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PREFACE 

MECHEDU was established within the framework of IPA cross-border program with the aim of 
promoting activities in various areas of mechatronics by providing a forum for exchange of ideas, 
presentation of technical achievements and discussion of future directions. 
 
Previous MECHEDU conferences have drawn much attention and positive feedback from the 
participants. Therefore, Subotica Tech – College of Applied Sciences is organizing this Conference 
for the fourth time in partnership with the Faculty of Technical Sciences – Novi Sad, the Donát 
Bánki Faculty of Mechanical and Safety Engineering – Budapest, and the Faculty of Engineering – 
Szeged, and with a strong support of industry representatives from the area. This year also we are 
expanding the Conference to include a workshop that will highlight the significance of mechatronic 
structures in practice, presented by some of our cooperating partners from the industry. 
 
We are confident that the MECHEDU 2019 Conference and Workshop will bring together an 
international community of experts from the wider region to discuss the latest research results, 
state-of-the-art technology, perspectives of future developments, and innovative applications 
relevant to mechatronics. 
 
Yours sencerely 
 
Dr Fürstner Igor 
Dean 
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Abstract— Electrical and electronic devices, such as relay logic 

circuits, programmable controllers, or computers, normally control 
fluid power circuits. Fluid power systems can also be controlled with 
"Air Logic." These controls perform any function normally handled 
by relays, pressure or vacuum switches, time delays, counters, and 
limit switches. While the circuitry is similar, compressed air is the 
control medium instead of electrical current.   

Keywords—logical function; FluidSim; pneumatic; structure 
and scheme 

I.  INTRODUCTION 

Symbolizing pneumatic devices (and beyond) was imposed 
due the variety and complexity of these equipment and the need 
to synthesize as much as possible information in graphical 
representations easy to manipulate and interpret. These graphic 
representations, as well as the specific technical 
expressions/terms used constitute specialized technical 
language. It, structured and used in agreement, according to 
international standards, allows: 

— easy representation and identification of devices and 
components, both as single elements and as embedded in 
systems, respectively circuits; 

— simple communication between specialists directly or 
through technical documentation. 

The international standard governing the symbolization of 
pneumatic equipment is ISO 1219. The numeric and literal 
annotation of the pneumatic connections of the devices is 
presented in TABLE 1.  

The technical language also implies the use, according to 
international standards, of symbols that allow the easy 
representation and identification of electrical, pneumatic or 
hydraulic devices and components, both as single elements and 
in systems (circuits). 

 The pneumatic symbols must provide information on:  

— the function (s) of the device,  
— the rating of the connections,  

— the operating methods,  
— the admissible parameters of the control and working 

agent. 
TABLE 1.  Numerical and literal scoring 

of the pneumatic connections of the devices 

Connection function Literal 
notation 

Numerical 
notation 

Pressure connection port P 1 
Connection port for consumers A, B, C 2, 4, 6 

Drainage or ventilation port R, S, T  3, 5, 7 
Control hole (pilot) x, y, z 12, 14 
Reset control port L 10 

Auxiliary control ports - 81, 91 
Pilot ventilation port - 82, 84 

 
The pneumatic diagram can be regarded as a structure 

consisting of 5 levels (fig.1) each floor containing a certain 
category of pneumatic elements. All the elements in the scheme 
are interconnected so as to perform the functions required by 
user. 

 
Fig. 1. Structure of a pneumatic scheme 

# (1) The elements that supply the pneumatic energy supply 
to the system parameters required: pressure, flow, filtration, 
lubrication. 

8

mailto:vasile.alexa@fih.upt.ro
mailto:sorin.ratiu@fih.upt.ro
mailto:imre.kiss@fih.upt.ro
mailto:vasile.cioata@fih.upt.ro


# (2) The control elements that allow the human-machine 
dialogue: commands start-stop, selection for different 
functions or modes of work, etc. Usually, all these elements 
are grouped in a control panel, attached to the installation. 

# (3) Processing elements: they are the equipment that ensures 
the processing (interpretation and distribution) of the signals 
received in the installation: both those of control, from the 
control panel, as well as those of the reaction, which are 
usually signals that provide information about the state of 
the machine and/or process technological development. The 
processing elements process all these signals either unitary, 
or in certain combinations, performing different logical 
functions. 

# (4) The final control elements: they are energy distribution 
equipment tires and represents the floor from which the 
control signals are injected directly execution elements: 
linear, rotary, oscillating motors, vacuum units.  

# (5) The execution elements: they are equipment that convert 
the energy of compressed air pressure in mechanical energy 
for mechanical work. 

Input parameters are pressure and flow, and as output 
parameters we can have force, displacement, speed. 

II. PNEUMATIC LOGICAL FUNCTIONS 

The pneumatic drive installations are represented in the 
technical documentation through the schemes. At the same time, 
the pneumatic drive systems are made up of one or more 
pneumatic circuits, each of them fulfilling a certain functional 
role in the scheme.  

After the large number of possible functions, several 
elementary functions can be distinguished which are found in 
most of the pneumatic drives currently used. 

A. The logical function "AND" 

— serial linking of two or more valves allows the action 
to take place only if two or more orders are executed 
simultaneously; 

— this cylinder can only be operated if the valves D1 and 
D2 are ordered simultaneously; 

— this function is used to force the operator of  machine 
to use both the one hand and the other for the operation 
of the main operation, or when a manual command is 
conditioned AND the closing of a protective device is 
completed. 

 
Fig. 2. The logical function AND 

B. The logical function "OR" 

This function is used when a machine body can be ordered 
from two different locations.  

— the parallel connection of two valves gives the 
possibility of supplying one OR by ordering one OR 
valve another; 

— the example in the figure below shows that the 
working cylinder can be operated by the valve D1 or 
by D2; 

— the characteristic of this circuit is the mounting of the 
SD double direction valve which ensures the air flow 
direction to the cylinder, whether it comes from one 
valve or the other. 

 

Fig. 3. The logical function OR 

C. The logical function "NOT" 

— this function is used when it is necessary to interrupt 
the operation of a working cylinder at a given time 
(stroke limiter); 

— the interrupting of the actuation state of the cylinder A 
through the valve D1 is done by controlling the valve 
D2 which, in turn, pneumatically controls the valve 
D1. By changing the working position of the valve D1, 
the actuation of the drive cylinder A. 

