impact on them, as well as the power supply network in transport infrastructure projects in general [3, 4].

To solve some problems of intelligent energy requires the processing of primary data, which will allow on the
basis of the found relationships to build models that can describe the features of the functioning of power supply systems
in transport infrastructure projects.

According to the results of the monitoring process, the primary data recorded at the outputs of sensors of the power
supply network and power equipment of traction substations, as well as relay and microprocessor protection systems of
different segments of the electrical complex of the power supply network in transport infrastructure projects can be
submitted in analog 4, and discrete D, forms.

Based on this, we build a model of input data (1):
W(t)=e (1), (1), ..., (1), (1)

where ¢, @,, ... ¢, — monitoring objects.

a(1)= {(Ael 1) (2, (t))} ; @
a,(t)= {(Aez (1)), (Dez (t))} ; 3
a,(t)={(4.,).(D.,)}, )

where A4,,...4, —the set of analog signals provided by the monitoring system; D,,...D, —a set of discrete signals provided
by the monitoring system.

Ae:{I;e’U:e’A:e}; (5)
where
]ze* :®;e ([ZIZ’[;:’" 121;5’[, q’K;e’T); (6)
U, =@l (U2, U UL 1,q.K2,.T); ™
A =@L (AL, AT, AN 1, . K2, T); (3)
D, =@l (D, DY, DY 1, q,KL.T), ©)

where 177, U

ze

of the network; 72, UZ

e ze

A — data of the pre-emergency state of the network; 77", UZ", A" — data of the emergency state

ze

A — data of the post-emergency state of the network; K’ , K

', K", K! —data of the instant
state of the network; ¢ — number of discrete for the period T; z — power supply network feeders.

As a result, we obtained a model of a single information space of the parameters of the modes of railway power
supply networks (4).

Discrete and analog signals are data that are recorded in time instantaneous values of current, voltage or any other
parameters that are registered by an extensive system of sensors and are of interest for solving a specific control problem.

When the normal mode of operation of the power supply system is disrupted, abnormal processes proceed at such
a speed that it is impossible to stop them by personnel intervention, which is why there is a need for intelligent diagnostic
systems.

The processed data carry information value, which is no longer data, but information.

The huge amount of information accumulated in knowledge bases can be useful in solving various management
tasks. This requires effective means of comprehensive analysis of the collected data and finding patterns in them. This
task due to its complexity requires modern information processing technologies.

For effective monitoring of the state of the power supply system network in metro and railway transport projects,
it is advisable to use a distributed database and queries with a relational control system. In Fig. 1 shows a model of a
system for collecting and processing information about network emergencies.

The peculiarity of this model is that it contains a subsystem for handling types of emergencies. Data processing is
carried out in the regional database. Peripheral databases play the role of intermediate drives.
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We see in Fig. 1 that the central table of the database and queries, and the peripheral tables of the database of each
of the fragments are variable. They are, firstly, promptly created and filled with data coming from the elements of the
database of the monitoring system Second, according to the results of processing, in accordance with the established
algorithms, the modernization of these tables. Commands to execute shaping decisions can be generated automatically.
However, the operator of the information collection center can always make his adjustments and send a priority team to
the database of the monitoring and diagnostics system of the power supply system in transport infrastructure projects.
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Fig. 1 A model of a system for collecting and processing information about network emergencies

The data in the repository is integrated into a single structure at different levels of detail, which provides the user
with the necessary degree of generalization of information. In this concept, the main place is given to data. The repository
also contains the results of information conversion, summarization and verification [5], which is the basis of data mining
technology. The technology allows knowledge discovery in databases (KDD) and is included in the concept of
information data warehouses and organization of intelligent computing, which is the basis for the creation of intelligent
systems for monitoring and diagnostics of power supply systems in transport infrastructure projects.

KDD consists of data analysis processes, as well as detection algorithms, which, within acceptable limits of
computational efficiency, create a list of templates (or models).

The step-by-step application of KDD to power supply management knowledge bases in metro and railway
transport projects is conditionally shown in Fig. 2. The KDD process is interactive and iterative, including numerous steps
with many user-made decisions.
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Fig. 2 The KDD process in knowledge bases of information space of power supply process in transport infrastructure
projects

The use of classical methods of information processing, although not lost relevance, and narrow specialization
does not allow them to be effectively used to solve problems of processing knowledge bases of power management units
in transport infrastructure projects.

With the development of computer technology, a group of data mining (DM) technologies is gaining popularity,
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which previously did not have wide practical application due to the large number of calculations required to perform
algorithms. The increase in the computing power of processors has eliminated the gravity of this problem. Now a
qualitative analysis can be performed in a reasonable time [6, 7], which is extremely important in emergencies that occur
in the network of electricity supply to rolling stock [8-9]. The user, in our case the dispatcher or operator, can significantly
help the data mining method by correctly following the previous steps.

The accumulation of a large amount of retrospective information was the impetus for the development of
intellectual analysis, which is the basis for the construction of intelligent systems for monitoring and diagnostics of the
power supply system in railway and subway projects.

Once new elements and aspects of data are identified, the approach to identifying data sources and formats and
then comparing this information with a particular result may change. The more the user processes data, builds models,
evaluates results, the better the result can be. Working with data becomes more efficient when the integration of such
components is possible: visualization, graphical tools, query tools, operational analytical processing that allows you to
understand the data and interpret the results and the algorithms that build models.

3. Conclusions

Prediction and description in practice are the main tasks of DM, the goal of which can be achieved by key means
of DM, such as: classification, clustering, modeling of dependencies, regression, summarizing, identifying changes and
deviations.

In any DM algorithm, there are three main components: the representation model, the estimation model, and the
search.

The representation model is the language for describing the detected patterns. If the presentation is too limited, the
exact model for the data cannot be presented, regardless of the amount of training time and examples.

The criteria for the evaluation model are quantitative judgments about how well a particular template (model and
its parameters) meets the objectives of the KDD process. For example, forecasting models are evaluated by a test set for
empirical forecasting accuracy; descriptive - in terms of prognostic accuracy, novelty, usefulness and clarity.

The search component in DM consists of parameter search and model search. Once the representation model and
evaluation model criteria are normalized, the DM problem is reduced to the optimization problem: to find the parameters
and models that optimize the evaluation criteria. The parameter search algorithm should look for parameters that optimize
the evaluation model criteria, taking into account the observed data and the representation of the normalized model.
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Abstract

The article deals with the initial design of a system for changing the adhesive force of two-wheeled vehicles. The system
is designed for light off-road motorcycle KTM 250 SX-F. The purpose of the system is to allow the adhesive force
transmitted between the motorcycle wheels and the road to be changed. The system allows the motorcycle rider to move
the motorcycle at the stability limit at ‘safe’ speed. Both from the forward and especially the transverse direction. It also
prevents damage to the rider’s health and motorcycle if the limit value is exceeded. The system is designed as two
hydraulically operated frames, one for the front and the other for the rear motorcycle wheel. The change in adhesive force
is controlled by reducing the radial response transmitted by the motorcycle wheels. Depending on the desired situation, it
is possible to simulate a reduction in adhesion by any value independently for the front or rear wheels or together for both
wheels. A pair of drop frames comes into operation in the event of exceeding the limit state of the motorcycle in terms of
transverse stability. They are individually placed on the sides of the motorcycle.

The use of the system is for the purpose of enhancing the skills of the rider for the purpose of becoming accustomed to
the motorcycle. The rider will check the limit of the motorcycle without harmful consequences and thus gain important
experience for safe movement on the road. In this way, it is possible to increase road safety indirectly. The paper aims to
implement an initial design of a system enabling to change the adhesive conditions of a motorcycle so that when driving
on an asphalt surface, it would allow simulating driving on a surface with reduced adhesion, such as wet asphalt.

KEY WORDS: motorcycle frames, tires, adhesion, SkidMotorbike

1. Introduction

With the growing number of road vehicles, current cities face the problem of limited parking options. At the same
time, car occupancy is very low, averaging 1.8 people per car [6, 15]. One of the possible solutions is to use motorcycles
as a means of transport. Along with the improving economic situation, many people buy a motorcycle as a means of
spending free time. Motorcycle manufacturers address this trend by investing an increasing amount of money on the
development of two-wheeled vehicles [4]. Despite this fact, it is still necessary to pay attention to the area of increasing
the safety of these road users. After pedestrians and cyclists, motorcyclists are another group of the most endangered road
users. The safety of two-wheeled vehicles can be enhanced by innovating the materials, construction, and implementation
of new electronic systems [3, 5]. The second option is to increase the driving skills of motorcyclists. Both of the options
should be initially implemented under conditions outside real road traffic [10, 12]. Electronic systems can be developed
in laboratories and virtual reality, and subsequently tested. Driving skills can be improved on simulators. This is basically
a model of reality [7, 8], which is more or less different from it. Therefore, this article discusses the possibility of
increasing the ability of motorcyclists to control their machines. Excessive speed is a critical element that leads to the
most common causes of a motorcycle accident. Due to the high speed and inexperience of the driver, the limit of stability
of the motorcycle is exceeded, resulting in a skid. Skidding very often leads to a fall with an injury, at best only with
damage to property. In many cases, experienced motorcyclists can prevent the fall in a marginal situation by timely and
adequate intervention in the steering of the motorcycle. For the driver to intervene in time and to the correct extent, it is
necessary to have maximum experience with the driving of the motorcycle.

Due to the initial design of the new system, we will use model conditions. The change of the adhesion force can
be realized by reducing the coefficient of adhesion by using special tires [1, 2] or a special surface [11, 14]. The second
option for reducing the adhesion force between the motorcycle wheel and the road is to reduce the radial reaction on the
motorcycle wheels. This reduction can be achieved utilizing a frame with additional wheels as used in road
vehicles [6, 13].

The SkidMotorbike subframe is an additional device that is intended for retrofitting to a motorcycle. The device
makes it possible to reduce the radial reaction on a motorcycle wheel. From this principle, the wheels of the motorcycle
can transmit a smaller maximum longitudinal and transverse force in contact between the tire and the road. Thus, the
motorcycle reaches the limit of adhesion sooner at a lower, so-called safe speed. The SkidMotorcycle system allows
changing the adhesion force, according to current requirements, even while riding the motorcycle. With the
SkidMotorcycle frame, riders can learn from the very beginnings about motorcycle control to simulations of more
demanding maneuvers without damaging the motorcycle or significantly endangering their health.

The paper proposes a design of an additional sliding frame used in a motorcycle. The design was created in the 3D
CAD program SolidWorks. The purpose of the SkidMotorcycle frame is to create reduced adhesive conditions so that the



137

motorcycle moves at the limit of stability while going at a safe speed. The primary intention of the frame is to verify the
stability of the motorcycle behavior and, at the same time, to have the rider get used to the motorcycle to know how the
motorcycle behaves before reaching the limit state without the risk of damage to health or property. The SkidMotorcycle
was designed for a motocross motorcycle, KTM 250 SX-F.

2. Materials and Methods

The essence of the change in the adhesion force F, lies in the reduction of the radial reaction Z;, transmitted by
the motorcycle wheels to the road [6]. This is done using a subframe for the front and rear wheels. When the radial reaction
is reduced, the maximum adhesion force transmitted by the motorcycle is reduced, which is given by a simple formula
(1), where ¢ is the coefficient of adhesion.

F,=Z 0. (1)

The transverse skid of the motorcycle was chosen as the limit state. The skid occurs when the transverse force is
greater than the lateral force transmitted between the tire and the road [6]. The magnitude of the contact force is given by
the vector of the maximum adhesion force. In a double-wheel vehicle, the change of direction is caused not only by
turning the steering wheels, as in a four-wheel car but especially by tilting the motorcycle about the axis connecting the
front and rear wheels contact surface center of gravity. Therefore, the magnitude of the motorcycle lateral adhesion force
when cornering is given by Eq. (2).

F,,, =(G-cos f+F,sinf) g, )

where Fady — side force; F, — centrifugal force, G — gravity of the vehicle; ¢ — coefficient of adhesion; S — slant slope of

motorcycle.

Before designing the construction of the sliding frame, the basic dimensions of the motorcycle, which are necessary
in terms of clamping to individual parts of the motorcycle and possible spatial arrangement of the SkidMotorcycle, were
first established. The basis was the track width, front and rear wheels dimensions, wheel axles dimensions, motorcycle
frame size, swingarm dimensions, and front shock absorbers. Subsequently, the motorcycle model was assembled. The
motorcycle frame was modeled in a simplified form with a primary emphasis on the location of the sliding frame anchor
points to the motorcycle frame. The resulting model of the motorcycle key parts can be seen in Fig. 1.

Fig. 1 Simplified model of a motorcycle concept

3. Results and Discussion

The slide frame consists of two separate parts for the front and rear motorcycle wheel. Each of these parts is formed
by an upper and a lower part of the frame.

The first point of the design was to clamp and secure the slide frame to the front part of the motorcycle. The front
part of the frame is connected to the wheel via an axle, which is inserted into the articulated heads locked with nuts. This
solution was chosen because the frame is welded, and these heads will ensure the easy assembly of the frame. The upper
arm weldment (Fig. 2) consists of a main tube and side U-profiles with welded plates. Articulated heads are clamped on
these plates. For connection to the lower arm, eyes clamps are welded to the main tube, from the front to the tilt assembly,
from the rear to the attachment of the hydraulic cylinder.

The lower arm (Fig. 3) is also a weldment, to which the support castors are then attached. It consists of a main
lower tube to which the left and right side arms are welded. The front and rear plates are further welded to this skeleton.
For connection to the upper arm, the tilt assembly mounts are welded to the sheets.

To connect the upper and lower arms, a tilt assembly, allowing the motorcycle to tilt when cornering, was designed.
In the front part, both arms are connected with this assembly; a hydraulic cylinder is inserted in the rear part, allowing the
setting of the required adhesion motorcycle conditions.
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The tilting element (Fig. 4) consists of a tilting segment into which a bronze housing is inserted. A lubricator was
used to ensure trouble-free operation and sufficient service life. A tilt axis is inserted through this housing to get attached
to the tilt assembly mount. The whole assembly is connected to the upper arm using a screw connection.

The rear wheel frame is designed according to a similar scheme as used in the front frame (Fig. 5). The rear frame
assembly is shown in Fig. 6. The reason for the similarity of the front and the rear frame is the optimization of production
costs in terms of materials used and also the assembly of individual parts. The aim was to minimize the number and
variety of components of which the frame consists.

Fig. 6 Rear wheel frame assembly

The fall stabilizer arms are used to change the maximum inclination of the motorcycle and the subsequent capture
of a possible fall of the rider together with the motorcycle due to exceeding the limit of stability. These arms are attached
to the motorcycle frame and allow the setting of the required side tilt angle from 35° for beginners to 50° for experienced
riders.

