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Abstract: In a domain of a safety increasing of railway and road traffic, hydraulic barrier drives installed at level crossings have an important role. Frequent traffic accidents at 
level crossings, involving road vehicles and trains, are result of inappropriately equipped level crossings with signalling and safety equipment. Limited use of hydraulic barrier 
drives is the result of complicated adaptation in the process of implementing such systems to the existing infrastructure of some of the equipment manufacturers and railway 
operators. Hydraulic barrier drive PBH21, which uses a modular architecture, was developed and designed in this paper. Applying modular design principles and functional 
modeling methods, using functional flow diagrams, PBH21 has ability to adapt on the technologies and infrastructures of other major manufacturers of such equipment within EU 
countries and other countries in the world that have developed railway infrastructure. Due to the protection of certain design solutions from competition, certain details are not 
presented in this paper. 
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1 INTRODUCTION 
 

Railway market can be divided into four segments: 
infrastructure, vehicles, maintenance and signal-safety 
equipment [1]. According to [1], hydraulic barrier drives in 
railway traffic belong to the category of signalling-safety 
equipment. Their importance and significance is reflected in 
safety increasing of the rail and road traffic participants. 

According to the Law on Safety and Interoperability of 
the Railway System [2], the railway system of the Republic 
of Croatia is divided into structural subsystems and 

functional subsystems. Structural subsystems consist of 
building subsystems, electric power subsystems, traffic-
control and signal-safety subsystems on the railway, traffic-
control and signal-safety subsystems on vehicles and 
vehicles. Railway equipment for safety, management and 
trains supervision was included on the traffic-control and 
signal-safety subsystems. Therefore, hydraulic barrier drives 
belong to the mentioned subsystem. Functional subsystems 
consist of traffic maintenance, development and 
management, as well as telematics applications for passenger 
and freight traffic. 

 

 
Figure 1 Share of rail traffic of EU-28 member states [3] 

 
1.1 Rail Traffic Analysis in the EU and the Republic of 

Croatia 
 

Rail transport takes an important role in the overall 
European transport sector. However, compared to the share 
of the private cars use, it lags behind significantly. According 
to [3], the share of passenger transport by train, between 2004 
and 2016, was around 6,7% in the EU-28 member states. In 
Croatia, that number was smaller and was about 3% (Fig. 1). 

For the same period, the share of passenger car use in EU-28 
member states ranged from 83% to 83,7%. In Croatia, that 
number was around 85%. This data indicates that the share 
of train travel was lower in Croatia compared to EU-28 
member states, that is, less importance is given to the 
importance of train travel. 

An analysis of the railway transport of goods in the 
period from 1995 to 2014 shows its growth until 2007 [4, 5]. 
Then came the world economic crisis, which was reflected in 
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the drop in traffic until 2009. In the period from 2009 to 2014, 
there was a recovery and growth in rail transport of goods in 
the EU member states, which was over 400 billion tons per 
kilometer [4, 5]. This increase is continued until the 2018, 
and then there was a decrease, which in the second half of the 
2020 was 400 billion tones per kilometer (Fig. 2). Then there 
is a recovery, i.e. an increase of transport of goods (Fig. 2). 

In the passenger rail traffic there is a trend of constant growth 
with a smaller decline during the duration of the global 
economic crisis [4, 5]. During the outbreak of the pandemic 
caused by the corona virus, there is a sudden drop in 
passenger transport. Recovery is visible in the second half of 
the 2020 (Fig. 2).

 

 
Figure 2 Movement of goods and passengers in EU countries for the period from 2011 to 2021 [6, 7] 

 
Railway transport of goods in the Republic of Croatia 

had its own growth until 2007 [5, 8, 9]. Then it reached its 
maximum value, which was 16000000 tons [5, 8, 9]. As a 
result of the world economic crisis, it falls. The downward 
trend continued in the years to come, and in the second half 
of the 2013 the rail transport of goods amounted to 2000000 
tons (Fig. 3). In the following years, there is an increase in 

the transport of goods (Fig. 3). In the period from 1996 to 
2008, passenger rail traffic in the Republic of Croatia grew 
[5, 8, 9]. The peak was reached in 2009, when it amounted to 
70000000 passengers [5, 8, 9]. Then there was a continuous 
decline, and in the first half of the 2020, the number of 
passengers was 5000000 (Fig. 3). Then there is an increase 
in passenger transport in the second half of the 2020 (Fig. 3).

 

 
Figure 3 Movement of goods and passengers in the Republic of Croatia for the period from 2011 to 2021 [6, 7] 

 
A well-developed and branched railway transport 

network is an important factor in the economic growth and 
integration of an individual country. The length of the 
transport network of the EU-28 countries is 217081 km [10]. 
Comparing the length of the railway network with countries 
such as the USA (203200 km), Japan (19200 km), China 
(121000 km), Russia (86000 km) and India (64600 km), the 
EU-28 countries have the longest railway network [10]. 
Despite the above, the length of the railway network of the 
EU-28 countries decreased by 20590 km from 1990 to 2016. 
The reasons should be sought in the dominance of road traffic 
in relation to rail traffic, which according to [10], dominates 
in the EU-28 countries with a ratio of 4,13. 