 
Fig. 4. The logical function NOT 

D. Function "Temporary memory" 

The function described is applied to maintain a force or 
movement for a limited period in a certain technological 
process. 
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— in the circuit with a temporary memory function, the 
command given in the form of impulse is mentioned for 
a limited time, that is, stored temporarily. 

— cylinder A enters action after D2, upon receiving a pulse, 
pneumatically controls valve D1. At the same time the 
R tank stores a quantity of compressed air. 

Valve control D1 is maintained until the pressure drops to 
the R tank, which discharges into the atmosphere through the 
RS socket.   

When the pressure in the tank can no longer compensate for 
the spring force of the valve D1, it disrupts the supply of the 
cylinder A and the piston returns to its initial position. 

 
Fig. 5. The logical function TEMPORARY MEMORY 

E. Function "Permanent memory" 
— in a circuit that performs the function of permanent 

memory, the command given in the form of impulse is 
maintained for an unlimited time, that is, stored 
permanently; 

— the pneumatic control carried out by a C1 impulse 
given to a distributor D is permanently maintained due 
to the action of the compressed air through the double 
direction valve; 

— this scheme does not contain the circuit for canceling 
the stored order; 

— exit from the operating state of a circuit of the type 
described can be done by several methods, for 
example by an additional impulse C2, by means of a 
control C2 of an additional distributor D2 placed in the 
control circuit of the main valve D1 or by means of the 
command C2 given to an additional distributor D2 
placed upstream of the main valve D1. 

 
Fig. 6. The logical function TEMPORARY MEMORY 

F. Function “Signal amplification”  

— amplification refers, most often to the air flow of the 
signal; 

— in the circuit below the weak pneumatic signal C1 
changes the working position of the distributor D1, 
which determines the appearance of the amplified 
signal A. At the diagram of the weak signal C1 
determines the cancellation of the high intensity signal 
A. 

 
Fig. 7. The logical function SIGNAL AMPLIFICATION 

III. DESIGN AND CREATION OF A TEACHING STAND USING THE 
FLUIDSIM SOFTWARE 

Mechatronics is the result of natural evolution in 
technological development. The scientific progress of 
electronics, computing and mechanics and their synergetic and 
systematic combination has led to the emergence of 
mechatronics. Being a real-time combination of electronics, 
computing and mechanics, it quickly found its applicability in 
real life, in industry and predominantly in the automotive 
industry, forcing large manufacturers to reorganize their 
technology flows. With the advent of mechatronics, software 
development and simulation programs have also been 
developed. 

FluidSim is a program for the design and simulation of 
pneumatic systems. It can also be used as a virtual modulator of 
system control. FluidSim can be used for various purposes: 

— it can be used as a simulator and this helps you in 
creating both the circuits and their interactive 
simulation. It not only calculates the status changes 
and the component switches that result from the 
system. Moreover, the user can operate and 
interactively activate the switches or valves. FluidSim 
reacts immediately to such events and simulates the 
modified system without problems. 

— in addition to measuring devices that can be integrated 
into the circuit before the simulation FluidSim offers 
virtual measuring devices. During a simulation, 
several of them can be used to display different state 
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values. Contrary to measuring devices, virtual 
measuring devices do not influence the circuit, but 
simply indicate the values of the circuit simulated by 
FluidSim. 

— the program also has an extended library. We can build 
the circuit diagram from a library of hundreds of 
pneumatic, hydraulic and electronic components. But 
the component library is not static. It is constantly 
being improved and enriched with new components. 

— with FluidSim you create your first circuit chart in just 
a few minutes. Using the intelligent parameters 
selected by default for all components, you can 
observe the physical phenomena in the shortest time. 

— the simulation core of FluidSim has been designed 
constantly for speed, without compromising the 
accuracy of the results. As a result, electrical signals 
up to a frequency of 100 KHz can be simulated in 
FluidSim. 

— FluidSim can also be used in teaching materials. The 
user-friendly, user-friendly interface, extended 
component library and robust simulation core are 
complemented by a vast collection of teaching 
materials. 

Figure 8 shows some pneumatic logic schemes made in the 
FluidSIM program. 

 
Fig. 8. The logical function SIGNAL AMPLIFICATION 

IV. CONCLUSIONS 

Air logic can also be used on machines that have cylinders 
or engines with fluids, but there is no electrical device. In such 
cases, two services are required because the machine is air-fed 
but electrically controlled.  

In cases where electrical and mechanical maintenance are 
below different degrees of work, the logic of the air is also ideal, 
as different technicians work on different aspects of the 
machine - one works on the circuit, and the other deals with the 
parts of the machine that are electrically operated. 

The logic of the air has its disadvantages; the most common 
is the lack of understanding of how the components work and 
how to read the schematic drawing.  

If an air-controlled car fails, very few people can work on 
it. Also, air logic with long control lines will have a slower 
visible cycle. Control lines longer than 10 to 15 ft are filled and 
slowly evacuated compared to electrical signals. In addition, the 
air quality must be above average for a long life. 

Logical air controls are basically 3- and 4-way air valves. 
Valve actions provide on or off functions such as relays or 
switches. It also depletes the spent signal. The symbols used for 
air logic are similar to the electronic symbols. Some 
manufacturers use modified electrical symbols and staircases to 
show circuits. 
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Abstract—There are many methods used to fabricate composite 
parts nowadays. However, each method has its own requirement and 
usability. The vacuum bagging, as closed–molding manufacturing 
process, is designed to improve the mechanical properties 
of laminate (two or more layers of fiber reinforcement bonded with 
a resin). Instead, the vacuum infusion can produce laminates with a 
uniform degree of consolidation, producing high strength, 
lightweight structures. This process uses the same low–cost tooling 
as open molding and requires minimal equipment. Vacuum infusion 
offers substantial emissions reduction compared to either open 
molding or wet lay–up vacuum bagging. This review paper intends 
to focus on suitable technique to be adopted in order to fabricate 
composites using the vacuum technology. Some of the fabrication 
methods are customized in order to suit with the application of 
natural fibers. The selected methods are also highlighted with the 
application in automotive industry. The process and outcomes are 
presented comparatively. 