During the construction of the arm, sufficient support and possible adjustment of the tilting angle had to be ensured.
The arm consists of a weldment with inserted bronze housings in its lower part to ensure smooth movement when
changing the tilting angle setting. Mounting axes are inserted through these housings. Furthermore, a rotating wheel and
a telescopic bar are attached in the front part, enabling to change the motorcycle tilting angle. The change in the
motorcycle tilting angle size is adjustable according to the current riding situation and the abilities of the motorcyclist.
The current design of the stabilizer arm is shown in Fig. 7.
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For attachment to the lower part of the motorcycle, a plate under the motor was designed, to which the eyes clamps
are subsequently welded for attachment to the motorcycle frame and attachment of the fall stabilizer arms. The plate is
mounted to the holes in the motorcycle frame with screws.

Fig. 8 Plate located under the motor Fig. 9 Damping telescopic bar

The assembly of the middle part of the sliding frame and fall-protecting frame consists of clamping elements to
the motorcycle frame and two fall stabilizer arms. The range of change in the setting of the angle of the SkidMotorbik
fall stabilizer arms for the minimum and maximum motorcycle side tilting angle is shown in Fig. 10.

minimum tilt

maximum tilt

Fig. 10 Arm adjustment range

Since the SkidMotorcycle frame is sufficiently rigid, the magnitude of the impact that is transferred to the
motorcycle when the fall stabilizer arm comes into contact with the road is given by the radial flexibility of the tires of
the additional wheels. The deformation characteristics of the support unit tires were determined on a static adhesor, see
Fig. 11. The data was obtained based on a gradual loading with a vertical force. At a specific load, the magnitude of the
radial deformation was subtracted from the position of the static adhesor arm. The deformation characteristic is evident



140

in Fig. 12 and is described according to (3) on the confidence interval R?> = 0,9996. Due to the rolling of the additional
ASC wheels, there is an increase in the emitted noise, which is described in more detail in [9].

y=-0.3441x" +5.8352x . (3)
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Fig. 11 Deformation of the support wheels on the Fig. 12 Deformation characteristics of the wheel units
static adhesor of the Alternative SkidMotorcycle

When riding and exceeding the limit of stability, the fall stabilizer arms come into contact with the bar when the
motorcycle reaches the marginal tilting angle. To eliminate the initial shock, a damping element was inserted into the
telescopic bar housing. The construction consists of inserting a compression spring into the cavity in the inner tube of the
telescopic bar. The inner tube has a modified hole in the shape of a longitudinal groove into which is secured with a
locking tube pin. If the wheel rests on the road surface, this construction allows the inner tube to move towards the outer
tube. The inserted spring is then compressed, dampening the shock (Fig. 9).

The change in adhesion force is solved using a pair of hydraulic cylinders. The stroke of the cylinders is determined
by the pressure fluid and according to the position of the motorcycle wheels, under the load of one standard person until
the moment of disengagement of the wheels from the pad. For the given motorcycle, this stroke is 20 mm for both the
front and rear wheels. Additional ABS hydraulic units will be used as a source of fluid pressure for the hydraulic cylinders.

The resulting unit of the designed sliding and fall stabilizer frame systems called SkidMotorbike consists of a
front-wheel frame, rear-wheel frame, fall stabilizer arms, and a hydraulic circuit. The total weight at maximum use of
aluminum alloys is 52 kg.

Fig. 13 Mechanical part of the SkidMotorbike system

4. Conclusions

This paper presents the design of a sliding and fall stabilizer frame for the type of motorcycle specified above. The
first step was to map the technical and dimensional parameters of the motorcycle. Subsequently, the arrangement of
individual frames according to the identified parameters, was outlined. To design the SkidMotorbik system, the 3D
software was used. The design solution of individual components was proposed concerning the availability of materials
and the simplicity of production. The aim was the applicability of the system to other motorcycles after minor
modifications. To change the adhesion conditions, the frame was equipped with a pair of hydraulic cylinders. For
controlling the dynamic stroke according to the driving conditions, the SkidMotorbike system is also equipped with
accelerometers together with electronic control for the correct function of these cylinders. Preparations are currently
underway for manufacturing a prototype. In addition to teaching motorcyclists, the use of the SkidMotorcycle system can
also be used for the needs of research and to compare the theoretical outputs from the models [16] with the real reduced
adhesion. More detailed monitoring of the SkidMotorcycle system behavior is subjected to further research.



141

References

1. Albinsson, A.; Bruzelius, F.; Jacobson, B. etc. 2018. Evaluation of vehicle-based tyre testing methods. Proceedings
of the Institution of Mechanical Engineers Part D-Journal of Automobile engineering 233: 4-17.

2. Gao, J.; Zhang, Y.; Du, Y.; ctc. 2019 Optimization of the tire ice traction using combined Levenberg Marquardt
(LM) algorithm and neural network, Journal of the Brazilian Society of Mechanical Sciences and Engineering
41: 84-96.

3. Hara, S.; Nakagami, K.; Miyata, K. etc. 2019. Dynamics and control of self-standable motorcycle. ASME
International Design Engineering Technical Conferences / Computers and Information in Engineering Conference,
AUG 18-21, Anaheim, Canada.

4. Jalali, M.; Khosravani, S.; Khajepour, A. etc. 2017. Model predictive control of vehicle stability using coordinated
active steering and differential brakes, Mechatronics 48: 30-41.

5. Jalali, M.; Hashemi E.S.; Khajepour, A. etc. A combined-slip predictive control of vehicle stability with
experimental verification, Vehicle System Dynamics 56: 319-340.

6. Jilek, P.; Sef¢ik, I.; Verner, J. etc. 2019. System allowing adhesion force change of road vehicle, 18th International
Scientific Conference on Engineering for Rural Development, May 22-24, Jelgava, Latvia, pp. 1876-1882.

7. Khosravani, S.; Khajepour, A.; Fidan, B. 2016. Integrating the effect of driver to improve handling performance of
vehicle, 14th IFAC Symposium on Control in Transportation Systems, May 18-20, Istanbul, Turkey, pp. 395-400.

8. Krmela, J.; Benes, L.; Krmelova, V. 2014. Tire experiments on static adhesor for obtaining the radial stiffness value.
Period. Polytech, Budapest, Hungary, pp. 125-129.

9. Kuli¢ka, J.; Jilek, P. 2016. The Fourier Analysis in Transport Application Using Matlab, Transport Means
Proceedings of the International Scientific Conference, 820-825.

10. Lankenau, GFD.; Daigle, L.; Ihns, SH. etc. 2020. Design of a human-powered roll stabilization attachment for
utilitarian two-wheeled vehicles, ASME International Design Engineering Technical Conferences / Computers and
Information in Engineering Conference, AUG 18-21, Anaheim, Canada.

11. Lucet, E.; Lenain, R.; Grand, Ch. 2015. Dynamic path tracking control of a vehicle on slippery terrain, Control
Engineering Practice 42: 60-73.

12. Shaosong, L.; Wang, G.; Zhang, B., etc. 2020. Vehicle yaw stability control at the handling limits based on model
predictive control, International Journal of Automotive Technology 21: 361-370.

13. Skackauskas, P.; Zuraulis, V.; Matuzevicius, D. 2016. The Issues of Autonomous Vehicle Stability during Step
Steer Manoeuvre in Different Road Friction Conditions, 20th International Scientific Conference on Transport Means,
472-476.

14.Sarkan, B.; Skriicany, T.; Semanova, S. etc. 2018. Vehicle coast-down method as a tool for calculating total
resistance for the purposes of type-approval fuel consumption, Scientific Journal of Silesian University of Technology.
Series Transport 98: 161-172.

15. Tsuchiya, M.; Tsujii, E.; Terayama, T. 2018. Study on Self-Standing Motorcycle Control Mechanism, Yamaha
Motor Technical Review 54: 114-120.

16. Xia, G.; Tang, XW.; Hua, YY.; Chen, WW. 2018. Lateral stability control of vehicles based on the calculation and
allocation of component forces, International Journal of Vehicle Design 78: 55-78.



142

Proceedings of 24" International Scientific Conference. Transport Means 2020.

Personnel Risks and Their Impact on Business in the Transport Sector in
Slovakia

M. Hudékova', P. Lahuta®, M. Masar®

"University of Zilina, Faculty of Security engineering, Univerzitnd 8215/1, 010 26 Zilina, Slovakia,
E-mail: maria.hudakova@fbi.uniza.sk

2University of Zilina, Faculty of Security engineering, Univerzitnd 8215/1, 010 26 Zilina, Slovakia,
E-mail: patrik.lahuta@fbi.uniza.sk

*University of Zilina, Faculty of Security engineering, Univerzitnd 8215/1, 010 26 Zilina, Slovakia,
E-mail: matej.masar@fbi.uniza.sk

Abstract

The main aim of the article is to analyze and assess the perception of identified personnel entrepreneurial risks in the
transport sector in Slovakia. In 2019, the authors of the article realized empirical research in Slovakia, which was
focused on assessing the current state of enterprise risk management application. It took part in research over 370
owners and managers of enterprises in Slovakia. The results were compared and evaluated with the results of similar
realized researches in the world. The following statistical methods were used to assess the data: Analysis of variance,
Bartlett's test, Levin test, the Agostini test and the Test of good fit to verify the normality of the data, to remove the
extremes was used Grubbs test, it was used selected indicators of descriptive statistics — central tendency and
variability. Based on the gained results was identified that there are significant differences in the level of personnel risks
by the owners and managers of enterprises in terms of the length of their operation on the market in 2019. Based on the
processed results it can be stated that it is necessary to constantly evaluate the impact of the human factor in enterprises
e.g. it is important to assess human errors, insufficient employees” qualifications, high fluctuation rate, a decline of
working morale, and discipline, etc. The results of empirical research highlight the need to address the above issues in
personnel risks in the business environment in the transport sector. The results are valuable material for managers and
owners of the enterprise, Education institutes, and Consults institutions, which support entrepreneurship, too.

KEY WORDS: personnel risks, impact, analysis, assessment, enterprises in the transport sector

1. Introduction

The actual trends highlight the need to pay more attention to the enterprise risk management application and to
be better prepared for the threats in the current business environment [1, 3, 5]. More and more businesses are beginning
to realize the need and importance of risk management also in the transport sector [17, 14]. According to various global
surveys and studies by various organizations such as e.g. Institute Penomon, Enterprise Risk Management Initiative,
AMRAE, AICP, Deloitte Institute, etc. [6,7,9, 22, 23] it can be said that risk management means a significant
contribution to increasing the performance, value, and competitiveness of enterprises in dynamic changes of both the
external and the internal environment. This fact is confirmed also by the results of our research focused on the issue of
enterprise risk management carried out by the authors of the contribution in 2017 — 2019 [8, 13]. The implementation of
the risk management in a lot of enterprises in Slovakia, the Czech Republic, Poland, Hungary compared with the
advanced countries has great shortages e.g. [8, 10, 11, 18-20]:

= Underestimation of risks arising from the internal and especially external environment, lack of early warning
systems, inability to assess partial risks of key enterprise processes;

= Missing system of preventive measures to prevent and minimise the negative consequences of the problem;

= The lack of knowledge of risk management methods and tools is supported lack of availability of practical
guidance on how to apply these methods and tools effectively;

= In many enterprises, risk management is unsystematic, not a complex process that is based on an enterprise
vision and processed intention.

Although the owners, managers of the enterprise are intuitively aware of the common risks which affect their
everyday life, it is very improbable they will realise such risks they have no direct experience with. Currently, managers
pay more attention to external risks, e.g. market, economic, financial as internal risks, e.g. operational, personnel,
security, etc. [2, 12]. Of course, it is important to assess the failure of the human factor, qualification level of
employees, state of technology, level of innovation, product quality, etc. [15, 16, 21]. Therefore, the authors decided to
assess the personnel risks, which are also important for achieving a competitive advantage and effective management
for enterprises in the transport sector.
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2. Research Methodology

It was realized empirical research in Slovakia within the project KEGA - Research of Risk Management in
Enterprises in Slovakia to create a new study program Risk Management for the FBI University of Zilina in 2019. The
main objective of the research was to identify the key business risks of enterprises in Slovakia, the current state of
application of the risk management process in enterprises, and assess the level of ability and skills of managers to apply
enterprise risk management.

The selected research questions in the area of enterprise risk management were taken part of the questionnaire,
which was used to collect data. It was used as an electronic questionnaire, and data were collected in Slovakia. The
main statistical units were managers and enterprise owners. Some information was gained by a structured interview
with managers in selected enterprises. In 2019 participated in survey 370 owners and managers, who run an enterprise
in Slovakia. The structure of the sector as following: 21.4% trade, 17.6% industry, 15.7% building industry, 11.1%
transport and information, 10% other services, 6.2% agriculture, 5.7% accommodation and boarding, 3.2% trade
services a 10% remaining services.

Various scientific methods such as baseline analysis, querying, comparison and statistical methods for data
evaluation were applied to meet the stated objective of the paper. The baseline analysis was used in the process of
identifying and solving various problems of the researched issue, e.g. analysis of knowledge from professional literature
and scientific papers to elaborate the current state of the solved issue, analysis of results of our surveys assessing
business risks in Slovakia.

The query method was applied using the online questionnaire tool. The online questionnaire allowed more
efficient collection, sorting, and evaluation of data. The advantage of the online questionnaire is the more efficient
collection in terms of time, location, and response speed. The online questionnaire was created using the Google Form
platform, which provides a suitable environment for data collection, as well as their sorting and export to MS Excel.
Google Form provides a convenient environment for questionnaire creation, data collection, presentation of results, and
easy evaluation [4, 24].

The individual questionnaire questions correspond to the main objective of the paper. The composition of the
questions was based on the authors' own experience with the above-mentioned issues within the framework of solving
various projects at University in Zilina, an analysis of the current state of the solved issues in the world and the work
experience. The questionnaire consisted of 24 questions.

It was used for hypothesis confirmation selected statistical methods mainly one-way ANOVA — analysis of
variance, Bartlett's test of sphericity, D"Agostinov test and test of Goodness of fit for verification of normality. It was
used the Grubbs test for assessment of outliers and selected descriptive statistics indicators. Using the calculation of
parametric tests two basic conditions had to be met: the resulting p-value of the intensity of the selected risks of the
homoscedasticity test (the identity of variances) and normality test to verify intensities of risks must be higher than the
level of significance 0.05 that was chosen.

The comparison was used to evaluate and compare the processed survey results with the same survey results
carried out by partner organizations. These are Faculty of Management and Economics, Thomas Bata University, Czech
Republic, Warsaw School of Economics Poland, Faculty of Economics and Business, University of Debrecen, Hungary.
Also, the results of surveys by authors who deal with the issue, for example, Belas, Kozubikova, Popp, Olah,
Pietrasienski, Slusarczyk, and others [2, 12, 18-20].

Based on the process of the analysis of the knowledge from professional literature, analysis of the current state of
enterprise risk management in the world, and the analysis of the results of own surveys, the paper objective was
specified.

The main aim of the article is to analyze and assess the perception of identified personnel entrepreneurial risks in
the transport sector in Slovakia.

This objective is reflected in the research question, which was the basis for the hypothesis.

Is there some significant difference in the perception of personnel risks by owners and managers in Slovakia in
terms of the length of business in the transport sector?