Although a small country, Croatia has an important role 
in the European transport system, and is located on two 

corridors of the basic EU transport network. Therefore, 
Croatia has an important role as part of the European strategy 
of creating a single transport market, that is, a single 
European market that the EU is aiming for. Railway network 
of the Republic of Croatia (Fig. 4), according to the data of 
the Croatian Bureau of Statistics, was 2604 km in 2015 [9]. 
According to [4], quality of the railway infrastructure in the 
Republic of Croatia is significantly lower than the EU 
average. Therefore, modernization of the railway 
infrastructure and increasing of the safety of railway 
transport is imperative for the Republic of Croatia.  

Through the analysis of the current state of the market, 
conducted by Altpro d.o.o. [11], three problems of the 
European railway system were observed. The first problem 
relates to the dependence of railway operators on specific 

150000

200000

250000

300000

350000

400000

450000

500000

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Million tonne-kilometre

Millions of passenger-kilometres

0

500

1000

1500

2000

2500

3000

3500

4000

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Rail transport of passengers

Million tonne-kilometre



Mirko Karakašić et al.: Application of the Functional Flow Diagrams in a Design of the Level Crossing Hydraulic Barrier Drive 

556                                                                                                                                                                               TECHNICAL JOURNAL 17, 4(2023), 554-565 

technologies of dominant manufacturers. Multinational 
companies such as Alstom, Siemens, Thales, Ansaldo and 
Bombardier dominate in the development of the safety 
equipment in the segment of rail transport. Mentioned 
companies are not interested in the production of safety 
equipment that would be compatible with the equipment of 
the other manufacturers. Mentioned companies in the target 
markets want to completely replace the found existing 
equipment with their own equipment. Another problem 
relates to the fragmentation of the national railway systems. 
In this sense, there are 20 national signal-safety systems in 
the European countries. Each of these systems has its own 
specific requirements and norms. Because of this, cross-
border rail traffic is disrupted. The third problem relates to 

the level of security, which is insufficiently represented [3, 
4]. One of the main reasons for the low level of safety stems 
from insufficient investment in railway infrastructure. Low-
quality maintenance of the railway infrastructure is also one 
of the causes of the decrease in reliability and safety in 
railway traffic. Problem of reliability, quality and safety of 
the railway infrastructure is particularly pronounced in the 
countries of Eastern Europe [12]. Low level of safety is partly 
from the limited use of signal-safety devices in railway 
traffic. The Law on Safety and Interoperability of the 
Railway System [2] prescribes importance and significance 
of railway traffic safety in the Republic of Croatia. The law 
emphasizes the need to install and use signal-safety 
equipment along railroad tracks and level crossings. 

 

 
Figure 4 Railway network in the Republic of Croatia 

 
Importance and advantage of rail transport for the further 

economic development of EU countries is also indicated by 
the initiative undertaken by the European Commission to 
further encourage the development of a single European 
transport area. Significant progress has been made in the area 
of the 4th Railway Package, Blue Belt initiatives for maritime 
transport, proposed Single European Sky II, EU Aviation 
Strategy and NAIADES Program for inland waterways [12]. 

Railway transport has a significant number of 
advantages compared to other types of land transport 
(primarily road transport). First of all, speed of traffic, 
comfort for passengers, economy in medium and long 
distance cargo transport and significantly lower energy 
consumption than road transport [12]. 

If the impact of EU transport on greenhouse gas 
emissions is taken into account, then a quarter of greenhouse 
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gas emissions are derived from transport. In accordance with 
the need to reduce the impact of greenhouse gases, rail 
transport has a less harmful impact on the environment 
compared to other types of transport. Thus, over 70% of 
greenhouse gas emissions are produced by road traffic. 
Railway traffic emitted 0,6% of greenhouse gases (Fig. 5). 
Therefore gas emission from vehicles have significant 
influence on global warming and energy consumption [13, 

14]. Analysing the share of total energy consumption, 
according to types of transport, railway traffic accounts for 
1,6%. For the sake of comparison, road traffic accounts for 
73,4% of the total energy consumption (Fig. 5). This is a very 
important indicator, which gives rail traffic, especially in the 
part of freight (goods) transportation, a comparative 
advantage compared to road freight transport and fits into the 
strategy of the European Green Plan [15]. 