Keywords—fibre–reinforced polymer laminates; vacuum 
bagging; vacuum infusion; automotive industry;  

I. INTRODUCTION 
The changing world, on the back of globalization, digital 

communication and growing emerging economies are 
providing opportunities to develop advanced materials, whose 
improved properties can be applied to multiple industries. [1–
6] Innovative advanced material technologies are expected to 
have a direct and positive impact on economic growth, quality 
of life and the environment, through improved products and 
processes. [1–6] 

Researchers have constantly been developing new materials 
that are stronger and lighter than ever before, paving the way 
for more energy–efficient and eco–friendly future including 
everything from transportation to medical technology. [1–6] In 
automotive industry, the legislative pressure to reduce the 
carbon emissions being produced is continuously giving 

research and development importance as well as urgency within 
the area of lightweight materials. [1–6] Using lightweight 
materials can reduce overall weight of the vehicles by 30–47%. 

Not only the automotive engineering is using lightweight 
materials, huge demand for affordable urban housing is also 
met by light building construction techniques. [1–6] More and 
more application uses are being found for composite materials 
and their use is expanding beyond just aerospace applications. 
Energy sector, such as in wind energy, light weight composites 
is an important material to increase the power production. [1–
6] 

Composites materials are both strong and light. Fiber–
reinforced composites offer excellent strength–to–weight 
ratios, exceeding those of other materials. For example, carbon 
fiber–reinforced composites are 70% lighter than steel and 40% 
lighter than aluminum. [1–12] Producing parts that are light 
weight is critical to industries such as transportation, 
infrastructure and aerospace for a variety of reasons. 
Lightweight composites are easy to handle and install, can 
reduce costs on projects and help ensure adherence to 
regulations and standards. [1–12] 

Composites are manufactured using multiple layers of 
material, each with different properties, combined into a single 
structure. By joining them in this manner, the resultant 
“composite” material is unusually strong and light. [1–12] It has 
greater strength, flexure, and more favorable mechanical 
properties than any of the individual materials used to make the 
composite.[7–12] Metal–matrix, polymer–matrix and ceramic–
matrix composites enjoy widespread use in the wind power, 
automotive and aerospace industries, among others, as they 
offer unique advantages over steel and aluminum. [1–6] 
Composite manufacturing is a growing industry and has strong 
continued prospects for expansion. [1–12] 
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The reason that composites are used increasingly is the 
strength–to–weight advantages that they offer. The key to 
obtaining these advantages is maximizing the fiber–to–resin 
ratio. [1–6,12–14] Vacuum bagging is a technique that imposes 
vacuum pressure to the surface of the object between the mold 
tool and the vacuum bag to optimize the fiber–to–resin ratio of 
the product. Therefore, it can improve the mechanical 
performance of the product. 

By combining specific resins and reinforcements – and there 
are a lot of them – it can customize the formulation to meet 
specific strength requirements of any application. For example, 
it can alter the ratio of the resin and reinforcement or orient the 
fibers in one direction or various directions. [7–12] 

Hand lay–up is the most common and least expensive open–
molding method because it requires the least amount of 
equipment. Fiber reinforcements are placed by hand in a mold 
and resin is applied with a brush or roller. This process is used 
to make both large and small items. [7–14] 

In open molding, raw materials (resins and fiber 
reinforcements) are exposed to air as they cure or harden. Open 
molding utilizes different processes, including hand lay–up or 
spray–up. Instead, in closed–molding, raw materials (fibers and 
resin) cure inside a two–sided mold or within a vacuum bag 
(shut off from air). [7–14] Closed–molding processes are 
usually automated and require special equipment, so they’re 
mainly used in large plants that produce huge volumes of 
material. 

The vacuum bagging, as closed–molding manufacturing 
process, is designed to improve the mechanical properties 
of laminate (two or more layers of fiber reinforcement bonded 
with a resin). A vacuum is created to force out trapped air and 
excess resin, compacting the laminate. [7–14] High–fiber 
concentration provides better adhesion (between layers of 
sandwich construction). In addition, vacuum bag molding helps 
eliminate excess resin that builds up when structures are made 
using (open–molding) hand lay–up techniques. 

 
Fig. 1. Vacuum bagging process 

The vacuum infusion processing is a variation of vacuum 
bagging in which the resin is introduced into the mold after the 
vacuum has pulled the bag down and compacted the laminate. 
Vacuum infusion produces strong, lightweight laminates and 
offers substantial emissions reductions (compared to open–
molding processing and wet lay–up vacuum bagging). [7–14] 

 
Fig. 2. Vacuum infusion processing 

The reinforcement and core materials are laid–up dry in the 
mold by hand, providing the opportunity to precisely position 
the reinforcement. When the resin is pulled into the mold the 
laminate is already compacted, and, therefore, there is no room 
for excess resin. [7–14] Vacuum infusion enables very high 
resin–to–glass ratios and the mechanical properties of the 
laminate are superior. Vacuum infusion is typically used to 
manufacture very large structures and is considered a low–
volume molding process. This process uses the same low–cost 
tooling as open molding and requires minimal equipment. 

II. VACUUM BAGGING PROCESS OVERVIEW 

Vacuum bagging is a very flexible process for consolidating 
fiber–reinforced polymer laminates of a wide range of shapes 
and sizes. Vacuum bagging is a technique employed to create 
mechanical pressure on a laminate during its cure cycle. 
Pressurizing a composite lamination serves several functions: 

 first, it removes trapped air between layers.  
 second, it compacts the fiber layers for efficient force 

transmission among fiber bundles and prevents shifting 
of fiber orientation during cure.  

 third, it reduces humidity.  
 finally, and most important, the vacuum bagging 

technique optimizes the fiber–to–resin ratio in the 
composite part.  

These advantages have for years enabled aerospace and 
racing industries to maximize the physical properties of 
advanced composite materials such as carbon, aramid, and 
epoxy. [7–14] 

Usually, the vacuum bagging process can be classified as 
two types: 

 Vacuum bagging for resin infusion. This vacuum bagging 
process is based on the infusing of resin to dry preform of 
fabrics layers with a stable pressure. 

The process of impregnation by infusion is a manufacturing 
technique used in open tool composite production. The 
reinforcement materials are laid up dry and several consumable 
products are placed on top, usually a peel ply, release film, flow 
media and vacuum bagging film. Once the tool is closed (sealed 
by a vacuum bag) and all the air has been evacuated from the 
dry lay–up, the resin is transferred through the bag into the 
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laminate, distributed by a channel or lining/mesh. The process 
is always carried out under pressure, where the bag pressure is 
less than the outside atmospheric pressure. The resin, allowed 
to breathe in an open vessel, is fed through the vacuum bag 
(usually using plastic tubing) and distributed over the entire 
surface of the reinforcement material using a combination of 
porous channels and a distribution medium/mesh. 