There is a statistically significant difference in the level of perception of personnel risks by owners and managers
of enterprises in the transport sector in Slovakia in terms of the length of business.

3. Results and Discussion

It is possible to summarize results based on the survey, which was realized in 2019. The addressed owners and
managers of enterprises in Slovakia should identify a maximum of three risks from the selection of seven business risks,
which they consider to be key (being the key) ones in their business. Of the total number of 370 of the addressed
Enterprises, the share of identified key risks for enterprises in Slovakia was identified:

1. market risks - 27.70%;
economic risks - 18.54%;
financial risks - 17.63%;
personnel risks - 15.23%;
operational risks - 9.34%;
security risks - 6.77%;

SRl N
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7. legal risks - 4.8%.

Fig. 1 shows the percentage of identified key risks perceived by managers and owners of enterprises in Slovakia.
The personnel risks were identified as the fourth most serious risks, which are perceived by owners and managers in
Slovakia. Research suggests that personnel risks are frequently underestimated in the current entrepreneurial
environment. This can be proved by the detected the most important sources of the personnel risks — the insufficient
employees” qualifications, high fluctuation rate, the decline of working morale and discipline, and human errors.

mmarket risks

H economic risks

= financial risks

 personnel risks
operational risks

W security risks

legal risks

Fig. 1 Percentage of identified key risks perceived by managers and owners of enterprises in Slovakia in 2019

To verify the established hypothesis, it is necessary to use descriptive statistics to better analyze the assessed
data. The basic statistics of the selected dataset are following: N — Number os statistical unit, 1 — the average intensity of
risk to the enterprise, o — standard deviation of risk intensity to the enterprise, o — variance of risk intensity to the

enterprise, @ — median, x — skewness and 7 — kurtosis (Table 1).

Table 1
Basic statistical characteristics (BSCs) of personnel risk in four groups of the enterprise according to the length of
business

Type of risk Lenght of business N U x o o’ 24 z
less than 5 years 55 ] 0.2306 | 0.10 | 0.2306 | 0.0532 | 1.35 | 1.23
Personnel risks 5-10 years 94 | 0.1362 | 0.10 | 0.2052 | 0.0421 | 1.56 | 1.20
10-20 years 108 | 0.1685 | 0.00 | 0.2319 | 0.0538 | 1.34 | 1.23
more than 20 years 113 | 0.1743 | 0.10 | 0.1940 | 0.0376 | 0.93 | 0.28

Based on the surveyed group of enterprises, which were obtained based on the performed survey, one of the
important risks can be considered also personnel risks, which are most often perceived by enterprises in Slovakia based
on length of business. Based on the Grubbson Test of outliers, were identified as any outliers. Barlett's test (p-value
0.0532), and Levin test of sphericity (0.128) confirmed the assumption of sphericity. Based on D Agostins test of
enterprises which run an enterprise less than 5 years (p-value 0.1260) and from 5 to 10 years (p-value 0.0950), and test
of Goodness of fit, for enterprise, which run a business from 10 to 20 years (p-value 0.0108) and which run an
enterprise more than 20 years (p-value 0.0750) can be considered as a presumption of normality of the file fulfilled.

Table 2
Analysis of the intensity variance of enterprise personnel risks using the F-test
Variance of enterprises according to the lenght of business DF SS MS F | p-value
Between groups 14 3.529 | 0.1304
Within groups 356 14.227 | 0.069 | 8.09 | 0.039
Total 370 17.756 -

Based on one-way ANOVA perceived intensity of personnel risks by owners and managers of enterprises in the
transport sector in Slovakia was p-value 0.039 (Table 2). This value is less than the established level of significant
o= 0.05. Based on the results, it can be said that there is a statistically significant difference in the perception of
personnel risks by owners and managers in Slovakia based on length of business. It is possible to accept the established
hypothesis, i.e. that owners and managers of enterprises in the transport sector in Slovakia perceive different personnel
risks according to the length of business. They perceive some risks at the beginning of their business, which changes
during their length of run a business.
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In the current strong competitive environment, it is also important that enterprises have new technologies,
equipment with powerful systems and skilled employees. These are elements of the competitiveness of the company
resulting from the internal environment, which companies must pay attention to improve them. Owners and managers
should not forget the human factor, which is still an integral part of all processes in the enterprise. This is confirmed by
the results of own empirical research.

Based on processed data, which were obtained form results in 2019, it is possible to say, that personnel risks
were identified as the fourth serious risks, which owners and managers perceive. Similar results were in 2017.
Furthermore, it was found that there is a statistically significant difference in the perception of personal risks by owners
and managers of enterprises in the transport sector in Slovakia in terms of the length of business (less than 5 years, 5-10
years, 10-20 years, more than 20 years).

They perceive other risks at the beginning of their business, which gradually changes with their time in the
market. Personnel risks are specific to individual areas of management, and this may also be due to the impact of
sources of risk that are changing in the marketplace as the business operates. From the perspective of the most
perceived sources of personnel risks in Slovakia by the owners and managers of enterprises in the transport sector in
Slovakia in 2019:

1. the high fluctuation rate;

2. human errors;

3. the decline of working morale and discipline;

4. insufficient employees” qualifications.

Based on the comparison in 2017 were:

1. the decline of working morale and discipline;

2. the high fluctuation rate;

3. insufficient employees” qualifications;

4. human errors.

This result is confirmed by a lot of other authors who carried out similar investigations Kozubikova; Belas et al.;
Popp et al.; Olah et al.; Pietrasienski, Slusarczyk [2, 12,18, 19, 20].

This research can be of value to entrepreneurs, managers as well as to institutions that provide comprehensive
entrepreneurship support in the transport sector. The overall results are significant at the regional, national, and
international level and have the ambition to strengthen the competitiveness of entrepreneurs. It is important that
managers are convinced that effective risk management provides less negative surprises, greater financial stability
enterprise performance, and improvement in competitiveness. Improving the level of risk management requires
enterprises, not only in the Slovak Republic, but also in other countries to acquire theoretical knowledge about the risk
management process, methods, and tools that can be used in risk management.

4. Conclusions

The overall results of empirical research point to the significance and importance of addressing the assessment of
personnel risks and their resources in the enterprises in the transport sector in the Slovak Republic. The processed
research results show that entrepreneurs and managers in Slovakia are less concerned about personal risks connected
with the production process and services. It follows that entrepreneurs and managers perceive the difference in
personnel risks with their respective market presence.

The main benefits of the contribution are:

1. Study on key enterprises risks perceived by managers and entrepreneurs in Slovakia. Also, the assessment of
significant determinants of the perception of the level of personnel risks by owners and managers in the enterprises in
the transport sector in terms of the length of their market presence in Slovakia.

2. The improvement of awareness about Enterprise risk management in which supports the success of the
business performance, the development of the regions, and last but not least.

The achieved results are the basis for the professional public as well as for organizations in the transport sector
that are trying to help enterprises with the effective application of Enterprise risk management. Other the effort of the
authors is to take gradual steps towards enforcement of the enterprise risk management for them to get closer to the
global trends.
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Abstract

Autonomous cars which are expected to be on the market in the upcoming years, present new challenges to restraint
system design since unconventional seating plans can put the occupants at more risk. For instance, an occupant sitting on
a rear facing seat can experience higher risk of whiplash in a frontal impact considering the fact that statistically frontal
impacts do happen at higher severities than rear impacts as seen in the crash test conditions of US NCAP. In this study,
an improvement to car seat design is presented in which the seatback is automatically rotated into a more upright position
prior to impact in order to increase the energy absorbing potential of the seatback. The study involves computer simulation
of a seat-occupant system to demonstrate the benefits of the proposed system.

KEY WORDS: autonomous car safety, whiplash, seat design

1. Introduction

Rear impacts in road-traffic accidents create a high risk of whiplash which is the sudden movement of the head
with respect to the torso. This sudden movement typically produces discomfort and pain in the head-and-neck system. A
common cause of whiplash is thought to be the formation of S-shape-like deformation in the neck due to retraction of the
head relative to the upper torso. Whiplash can be mitigated by car seats in which the seat and the head-restraint work
together to absorb the crash energy effectively. Whiplash is mitigated when neck internal motion and neck forces are
reduced throughout the impact [1].

According to the GIDAS (German In-Depth Accident Study) database between years 2005 and 2016, the majority
of rear-end collisions occurred with for relative speeds between 10 and 45 km/h where the relative speed refers to the
difference between the speeds of the interacting cars at the time of collision [2]. In another study [3], insurance injury
claim rates in rear-end crashes and the corresponding seat/head-restraint ratings (by the Insurance Institute for Highway
Safety (ITHS)) were compared for 2001-2014 model year passenger cars and SUVs. Vehicles with good seat/head-restraint
rating had 11.2% lower injury rates than that of vehicles with poor rating. The GIDAS database was also studied for
accidents between years 2000 and 2015 in order to assess whether an emergency braking with maximum deceleration
produced a significant risk for whiplash or not [4]. This study [4] found 14,070 isolated frontal collisions out of which
full braking (more than 6 m/s> mean deceleration) was involved in 4,690 cases and in these cases there were 6,473
occupants out of which 597 had sustained whiplash (corresponding to 9%). In an accident database study from year 2005
regarding single rear-end impacts, 77% of the cars experienced a delta-V lower than 15 km/h, 16% experienced a delta-
V between 15 and 25 km/h, and 7% experienced a delta-V higher than 25 km/h [5]. Delta-V is the change of velocity
experienced by a car in a collision and it is equal to the area under the acceleration versus time history of the struck car.
The acceleration versus time history experienced by a car is called the crash pulse. In the EuroNCAP whiplash test [6],
three tests with low, medium and high severities are applied to the seat-dummy system in which the high severity test
involves the use of a crash pulse with a delta-V of 24 km/h, a mean acceleration of 6.5 g and a peak acceleration of 7.5 g.

Autonomous cars will involve unconventional seating plans in which the seats will be rotatable, foldable and
expandable. The current restraint systems that have been optimised for so many years hence a change in seating plan will
require different restraints. Occupants will also be using rear facing seats but sitting on such a seat can introduce higher
risk of whiplash when a frontal impact occurs since frontal crashes generally occur at higher severities than rear-end
crashes. For example, in full-width rigid barrier frontal impact tests of US NCAP, cars impact a fixed rigid wall with
100% overlap at a fixed impact speed of 56 km/h and this corresponds to a delta-V of around 60 km/h [7]. Therefore, the
seat has to manage higher crash-energies in such cases. Rotating the seatback into a more upright position prior to impact
is suggested in this study to increase the crash-energy absorbing potential of the seatback. Moon et al. [8] previously
proposed the idea of turning the seatback to an upward position before unavoidable collision but they did not mention
how this turning process would be realized.

In this paper, a mechanism which will turn the seatback to an upward position is proposed. This paper is organized
into four sections. In section 2, presented mechanism is proposed. In section 3, differential equations of motion of the
mechanism are obtained. In the following section, dynamics of the mechanism are examined. Finally, in the last section,
computer simulations (crash tests) are presented.
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2. Presented Mechanism for Neck Protection in Autonomous Car Crashes

The recommended mechanism to prevent neck injuries mentioned in the introduction is shown in Fig. 1. The
mechanism, which will be driven with the release of a pre-tensioned spring, is expected to turn the seatback to the desired
upright position.

The mechanism consists of a spring, damper, rack and pinion, gear pair connected with a chain, seatback and
human-dummy model. The dummy represents a 50th percentile male. Rack is attached to the ground via pre-tensioned
spring and damper. Releasing of the pre-tensioned spring will drive the rack to the left and rack will rotate the pinion
clockwise direction. To achieve the desired upright position, a gear ratio is established between gear-2 and gear-3. Gear-
3 will rotate in the same direction with gear-2 by the chain connection between them. With this driving motion gear-3
which is attached to the seatback will cause the rotation of the seatback to the upright position. Human-dummy model
will rotate with the seatback as well. Normally, the seatback and gear-3 are attached to each other by a mechanical
connection. Just before the impact, gear-3 suddenly rotates together with the seatback with the aid of the mechanism given
in Fig. 1. When a predetermined forward rotation of the seatback (clockwise rotation in Fig. 1) is obtained, gear-3 is made
to lock, this can be achieved by a locking mechanism which can be designed in several ways. Once gear-3 is locked and
the impact starts, the mechanical connection between the seatback and gear-3 plastically deforms and absorbs energy.
Penetration of human-dummy model into the seatback foam is modelled with a spring-damper system. This modelling
causes a rise on the degree of freedom of the system. Degree of freedom of the system becomes two. Furthermore, a pre-
compressed spring is used between the seatback and the head restraint which pushes the head restraint forward (towards
the head) to reduce head retraction during forward rotation of the seatback.

HUMAN-DUMMY MODEL

CHAIN
PINION (GEAR 1)
SEATBACK

GEAR 2

GEAR 3

RACK

Fig. 1 Recommended mechanism Fig. 2 Reference frames of the mechanism
3. Obtaining Differential Equations of Motion of the Mechanism

The differential equations of motion (DEOM) of the mechanism are required to be used later in the computer
simulations. Newton-Euler equations of each pair will be examined separately below. The reference frames are introduced
in Fig. 2. Motion of rack and gear-2 will be examined in the frame F (O; x, y, z) and motion of the gear-3-seatback pair
and human-dummy model will be examined in the frame F (G; u1, u>, u3). Here, x and #; always have the same direction
and this direction is outward to the page. Pairs will be examined from the outermost to the ground. Frame G is attached
to the seatback.

To obtain the Newton-Euler equations of the human-dummy model, the body center position vectors with respect
to frame G are determined (Fig. 3). Vector 74 is expressed in frame G as shown in Eq. (1). Differentiating Eq. (1) twice
and rearranging it yields Eq. (2). The Newton-Euler equations for body-4 using free-body diagram (Fig. 4) are presented
in Egs. (3) and (4). In these equations, F and F, are the spring and damping forces between human-dummy model and
seatback respectively; F34 and M,34 are the reaction force and moment from the seatback to the human-dummy model
respectively; mag is the weight of the human-dummy model and J4 is the moment of inertia (around the centre of mass
C,) of body-4.

r, =R+ VU, ey

1= (3 —nB=08 )u,+ (20,818 + . ) us; 2
myr, =—(FS +F, +m4gSinﬂ)u2—(m4gC0s,b’+E34)u3; 3)
JB=-M., +F.y,. 4)

In a similar way, the Newton-Euler equations for seatback (body-3) are obtained as follows (see Fig. 5). Here, 03
is measured from the z axis of the reference frame O and it does not involve the initial angle a of the seatback which is
also measured from the same z axis. Total seatback orientation with the respect to z axis is indicated by £ which is equal
to the summation of 85 and a. Egs. (5) and (6) describe the kinematics and Egs. (7) and (8) show the Newton-Euler
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equations for body-3. In these equations, F,43 and M,43 are the reaction force and moment from the human-dummy model
to the seatback; T3 is the carried torque from gear-2 to gear-3; msg is the weight of the seatback and J; is the moment of
inertia (around the pivot centre of gear-3) of body-3. Vector r; is expressed in frame G as shown in Eq. (5). Differentiating
Equation 5 twice and rearranging it yields Eq. (6).

r=rnu; (5)
no=(-np)u,+(-nf u; 6)

myr; =(F, +F,) )u, +(F.; )uy ; (7)

Jifp =T +mygr; Sin f—Fry = Fyry + M 5 . (®)

Radius: ragear

Radius: rasman

myg

Fig. 4 Free-body diagram of body-4 Fig. 5 Free-body diagram of body-3

The spring force Fiis a function of y,, which is the the gap between the seatback and the human-dummy model
as given in Table 1. The damping force F; depends linearly on y,, and the damping coefficient c, which is a function of
¥,,4 as shown in Table 2. The data given in Tables 1 and 2 represent the seatback foam and suspension characteristics
used in typical seats which is validated in a previous study [1].