 

 
Figure 5 Influence of the type of transport within the EU on the emission of greenhouse gases and energy consumption, [5, 16] 

 
In accordance with the conducted market analysis and 

the EU initiative for the greatest possible investment in the 
development of railway transport, the need for the 
development of safety equipment is indicated. Therefore, 
development and design of a new hydraulic barrier (semi-
bumper) PBH21 was presented in this paper. Main purpose 
of this system is to secure level crossings. This is important 
from the aspect of the proper functioning of transport system, 
especially from the aspect to achieve the highest level of 
reliability at any stage of the transport process [17]. The 
system was designed with an emphasis on fulfilling the 
requirement to have a SIL4 (TYPE A) safety certificate 
according to the EN 17020 standard [18]. The PBH21 
hydraulic barrier was developed to fulfil one of the main 
design requirements, which implies fulfilment most of the 
international standards and technical specifications of the 
individual countries for which the PBH21 is designed. 
Therefore, the principles of modular design were used in the 
development and design of this technical system. The system 
has a modular architecture that allows it to be adapted to the 
found existing infrastructure in the individual countries for 
which the system was designed. In this way, the reduced 
dependence of railway operators on the specific technologies 
of the dominant manufacturers was achieved. Using the 
method of the functional modelling of the technical systems, 
by using functional flow diagrams, modular functional 
structure of the hydraulic barrier PBH21 was developed. 
From the modular functional structure, in detail design phase, 
individual module of hydraulic barrier drive PBH21 was 
designed. 
 
2 METHODS AND METHODOLOGY 
 

Design process of a new product is a complex activity 
that uses methods and tools developed within the design 
theories [19-24] that aim to produce artifacts that fulfil the 
user's requirements by performing their functions. Artifacts 
according to [19] represent technical systems that are 

connected to their environment through inputs and outputs, 
that is, they transform input sizes into output sizes. The sizes 
that are transformed can be grouped into three categories. 
These categories are energy, material and signal 
(information). Pahl and Beitz divided design process into the 
four phases: clarification and task definition, conceptual 
design, embodiment design and detail design [20]. Each 
phase transfers activities between them, which are connected 
with each other by information. 

If the process analysis is observed within a specific 
functional structure of an individual technical system, then 
by monitoring of the energy, material and signal flow is 
possible to connect individual functions through the 
functional flow diagrams [25]. This approach is called 
functional modelling and is used in the design phase [26]. 
Solution of the conceptual design phase was shown through 
the functional structure. This solution does not depend on the 
final form of the design. Functional models represent basis 
for searching of working principles and working structures 
that are solutions of the partial and overall functions [27]. 

Design process in the development and design of new 
artefacts also uses modular design method. According to 
[28], a module represents an independent building block of a 
more complex technical system. Each module is connected 
with other elements of that complex technical system by 
loose connections. In embodiment and detail design, modules 
are physical structures that fully match with the functional 
structures [29]. According to [20], modular design enables 
connection of design elements into the structures from which 
different variants of technical systems can be designed. Stone 
[30] develops methods for extracting modules from a 
functional structure using module heuristics. With such 
methods, modules are identified from functional models. 

In this paper, authors modeled functional models of the 
hydraulic barrier drive PBH21, which were described 
through the functional flow diagrams, and grouped them into 
the functional modules. Connections between functional 
modules are made through input and output flows of energy, 
material and signal. Thus, in the conceptual design phase, by 
realizing of the connection between the functional modules, 
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achieved connection between the working principles. Such 
working principles in the embodiment and detailed design 
represent modules of a certain more complex technical 
system. This approach through the design of the functional 
modules and their connection via flows enables a systematic 
approach in a design of the design modules from the 
functional structures. 

After the previously described methods used in the 
development and design of the hydraulic barrier drive, 
research methodology and the structure of the paper are listed 
in the rest of this chapter. The necessary descriptive and 
technical data about the new hydraulic barrier drive PBH21 
device, for the purposes of writing this paper, were collected 
by performing various activities during its development. This 
development period is divided into a two phases. First phase 
consists of industrial research for the development of the 
PBH21 prototype and a second phase consists of its 
experimental development. Research and analysis of the 
market trends was included in the first phase. In this phase, 
implementation of a barrier drive at railway-road crossings, 
was included. Also, as a final output, requirements were 
structured as an input to the design process of the new 
hydraulic barrier drive PBH21. Analysis of the market trends 
is described in the Introduction section. In the second phase, 
by applying of the functional decomposition method, was 
included selection of the design methods and the design of 
the functional structure. Also, in the second phase, tests of 
the prototype version of the hydraulic barrier drive device 
were carried out in laboratory and real working conditions. 
Obtained results of these tests are not presented in this paper. 
In the Requirement list and function decomposition section, 
general list of requirements and functional models of the four 

modules of hydraulic barrier drive PBH21 are presented. 
Developed functional models served as a starting point for 
finding of the working principles of the module solutions and 
designing of the modular structure of the hydraulic barrier 
drive PBH21. Final design solution of the hydraulic barrier 
drive PBH21 is described in the section Design solution of 
the hydraulic barrier drive PBH21. Presented hydraulic 
barrier drive PBH21 was developed and designed by Altpro 
d.o.o. within the EU project "Center of Competences for 
Advanced Engineering Nova Gradiška CEKOM NI NG 
(KK.01.2.2.03.0011)". 
 