 Vacuum bagging for prepreg or wet lay–up. This vacuum 
bagging process imposes vacuum pressure on fabrics 
impregnated with resin. 

The prepreg is laid into the tool and several consumable 
products are placed on top, usually a peel ply, release film, 
breather fabric and vacuum bagging film (the order of these 
consumables is shown in the diagram below). Vacuum is 
applied for part consolidation. When producing a thick laminate 
requiring several layers of prepreg, debulk operations are 
required. Once the tool is closed (sealed by a vacuum bag) and 
all the air has been evacuated from the laminate, it can be placed 
into an autoclave or oven if heat or pressure is required for cure. 

The composite to be consolidated (e.g. a prepreg or hand 
lay–up) is placed on a single–sided mold. The material is then 
covered with an impervious film (the “vacuum bag”), which is 
sealed around the edge of the part. By evacuating the air between 
the mold and the vacuum bag using a vacuum pump, the part is 
consolidated under atmospheric pressure. The process is often 
performed in an oven to assist with the curing of the resin. 
Because the vacuum bag material can be readily cut to size, it is 
a very flexible process in terms of the dimensions of the parts 
that can be consolidated. [7–14] 

III. VACUUM BAGGING TECHNOLOGICAL STEPS 

The material to be consolidated is placed on the open mold 
tool (step 1, presented in fig.3). It is then covered with a peel 
ply (a synthetic fabric with a fine weave that assists with 
demolding and surface finish) and a breather fabric (a relatively 
thick non–woven fabric that provides an escape path for the 
evacuating air and which also absorbs any excess resin that 
bleeds out of the composite) (step 2, presented in fig.4). This 
entire lay–up is then covered with a vacuum bag and sealed 
around the edges, apart from the connection to the vacuum 
pump (step 3, presented in fig.5).  

Activating the pump sucks all the air out of the space 
between the vacuum bag and the mold, causing the composite 
to be consolidated under 1 bar of pressure (step 4, presented in 
fig.6). This will often be done in an oven to assist with the 
curing of the resin.  

Once the part is fully cured, the vacuum pump can be 
disconnected, the vacuum bag, breather fabric and peel ply 
removed and discarded, and the part removed from the mold. 

In the simplest form of vacuum bagging, a flexible film is 
placed over the wet lay–up, the edges are sealed, and a vacuum 
is drawn. A more advanced form of vacuum bagging places a 
release film over the laminate, followed by a bleeder ply of 
fiberglass cloth, non–woven nylon, polyester cloth, or other 

material that absorbs excess resin from the laminate. Molds are 
similar to those used for conventional open mold processes. 

 

Fig. 3. Step 1: Placing the material on the open mould tool  

 

Fig. 4. Step 2: Peeling–off the part after moulding 

 

Fig. 5. Step 3: Covering with vacuum bag and connection to vacuum pump  

  

Fig. 6. Step 4: Curing of the resin in vacuum 
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IV. CONCLUSIONS 

The composite structures manufacturing process by 
injection under vacuum, Vacuum Infusion, is a technique that 
uses the vacuum pressure to drive the resin into the mold to 
impregnate the reinforcing fabrics while being pressed together. 
The reinforcing fabrics (such as glass–, carbon–, kevlar–, 
textile–fabrics etc.) are placed dry in the mold and they are 
compressed by vacuum pressure initially before resin is 
introduced into the system. Upon reaching a full vacuum, the 
resin is literally sucked through the reinforcing fabrics through 
special pipes placed all around the mold. This procedure is 
performed by a variety of supplies and materials.  

The “traditional” way of impregnating fabrics, called hand 
lay–up, is by definition, putting fabrics into the mold and 
wetting them using a brush or roller with the resin. The injection 
vacuum process, Vacuum Infusion is an improved method 
compared to the traditional hand lay–up, because special 
consumables and a vacuum bag are being used to help the 
permeability of the resin through the system while the excess 
resin exits the mold. 

Another more simplistic way of Vacuum Infusion is the 
Vacuum Bagging process, where the fabrics impregnation is 
done manually (hand lamination), as in the traditional way, but 
in the end, the impregnated fabrics are covered by auxiliary 
fabrics and vacuum bag and the system closed under vacuum to 
compress all fabrics. This process requires fewer auxiliary 
materials and all types of resin and fabrics can be used but there 
is disadvantage of time limitation. 

Vacuum infusion provides a number of improvements over 
traditionally vacuum bagged parts. These benefits include: 

 better fiber–to–resin ratio 
 less wasted resin 
 very consistent resin usage 
 unlimited set–up time 
 cleaner 

Vacuum bagging can be used with wet–lay laminates and 
prepreg advanced composites. In wet lay–up bagging the 
reinforcement is saturated using hand lay up, then the vacuum 
bag is mounted on the mold and used to compact the laminate 
and remove air voids. In the case of pre–impregnated advanced 
composites molding, the prepreg material is laid up on the 
mold, the vacuum bag is mounted and the mold is heated or the 
mold is placed in an autoclave that applies both heat and 
external pressure, adding to the force of atmospheric pressure. 
The prepreg–vacuum bag–autoclave method is most often used 
to create advanced composite aircraft and military products. 

Structures fabricated with traditional hand lay–up 
techniques can become resin rich and vacuum bagging can 
eliminate the problem. Additionally, complete fiber wet–out 
can be accomplished if the process is done correctly. Improved 
core bonding is also possible with vacuum bag processing. 

As a variation of vacuum bagging, the vacuum infusion is 
the processing in which the resin is introduced into the mold 
after the vacuum has pulled the bag down and compacted the 
laminate. Vacuum infusion can produce laminates with a 
uniform degree of consolidation, producing high strength, 
lightweight structures. This process uses the same low–cost 
tooling as open molding and requires minimal equipment. 
Vacuum infusion offers substantial emissions reduction 
compared to either open molding or wet lay–up vacuum 
bagging. 
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Abstract—Among the lightweight materials used in the 
transport (road, rail or aviation) industry, are the metal matrix 
composites, especially the aluminum matrix composites. 
Three decades of research have proved that aluminum matrix 
composites are able to withstand the demand of high 
mechanical strength, wear resistance, better tribological 
properties. Among the weight–efficient materials, aluminum 
matrix composites provide significantly enhanced properties 
such as higher strength, specific modulus, damping capacity, 
stiffness, good wear resistance and weight savings. Therefore, 
these composite materials have specific characteristics of the 
base material (aluminum alloy matrix) and also that presents 
mechanical and tribological characteristics (friction, wear 
resistance) improved by reinforcing of aluminum alloy with 
particulate reinforcement, short fibers (chopped fibers) or 
very short fibers (whiskers).  