Table 1
Spring force vs displacement relation between body-3 and body-4
Fs(N) -6000 -3000 -1250 =700 -250 0 0
Y,y (M) -0.06 -0.05 -0.04 -0.03 0 107 0.06
Table 2
Damping coefficient vs displacement relation between body-3 and body-4
¢, (Ns/m) | 35000 | 25000 1600 0 0
Y,y (m) -0.06 -0.05 -0.04 0 0.06

Forces and moments acting on gear-2 (body-2) and rack (body-1) can be seen in Fig. 6. Using the free-body
diagrams of gear-2 and rack, the relevant Newton-Euler equations (Egs. (9) and (10)) can be written. In these equations,
F. is the contact force between the rack and the pinion; J> is the moment of inertia (around the pivot centre) of body-2; gr
is the gear ratio (selected as 12/1) between gear-3 and gear-2small (see Fig. 3); k1 and ¢ are the spring and damping
constants of the spring and damper at the left-end of the rack and 6- is rotation angle of body-2 and it is measured from
the z axis of frame O. One should notice that, the kinematic relationship of rack and pinion must be used to convert
rotational motion into translational one as given in Eq. (11). In order to transform the DEOM into a system of first order
differential equations, Eq. (12) is written.
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Fig. 6 Free-body diagrams of body-2 and body-1 Fig. 7 Forward deployment of the head-restraint

Substitution of Eqs. (11) and (12) into the remaining equations and elimination of internal force and moments give
the differential equations of motion. From the solution of this differential equation system, rack displacement, rack
velocity, rack acceleration and rotation of the seatback with respect to time can be found.

Additionally, there is a pre-compressed spring-damper between the seatback and the head restraint. With the aid
of an electrically activated switch, the head restraint can be allowed to travel forward as shown in Fig. 7. This forward
travel of the head restraint helps to limit head retraction as the seatback is rotated forward prior to impact. The head
restraint is designed to travel forward by an amount of 2 cm in 30 ms with respect to the seatback.

4. Obtained Dynamic Behaviour of the Mechanism

Differential equations of motion of the system are solved by MATLAB by using the ode45 function. It is desired
to rotate the seatback nearly 10 degrees in 0.3 seconds to an upright position. For this purpose, the spring coefficient
(22 kN/m) and the damping coefficient (1000 Ns/m) for the spring and damper at the left end of the rack are determined
manually. The following figures show the displacement (Fig. 8) of the rack and the rotational displacement of the seatback
(Fig. 9). A seventh degree polynomial is fitted to the seatback rotation data using least-squares regression to be used later
in the Visual Nastran dynamic simulation software.

0.2 2
0
= 0.15}
£ T 2
g 2
5 01 § 4
o =
T o
g g
2 0.05
-8
GU 0.1 0.2 0.3 0.4 A DD 01 0.2 0.3 0.4
Time [s] Time [s]
Fig. 8 Displacement of the rack Fig. 9 Rotational displacement of the seatback

5. Performed Computer Simulations

Two different computer simulations are performed in Visual Nastran software with and without the presented
mechanism to compare the results. Details of the used 50th percentile human-body model in Visual Nastran, are given in
a previous research [9]. The rotational displacement of the seatback during forward rotation of the seatback was obtained
using Matlab and a seventh order polynomial was fitted to this rotation data. This seventh order polynomial is imported
into the Visual Nastran model to simulate the performance of the presented mechanism. An input rotation is given to the
seatback in visual Nastran which is the same as the mentioned seventh order polynomial. This simulation is performed
until the desired rotation (8.82 degrees at 0.100 seconds) of the seatback is achieved. At this point, computer simulation
is reset with keeping the existing conditions as the initial conditions for the crash simulation. After keeping the existing
conditions as initial conditions, the crash pulse (high severity pulse of the EuroNCAP whiplash test) is applied and the
behaviour of the system is examined. Some of the assessment criteria of the EuroNCAP whiplash test [6] are selected and
given as results in Table 3. A combination of the shear force and moment acting at the upper neck (which is denoted by
OC (occipital condyles)) is an injury criterion called Nxm. The Nim value should be below 1 for lower risk of whiplash. In
rating the forces at the upper neck (i.e. at the OC), the IWPG neck force classification [10], as shown in Fig. 10, is used.
The forward (or clockwise) rotation of the seatback prior to impact and the motion of the seat-occupant system after the
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onset of the impact are given in Figs. 11 and 12, respectively. The initial seatback angle is 20 deg from the vertical.

300
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150 1~ —

100
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\

Low Neck Force

Max. upper-neck negative
(rearward) shear force (Fsh™) [N]

0
0 200 400 600 800 1000 1200 1400
Max. upper-neck tension force (Ftn) [N]

Fig. 10 IWPG neck force classification (adapted from [10])

Table 3
Performance of the seat (without the presented mechanism (a), with the presented mechanism (b))
(a) (b)
Maximum shear force at the OC (N) 160.63 61.98
Maximum tension force at the OC (N) 73.66 252.9
Nim 0.46 0.17
Maximum rearward seatback rotation (°) 44.63 29.34

0.050 s 0.100 s

Fig. 11 Forward (clockwise) rotation of the seatback prior to impact
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Fig. 12 Seat-occupant system during the impact (time is reset to zero at the onset)

6. Discussion and Conclusions

This paper presents a seatback rotating mechanism based on a rack-and-pinion driven by a pre-tensioned spring.
When the crash is inevitable, the seatback is rotated forward to a more upright position prior to impact (approximately
100 ms before the onset of the crash). This mechanism can be activated by a sensor triggering a mechanical switch that
releases the mechanism. The forward rotation of the seatback has a side effect which is head retraction since the upper
torso is loaded by the seatback. This head retraction can cause whiplash if there is nothing to support the head. Therefore,
the head restraint is propelled forward towards the head by an amount of 2 ¢cm in 30 ms to support the head early and
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limit head retraction as the seatback is rotated forward prior to impact.

Once the seatback forward rotation is completed, the high severity crash pulse (with a delta-V of 24 km/h) of the
EuroNCAP whiplash test is applied. Such crash severities may be more common in the future with autonomous cars
especially when the occupants start to use rear facing seats. Sitting on rear facing seats can lead to higher risk of whiplash
when a frontal impact occurs since frontal crashes generally occur at higher severities than rear-end crashes.

In order to evaluate the effectiveness of the proposed mechanism (including forward deployment of the head
restraint), a whiplash-mitigating seat is subjected to the high severity crash pulse with and without the proposed
mechanism. The whiplash-mitigating seat without the proposed mechanism already shows low neck loading as indicated
in Fig. 10 and Table 3. The whiplash-mitigating seat with the proposed mechanism obtains a reduction of about 62% in
both Nim and upper-neck shear force, and a reduction of about 33% in the maximum rearward (counter-clockwise)
seatback rotation. With the proposed mechanism, the upper-neck tension force increases but this tension force is still low
as shown in Fig. 10. The reduced amount of rearward seatback rotation helps in two ways: First, the required amount of
space behind the seat to be used for crash energy absorption, is reduced hence occupant compartment size can be reduced.
Secondly the amount of ramping, which is the upward motion of the torso along the seatback, is reduced. Ramping can
cause the head to move backwards over the head restraint leading to decreased support of the head by the head restraint.

The presented mechanism to rotate the seatback into a more upright position prior to impact improves significantly
the performance of the seat which leads to better neck protection. With this mechanism, the seat can absorb higher crash-
energies in higher severity crashes. The initial forward rotation of the seatback increases the energy absorbing potential
during rearward rotation of the seatback which will be quite beneficial in autonomous car crashes.
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Abstract

Modern requirements for the operation of electrified railways are the efficient use of available technical means to ensure
energy efficiency while increasing train traffic. The aim of the work is to substantiate the optimization of the structure
of the DC traction power supply system with variation of train flows and traction loads. Such optimization should be
performed after the reformatting of the train schedule and the subsequent impossibility of increasing the energy
performance. The methodological basis for the optimization of the existing power supply system of the traction line is
the use of a hybrid traction power supply system with an asymmetric arrangement of active generators.

KEY WORDS: traction power system, train schedule, specific power, optimization of power supply of electric rolling
stock

1. Introduction

In modern conditions of railway transport operation it is important to increase the efficiency of the use of railway
technical means and the quality of the organization of the transportation process. The choice of optimal train modes is
one of the main tasks of railway transport. The problem of optimal train movement, first of all, is determined by the
completeness of factors that characterize the section, the model of train movement, various factors and conditions of the
process of train movement on a variable track profile, as well as the forces that arise [1].

Energy-efficient technologies for the implementation of the transport process primarily imply the introduction of
rational forms of train schedules with optimal masses and intervals. Calculations show that optimizing the train
schedule taking into account the existing tariff system can be found for the same freight flow option, in which
electricity consumption will be lower, but in practice the actual change in train schedule may lead to different costs
associated with increasing electric locomotive fleet, increasing the money spent on locomotive crews' salaries, etc.
Increased traffic congestion on electrified railway sections leads to increased sensitivity of train schedules and to greater
secondary delays that spread from train to train. The unevenness of the intensity of the train is explained by many
factors. Objective reasons include track profile, differences in traction characteristics of different types of locomotives,
distance between stations, etc. Subjective reasons are different qualifications of locomotive drivers, differences in the
characteristics of locomotives of the same series, weather conditions.

The most significant external causes are fluctuations in the readiness interval for freight trains at stations, uneven
timetables for passenger trains throughout the day, and "windows" for repair and track work. Changing the ratio of the
proportion of trains of different types also affects the intensity of traffic, and therefore the interval between trains. All
together the reasons for the unevenness of traffic intensity determine one of the properties of train movement - its
uncertainty. Changing the position of trains while driving on a section is a stochastic process that is not the same in
space and time.

Maintaining the optimal train density at the control station should be the primary task of managing the train
operation and allow efficient use of the railway infrastructure and rolling stock capacity. It is necessary to take into
account the real capacity of the electrified site.

The analysis of electricity consumption in recent years shows that the search for energy-saving technologies of
the transport process on electrified lines should be conducted not only in the direction of the organization energy-
efficient process of transportation but also by improving the electrical systems and their modes of operation. As a result
of experimental studies, it was found that the voltage and power modes in the traction DC power supply system do not
fully provide the necessary conditions for the introduction of high-speed or heavy traffic on existing lines, as packet
trains have restrictions on voltage and specific power levels. Thus, there is a problem of optimizing the structure of the
DC traction power supply system with variation of train flows and traction loads.
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2. Methodology

The choice of optimal train modes is one of the main tasks of railway transport. The task of optimal train
movement, first of all, is determined by the completeness of the set of factors that characterize the section, train model,
various factors and conditions of the process of train movement on the variable track profile, as well as the forces that
arise, etc. At some point, the increase in maximum capacity is achieved when the marginal increase in the operation of
one additional train is lower than the cost of a longer trip time and increased sensitivity to delays. There is a conflict of
interest between adding new routes to the train schedule to meet higher demand and maintain the quality of trains
already scheduled. The need to resolve this conflict increases when the railway market is deregulated and service
operators cannot abandon train slots due to capacity constraints [2]. Many rail lines already use the maximum capacity,
and various measures are taken to meet new demand. Such actions include the construction of new railway
infrastructure, the modernization of existing infrastructure or the more efficient use of existing infrastructure. Building
new railway infrastructure is expensive, and it is therefore important that the right actions are taken at the right time.
Coverage of the understanding of practical capacity in the documents of the International Organization of National
Railway Companies in order to jointly address the challenges of railway transport development is presented in the
standard that examines the capacity of UIC406-R [3]. This document uses a market-oriented approach to bandwidth
determination. Studies show that in some cases, individual railway sections can be overloaded, even with a small
number of trains. This standard is based on the compression of the train schedule, but to begin with, the section should
be divided into smaller sections, which will be compressed separately. The schedule should be firmly adjacent to each
other without breaking safety intervals. In other words, the train schedule should be "compressed" so that there is as
little time as possible between the threads of the schedule. As a rule, spare time is introduced in order to reduce delays
between trains in an emergency. Thus, the capacity depends on the location of trains in time, the number of trains of
different speed categories, the length of the section, the accepted level of punctuality (accuracy of compliance with the
schedule), the number of delays and stops, the required commercial speed and the specified interval of their departure.
As a consequence, capacity can only be estimated after the establishment of a transportation plan, which is formed on
the basis of traffic schedule requirements. Increasing the capacity of railway sections can be achieved by technical
measures and by reconstruction [4]. Organizational and technical measures include the reduction of intervals between
trains, the use of more efficient types of schedules, doubling and connection of trains, increasing the number of rolling
stock, increasing the total mass of rolling stock. These measures are the most efficient and cheapest way to solve the
problem, but allow to improve the situation to certain limits and do not exclude the possibility of further reconstruction
(replacement of interlocking devices, development of track devices, reconstruction of rolling stock and traction).
Therefore, with a sharp increase in traffic, when capacity is limited, the sites need to take the necessary measures to
comprehensively organize the operation of railway transport on the basis of energy-efficient schedules and train
formation.

The energy-optimal train schedule is a schedule that provides for the transportation of scheduled passenger
volumes and cargoes with minimal electricity losses associated with the costs of traction for locomotives and
unconditional safety of transportation [5]. With energy-optimal train schedules, we can also avoid reducing rolling stock
downtime, reducing the amount of shunting work, increasing the speed of delivery of goods and passengers, and so on.
The implementation of energy-optimal traffic schedules for passenger trains shows the possibility of reducing electricity
costs for traction by 5-6%. Currently, energy-optimized traffic schedules are introduced into the traffic schedule for
freight trains [6]. The principle of reducing power losses is formed in the way, when there is a choice of many possible
values of the intervals between trains and from them are selected those that correspond to minimal power losses.

First of all, to solve this problem, "hard train-path" are used - the technology of train movement on a strict
schedule, which is not subject to change. The use of this technology will reduce the downtime between cars and trains
at line and sorting stations by accelerating the turnover of traction rolling stock at technical stations, as well as by
stabilizing the work of locomotive crews. This leads to improved use of rolling stock both in terms of power and time.
When using "hard" paths, the acceleration of the production cycle is achieved due to following factors:

- reduction of failures in the operation of technical devices, allows up to 10% to increase the available capacity
of railway sections;

- shortening of downtime of structures at service stations;

- the use of free path of the schedule to accelerate the movement of trains [7].