3 REQUIREMENT LIST AND FUNCTIONAL 

DECOMPOSITION 
3.1 Requirements for Design of Hydraulic Barrier Drive 

PBH21 
 

Development of the hydraulic barrier drive PBH21, 
which belongs to the category of signaling and safety 
equipment, complies with the prescribed norms in the 
domain of technical, operational and regulatory standards. 
During development process of the device, requirements in 
the field of communication security standards, standards for 
hardware, vibrations, temperature, electromagnetic 
compatibility and standards for infrastructure compatibility 
have been fulfilled. In the development of the device, 
requirements arising from the EU guidelines for the 
development of the trans-European transport network and 
directives of the European Commission on the technical 
specification for interoperability related to the traffic-control 
and signal-safety subsystems have been implemented. 

 
Table 1 General requirements list for hydraulic barrier drive PBH21 

No. Requirements No. Requirements 
1 Safety requirements 4 Exploitative requirements 

1.1 fulfilment of safety certificate SIL4 (TIP A) 4.1 Life cycle > 30 years 
2 Design requirements 4.2 reliable operation 

2.1 modular design 4.3 operation possibility at low / high temperatures (-30° to 70°) 
2.2 operability by barrier arm up to 12 m long 4.4 operation in an atmosphere with a high moisture content 
2.3 possibility of implementation on the existing operator infrastructure 4.5 supplying system with electricity 
2.4 universal specification platform 5 Maintenance 
2.5 generic design 5.1 simple installation of components 
2.6 standardized components use 5.2 simple configuration according to customer requirements 
2.7 drive unit - electric motor 5.3 simple operation with device 

3 Technological requirements 5.4 simple assembly / disassembly 
3.1 independent technological solution 5.5 reduce total number of maintenance intervals 
3.2 compatible hardware interface 6 Costs 
3.3 use materials of next - generation in production process 6.1 cheaper maintenance 
3.4 simpler production 6.2 lower operating costs of device 

 
Independent technological solution is an extremely 

important requirement that the hydraulic barrier drive PBH21 
should fulfill. This requirement arises from a need for a long 
lifecycle of devices in the railway industry (over 30 years). 
Equipment that does not depend on the manufacturer and that 
can be used with equipment from other manufacturers should 
protect customer from the disappearance of a certain 
manufacturer from the market and in this way affects on the 
longer lifecycle of the device. 

Application principles of generic design should allow 
replacement of existing technology with any technology that 
should developed in the future. Also through the generic 

design, it should be possible more easily adapt system to the 
specific specifications of a particular market. Hardware 
interface of the barrier drive needs to be compatible with all 
types of peripheral units due to the requirement for 
interoperability and compatibility with products of other 
manufacturers. 

A general overview of the basic design requirements that 
needs to fulfill a new hydraulic barrier drive PBH21 is 
collected in Tab. 1. These requirements are determined and 
defined at the beginning of the design process, and in 
accordance with them, development of the hydraulic barrier 
drive PBH21 began. Requirements are divided into six 
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categories: safety requirements, design requirements, 
technological requirements, exploitative requirements, 
maintenance requirements and cost requirements. 
 
3.2 Functional Model of Hydraulic Barrier Drive PBH21 
 

Barrier drive is a part of Level Crossing Protection 
System (LCPS) outdoor elements. This device, when train 
approaches, increases safety of all traffic participants (road 
vehicles and train). Device physically prevent passage over 
level crossing for all road vehicles when LC is switched-on. 
This is also the main purpose of hydraulic barrier drive 
PBH21. 

After analysing requirement list and determining main 
purpose of the device, functional model of hydraulic barrier 
drive PBH21 was established. "Black box" is the starting 

point for the functional structure of the overall function of 
hydraulic barrier drive. Overall function of the hydraulic 
barrier drive is to "Make impossible to cross the level 
crossing by lowering of the barrier arm". A functional flow 
diagram is used to present a functional model of the barrier 
drive overall function. By monitoring of the energy, material 
and signal flow, a connection between partial functions 
within the functional model is realized. Functional structure, 
applying functional decomposition method, is divided into 
four functional levels. On the first level, there is the overall 
function of the hydraulic barrier drive PBH21. Second level 
consists of the overall functions of the modules, which are 
using modular design, implemented in the design structure of 
hydraulic barrier drive PBH21. Third and fourth level of the 
functional structure, represent partial functions that shape 
overall functions of an individual module. 

 

 
Figure 6 Functional model "black box" at the first level of the functional structure 

 
Overall functional model of the hydraulic barrier drive at 

the first level of the functional structure is shown in Fig. 6. 
Energy flow at the input to the function is achieved through 
the energy of the compressed medium, that is, energy stored 
in the mineral oil under pressure. Through the transformation 
action of the overall function on the energy of the compressed 
medium, mechanical work of the hydraulic executive organ 
is achieved at the output of the function. Material flow is 
realized using mineral oil, as a medium used in the hydraulic 
system of the hydraulic barrier drive. At the first level of the 
functional structure, signal flow is realized by monitoring of 
the medium pressure at the input and output of the overall 
function. 