Keywords—engineering fundamentals, composite 
materials; aluminium matrix composites; materials 
processing; automotive industry;  

I.  INTRODUCTION 

Mechatronics, interdisciplinary in nature, can be defined as 
the intersection of mechanics, electronics, computers and 
controls and, therefore, requires input and coordination of 
design elements with control electronics and embedded 
software as integral components. [1–2] The synergistic use of 
aspects of each of these fields in designing products and 
processes is driving advances in automobiles – the actual cars 
and components, as well as the equipment needed to build, 
diagnose and service them. [1–11] 

The highly automated manufacturing industry of the 21st 
century has created a high demand for engineers and 
technologists who needs a knowledge of the engineering 
fundamentals: [1–2] 

 Mechanical – knowledge of machines and tools, including 
their design, use, repair, and maintenance; 

 Materials Science – knowledge of ferrous and non–ferrous 
metals, polymers, ceramics, various composites and 
advanced materials as well as the exotic materials; 

 Technology & Engineering – knowledge of the practical 
application of engineering science and technology, 
including the applying principles, techniques, procedures, 
and equipment to the design and production of various 
goods and services; 

 Production and Processing – knowledge of raw materials, 
production processes, quality control, costs, and other 
techniques for maximizing the effective manufacture and 
distribution of goods 

 
Fig. 1. Products and processes driving advances in automotive industry 

Therefore, the field of mechatronics in automotive 
engineering refers to a combinatorial approach to design, with 
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emphasis on contributions from mechanical, electrical, 
computer, and control engineering groups, including research 
on materials theory and technologies. [1–11] Also, the 
manufacturers of passenger vehicles seek opportunities to 
differentiate their offerings, design teams collaborate on novel 
uses of emerging technology, like the composite materials 
industry. [1–16] Assuring quality and performance in such 
systems is mandatory. [12–16] 

A new report has highlighted significant growth for 
automotive industry worldwide over the next few years – with 
a particular focus on the composite materials. [1–11] The 
composite industry is addressing this challenge with a new 
perspective and new processes destined to the automotive 
industry. [1–16] 

 
Fig. 2. Automotive composite materials market 

II. AUTOMOTIVE COMPOSITE MARKET SEGMENTATION 

Composite materials have been successful in replacing 
traditional materials in wide range of applications where the 
cost and performance of composites makes composite products 
best choice over conventional ones.[1–16] In addition, 
designers, manufacturers and architects continue to see and 
understand the benefits of using composite materials in a 
growing number of applications, which will significantly 
accelerate the growth of composite market across the globe. In 
next years, there will be significant innovations in the 
composite industry as demand for various applications picks up 
across all market segments. [1–11]  Most of the innovation will 
be focused at increasing performance, reducing cost and 
process time and making composite material more 
environmentally friendly. Moreover, composite industry is 
shifting towards automated manufacturing processes which will 
further boost the market growth in coming years. [3–11] 

From past few years, attributed to unprecedented climate 
change issues, global automotive industry is striving hard in 
developing light weight and innovative functional materials to 
improve vehicle’s fuel efficiency. [3–11] Rising number of 
vehicles on road coupled with manufacturers inclination 
towards fuel efficiency and weight reduction is a major driver 
for the growth of automotive composite market. 

Based on end users, automotive and aerospace industry 
accounted for the largest revenue of 40% in global composite 

market in last years. Moreover, energy sector is the most 
lucrative segment which is likely to provide immense 
opportunity owing to use of advanced composites in wind and 
other renewable power generation applications. [3–11] 

Automotive composite market segmentation, by product 
type, includes: [3–11] 

 metal matrix composites 
 polymer matrix composites 

» natural fiber composites 
» glass fiber composites 
» carbon fiber composites 

 ceramic matrix composites 

On the basis of material type, metal alloys accounted for 50–
60% market share of the total global lightweight materials 
market. [3–11] Lightweight metal alloys are highly used in 
automobiles and aviation industry in manufacturing of various 
aircraft parts and chassis of the vehicles. [1–16] 

III. PROCESSING OF ALUMINUM MATRIX COMPOSITES 
A key challenge in the processing of composites is to 

homogeneously distribute the reinforcement phases to achieve 
a defect–free microstructure. Based on the shape, the 
reinforcing phases in the composite can be either particles or 
fibers. The relatively low material cost and suitability for 
automatic processing has made the particulate–reinforced 
composite preferable to the fiber–reinforced composite for 
automotive applications. [1–16] 

Primary processes for manufacturing of aluminum–based 
metal matrix composites at industrial scale can be classified into 
the following main groups: [12–16] 

 (A). liquid state processes: Liquid state processes 
include stir casting, squeeze casting, spray casting, 
infiltration of liquid matrix into the reinforcements 
and ultrasonic assisted casting.  

 (B). solid state processes: Solid state process include 
powder blending followed by consolidation (powder 
metallurgy processing), high energy ball milling, 
friction stir process, diffusion bonding and vapor 
deposition techniques.   

 (C). in situ (reactive) processes and semi–solid 
methods (such as rheo–casting and compo–casting) 

The selection of the processing route depends on many 
factors including type and level of reinforcement loading and 
the degree of microstructural integrity desired. A huge number 
of different process types are in use to produce metallic–based 
composites. [12–16] Depending on the reinforcement type, all 
the processes can be subdivided into solid state or powder 
metallurgical and liquid phase or ingot metallurgical processes. 
These liquid state processes result quite often in a very good 
interface of reinforcement with the aluminium matrix. [12–14] 
The liquid processes can be further subdivided into infiltration 
techniques, casting processes and spray deposition. Those are 
the most inexpensive processing technologies for 
discontinuous, reinforced metallic–based composites. [12–16] 
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Liquid state fabrication of metal matrix 
composites involves incorporation of dispersed phase into a 
molten matrix metal, followed by its solidification. In order to 
provide high level of mechanical properties of the composite, 
good interfacial bonding (wetting) between the dispersed phase 
and the liquid matrix should be obtained. [12–16] Wetting 
improvement may be achieved by coating the dispersed 
phase particles or fibers. Proper coating not only reduces 
interfacial energy, but also prevents chemical interaction 
between the dispersed phase and the matrix. 