When performing transportation by rail on hard paths, it is possible to optimize both the direct transportation
process (taking into account information on current speed limits, providing "windows" for repairing the upper structure
of the track, information on force majeure) and related operations (supply planning of locomotives for train) [7]. It can
be hypothesized that the most perfect will be the schedule of trains with a stable part of the train flow, and free paths
can be used to vary its parameters and performance indicators.

To confirm this, we conducted studies on a real electrified section (Fig. 1) with a real trains schedule of (Fig. 2).

The tested section has two tracks, is 128 km long, has 8 section between substations and receives power from 9
traction substations according to the scheme (Fig. 1). The non-load voltages and the internal resistances of the traction
substations are determined based on their passport data.

To illustrate the provisions of the proposed hypothesis, consider the movement of the train N7 (Table 1).
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Table 1
The movement of the train N7 on the section
No. | Block post J ourney time, Distanpe between The distance, Note
min stations, km km
1 ND 0 0
2 N 12 4.7 4.7
3 P 16 3.1 7.7
4 DN 26 2.3 10
5 G 33 2.4 12.4
6 D 42 5.7 18.1
7 C 55 9.6 27.7
8 7K 68 13.7. 41.3
9 KP 72 3.9 45.2
10 \% 85 12.6 56.7
11 VD 94 8.2 66.9
12 RE 109 15 81.9
13 VG 129 17.3 99.2
14 E 137 8.9 108.1 Overtaking
E 152 0 108.1
15 P 175 17.9 126
16 PS 188 4.6 130.6

Calculations of energy parameters were performed using the spatio-temporal representation of the electric
traction load. The space-time model of the traction supply system [8] is based on the analytical description of the basic
electrical processes by the functions of two variables, the relationship between which is determined by the train
schedule, which in turn determines the graphical coordinate of each individual train with the number n in any moment
of time t. Using other initial data in the form of electric locomotive power profile, parameters of external and traction
power supply system, piecewise-defined functions of two variables are determined, which are the dependences of

current distribution and voltage losses in the catenary in time and space.

According to the timetable, the moment of arrival of the first train to the destination is 120 minutes, which also
means that there are some trains that have not completed the route. For this purpose, was selected data about voltage

and power (Table 2).
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Table 2
No. of train | Coordinate, km | Current, A | Voltage,V | Power, kW
N7 100,559 0 3296,1 0
N8 119,207 108,636 3285.1 356,874
N9 89,713 0 3288,1 0
N10 73,931 0 3261.9 0
N1l 68,269 0 3267.,8 0
N12 39,294 2102,44 2669,1 5611,612
N13 24,339 2477,24 2589.3 6414.324
N14 10,804 2360 2652,3 6259.352
N15 0 736,765 3079,7 2268,99
N16 28,238 1080,08 2563.4 2768,683
N17 12,114 0 2734,5 0
N18 30,835 0 2632,3 0
N19 62.08 0 3262 0
N20 75,295 458,648 3218.1 1475,96
N21 113,962 0 3292.6 0

As can be seen from the results of the analysis, some trains were in traction mode, and some were in idle mode.
The maximum current consumption of train N13 is 2477,238 A in the odd direction. The voltage on the pantograph of
the rolling stock is outside the permissible values (Fig. 3). If we look to the N17 and N18 passenger trains running in a
pairwise direction, one can notice that these two trains are in idle mode, but the voltage on pantograph is beyond the
permissible values. This can be caused by the consumption of significant traction current by trains located near these
trains N17 and N18. Fig. 4, in turn, shows the power consumption of trains on the tested section.
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Fig. 3. Voltage distribution on the 1st track
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Fig. 4 Power consumption per kilometer while running on the 1st track: solid straight line - specific power of the
traction line, columns - power consumed by electric locomotives
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The results of the calculation for the maximum mode (in this timetable - 125 minutes) are shown at Fig. 5.

0 20 40 60 20 100 120 140
9000 9000
3000 3000
7000 7000
6000 6000
5600 5000
200 4000
3000 3000
2000 2000
1000 1000
PKW
0 0
0 209 209 443 443 619 619 705 705 846 846 993 993 1124 1124
I, km

Fig. 5 Power consumption per kilometer during running (maximum number of trains in traction mode)

The analysis of the obtained results shows that in some substation zones the instantancous power consumed by
the traction load exceeds the power generated by the traction substations, which, in turn, decrease the voltage at the
rolling stock pantograph below the normative value. Thus, the results of the studies revealed two problems:

- analysis of train timetables shows that in cases of increased power consumption the voltage level decreases;

- in the traction lines there are zones of limited power consumption, ie, zones where the power consumption of
the rolling stock exceeds the energy consumption of the traction power supply system, which reduces the speed.

To eliminate these problems, we have changed not only the order of alternation of trains on the section, but also
the intervals between these trains. The results of the calculation for the updated train timetable are presented at Fig. 6.

100 110

8000

Fig. 6 Power consumption per kilometer while running on the 1st track when the train schedule varies

The analysis of the obtained data shows that the optimization of train timetable can decrease the power
consumption of the rolling stock, but in some cases there power supply is limited. For this reason, there is a need for
optimization of the traction power supply system. For this purpose it is necessary to install additional generating
capacities at points with following coordinates: 40 km and 50 km. Taking into account the current trends in power
supply system development, the task of location of additional generators can be performed by using a hybrid,
asymmetric traction system [9].

3. Conclusions

To eliminate the limitations in the operation of the electrified section, the approach of optimizing the intervals
between trains and reformatting the train timetable was applied in the work. When constructing an optimized train
timetable, the train intervals were determined for cases with minimal energy losses in the traction line, taking into
account the actual specific power of the traction network while providing the required voltage mode. At the same time,
the average voltage level on the limiting sections increases by 7% and the length of the electrified sections limiting in
terms of specific power decreases significantly.



158

At the same time, in order to eliminate the possibility of the emerging of power supply sections limiting the

required train flow and to ensure the necessary stability in terms of voltage and specific power, it is necessary to
optimize the power supply circuits of the traction line. It can be performed using a new power supply circuitry of
electric rolling stock with the use of active means of strengthening the traction line with electricity generators and their
asymmetric location in places of localization of voltage instability during the intensification of trains.
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Abstract

The goal of our work was to find out the effect of ambient temperature on the discharge characteristics and the useful
energy density of lithium polymer accumulators and whether these parameters are affected by age and wear of these
accumulators. The knowledge of the Li-Po accumulators limitations allows efficient and safe usage. Low temperatures
have a negative impact on the available accumulator capacity, especially of the older accumulator. High temperatures,
on the other hand, increased the capacity of accumulators. The new accumulator was less affected than the older one.
KEY WORDS: Lithium-Polymer, accumulator, battery, energy density, capacity, temperature, vehicles, UAV

1. Introduction

Unmanned aerial vehicles (UAV) are experiencing significant growth around the world. With the technology
development process, these machines have become very quickly available and suitable. The use of industrial
applications is particularly attractive due to the reduced costs compared to other solutions. To use UAV effectively, we
need to know the limitations of energy sources.

This paper is focused on the influence of temperature environment, age and wear of Li-Po accumulator discharge
characteristics. Li-Po accumulators are currently the most applied energy source in electromotor driven UAV.
Especially because this type of propulsion and power source combination is very user-friendly. A comparison between
Li-Po accumulators and other electrical energy sources for electric motors is in Table 1.

Table 1
Energy density and specific energy of electromotor energy sources [1-5]

Energy source Energy density [MJ/m’] Specific energy [MJ/kg]

Li-Po accumulator 1440-2 628 0.54-0.936
NiMH accumulator 720 0.216—0.432
Pb accumulator 100 — 900 0.04 - 0.140
Supercapacitor 50-60 0.01 -0.036

Table 1 shows the advantage of a lithium-based accumulator. Nickel metal hydride (NiMH) accumulators are an
alternative if a price is more important than energy density. On the other hands, lead (Pb) accumulators are not suitable
due to weight and dimension. Super-capacitors have a high energy density, but we cannot compare it with Li-Po or
NiMH accumulators. Super-capacitors were mainly developed for combined systems as energy storage with the
capability to discharge large currents rapidly.

Energy density and specific energy are not the only parameters that make Li-Po accumulators the most used
energy source for UAV. Li-Po accumulators have a relatively high nominal cell voltage 3.7 V, no memory effect, low
self-discharge and easy state of charge. Moreover, accumulators are the environment friendly [3]. There is a wide
variety of Li-Po accumulator types, each with specific advantages and disadvantages [1].

It is important to remark the differences between Li-Ion and Li-Po accumulators. The main distinction is that Li-
Ion accumulator uses liquid electrolyte and the Li-Po accumulator uses polymer electrolyte. Furthermore, Li-Po
accumulators are more expensive, however, they are lighter and do not need a hard case. It is important to know the
limits of technology because we can make the correct decision of application.

The objectives of practical measurements can be summarized as follows:

- How does the ambient temperature affect discharge characteristics and energy density?

- Does age and wear of the accumulator affect these characteristics?

2. Materials and Methods

For the measurements were used accumulators PECKA-POWER LiPo — 3S 2200 mAh 11.1 V 3S1P 35 C. Thus,
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these accumulators have 3 cells connected in series with a nominal voltage of 11.1 V and the indicated capacity of
2200 mAh which is 24.42 Wh (as indicated on the packaging).

I[A]=Cr-C [4h]. M

“I” is current in Amperes, Cr is the given value C of accumulator and C is electric charge of the accumulator in
Ampere hours. The accumulator manufacturer specifies a maximum continuous discharge current of 35 C and a
maximum peak current of 50 C. This corresponds to a current of 77 A and 110 A respectively for peak load according
to (1). The maximum charge current is listed as 1 C, i.e. 2.2 A. The accumulator dimensions are 105 x 35 x 23 mm and
weight is 190.6 g. However, the weight and size thus given complicates the calculation of energy density and specific
energy which values are then lower.

E[J]=3600-E [Wh]. @)

“E” is the energy in Joules and Watt hours. The stated energy of the 24.42 Wh can be converted using equation
(2) to 87 912 J. This value can be converted to 0.087912 MJ. Using this value, weight and dimensions of accumulator,
we obtain a specific energy of 0.46124 MJ/kg and an energy density of 1040.07 MJ/m3. These values are considerably
lower than those indicated in Table 1. This may be due to the packaging of the particular manufacturer and to the
aforementioned cables. Balance cables allow protection against discharge below recommended voltage and to charge to
higher than recommended voltage. However, this depends on the settings of the charger or appliance. Balance cables
will only get information about voltage of each individual cell to the charger or appliance. Manufacturer of our
accumulator does not know and does not mention the sub-type of Li-Po accumulator.

Two accumulators were used. One brand new and one few years old and worn. The old accumulator has already
suffered from inflation, which indicates considerable degradation. This wear condition also indicates that the
accumulator was not ideally handled. Such considerably different accumulators allowed us to compare well observed
characteristics.

For charging and discharging was used Robbe Power Peak 14 EQ-BID 8507. Charger is able to charge 1 to 12
Li-Po cells with current from 0.1 to 10 A (maximum 210 W) and discharge them from 0.1 to 5 A (maximum 50 W). It
also has the option of connecting a battery balancer, ensuring even charge of individual cells. During charging and
discharging it can discontinue when pre-set voltage limit is reached by any of the cells. Charging of Li-Po cells works
automatically on the principle of constant current — constant voltage method (CC-CV). Using this method, the
accumulator is first charged with a constant maximum possible current (CC), which is adjustable (determined by the C
parameter of the accumulator). At the same time voltage increases. When the voltage reaches the maximum cell
voltage, which is pre-set for Li-Po cells to 4.2 V/cell and is also generally accepted voltage as maximum possible,
charging switches to constant voltage mode (CV). In this mode, the charger outputs this maximum voltage and
gradually decreases the current. As soon as any cell reaches 4.2 V, the charger discharges this cell by several
hundredths of V using balancing cables and then continues charging the entire battery. This process may take a long
time (a maximum current of 300 mA is used during balancing), especially for older and worn accumulators, which have
a significant cell voltage difference. Once the voltage of all cells is within range, charging is terminated [7]. The charger
and accumulator connection have been accomplished with appropriate connectors of sufficient length to allow for safe
placement of the charger. The temperature measurement function with an external sensor connected to the charger was
not used due to the low temperature range it can sense.

The charger was connected to a personal computer via a USB port. The installed Logview software enabled
monitoring of existing accumulator and exported them to .csv format.

The charger required an input voltage if 11 to 15 V DC. For this purpose was used a switched power supply
Power X-40 supplying 13.8 V and a maximum of 40 A (approximately 550 W).

Initially, a series of charging and discharging cycles with both old and new accumulators was conducted. These
test measurements were used to gain experience and resolve any process deficiencies.

During the measurement, the main observed parameters were total voltage, cell voltage and transferred energy
converted to the capacity given in mAh. The accumulators were left for a few hours at rest, room temperature and
charged before each experiment. The first step in the measurement was to ensure that the accumulator was fully charged
(4.2 V/cell) by plugging it into charge and turning on the charging process. Once the charging process was complete,
the accumulator was left for 10 minutes. This is due to the internal temperature of the accumulator, which may increase
during charging. This time was chosen because during the last charging phase, the temperature in the accumulator is
basically not rising, due to the very small charging currents. After this, the charger was set to start the discharging
program with setting to discharge at 48 to 50 W and a maximum of 5 A. Thus, only with a C value of about 2.27, which
is safely below the maximum value of the accumulator. Discharging was automatically stopped as soon as any cell of
the accumulator reached 3 V. After 5 minutes, charging to a maximum cell voltage of 4.2 V was initiated.
Measurements were conducted in following temperatures 50°C, 22°C (room temperature), -5°C, -18°C.
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Table 2
Capacity of accumulators during individual measurements
Capacity [mAh] Capacity [mAh]
Measurement Old New Measurement old New
50°C 1516 2257 -18°C 963 2134
room temperature second time 1479 2249 -18°C for 10 minutes 1134 2126
room temperature after 50°C 1378 2245 -18°C for 25 minutes 17 2111
room temperature 22 °C 1599 2236 -18°C for 25 minutes second time 802 2106
room temperature after 5°C 1556 2230 -18°C for 20 minutes 974 2103
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4. Description

For the measurements were used accumulators PECKA-POWER LiPo — 3S 2200 mAh 11.1 V 3S1P 35 C. Thus,
these accumulators have 3 cells connected in series with a nominal voltage of 11.1 V and the indicated capacity of 2200
mAh which is 24.42 Wh (as indicated on the packaging).

The difference between accumulators is obvious from Table 2. The capacity of the new one is almost its declared
capacity of 2 200 mAh. While the worn accumulator has a capacity of about 1 500 mAh during the first measurements,
which is only about 68% of the declared capacity.

The capacity of the old accumulator decreased as during measurements. On the other hand, the new accumulator
retained its declared capacity at room temperature even after extreme temperatures. These results indicate that the age
and wear of the accumulator has a significant impact on its ability to withstand extreme environments without
consequences. Conversely, a new accumulator will survive a limited number of cycles in these environments without
further consequences.