Modular design principles were applied in the design of 
the hydraulic barrier drive. Therefore, second level of the 
functional structure consists of the overall functions of the 
modules, which are connected by energy, material and signal 
flows. Overall functions of the second level form main 
module group, which consists of four modules: Module 1, 
Module 2, Module 3 and Module 4 (Fig. 7). 

Module 1 functional flow diagram consists of three 
levels of the functional structure. First level consists of the 
overall function "Compress medium to the nominal pressure 
and supply system with the medium". Since the functional 
structure of the hydraulic barrier drive has four functional 
levels, functional structure of Module 1 starts from the 
second level of the functional structure of the hydraulic 
barrier drive. This means that the overall function of the 
Module 1 is on the second level of the functional structure of 
the hydraulic barrier drive. Other partial functions of the 
Module 1 are located on the third and fourth level of the 
functional structure of the hydraulic barrier drive (Fig. 8). 

Functional structure of Module 1 uses six partial functions 
that solve overall function of the Module 1 by transforming 
energy, material and signal. When the hydraulic barrier drive 
is putted into operation, electrical energy supplied from the 
electrical network is transformed into the energy of the 
compressed medium. Mineral oil is used as a medium that 
needs to be stored in a tank, compressed to nominal pressure 
and used to manipulate with the barrier arm. By monitoring 
the signal flow, amount of the medium in the tank is 
controlled, as well as the pressure state of the mineral oil 
stored in the Module 1 system. Monitoring of these two 
conditions is achieved using sensors for detecting amount of 
the medium and a manometer for a pressure measuring. After 
generated functional structure of the Module 1, a Hydraulic 
aggregate group is working principle that represents solution 
of the functional structure of the Module 1 (Fig. 13 and Fig. 
14).  

Functional structure of Module 2, by process of 
functional decomposition, is divided into three levels. If the 
functional structure of Module 2 is viewed as a separate 
module, then on the first level the overall function is "Store 
energy of the compressed medium". Since the functional 
structure of Module 2 is part of the functional structure of the 
hydraulic barrier drive, within this structure, the overall 
function of Module 2 is on the second level (Fig. 9). 
Therefore, partial functions of Module 2 are located on the 
third and fourth level of the functional structure of the 
hydraulic barrier drive. Overall function of Module 2 uses 
five partial functions that transform energy, materials and 
signal (Fig. 9). 

With the start-up of the hydraulic barrier drive, electrical 
energy of the overall function of Module 1 is transformed 
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into the energy of the compressed medium. Due to the action 
of the overall function of Module 2, this energy remains 
unchanged. Mineral oil flow, due to the action of the overall 
function of Module 2, also remains unchanged. By 
monitoring of the signal flow, it can be seen that at the input 
to the overall function of Module 2, signal corresponds to the 
output signal of the overall function of Module 1 (Fig. 8, Fig. 
9). Due to the action of the overall function of Module 2, two 

signals are present at the output of the function: nominal 
medium pressure and medium flow (Fig. 9). Nominal 
pressure represents medium working pressure in the 
hydraulic system of the device. After generated functional 
structure of the Module 2, accumulator group is working 
principle that represents solution of the functional structure 
of the Module 2 (Fig. 13 and Fig. 14). 

 

 
Figure 7 Functional flow diagram at the second level of the functional structure 

 

 
Figure 8 Module 1 functional flow diagram 

 
Functional flow diagram of Module 3 describes 

functional structure on three levels. On the first level is 
overall function "Manipulate with the barrier arm". Other 
partial functions of Module 3 are located on the third and 
fourth level of the functional structure of the hydraulic barrier 
drive (Fig. 10). Functional structure of Module 3 uses seven 
partial functions that solve overall function of Module 3 by 
transforming energy, material and signal. Functions "Lower 

barrier arm" and "Raise barrier arm" transform the energy 
of the compressed medium into the mechanical work of the 
hydraulic executive organ. In a case of the system electricity 
supply interruption or a failure occurrence, manipulation of 
the barrier arm lowering and of the barrier arm raising is 
possible to achieve by the action of the operator (human). 
Therefore, functions "Lower barrier arm" and "Raise barrier 
arm", by functional decomposition, generate partial 
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functions "Manually lower barrier arm" and "Manually raise 
barrier arm" (Fig. 10). These two functions, through the 
action of the operator, use the energy of human work, which 
they transform into mechanical work. This work performs 

lowering and raising of the barrier arm. Module 3, as the 
working principle, represents solution of the functional 
structure. This module, after detail design process, represents 
valve block module (Fig. 13 and Fig. 14).

 

 
Figure 9 Module 2 functional flow diagram 

 

 
Figure 10 Module 3 functional flow diagram 

 
Functional structure of Module 4 is described on two 

levels (Fig. 11). On the first level is overall function 
"Adjusting duration of barrier arm manipulation 
operations". Four partial functions that solve this overall 
function are located on the second level of the functional 
structure of the Module 4, i.e. on the third level of the 
functional structure of the hydraulic barrier drive. Input to the 
overall function contains two signals: medium pressure and 
medium flow 3 l/min (Fig. 11). By transforming of these 
signals, a third signal is generated at the output of the overall 

function, i.e. raising / lowering time of the barrier arm (Fig. 
11). 