Solid state fabrication of metal matrix composites is the 
process, in which metal matrix composites are formed as a 
result of bonding matrix metal and dispersed phase due to 
mutual diffusion occurring between them in solid states at 
elevated temperature and under pressure. [12–16] 

Low temperature of solid state fabrication process (as 
compared to liquid state fabrication of metal matrix 
composites) depresses undesirable reactions on the boundary 
between the matrix and dispersed (reinforcing) phases. 
Metal matrix composites may be deformed also after sintering 
operation by rolling, pressing or extrusion. The deformation 
operation may be either cold (below the recrystallization 
temperature) or hot (above the recrystallyzation temperature). 

In terms of shape, the reinforcement material may be sub–
divided into four major categories: [12–16]  

 continuous fibers  
 short fibers (chopped fibers which are not necessarily 

having same length)  
 very short fibers (whiskers), and  
 particles. 

 
Fig. 3. Different–kinds–of–reinforcement–types: a–continuous long fiber 
reinforcement; b–whisker reinforcement; c–particle reinforcement 

For the aluminum–based metal matrix composites, ceramic 
reinforcements and carbon fibers were used. Metallic particles 
or fibers were not included in the selection, due to their poor 
expected corrosion properties. [12–16] It is possible to tailor the 
mechanical properties of the composite within a certain range 
by choosing the kind, the geometry, the amount and, in the case 
of fibers or whiskers, the geometric distribution of 
reinforcements. [12–16] 

 Particle Reinforcement. For the reinforcement of 
aluminium alloys, hard ceramic particles are usually chosen 
that are in use. Typical particle materials are nitrides (BN, 
AlN, TiN, ZrN), carbides (B4C, ZrC, SiC, TiC, W2C, WC), 
oxides (ZrO2, Al2O3, Cr2O3) and borides (TiB2, ZrB2, 
WB). When choosing the reinforcement type, the chemical 
reactivity between the matrix of the alloy and the particles 
has to be taken into account. 

 Continuous Fiber Reinforcement. Compared to the variety 
of particles, there are fewer materials available in 
continuous–fiber form, but many more different shapes, 
properties and suppliers to choose from on the market. 
Usually, either single fibers called monofilaments or multi–
filaments are used. 

 Whisker Reinforcement. Whiskers are small, needle–like 
single crystals with an aspect ratio of roughly 10 or more 
and a diameter of 1 µm. They are processed by growing 
from oversaturated gases, or electrolysis from solutions or 
solids. 

 Short Fiber Reinforcement. Concerning their reinforcing 
and strengthening effects, short fibers are midway between 
those of long fibers and particles. Whereas long–fiber 
reinforcement results in extremely anisotropic mechanical 
properties (high strength following the fiber’s alignment 
and low strength at perpendicular vectors), particle 
reinforcement leads to nearly isotropic properties. By the 
use of short fibers it is possible to tailor the mechanical 
properties with determination of the amount, kind and 
distribution of the reinforcing fibers. 

 Nano–sized Reinforcement. Since ceramic nanoparticles or 
nanofibers are available and inexpensive, these types of 
reinforcement are also undergoing research for aluminum 
based composites. The reinforcement of aluminum alloys 
with very small ceramic particles offers a wider range of 
property modulation, compared to the micro–sized ones. 
When produced using melting processes, nanoparticle–
reinforced magnesium composites are expected to improve 
in strength. That is why nanosized reinforcements are 
expected to represent the future for improving the properties 
of aluminum–based metal matrix composites. 

If more than one kind of reinforcement shape (particles, 
short fibers, whiskers or long fibers) is used, the composite is 
called a hybrid reinforced composite. In this case it is possible 
to profit from the different advantages inherent in each 
reinforcement type by combining them. 

 
Fig. 4. Possible shapes of the reinforced phases in a composite materials: (a) 
long fiber (aligned continuous, aligned discontinuous, random), (b) particle 
(spherical, cubic or platelets), and (c) short fiber (whiskers) or flake  

Among various reinforcements, particles are the most 
common and cheapest reinforcement. While continuous fiber 
reinforcement aluminum matrix composites provide the most 
effective strengthening (in a given direction), particle 
reinforced aluminum matrix composites are more attractive due 
to their cost–effectiveness, isotropic properties, and their ability 
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to be processed using similar technologies which are used for 
the monolithic materials. Among various reinforcements 
silicon carbide reinforcements are inexpensive. 

 
Fig. 5. Key drivers in the processing of metal–matrix composites 

IV. CONCLUSIONS 

Worldwide is manifested a great interest in producing 
lightweight parts with different technologies. In this sense, the 
composite materials constitute an important category of design 
and weight–efficient materials, which have interesting 
properties such as high strength to weight ratio, high stiffness 
to weight ratio, ease of fabrication, resistance to corrosion and 
wear, fatigue and impact resistance, and some other superior 
properties. Therefore, they have taken the place of the other 
engineering materials and can be a real substitute for the heavy 
cast iron material. Among all materials, composite materials 
have the potential to replace widely used steel and aluminum, 
and many times with better performance. 

Automobile manufacturers are providing innovative 
composite parts in their vehicles in order to increase the fuel 
efficiency by reducing its overall weight. Moreover, the 
development of low–cost manufacturing methods for 
automotive composites is receiving a lot of attention, which is 
the major that can boost the growth of the automotive 
composite market. These developments of low–cost 
manufacturing methods illustrate the increasing penetration and 
growth in the use of composites in the automotive industry 
globally, particularly for lightweight aluminum–based metal 
matrix composites. 

One challenge in automotive composite market is high cost 
related to production of innovative composite materials such as 
carbon fiber composites. It is well–know that material costs of 
carbon fiber composites are at least 20 times as much as steel 
and aluminum, and the automotive industry is unlikely to use 
them at mass scale until the price of carbon fiber drops 
significantly. Therefore, the development of low–cost 
manufacturing methods for automotive composites must 
continue. 

Aluminum matrix composites and their processing has the 
vast development in the current scenario of materials research 
to overtake the need of low cost, light weight and to exhibits 
high mechanical properties and improved strength to weight 
ratio. The low cost processing method and uniform distribution 
of reinforcement particulate in aluminum is a demanding 

challenge in this area. Recently there are several grades of 
aluminum and different reinforcement materials are in use to 
develop aluminum matrix composites but choosing low cost 
reinforcement and optimum process is a considerable factor. 
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Abstract—Over the past few years, it has noticed significant 
progress in the additive technology industry. One of the main 
causes of this growth is the application and use of low-budget 
3D printers. Namely, devices have emerged that are able to in 
a very simple and quite cheap way materialize idea and give 
a prototype. These devices work on the principle of deposited 
cure and most commonly implemented based on solid-state 
hardening (FDM) method, and with the application of CAD 
and CAM technologies they produce finished products. These 
devices are usually composed of three-step freedom of 
movement mechanisms driven by stepping motors, nozzle 
and extruder. In this paper is describes the process of design 
and after that creating a low-cost 3D printer.  