The discharge characteristics are shown in Fig. 1. The new one has a nearly linear drop in voltage over time to
the point where the voltage starts to drop steeply. Therefore, for a longer accumulator life, it is preferable to set a higher
discharge cell voltage limit than 3 V used in the experiments. With such a steep drop in voltage at the end of the curve,
there is a risk of exceeding the 3 V threshold and degrading the cells. If we would end the discharge at the beginning of
this severe voltage drop, at about 10.7 V and thus about 3.56 V/cell, the capacity used would be 2088 mAh at that time.
This capacity is equal to 94.9% of the declared 2200 mAh capacity and 93.4% of the actual 2236 mAh capacity
obtained in this experiment. For only 5.1 to 6.6% capacity, such a low threshold does not pay off and at least 3.5 V limit
for normal use can be recommended. This will reduce wear on the accumulator, which is prone to undercharge and thus
the service life increases. It should be remembered, that this limit varies according to the type of Li-Po accumulator.
However, this applies only to the new accumulator. As we see on the second curve of Fig. 1 belonging to the old
accumulator, 10.7 V is achieved very quickly. The accumulator has no significant drop at the end of the curve, but we
see a steeper almost linear decline. For older and worn accumulators, it is worth setting a lower cell voltage limit when
discharging. Apart from the obvious reason for the very low capacity at the higher limit, also for economic reasons. The
accumulator should be replaced in the foreseeable future. Lower capacity may prevent use for the purpose for which it
was originally intended. The lower limit will, therefore, help us to use it a little longer for this purpose. As the
accumulator capacity begins to drop significantly, it is advisable to gradually reduce the cell voltage limit for discharge.
This general rule can work well with any Li-Po accumulator type.

Measuring at 5°C a result with a slightly lower available capacity was expected. Fig. 2 and Table 2 show that
this decrease is in units of percentage. Approximately 1.3% for the new accumulator compared to the declared capacity
and 2.8% when compared to measured actual capacity (for further will be used as reference). At room temperature.
8.4% is then the capacity drop of old accumulator compared to measured capacity at room temperature. By comparing
Fig. 1 and Fig. 2 we can observe a fundamental difference at the beginning of the curves. Here for the new accumulator,
the voltage quickly dropped to 11.8 V compared to 12.2 V at room temperature after the start of the discharge process.
The old accumulator drop is even more pronounced, reaching down to 10.2 V opposed to 11.5 V at room temperature.
This decline can be expected to be much more distinct at lower temperatures (as will be seen in discussion later).
Interestingly, the capacity difference is no more than 8.4% for the old accumulator despite a significant initial voltage
drop. The explanation can be found in the next section of the curve. This decrease is followed by a slight increase in
voltage despite the continuous discharge. The increase in voltage is caused by the heat generation inside the
accumulators due to internal resistance. This internal resistance is a generally undesirable phenomenon that
manufacturers are trying to minimize because it reduces the efficiency of accumulator energy transfer. But here it helps
to warm up the accumulator and thus increase its usable capacity. If the effect did not exist, we could expect a similar or
steeper curve than at room temperature measurement. Here we can see a significant difference between the new and old
accumulators in the ability to withstand lower temperatures. The temperature increase inside the new accumulator
cannot be detected on the curve. Thus, the internal heating provided us with similar curve as in the room temperature
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measurement case. The capacity reduction can be seen on the curve in the initial voltage drop. After discharging was
complete, the accumulators were subjectively warm (as well as after room temperature measurements). It can therefore
be said that this heating alone reduces the effect of an ambient temperature of 5°C.

When evaluating Fig. 3, which depicts the measurement at -18°C, it is necessary to emphasize the difference
from the measurement at 5°C. Into -18°C (Fig. 3), the accumulators were inserted, and the discharge program was
initiated immediately. In contrast, accumulators were put into 5°C temperature for several hours to allow them to reach
this temperature fully. We can see a further decrease in available capacities. It is only 4.6% for the new accumulator,
but 35.8% for the old accumulator from the room temperature reference measurements. This result again demonstrates
the new accumulator’s high ability to withstand adverse temperature conditions. The worn accumulator had a very
significant drop in accumulator in capacity. On the curve of the new accumulator we can see a steeper course than on
the Fig. 1. However, the shape of the curve remains similar. We may also notice, that there has not been a sharp initial
drop in voltage. Thus, if there is no hypothermia of the accumulator and the discharge process starts immediately after
the transition to low temperatures, we can expect such good results. There were two measurements with the old
accumulator in this experiment. There is no significant initial drop in in voltage as in Fig. 2, but it is nevertheless larger
than at room temperature (Fig. 1). Of course, there is a noticeable steep decrease in voltage across the curve. The curve
misses the characteristic arc seen in the previous figures. The measurement of the old accumulator was conducted as the
14th and 16th respectively and is affected by the degradation of the accumulator (as stated in the beginning of the
paper).

Fig. 4 shows the measurement when the accumulators were inserted into -18°C for 10 minutes before
discharging. New accumulator has registered a 5% drop in capacity and the old 25% drop of reference value. The
capacity drop for the new accumulator was not significant compared to the Fig. 3. We can see a rapid initial voltage
drop to approximately 11.9 V. However, the next progression of curve is very similar to the 5°C measurement apart
from its steeper profile resulting in a shorter discharge time and lower capacity. The old accumulator also experienced a
rapid initial voltage drop to 10.4 V. The initial voltage drop of both the old and the new accumulators compared to a
drop of 5°C suggests that the accumulators did not cool down sufficiently in these 10 minutes at -18°C. However, it is
clear from the further comparison of the curves, why the total capacity is lower. The reason for this is the inability of
the heat generated by the internal resistance to compensate for the continuous residence at lower temperature. The
curves are therefore steeper, and the capacity is lower. Especially in the case of the old accumulator curve we can
observe the absence of voltage increase during the discharge (after initial drop), which is present in the Fig. 2. In Fig. 4,
the curve after the initial decrease is rather linear.

Fig. 5 shows measurement at -18°C with the accumulators inserted 20 minutes before the start of discharge. We
can see a further reduction in capacity of both accumulators in Table 2. 6% for the new and 35% drop (from the
reference values) for the old accumulator. Again, a significant initial voltage drop can be observed. For new
accumulator to 11.3 V and for the old even to 9.6 V. After this drop, the new accumulator’s curve is similar to other
measurements at -18°C. The old accumulator has a significant increase in voltage after approximately 0.2 V and the
curve is like that in Fig. 2 (5°C). Here again, the contribution of internal resistance can be emphasized. 20 minutes was
enough time to cool the accumulators to display a significant drop in voltage. Thus, caution is needed when using older
accumulators at high currents, which could drop voltage below set limit.

Fig. 6 depicts the discharge of the accumulators kept at -18°C for 25 minutes before initiation. In this case, both
accumulators were measured twice. For the new one, there was a decrease from the reference capacity of 5.6 and 5.8%.
For the old then 98.9 and 46.5%. It is again confirmed, that the new accumulator is well resistant to low temperatures.
5 minutes more than the previous attempt, it did not reduce its useful capacity. We can observe the standard curve we
expect here at -18°C. An initial voltage drop of approximately 11.2 V was expected. The old one had even worse results
with these additional 5 minutes in the freezing environment. In one of these two measurements, the old accumulator’s
voltage dropped below the set limit and had essentially zero capacity. The drop in the second measurement was to about
9.1 V. Which is similar to one, where cell voltage limit was reached. However, none of the cells crossed the limit value
here, but one went down to 3.002 V. Only another 2 mV away from reaching the limit before the voltage began to rise.
In both experiments, the voltage is so close to this limit that it would be enough to increase the current draw and the cell
voltage limit would surely be exceeded. The second attempt with the old accumulator is again marked by a significant
increase in voltage after the initial drop, caused by internal resistance and heat generation. This time it the increase is by
about 0.4 V. It is interesting to observe that the total voltage in time of end of discharge (when some cell drops below
limit) is higher than during the initial drop.

Table 3
Voltage limit values of old accumulator during -18°C for 25 minutes discharge measurement
Total voltage [V] Cell 1 voltage [V] Cell 2 voltage [V] Cell 3 voltage [V]
Initial drop 9,116 3,009 321 3,002
Discharge end 9,258 3 3,357 3,007

As we can see in Table 3, this phenomenon is due to the higher voltage of cell 2. This cell is in better condition
than the other two and has better performance at this temperature. However, this is irrelevant for the total accumulator
capacity. The whole accumulator depends on the properties of the worst (or weakest) cell. It can be assumed that cell 2
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is in the center of the accumulator between cells 1 and 3. Thus, it is much more heated during discharge. We can mark
this length of stay at -18°C as the limit for the older accumulator and it cannot be recommended for real environment
usage at all. Higher temperature or shorter time should reduce the effect. But any temperature below 0°C should be
treated with respect. Especially for the effect of initial voltage drop. If we do not draw sufficient current from the
beginning of use, the accumulator will not heat up, and this will virtually prolong time spent in the freezing
environment. Conversely, if we take too much current, there is an immediate drop below the set limit. It is therefore
necessary to find a compromise and start discharging as soon as possible, but gradually. This will reduce accumulator
wear and increase usable capacity. The older the accumulator is, more worn it is or more “inflated” it is, the more it
will be prone to the phenomena described.

Fig. 7 displays a measurement with an old accumulator at -18°C stored there for 30 minutes before beginning of
discharge. For the reasons described in the previous chapter, only the old accumulator has been tested. As we can see,
the voltage dropped immediately below the limit value and discharge was terminated.

In Fig. 8 we can observe the curves for measurement at 50°C. Capacity increases were expected from
measurements at higher temperatures. The new accumulator showed an increase of 0.94% from the reference value and
2.6% from declared value. The old accumulator then had increased capacity by 1%. From the reference value. However,
it is important to note that this measurement of the old accumulator was done when some degradation was already
noted. If we take, as a reference for the older accumulator, the value of the last measurement at room temperature, then
the increase is 10.8%. The first thing that can catch our attention on the curves is their greater similarity to room
temperature ones. The curve of the new accumulator is steeper at the end and therefore hold the voltage at the nominal
level longer. The old accumulator has a more pronounced drop in voltage at the end of the curve and is more alike new
accumulator curve. Of course, as we can see, the accumulator did not maintain the voltage as long as the new one. But it
can be seen that, the higher temperature was positive for the discharge process. The initial voltage drop we observed in
previous measurements Is also present, but its effect is considerably smaller. Even smaller than at room temperature.
For the new accumulator drop is to only 12.4 V and for the old one to 12.15 V. So, there is no risk of crossing the limit
value for end of discharge even for older accumulator and with strong initial load.

5. Conclusion

In conclusion, higher temperatures improve accumulator chemical reactions. It is particular to help older
accumulators to increase their exploitable capacity. However, the temperature does not have a cardinal effect on the
new accumulator. Nevertheless, periodically exposing Li-Po accumulators to the high temperatures reduces their
lifetime. Even at 45°C there is a reduction of cycles by up to 50% compared to usage at 20°C [5].

Conversely, low temperatures slow down chemical reactions inside the accumulators and increase internal
resistance. Increased internal resistance reduces energy transfer efficiency, what’s more, also causes significant heat the
cells up. Similarity, the cell voltage increases and discharging was initiating. The effect of heating reduces the internal
resistance, on the other hand, it increases the efficiency of the energy transfer. The accumulators suffered a rapid
voltage drop at the beginning of the discharge, which was pronounced for the older accumulator during a lingering at
low temperatures.

The measurements, where we kept accumulators in a cold environment for a long period shown older
accumulator as unfit, due to the voltage immediately dropped below the preset limit when the discharge was initiated.

This document presents the overview of environment temperature effects on Li-Po accumulators. Furthermore,
there is proves a temperature influence on accumulator depend on lifetime.
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Abstract

One of an important element of the railway system are stations. They are addressed in the project “Innovative Solutions
in Future Stations, Energy Metering and Power Supply” called IN2STEMPO within Shift2Rail Joint Undertaking of
Horizon 2020. The IN2STEMPO Future Stations project’s actions lead to improve the quality of customer service and
safety at stations, thus providing better experience for passengers using the railway. Research is focused on improved
station concepts and responds to evolving passenger needs in terms of information, technologies, punctuality, crowd
management, accessibility including persons with reduced mobility, to transit busy stations and to switch modes.

KEY WORDS: Future Stations, Shift2Rail, Rail Transport, Research and Innovation, Horizon 2020

1. Shift2Rail Joint Undertaking

The ‘railway of the future’ must meet the predicted increase in customer’s demand in relation to provided
services, meet the environmental challenges of the 21st century, and achieve the European Union’s policy objectives.
The European research and innovation program for rail is currently the Shift2Rail Joint Undertaking (Shift2Rail), which
is a separated initiative established under Horizon 2020 dedicated entirely to rail transport [9]. The Shift2Rail is a new
public-private partnership launched for the period 2014-2024 to coordinate research activities and provide innovations
through a comprehensive approach focusing on the needs of the rail sector [3, 6]. Shift2Rail as a platform for
conducting scientific research has an overreaching goal to integrate research and innovation results in relation to
passenger rolling stock, freight transport, traffic management systems and infrastructure from the concept stage to
market launch. The core objectives of setting the Shift2Rail are following [11]:

e support the creation of a Single European Railway Area (SERA) leading to achieve seamless rail transport
across the Europe. This should be done by removing technical barriers hindering the railway sector in the field of
interoperability ensuring that technical solutions work properly together;

o radical strengthening of the competitiveness and attractiveness of the European railway industry, which is
facing the growing competitiveness of producers from the United States and Asia;

e maintaining and strengthening the leading position on the global market in relation to rail products and
services through R&I activities that will provide competitive solutions and by stimulating and accelerating the
introduction of innovative solutions to the market.

The objectives of Shift2Rail are to be achieved by supporting research and innovation (R&I) related activities
with public and private sector funding. The Initiative is partly financed from the budget of the eighth framework
program Horizon 2020 from European Union funds, and partly from funds from private entities.

In addition to the European Union, which is a Founding Member of the Initiative, Shift2Rail has eight other
Founding Members and nineteen Associate Members, selected through a two-stage competition announced in 2014,
who declared a significant financial contribution towards the implementation of Shift2Rail's long-term goals as laid
down in the Master Plan [7, 8]. The Founding Members include key producers: Alstom Transport, Ansaldo STS,
Bombardier Transportation, Construcciones y Auxiliar de Ferrocarriles (CAF), Siemens AG, Thales as well as
infrastructure managers: Trafikverket and Network Rail. The following entities have obtained the status of an
Associated Member: the AERFITEC consortium, Amadeus IT Group SA, AZD Praha sro, the CFW consortium,
Deutsche Bahn AG, DIGINEXT, the EUROC consortium, Faiveley Transport, HaCon Ingenicurgesellschaft mbH,
Indra Sistemas SA, Kapsch CarrierCom, Knorr-Bremer MER MEC SpA, Patentes Talgo SL, consortium Railenium
Swi'TRACK'EN, consortium Smart DeMain, consortium SmartRaCon, SNCF, consortium Virtual Vehicle Austria.
Participation in Shift2Rail is also possible for stakeholders who are not direct members of the initiative, through open
calls for submitting project applications as part of open competitions announced by Shift2Rail.