Partial function "Setting duration of the manipulation 
operation" at its input includes additional energy flow 
described through the human work. Through this function, 
operator has ability to adjust duration of the barrier arm 
raising and lowering operations, via the control panel of the 
device. After generated functional structure of the Module 4, 
slow motion valves is a working principle that represents 
solution of the functional structure of the Module 4 (Fig. 13 
and Fig. 14).
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Figure 11 Module 4 functional flow diagram 

 
4 DESIGN SOLUTION OF THE HYDRAULIC BARRIER 

DRIVE PBH21 
 

Barrier drive PBH21 (Fig. 12), developed by Altpro 
d.o.o., is made as hydraulic type. By the process of functional 
decomposition, through the monitoring of the energy, 
material and signal flow, mineral oil is selected as a drive 
medium of the hydraulic system (Fig. 6 and Fig. 7). For arm 
rising and lowering, it uses hydraulic drive with a two-way 
hydraulic cylinder as executive element. In a failure 
occurrence, it is possible manually to control device, using a 
main valve block system. For that matter, operator uses 
combination of manually activated / deactivated valves and 
moves barrier arm by hand (Fig. 10). 

 

 
Figure 12 Barrier drive PBH21 [31] 

 
Hydraulic barrier drive PBH21 is developed by modular 

design. Main system consists of sub-systems. These sub-
systems in modular design represent modules. Modular 
architecture implemented in PBH21 product is suitable for 
adaptive design and easier maintenance process. Barrier 
drive is structured from six modules (Fig. 13). These modules 
is possible to divide in main module group and additional 
module group. Modules as accumulator group, hydraulic 
aggregate, slow motion valves and valve block represent 
main module group (Fig. 14). This group is an executive 
group, because it realizes by their functions, overall function 
of the technical system PBH21 (Fig. 6 and Fig. 7). Functional 
analysis, through the functional flow diagrams, preceded to 

the development of the mentioned modules (Fig. 6 – Fig. 11). 
Electric parts module and positioning group micro switches 
module are part of the additional module group (Fig. 13). 
This group is control / management group, because it 
manages signals and information necessary to perform 
overall function of the technical system PBH21. 

 

 
Figure 13 Barrier drive PBH21 modular architecture [31] 

 
Principles of solution of the partial functions of Module 

1, Module 2, Module 3 and Module 4 are part of the design 
structure of the hydraulic barrier drive. As such, they are 
actively involved in the energy, material and signal flow. 
Their fulfillment of partial functions is shown by the 
hydraulic scheme (Fig. 14). Scheme shows medium flow 
(mineral oil) through the elements that make main modules 
as well as manipulation operations in the executive part of 
the scheme. 
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MAIN VALVE BLOCK

ACCUMULATOR SUB ASSEMBLY

HYDRAULIC AGREGATE

LOWERING RAISING

SLOW MOTION VALVES

 
Figure 14 PBH21 hydraulic scheme with the four main module groups [31] 

 

 
Figure 15 Top and side view of the PBH21 [31] 

 
General measurements of the PBH21 are presented in 

Fig. 15. On the hydraulic barrier drive PBH21, according to 
customer requirement, is possible to install arm length from 
2,5 m to 8,5 m. According to selected arm lengths is 

necessary to calculate adequate counterweight. All 
calculations are made in correlation with the weight 
positioning from the center of the shaft to the weight gravity 
center (Fig. 15). 
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5 RECAPITULATION ANNOTATION 
 

Importance of railway transport in the development of 
modern world economies is extremely great. EU countries 
recognized this and decided to invest significantly in the 
modernization of their railway infrastructure, i.e. rail traffic. 
Special advantage of rail transport, compared to other forms 
of transport, is reflected in the economy of freight transport, 
lower energy consumption and less impact on greenhouse gas 
emissions caused by transport. 

Therefore, it is extremely important to invest in safety 
increasing of the rail transport. In order to reduce traffic 
accidents occurring at level crossings, the need for an 
increase in signaling and safety equipment was observed. 
Such equipment also includes hydraulic barrier drives. Due 
to the complicated adaptation on the existing infrastructure 
of manufacturers of such equipment, as well as the different 
needs of railway operators, these devices are not installed at 
all level crossings. In order to solve this deficiency, in this 
paper is presented development and design of a hydraulic 
barrier drive PBH21 that have possibility of implementation 
on existing infrastructure. PBH21 is compatible with the 
existing infrastructures and technologies of major 
manufacturers of this type of safety equipment in the world. 
This device uses a modular design to be able to adapt on the 
aforementioned requirements. 

By applying functional modeling, functional structure of 
the PBH21 was generated. Through the monitoring and 
analyzing of the energy, material and signal flow, by 
functional flow diagrams, overall and partial functions of the 
four functional modules were designed. Using functional 
decomposition, for the mentioned modules, a four-level 
functional structure of the hydraulic barrier drive is modeled. 
From the functional structure of the hydraulic barrier drive 
PBH21, in a detailed design process, following modules were 
designed: accumulator group, hydraulic aggregate, slow 
motion valves and valve block. 