I. INTRODUCTION 
In engineering, every desire or need for a new product 

starts with an idea. In order to turn an idea into an end 
product, it has to go through several stages from concept 
development, design, technical documentation to 
prototype production, prototype testing, modification of 
identified defects, selection of production technology to 
final product development. Reducing the time from 
product idea to final production, and therefore reducing 
costs, is one of the important factors in project 
manufacturing. A major step in this direction has been 
made with the development and introduction of computer 
technology and CAD (Computer Aided Design) tools in 
engineering. The next step in this direction is apply 
mechatronic approach in development of the product. 
Creating a 3D model, analysis and evaluation of the 
mechanical properties of the model, accelerates the 
product development process.  

 
Figure 1. Rapid prototyping process [1] 

When designing products with complicated geometries 
and shapes, classic prototype methods are a limiting factor. 
Rapid Prototyping (RP) technologies using additive 
methods to increasingly meet the requirements. These 
procedures allow the creation of a physical model, 

complicated in form, by automated processes directly from 
computer databases, in a very short time.  

II. 3D PRINTING 
3D printing is a modern technology for the production 

of three-dimensional objects. Three-dimensional printing, 
especially color-coded printing, gives development and 
design engineers the ability to have a clear view of design, 
to highlight different parameters, to easily and early detect 
possible errors, and to quickly and efficiently correct them. 
3D printers are mini-systems with numerical control (NC) 
in three axes (x, y and z). The system software first 
converts a 3D CAD design in cross-section, that is, thin 
layers with a thickness of 0.089-0.203 mm, which is 
chosen for the accuracy to be achieved. 3D printing is 
generally a faster, cheaper, and easier solution than other 
3D object manufacturing technologies. In recent years, 3D 
printers have become financially accessible to small and 
medium-sized enterprises, moving prototyping from the 
heavy industry to the office environment and into everyday 
use for individual users. 

 

 
Figure 2. Model created by 3d printing 

 

III. DESIGN AND COMPONENTS OF LOW-BUDGET 3D 
PRINTER  

In this chapter discusses the selection of components 
and design of a 3D printer. The complete construction is 
designed to allow modularity and easy overhaul. The 
frame of the structure is made of 30x30mm aluminum 
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profiles, while the sheets are made of stainless steel. Most 
other parts are standard. The image below shows a 3D 
printer model with all its components. 

 

 
Figure 3. Conceptual design 

 
Motion kinematics - This printer is a Cartesian motion 

machine. It is a mechanism consisting of 3 translational 
movements. Movements are made along cold drawn steel 
bars with a diameter of 10mm. Linear ball bearings were 
used to minimize friction when moving along the rods. 
Movements along the X and Y axes were achieved using a 
belt drive, while movement along the Z axis was 
accomplished via a threaded spindle. For the belt drive, a 
GT2 belt with 2mm pitch and a 20-tooth gear was used. 
The gear is made out of aluminum and the belt is made out 
of rubber. Two trapezoidal spindles of the Tr8 type were 
used for the screw joint that moves the structure along the 
Z axis. Trapezoidal spindles have a pitch of 2mm and a 
displacement of 8mm. The length of the threaded spindles 
is 400mm 

Actuators - Stepper motors were used for movement. It 
takes five stepper motors to move the complete machine. 
Two different types of stepper motors of the NEMA 17 
type were used. The first type has a torque of 12 Ncm and 
weighs only 150 g. Since the structure that moves the head 
in the Y-axis direction also rises along the Z-axis, it is 
necessary for the Y-axis motor to be light. For this reason, 
this motor was ideal for moving along the Y axis. The 
same type of stepper motor was also used for the X axis. 
For the X and Y axes, we do not need much torque because 
the friction inside the bearing is minimal and the G force 
is distributed evenly over the steel bars. The second type 
of motor used is heavier. It weighs 400 g, but it has a much 
bigger torque of 59 Ncm. Due to the weight of the structure 
for the Y axis, we need more torque to lift the complete 
structure. For this reason, we use stronger motors to 
overcome the force. The stronger motor is also used for the 
extruder due to the unevenness on the plastic wire 
(filament). If the filament pushing gear hits a larger 

diameter on the material, there is not enough force to push 
the material to the head.  

a) b)  
Figure 4. Stepper motors (a-NEMA 17HS2408; b-NEMA 17HS1920) 

 
The frame - The machine frame is made by aluminium 

profiles 30x30. The frame has dimensions of 
400x400x450mm. A total of 4.86 m profiles is required to 
create the frame. The profile edges are connected either by 
the L-elbow or by screws through a central opening. To 
obtain greater usability, the edges are connected via 
screws. Special spring-loaded nuts can be fitted in the 
frame.  

 
Figure 5. Frame of construction. 

 
Holders for the rest of the components - In order for the 

complete structure, it is necessary to make sheets on which 
the components are mounted. All sheets of the device are 
made of stainless steel sheet metal – 2 mm thick. After 
creating CAD drawings of all sheets on the device as well 
as corrected models, the drawing is sent in to the cutting 
machine. The machine cuts stainless steel using a water jet. 
Using sheet metal, we get four basic subassemblies that we 
connect to the frame by the guides. 

 
Figure 6. CAD drawing. 

 
The four basic parts that connect components into 

subassemblies are: 
Heater plate holder: A part that is the size of a heater plate 
and has drilled holes on which the bearings that slide on 
the rods are mounted.  

 
Figure 7. Heater plate holder. 

 
Nuts and Motor Holder and bearing holder: The first 

unit is located on the left side of the machine and allows 
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lifting the structure along the Z axis. The second unit is 
located on the right side of the unit and is quite similar to 
the previous one. The only difference is that instead of the 
motor a pulley is placed, over which the belt is moved. 

a)  b)  
Figure 8. a-Nut and motor holders, b- Nut and bearing holder. 

 
Hot end holder: This is the part that moves along the Y 

and Z axes. This part also holds a melting head itself, 
which melts the material as well as it holds two bearings, 
and one limit switch indicating the starting position for the 
Y axis.  