According to the EC decision, the estimated total budget of Shift2Rail is EUR 920 million [7]. The EC's
contribution to the initiative is EUR 450 million and comes from Horizon 2020. Compared to the previous seventh
framework program (2007-2013), the EC's financial support for research activities in the railway sector has increased
more than tripled. The remaining financial contribution to Shift2Rail is 470 million euros and comes from the Founding
Members (270 million euros) and Associate Members (200 million euros).

The activities of the Shift2Rail are identified in a common, forward-looking strategic Master Plan and are
organised around five key "Innovation Programmes" [5, 8]:

IP 1: cost-efficient and reliable trains, including High-Speed and high-capacity trains;

IP 2: advanced traffic management & control systems;
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IP 3: cost-efficient and reliable high capacity infrastructure;

IP 4: IT Solutions for Attractive Railway Services;

IP 5: Technologies for Sustainable & Attractive European Freight.

Each of the IP identifies the challenges, objectives and research activities to be implemented through the
research and innovation projects.

2. IN2STEMPO Project

The IN2STEMPO project addresses the topic of “Smart system energy management solutions and future station
solutions” of the 2017 Horizon 2020 Shift2Rail Call for proposals for the Joint Undertaking Members (S2R-CFM-IP3-
01-2017) [10]. The IN2STEMPO is related to the IP3 (Fig. 1).

<‘ Shift Rail

IP2-TD 2.10
Smart Radio-Connected All-In-All
Wayside Objects

/’Q P (X2Rail-1 CFM project)

In2Rail

IP2-TD2.11
Cyber Security
(X2Rail-1 CFM project)

Energv Subproject IP3-TD3.6 CCA—Work Area 5 Energy and
Dynamic Railway Information Sustainability
Management System
(IN2SMART CFM Project) FINE-1 CFM project

CCA ~Work Area 2 KPI Method Di and Integs
IMPACT-1 CFM Project

Station Subproject

IP1 - S2R-CFM-IP1-01-2017
P4

Fig. 1 Relation of the IN2STEMPO project with Shift2Rail Innovation Programmes [2]

The project started on 1st September 2017 and will continue until 31st August 2022 under the coordination of
Network Rail. The consortium consists of nineteen participants and eight Linked Third Parties (LTP) (Fig. 2). IK
Railway Research Institute is a linked third party of Polskie Koleje Panstwowe (PKP). The total budget of the project
yields of 13.6 M€ with max. EU contribution of nearly 6 M€.

The ambitions of Shift2Rail which are inherited by IN2STEMPO project require substantial ground-breaking
improvements in the energy technology area and station area addressed by the project. All of the individual Work
Package task activities have been developed with respect to the technical progress beyond the current “State of the Art”.

The railway stretches across most of Europe and impacts millions of lives. It contributes to economic and social
development, bringing jobs, transport links and other benefits to local communities. It is also increasingly a relatively
clean form of transport that is a contributor towards reducing global CO, emissions, improving air quality and
proactively manage biodiversity. These are collectively termed as the ‘three pillars of sustainability’:

1. People (Social Impact) — the railway has a long history of improving the quality of life for people who are
able to use it. This includes local job creation and increasing incomes, increase in local businesses and recreational
facilities, reduction in social deprivation and provision of local, regional and long-distance transport.

2. Planet (Environmental Impact) — the railway provides a means of low-carbon transport for both passengers
and freight and is a key part of reducing carbon emissions and tackling future climate change. It can also significantly
improve air quality in major cities and contribute towards improving biodiversity and the local ecology.

3. Profit (Economic Impact) — improving rail infrastructure has a positive impact on local businesses and
national GDP. Improving the connectivity of national cities as well as European countries will also increase tourism and
other commercial activities (retail, leisure etc) [6].

The IN2STEMPO research contributes towards these three pillars of sustainability and will further enhance and
expand on the benefits experienced by local communities and wider European society.
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Fig. 3 Work packages of the IN2STEMPO project

IN2STEMPO fulfills the Shift2Rail objectives and aims to develop criteria for intelligent, economical and user-
friendly high-capacity stations, taking into account functional aspects for all categories of passengers (elderly, blind,
with limited mobility), safety standards, solutions for multimodality and interoperability, reduction of energy
consumption, systems passenger information and small stations and their importance for the European rail network. The
IN2STEMPO is divided into two sub-projects: energy and stations (Fig. 3).

Smart Power Supply means combining energy resources into one network, forming a system of interconnected
vessels. Such a network will enable the integration of smart metering data collection systems, innovative power
electronic devices, energy management systems and energy storage systems. This will improve train operations, reduce
electricity costs and increase the security of energy supply for rail infrastructure. The system will be useful not only at
the operation and maintenance stage, but also at the investment stage.

Intelligent metering systems consist in creating a network of intelligent metering sensors in the railway system.
Within the system, it will be possible to aggregate and analyse data. Applications used in the system will allow for
energy analysis, which will be used to improve decision-making on the energy used. Within the system it will be
possible to create preventive maintenance plans, improve the process of asset management, as well as life cycle cost
management.

The IN2STEMPO Future Stations objective is to improve customer experience and security in large and high
capacity stations during standard operations and emergency cases. Research is focused on improving passenger flows
management in high capacity stations, station design and components, accessibility to trains for all user groups and new
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ticketing technologies, leading to increase capacity, enhancing interoperability and providing better experience for
passengers using the railway.

3. Future Stations Concept

The IN2STEMPO Future Stations project is a challenge to develop a station design method using cost-effective
solutions and technologies that will have a positive impact on station management. A railway station is a showcase for
rail transport, so customer growth can be achieved by improving passenger service and experience at the stations.

The subproject "Future stations" focuses on four work packages:

e Crowd management in high-capacity stations: a tool for crowd management, especially in emergency
situations, will be developed in order to ensure a smooth journey from start to finish as well as to support operational
strategies (WP6);

e Better station designs and elements: typical small station designs will be developed to allow low energy
consumption and the use of modern materials to meet passengers' needs (WP7);

e improving train availability - platform-train interface: proven methods will be provided to ensure safe
crossing of the space between platform edge and train floor edge (WPS);

e safety management in public areas: improve security within the station and in the public areas immediately
surrounding the station including specification development of resistant materials (including glass) — WP9.

The following partners participate in the WP6+WP9 packages:

Network Rail Infrastructure Limited (NR);

Ansaldo STS S.p.A. (ASTS);

CAF Turnkey & Engineering Sociedad Limitada (CAF);
Infraestruturas DE Portugal SA (IP);

Liikennevirasto (FTA);

OBB-Infrastruktur AG (OBB);

Polskie Koleje Panstwowe Spotka Akcyjna (PKP);

Slovenske Zeleznice DOO (SZ);

Thales Services SAS (THA).

The following linked third parties are involved in these packages:
e Construcciones y auxiliar de Ferrocarriles Investigacion y Desarrollo, S.L. (CAF I+D), affiliated or linked to

CAF;

IP Patrimonio - Administracao E Gestao ImobiliariA, SA (IP Patrimonio), affiliated or linked to IP;
Hameen Ammattikorkeakoulu OY (HAMK), affiliated or linked to FTA;

Instytut Kolejnictwa (IK), affiliated or linked to PKP;

Promeni Institut Ljubljana DOO (PI), affiliated or linked to SZ;

o Slovenske Zeleznice-Potniski Prometdruzba ZA Opravljanje Prevoza Potnikov V Notranjem In
Mednarodnem Zelezniskem Prometu DOO (SZ-PP), affiliated or linked to SZ.

4. Role of IK in the Project

IK conducts the research in the following work packages of IN2STEMPO:
e WPO06 - Crowd Management in High Capacity Stations;
WPO7 - Improved Station Designs and Components;
WPOS - Improved Accessibility to Trains - Platform Train Interface;
WP10 - Technical Co-ordination and Technology Demonstrators Integration;
WPI11 - Dissemination, Communication and Exploitatio.n

Work Package 6 aims to improve the safety of large stations both in normal operation and in emergency
situations, which will have a positive impact on passenger experience. The task uses a 3D simulation system,
implemented on the basis of the existing station, which will allow to provide a solution in the TRL6 phase. IK
participates in behaviour models definition and integration of data sources, models and crowd simulation.

In work package 7, the work focuses on improving the design of small stations. This will enable reduction of
construction and maintenance costs of such facilities.

Work Package 8, which is coordinated by IK, includes the following tasks:

e improving safety in the Platform Train Interface (PTI), thereby increasing the accessibility of trains for all
groups of passengers;

e indication of methods to allow safe access to trains with different floor heights while maintaining a short
period of platform occupancy by the train;

e analysis of parameters related to PTI (different floor heights in trains, platforms in the curve) in the context
of the impact on accessibility;

e Presentation of new PTI solutions to improve train availability conditions at existing stations.

Work Package 10 aims to ensure the coherence of the project with other IN2STEMPO activities. The
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coordination will benefit from the integration of the work package leaders' activities and streamline organisational work
in the project.

The tasks in work package 11 are to disseminate the results and outcomes of the project, especially to target
groups (e.g. railway operators). Thanks to the creation of effective communication tools, the conclusions of the project
can be used by a wide audience.

5. Progress of Work in the Project

The first phase of the project consisted mainly of verifying the state of the art on the issues under consideration
and creating assumptions for planned analyzes. A great added value in the project is the presence of representatives of
countries where there is a railway network with different technical parameters - several nominal track widths, as well as
various gauges that are related thereto. Team members include representatives of infrastructure managers of individual
countries, which is helpful in analyses carried out in the project due to the easy availability of valuable data.
Communication between team members takes place through face-to-face joint meetings several times a year, periodic
teleconferences, as well as by phone and e-mail.

The WP6 package has started substantial analytical work on crowd management at large stations. The analyses
are conducted on the basis of the existing station with high passenger traffic.

A technical demonstrator was designed in the WP7 package in the form of a station object with low traffic load.
It plans to use innovative materials and technologies.

The WPS8 package analysed the problems associated with the platform-train interface that occur in various
European countries [1]. Work on creating assumptions for the technical demonstrator has begun.

6. Conclusions

Railway stations in large agglomerations have become large centers of commercial, service and social activities.
As a result, there are problems related to congestion, lack of comfort for passengers and the need to ensure safety in
crisis situations.

The objective of the Future Stations is to optimise station management by creating cost effective solutions and
developing technologies. It also aims at improving the customer experience at stations and delivering better services,
ultimately, resulting in an increased number of railway customers.

Improving the offer of rail services requires a focus on customers’ needs, including passengers with reduced
mobility. This goal can be achieved, among others, through extensive use of universal design, which not only
passengers with reduced mobility, but also other groups of passengers will positively feel [2, 4].
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Abstract

The issue of city logistics is very current topic not only from the point of view of city dwellers, but also from
the perspective of state administration and self-government and other stakeholders. Transport and transport
management are the key pillars of the city logistics system. Cities regularly develop strategies and strategic documents
in the field of transport. The Czech Republic is administratively divided into fourteen regions with twelve regional
capitals and the capital city Prague. Each city develops transport strategies and related strategic documents. The aim
of the article is to analyse strategies of these cities of the Czech Republic in the field of transport from the perspective
of city logistics. The method of content analysis was used to analyse strategic documents of selected cities
and the method of qualitative comparative analysis was used to analyse and compare the strategic documents of selected
cities.

KEY WORDS: transport management, city logistics, strategic documents

1. Introduction

The modern logistics industry has become an increasingly important part of the modern economy, which
is flourishing worldwide with the rapid development of the world economy and the development of technology
and science [1-3]. The logistics industry is the leading sector in the development of the national and international
economy. The challenges of coordinated development of the city economy and logistics have attracted great
attention [4].

Due to the increasing volume of traffic and the limited capacity of the road network, congestion in urban areas
has become an everyday phenomenon. Congestion creates a significant change in vehicle speed on city roads, especially
during peak hours of the morning and evening. In real life, traffic conditions change throughout the day, so the routes
of vehicles in the transport network have different levels of congestion depending on the time of the day [5-6].

Daytime congestion in urban areas has significantly increased fuel consumption and carbon emissions from
vehicles, resulting in poor air quality, late arrivals and additional rental costs for vehicle drivers. According
to the International Energy Agency, the transport sector was the second largest contributor to CO, emissions
in 2015 [6-7].

Congestion and pollution problems caused by the increasing demand for city freight transport have
led researchers and public authorities to involve their efforts in city logistics initiatives in recent years [8]. City logistics
supports the development of integrated logistics systems, where all stakeholders are coordinated to reduce the negative
impact of city transport distribution on citizens [9-10]. Local authorities seek to reduce pollution and congestion
by implementing public policies that reduce the number of vehicles traveling inside the city centre, such as low-
emission zones [11] or delivery windows [12]. Freight carriers play an important role in fulfilling the main tasks
of the city logistics process and their daily activities can be largely influenced by city logistics initiatives aimed
at reducing the negative impact of the city logistics operations [12-14].

The aim of this paper is to analyse strategies of these cities of the Czech Republic in the field of transport from
the perspective of city logistics.

2. Theoretical Background

City logistics introduces a new concept that integrates urban planning and management of city logistics flows
to address the cause of cargo transportation problems by acting on factors that characterize each context, such
as: organization, planning, land use, vehicle routing, number of trips and vehicle carrying capacity [15-16].
Stakeholders are entities that are involved or interested in the results of city logistics initiatives and city logistics too.
This share is based on a variety of stakeholders' motives that could influence decision-making when implementing
city logistics solutions [17, 18].
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City logistics is one of the most serious problems in most cities around the world in terms of recent phenomena
such as urbanization or increasing the expected level of well-being of citizens [19-20]. City logistics is described
as: “The process of optimizing the logistics and transport activities performed by private companies in urban areas,
taking into account the traffic situation, congestion and energy consumption in a market economy” [21]. The basic
philosophy of city logistics is to propose the right planning of goods distribution in the city [22]. It aims to optimally
plan and manage freight movements within the logistics network in the metropolitan area with a view to integration
and coordination between stakeholders [23].

The negative shown externalities are some of the most disturbing effects of the flow of goods in the city
logistics. In response to these problems, city logistics is emerging to improve logistics systems in the urban area
by monitoring costs and benefits and how to plan, organize, coordinate and manage physical flows and information
aimed at protecting the environment [24-26]. Despite efforts to reduce congestion associated with the transport
of people or materials and emissions of gases less harmful to the environment and social and economic activities
in cities, it is still a challenging issue [27]. City logistics is a complex area characterized by many actors
and stakeholders, and therefore many interests are at the stake [28]. Efficient and environmentally friendly logistics
systems contribute to the competitiveness of businesses in terms of economic development. Due to the expansion
of urban areas and the relative growth of economic activities, the logistics facility finds space and location in areas
immediately outside the city centre and on the periphery [29-30]. The problems of transport and logistics have existed
for a long time. The history of transport and logistics and shows that transport science, which has changed since
the 1960s, has experienced a huge change with the development of information and communication technologies.
Today, many scientists are discussing this and innovating from a variety of perspectives, such as studying different
auction mechanisms, considering time-effect transport, and analysing the impact of reducing transportation costs
or environmental pollution through collaboration. All these researches help to improve the efficiency of logistics
operations in the reality [31, 32].