Through this work, the sequence of the design process is 
presented by connecting four design phases, respectively 
clarification and task definition phase, conceptual design 
phase, embodiment design phase and detail design phase. 
Also, it is presented that by means of the functional 
decomposition method and functional modeling method, by 
using of functional flow diagrams, is possible to design 
functional structures of modules and connect them through 
the flow of energy, material and signal in one unique modular 
functional structure. 
 
Acknowledgments 
 

Authors express their thanks to the partner and major 
coordinator of the EU project "Center of Competences for 
Advanced Engineering Nova Gradiška CEKOM NI NG 
(KK.01.2.2.03.0011)", who supported, enabled and 
participated in the implementation of the research presented 
in this paper. Within this project, a company Altpro d.o.o., 
which together with the Faculty of Mechanical Engineering 
of the University of Slavonski Brod, is one of the partners of 
the aforementioned project, has designed and developed a 

hydraulic barrier drive PBH21 for level crossings, presented 
in this paper. Authors express their thanks to the Altpro d.o.o. 
for enabling and allowing presentation of the certain design 
solutions of the hydraulic barrier drive PBH21. Also, authors 
express their thanks to Mirela Brechelmacher, mag. ing. 
mech., who helped in the analysis of the railway traffic 
market trends. 
 
6 REFERENCES 
 
[1] Mignot, A. Ed. (2016). Railway Standardization Strategy 

Europe. UIC-ETF, Paris. https://uic.org/europe/IMG/pdf/rail_ 
standardisation_strategy_europe_light.pdf 

[2] NN 63/2020. (2020). Zakon o sigurnosti i interoperabilnosti 
željezničkog sustava. Narodne novine, Zagreb. (in Croatian) 

[3] (2019). Eurostat 2019.27.06 Passenger transport statistics.  
[4] European Commission. (2016). EU Transport in figures: 

Statistical Pocketbook 2016. Luxemburg: Publications Office 
of the European Union. 

[5] Armanda, J. (2017). Analiza utjecaja razvoja prometne 
infrastrukture EU na prometnu infrastrukturu RH. 
Undergraduate thesis, University of Split, Faculty of 
economics Split, Croatia. (in Croatian) 

[6] Eurostat Statistics Explained. (2023). Railway freight transport 
statistics. https://ec.europa.eu/eurostat/statistics-explained/ 
index.php?title=Railway_freight_transport_statistics 

[7] Eurostat Statistics Explained. (2023). Railway passenger 
transport statistics – quarterly and annual data. 
https://ec.europa.eu/eurostat/statistics-explained/ 
index.php?title=Railway_passenger_transport_statistics_-
_quarterly_and_annual_data 

[8] Statistical Yearbook of the Republic of Croatia. Croatian 
Bureau of Statistics, 2010, Zagreb, Croatia, ISSN 1333-3305 

[9] Statistical Yearbook of the Republic of Croatia. Croatian 
Bureau of Statistics, 2016, Zagreb, Croatia, ISSN 1333-3305 

[10] Pupavac, D., Baković, I., & Knežević, J. (2019). Tržište 
željezničkog teretnog prijevoza Europske unije. Željeznice 21, 
18(1), 7-13. https://hrcak.srce.hr/256745 (in Croatian) 

[11] Altpro. (2023, May 28). https://altpro.com/hr/ 
[12] European Commission. (2019). Transport in the European 

Union: Current Trends and Issues. European Commission, 
Directorate-General Mobility and Transport, Brussels. 

[13] Skrucany, T., Semanova, S., Milojević, S., & Ašonja, A. 
(2019). New Technologies Improving Aerodynamic Properties 
of Freight Vehicles. Applied Engineering Letters, 4(2), 48-54.  
https://doi.org/10.18485/aeletters.2019.4.2.2 

[14] Petrović, N., Bojović, N., Marinković, D., Jovanović, V., & 
Milanović, S. (2023). A Two-Phase Model for the Evaluation 
of Urbanization Impacts on Carbon Dioxide Emissions from 
Transport in the European Union. Tehnički vjesnik, 30(2), 514-
520. https://doi.org/10.17559/TV-20221018103946 

[15] European Commission. (2023). Delivering the European Green 
Deal. https://commission.europa.eu/strategy-and-policy/ 
priorities-2019-2024/european-green-deal/delivering-
european-green-deal_en 

[16] European Commission. (2023). Reducing Emissions from 
Transport: A European Strategy for Low – emission Mobility. 
https://ec.europa.eu/clima/policies/transport_hr 

[17] Brkić, R., Adamović, Ž., & Bukvić, M. (2022). Modeling of 
Reliability and Availability of Data Transmission in Railway 
System. Advanced Engineering Letters, 1(4), 136-141.  
https://doi.org/10.46793/adeletters.2022.1.4.3 

[18] ISO/IEC 17020:2012. (2013). Inspection Standard Application 
Document. NATA, Australia. 