3. Methods and Data

The method of content analysis and qualitative comparative analysis were used in this paper. The analysis
processing procedure is shown in Fig. 1. Firstly, relevant strategic documents of selected cities (twelve regional
capitals: Brno, Ceské Bud¢jovice, Hradec Kralové, Jihlava, Karlovy Vary, Liberec, Olomouc, Ostrava, Pardubice,
Plzei, Usti nad Labem, Zlin and the capital city Prague) were identified from publicly available databases.
Subsequently, the method of content analysis was used to identify relevant documents in the field of transport.
The method of content analysis is a research technique for making replicable and valid inferences from texts or other
meaningful matter to the context of their use [33]. Furthermore, the method of qualitative comparative analysis of these
documents was used to analyse and compare strategies of selected cities in the field of transport from the perspective
of city logistics. The method of qualitative comparative analysis is a non-statistical research data analysis technique
for determining which logical conclusions a data set supports [34].

Identification Content analysis Qualitative
of the relevant of the relevant comparative Synthesis Conclusions
strategic strategic analysis of the of findings
documents documents documents

Fig. 1 Analysis processing procedure [authors]

A total of 22 relevant strategic documents were identified, there were: Sustainable City Mobility Plan of the City
of Brno 2017, Tourism Development Program of the City of Brno 2016-2020, Strategic Plan of the City of Ceské
Budéjovice 2017-2027, Strategic Development Plan of the City of Hradec Kralové until 2030, Strategic Development
Plan of the City of Jihlava until 2020, Strategic Plan for Sustainable Development of the City of Karlovy Vary 2014-
2020, Update of the Strategy of Development of the City of Liberec 2014-2020, Strategic Development Plan of the City
of Olomouc 2017-2023, Strategy of the Administrative District of Olomouc 2015-2024, Strategic Development Plan of
the City of Pardubice 2014-2025, Strategic Development Plan for the Prague 7 District 2016-2022, Strategy
of Public Space in Prague 10 District, Strategic Plan for Sustainable Development of Prague 12 District 2013-2020,
Strategic Plan of Prague 13 District 2018-2024, Strategic Development Plan of Prague 14 District 2015-2025, Strategic
Development Plan of Prague 20 District 2013-2020, Concept of Cycling Transport of Prague 20 District,
Strategic Development Plan of Prague 21 District 2012-2022, Strategic Development Plan of Prague-Libu$ District,
Strategic Development Plan of Prague-Slivenec District, Strategy of Development of the City of Usti nad Labem 2015-
2020 and Strategy of Development of the City of Zlin until 2020 — “ZLIN 2020 [35].

A total of eight areas were identified using content analysis of the relevant strategic documents in the relation
to the field of transport and city logistics by three independent researchers, there were:

e Transport planning including mobility planning, transport services planning, city logistics planning, traffic
system planning;

e Transport infrastructure including roads, railways, airports, ports;;
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Pedestrian transport including sidewalks, barrier-free measures;

Public transport including urban public transport, passenger rail transport, regular passenger services;
Sustainability including environmental issues, greenhouse gas emissions, noise, vibration;

Cycle transport including bicycle paths;

Traffic safety including traffic accidents, protection of traffic participants;

Static transport including parking, parking spaces.

4. Results and Discussion

Based on the synthesis of data obtained by the method of content analysis and qualitative comparative analysis
by three independent researchers, the following conclusions can be presented. The analysed cities have a total
of 126 strategic measures in the relation to the field of transport and city logistics in their strategic documents, but some
of these strategic measures may span more than one of the identified thematic areas; as a result Table contains a total of
221 strategic measures of the cities analysed.

The capital city Prague and its related districts have the largest number of measures in its documents
(120 measures in total, which is 54.30% of all measures). This is understandable and predictable, because
it is the capital city and also the most important centre of the Czech Republic in terms of tourism and economy with
more than 1.3 million inhabitants. The second largest city in the Czech Republic and the most important centre
of the Moravia region Brno has 26 strategic measures (11.76% of all measures) in the relation to the field of transport
and city logistics in its strategic documents. It is remarkable that in some areas (pedestrian transport, cycle transport
and transport infrastructure) Brno has only one measure compared to Prague.

The other analysed cities have between 2 and 14 strategic measures in their strategic documents except
for the city of Ostrava, which has no strategy in the relation to the field of transport and city logistics (included
in descriptor “transport”).

Table
The overview of the number of strategic measures of the individual cities and thematic areas
. Traffic Static Pedestrian Cycle Transport Public Sustaina- | Transport
City / Area safety transport | transport trarzlsport infrastlr)uct. transport bility plannri)ng Total
Prague 11 5 22 10 31 11 10 20 120
Brno 2 2 1 1 1 5 5 9 26
Olomouc 1 1 2 2 2 1 2 3 14
Pardubice 1 1 1 - 1 2 1 5 12
Liberec 1 - 2 1 2 --- 1 5 12
Hradec Kralové --- 1 1 1 --- 2 --- 3 8
Karlovy Vary - 1 1 1 2 1 - 1 7
Usti nad Labem --- --- --- --- --- 2 1 3 6
Plzen --- --- 1 1 --- --- 1 2 5
Ceské -—- --- - - -
Budgjovice 1 --- 4 5
Zlin --- --- --- --- --- 1 1 2 4
Jihlava --- -—- --- -—- --- --- 1 1 2
Ostrava - - --- - --- --- - --- -
Total 16 11 31 17 39 26 23 58 221

Only three cities have prepared strategic measures for all identified areas, it is the capital city Prague, Brno
and Olomouc. The capital city Prague has the most strategic measures in the area of transport infrastructure
(31 measures), pedestrian transport (22 measures) and transport planning (20 measures). On the contrary, the least
strategic measures were identified in relation to the static transport (only 5 measures). In other thematic areas (traffic
safety, cycle transport, public transport, sustainability), the capital city adequately has the same number of defined
measures (between 10 and 11 strategic measures).

Brno, the second largest city in the Czech Republic, focuses on transport planning area in terms of strategic
measures (a total of 9 measures); it also deals with sustainability and public transport (both equally 5 measures).
In other thematic areas, Brno has one or two measures. The last city for which measures have been identified in all
the examined thematic areas is the city of Olomouc, which has prepared one to three strategic measures in all thematic
areas. The city of Pardubice does not have prepared strategic measures in only one area, which is the area of cycle
transport, which is understandable, because this city has a sufficient and densest network of cycle paths from all cities
of the Czech Republic. In other areas, the city already has defined strategic measures, with most in the area of transport
planning.

The analysis of strategic documents for the remaining cities revealed that these cities (Liberec, Hradec Kralové,
Karlovy Vary, Usti nad Labem, Plzeii, Ceské Budgjovice, Zlin, Jihlava and Ostrava) do not have any strategic measures
in at least two or more thematic areas. The city of Liberec has not prepared any strategic measures in the thematic area
of static transport and public transport. The city of Karlovy Vary does not focus on the thematic areas: traffic safety,
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sustainability. The city of Hradec Kralové is in a similar position to the city Karlovy Vary, but in addition to those
already mentioned it has no transport infrastructure strategic measures.

Cities Usti nad Labem, Plzei, Ceské Bud&jovice, Zlin and Jihlava have developed strategic measures in only
one to four thematic areas. Most often it is the area of transport planning (all cities), sustainability (four cities)
and public transport (three cities). As already mentioned, the city of Ostrava has not processed the strategy
in the relation to the field of transport and city logistics.

The division of the 126 identified strategic measures in the relation to the passenger and freight transport
measures is presented in Fig. 2. It is clear that cities have defined more strategic measures in the relation
to the passenger transport (a total of 96 measures, 76% of all measures). The remaining 30 measures
(24% of all measures) are linked to the freight transport. All analysed cities have defined strategic measures
in the relation to the passenger and freight transport. The division of the strategic measures to the identified thematic
areas is presented in Fig. 3.

M Traffic safety M Static transport
M Pedestrian transport M Cycle transport
. . M Transport infrastructure M Public transport
M Public transport M Freight transport Sustainability M Transport planning
Fig. 2 The division of the strategic measures in the Fig. 3 The division of the strategic measures to the
relation to the passenger and freight transport identified thematic areas
measures

It is evident that the most strategic measures have been identified in the relation to the transport planning
thematic area (a total of 58 measures, 26% of all measures). Furthermore, it is necessary to state that the thematic area
of transport planning is the only thematic area where each of the analysed cities (except the city of Ostrava) have
defined strategic measures. Subsequently, the cities in their strategic documents focus mainly on the area of transport
infrastructure (a total of 39 measures, 18% of all measures), pedestrian transport (a total of 31 measures, 14% of all
measures), public transport (a total of 26 measures, 12% of all measures) and sustainability (a total of 23 measures,
10% of all measures). Other thematic areas (cycle transport, traffic safety and static transport) individually account
for less than 10% of the total. The analysed cities are least concerned with the strategic measures in the field of traffic
safety (only five cities have defined some measures), static transport and transport infrastructure (only six cities have
defined some measures).

Based on the presented results it is possible to reach the following findings. It was to be expected that,
in the strategic documents of the analysed cities. Cities would mainly address thematic areas where they
had shortcomings and space for improvement. Furthermore, it was possible to assume that the capital city Prague will
have the most strategic documents and strategic measures, which was also confirmed. In terms of number
of the strategic documents and the strategic measures, the capital city Prague was followed by the second largest city
in the Czech Republic, Brno which is not surprising. However, much more interesting results have been identified
in other regional cities of the Czech Republic.

The most shocking fact is that the city of Ostrava has any strategic documents with a descriptor “transport”.
Given the fact that Ostrava is the centre of the Silesian region, it is burdened with the poor state of the environment,
it is connected to two highways (D1 and D56) and to one of the main railway corridors of the Czech Republic,
so it should have developed some strategic documents with strategic measures in the relation to the field of transport
and city logistics.

The fact that most of the cities (except Prague, Karlovy Vary and Ostrava) are dominated by the strategic
measures in the field of transport planning is understandable, because the importance of this area is indisputable.
The transport planning area including mobility planning, transport services planning, city logistics planning and traffic
system planning uses many optimization tools to achieve a sustainable transport system for all stakeholders nowadays.
It is also understandable that the city of Pardubice does not have prepared strategic measures in only one area, which
is the area of cycle transport, because this city has a sufficient and densest network of cycle paths.

Given the problems of most cities in the static transport area should all cities to establish strategic measures
for this area, because only six analysed cities have defined measures in their strategic documents. Furthermore, cities
should more focus on the traffic safety area and prepare a series of strategic measures, because the number of traffic
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accidents is increasing. The last area that should be given more attention in the strategic documents is the arca
of the transport infrastructure, especially the planning of new transport infrastructure and modernization of existing
transport infrastructure.

Not surprisingly, more measures have been identified in the relation to the passenger transport than freight
transport. Given the fact that individual strategic documents are prepared by cities and their representatives,
who are elected by citizens, it is understandable that more measures will be linked to the passenger transport.

5. Conclusion

Transport and hence city logistics is one of the key pillars of every country's economy. Creating, setting up,
optimizing and maintaining of the transport system is today crucial not only from the perspective of the state, but also
from the perspective of individual regions, agglomerations, cities, municipalities and their citizens. Many stakeholders
are dependent on a functioning transport system that is why strategic documents and strategic measures in this area are
also important. These documents can affect the design of the transport system and city logistics for a very long period.
These are strategic decisions in the areas of investment, transport infrastructure, transport planning, modal split etc.

The aim of the article was to analyse strategies of the twelve regional capitals and the capital city Prague
in the field of transport from the perspective of city logistics with the use of the method of content analysis and
the method of qualitative comparative analysis. The analysis showed which thematic areas each city is paying more
attention and less attention too. Furthermore, the results of individual cities were compared with each other.

The results of the analysis and key findings can serve as an inspiration for cities in developing further strategic
documents and strategic measures in this area, with the aim of improving the existing transport system. Most cities
should consider whether they should also address thematic areas where no strategic measures are currently defined.
The city of Ostrava should prepare a strategic document in the relation to the field of transport and city logistics.
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Abstract

The authors have developed a model of organization of provision of passenger transportation services in urban
agglomerations by including transport enterprises of various forms of ownership in a single corporate structure. Thus,
efforts of all parties aimed at the improvement of transportation service quality can be combined. It was scientifically
substantiated that the corporate structure can ensure the coordinated development of the passenger transport system of
urban agglomerations in the region, as well as the consolidation of the interests of the supplier and consumer in the
passenger transportation services market. According to the authors, the development of transport infrastructure and the
increased pace of life call for the creation of passenger conveyance and logistics centres to provide the fastest transfer
from one line to another, from one mode of transport to another, i.e. as much co-ordinated interaction as possible, and a
user-friendly interface for consumers of passenger transportation services, regardless of the distance of the trip. The
feasibility of applying the integrated quality assessment indicator of passenger transportation services in Kharkiv was
substantiated from the scientific point of view. The integrated service quality assessment indicator makes it possible to
assume the existence of significant potential in improving the quality of passenger service and requires the development
of appropriate measures to improve the individual quality parameters of passenger transportation services in urban
agglomerations.

KEY WORDS: monitoring, services, management, transport enterprise, urban agglomeration

1. Introduction

Increasing socio-economic efficiency and improving the quality of freight and passenger services are
impossible without organizing a scientifically substantiated monitoring system for services management of transport
enterprises. The expedient and strategically sound management of freight and passenger services is based on goal
setting for the development of transportation services and of strategic directions for their achievement by such
optimality criteria as reducing the cost of transportation of goods and passengers; increasing the quality of provided
services; improving the environmental friendliness, and safety of transport. In this regard, the development of the theory
and methodology of strategic management of road transport organizations, the application of economic and
mathematical methods and models of managerial decision-making in the freight and passenger transportation, the
development of methods for determining the socio-economic efficiency of investments in the development of services
provided by transport enterprises of urban agglomerations are relevant.

The transport system in the agglomerative places of settlement is controlled by various local administrative
units, which in modern conditions hinders its coordinated interaction and sustainable development of the region. Thus,
the development of new conceptual approaches to monitoring the service management of transport enterprises becomes
particularly important, and searching for specific methods, models and forms of transport services for the population to
provide high-quality passenger transportation services is necessary. All of the above predetermined the relevance of our
study.

2. Expediency of the Integrated Quality Assessment Indicator for Passenger Transportation Services of Urban
Agglomerations Used in the Monitoring

The main features of the development of the service economy are the exponential growth in the value added of
the service sector and the qualitative change in the proportions of gross domestic product (GDP) production in different
economic sectors and by different economic activities. However, these regularities can be detected over 