Mirko Karakašić et al.: Application of the Functional Flow Diagrams in a Design of the Level Crossing Hydraulic Barrier Drive 

TEHNIČKI GLASNIK 17, 4(2023), 554-565                                           565 

[19] Hubka, V. & Eder, W. E. (1988). Theory of Technical Systems 
– A Total Concept Theory for Engineering Design. Springer – 
Verlag Berlin Heidelberg, Germany. 

 https://doi.org/10.1007/978-3-642-52121-8 
[20] Pahl, G., Beitz, W., Feldhusen, J., & Grote, K.-H. (2007). 

Engineering Design: A Systematic Approach. London: 
Springer. https://doi.org/10.1007/978-1-84628-319-2 

[21] Blessing, L. & Chakrabarty, A. (2009). DRM, a Design 
Research Methodology. Springer-Verlag London. 

 https://doi.org/10.1007/978-1-84882-587-1 
[22] Suh, N. (2001). Axiomatic Design: Advances and Applications. 

Oxford University Press, New York. 
[23] Ulrich, K. T. & Eppinger, S. D. (2004). Product design and 

development. New York: 3rd Edition, McGraw-Hill. 
[24] Tomiyama, T., Gu, P., Y. Jin D., Lutters, D., Kind, Ch., & 

Kimura, F. (2009). Design methodologies: Industrial and 
educational applications. CIRP Annals - Manufacturing 
Technology, 58, 543-565. 

 https://doi.org/10.1016/j.cirp.2009.09.003 
[25] Bojcetic, N., Valjak, F., Flegaric, S., & Storga, M. (2020). 

Application for Product Functional Model Creation. Tehnički 
vjesnik, 27(3), 883-890.  
https://doi.org/10.17559/TV-20190923203841 

[26] Patel, A., Kramer, W., Summers, J. D., & Shuffler-Porter, M. 
(2016). Function Modeling: A Study of Sequential Model 
Completion Based on Count and Chaining of Functions. 
Proceedings of the 28th International Conference on Design 
Theory and Methodology, 1-11.  
https://doi.org/10.1115/DETC2016-59860 

[27] Nagel, R. L., Stone, R. B., Hutcheson, R. S., McAdams, D. A., 
& Donndelinger J. A. (2009). Function Design Framework 
(FDF): Integrated Process and Function Modeling for Complex 
Systems. International Design Engineering Technical 
Conferences and Computers and Information in Engineering 
Conference, 273-286. https://doi.org/10.1115/DETC2008-49369 

[28] Hölttä-Otto, K. (2005). Modular product platform design. 
Doctoral Dissertation, Helsinki University of Technology, 
Department of Mechanical Engineering, Machine Design, 
TKK Dissertations 10, Espoo. 

[29] Ericsson, A. & Erixon, G. (1999). Controlling Design 
Variants: Modular Product Platforms. Society of 
Manufacturing Engineers, Dearborn, MI. 

[30] Stone, R. B., Wood, K. L., & Crawford, R. H. (2000). A 
heuristic method for identifying modules for product 
architectures. Design Studies, 21(1), 5-31. 

 https://doi.org/10.1016/S0142-694X(99)00003-4 
[31] User manual PBH21. Altpro, 2021. 
 
 
Authors’ contacts: 
 
Mirko Karakašić, Full professor, PhD 
(Corresponding author) 
University of Slavonski Brod, Mechanical Engineering Faculty in Slavonski Brod, 
Trg Ivane Brlić-Mažuranić 2, 35000 Slavonski Brod, Croatia 
E-mail: mirko.karakasic@unisb.hr 
 
Ilija Svalina, Assistant professor, PhD 
University of Slavonski Brod, Mechanical Engineering Faculty in Slavonski Brod, 
Trg Ivane Brlić-Mažuranić 2, 35000 Slavonski Brod, Croatia 
E-mail: isvalina@unisb.hr 
 
Daniel Novoselović, Associate professor, PhD 
University of Slavonski Brod, Mechanical Engineering Faculty in Slavonski Brod, 
Trg Ivane Brlić-Mažuranić 2, 35000 Slavonski Brod, Croatia 
E-mail: dnovoselovic@unisb.hr 
 

Iva Samardžić, mag. ing. mech. 
University of Slavonski Brod, Mechanical Engineering Faculty in Slavonski Brod, 
Trg Ivane Brlić-Mažuranić 2, 35000 Slavonski Brod, Croatia 
E-mail: ivasamardzic@unisb.hr 
 
Hrvoje Glavaš, Full professor, PhD 
Faculty of Electrical Engineering, Computer Science and Information Technology 
Osijek, University of Osijek, 
Kneza Trpimira 2B, 31000 Osijek, Croatia 
E-mail: hrvoje.glavas@ferit.hr 
 
Radomir Đokić, Associate professor, PhD 
Faculty of Technical Sciences, University of Novi Sad, 
Trg Dositeja Obradović 6, 21102 Novi Sad, Serbia 
E-mail: djokic@uns.ac.rs 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