 
Figure 9. Hot end holder 

 
Hotend - The melting head is a component that melts the 

plastic and squeezes it through the nozzle. An E3D V6 
melting head was selected to create the 3D printer. The 
E3D V6 melting head has a very wide range of melting 
materials (ABS, polycarbonates and various nylons) 
making it quite versatile, for temperature above 200oC is 
required to print PLA plastic. It is compact in design and 
small in size. It has a 0.4 mm diameter exchangeable 
nozzle. The permissible diameter of the input material is 
1.75mm. 

  
Figure 10. E3D Hotend and fan for cool top of melting head. 

 
It also comes with a fan designed to cool the top of the 

melting head. This fan allows us to melt plastic only in the 
area of the nozzle. To improve airflow and provide better 
cooling, a small 30x30 fan was replaced with a larger 
80x80 fan. After assembling the unit, itself, an 80x80 fan 
holder is printed and mounted on the melting head.  

Extruder - For this device, an MK8 extruder on a 
NEMA17 59 Ncm motor was used. There are two different 
ways of mounting the extruder. One way is to place it 
together with the hotend. Another way is to place it on the 
frame. This position is better because it releases a sub-
assembly for the melting of the extra mass. The extruder is 
attached in the middle of the upper bar to the frame and 

connected by a 4 mm diameter pneumatic tube to the 
hotend. The extruder consists of five basic parts: Engine 
mount, gear that attaches to the motor shaft and pushes the 
filament, bearing that holds the filament against the gear, 
spring-loaded lever on one side pushes the bearing toward 
the gear on the other. This also corrects the material if it 
has any curves. 

 
Figure 11. Extruder 

 
Heat bed - When printing a 3D model, the glass must be 

pre-heated to prevent the model from peeling off. The 
preheating temperature depends on the material used. If 
PLA plastic is used, the panel should be heated to 60°C - 
80°C, while for ABS plastic it is necessary to heat the 
panel to 100°C - 120°C. Size of heat bed is 214x214x2 
mm. A 200x200x4 mm glass is placed on the bed to 
provide the ideal print support. In the middle of the bed 
there is a thermistor that measures temperature.  

 
Figure 12.    Heat bed holder 

 
Microcontroller - The Arduino Mega. It has 54 digital 

input/output pins, 16 analog inputs, 4 UARTs (hardware 
serial ports), a 16 MHz crystal oscillator, a USB 
connection, a power jack, an ICSP header, and a reset 
button.  

Limit switches or "Endstop" - are used at the beginning 
of each axis to allow the machine to reach its starting 
position. After starting the unit, the engines start and run 
until the subassemblies touch the switch. When all three 
subassemblies touch the switches and stay in that position, 
the printer is in the Home position. The limit switches 
allow the machine to coordinate in space. Since we have 
three axes, we need three switches. 

  
Figure 13.   Limit switches or "Endstop" 

 
Full Graphic Smart Controller - was used as the 

controller. It includes an SD card reader, rotary encoder 
and a 128x64 dot matrix display. It also comes with an 
adapter that allows this controller to connect to the Shield 
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on Arduino. Computer is not required after connecting to 
the RAMPS shield. All actions like axis calibration, axis 
displacement and complete printer control can be done via 
a rotary encoder. A G-code is recorded on the card which 
controller turns them into engine steps and axle 
displacement. On the screen is present data such as: plate 
and hotend temperatures, nozzle coordinates, operating 
speed, etc. 

  
Figure 14.   Full Graphic Smart Controller 

 
Shield RAMPS - To avoid soldering all the components 

and making a PCB board, the printer use Arduino Shield 
RAMPS 1.4. It has all the necessary resistors, capacitors 
and other electronic components soldered to it, as well as 
leads between the Arduino pins and connectors of all 
components of the device. RAMPS 1.4 connects to: Hot 
end, heat bed, endstops, stepper motors, A4988 motor 
drivers, thermistors, controller, power supply unit. 

 
Figure 15.   RAMPS Schematic 

 
Electronics housing - In order to hide and protect all 

electronics including RAMPS Shield, Arduino and 
Controller, two enclosures have been made. The housing 
is 120x120x70 mm in size and made of PVC plastic. A fan 
opening is cut in the electronics housing cover. The fan is 
mounted on the box to ensure that all electronic 
components are cooled. Another case made on the device 
is the controller case. A PVC box measuring 120x120x25 
mm.  

a)   b)  
Figure 16. a- Electronics housing, b- Controller housing 

The following table lists all the components and costs of 
components required to build a 3D printer. 
 

TABLE I 
LIST OF COMPONENTS USED FOR THE 3D PRINTER 

 Pieces Price (€) 
Belt 2m 1,7 
KP08 bearing 2 4,1 
Hotend bracket 1 2,1 
NEMA 17 Mount 4 8,9 
Elastic coupling 5x8 2 1,5 
Puley GT2  2 2,7 
Spacer M3x10 (10kom) 1 1,8 
Arduino kit 1 32 
Power Supply unit240W 1 19 
Heat bed 1 7,1 
Hotend  1 6 
Extruder 1 2,6 
Lead gear GT2  2 1,5 
SCS10UU Bearing  8 15 
SK10 Axle holder 12 10,8 
Nema 17 12Ncm 2 17,9 
Threaded spindle T8x400 2 12,5 
NEMA 17 42NCm 3 25 
Cables NEMA 17  6 8,5 
100kOhm Thermistor 5 8,1 
PLA Filament 1kg 30 
Glass 200x200x4 mm 1 1,5 
Nuts M5 20 2,5 
Screws M5 20 2,5 
Screws M3 20 2,5 
Nuts M3 1 2,5 
Aluminium Profiles 30x30 4,48m 50 
INOX sheets    40 
PVC Boxes 2 6 
L brackets for filament 2 5 
Fan 12V, 80x80mm 2 5,5 
Water hose ϕ10mm  2m 3 
T Nuts for ALU profiles  50 5 
Electrical cable 3x1,5 2m 1 
Socket 1 1 
M8 thread 100mm 1 1,5 
Total:  348,3 

 

IV. SOFTWARE USED FOR 3D PRINTER 
Marlin is an open source program for the 3D printers. It 

was derived from Sprinter and Grbl, and became a 
standalone open source. Marlin is licensed under the 
GPLv3 and is free for all applications. Marlin is used by 
several respected commercial 3D printers. Ultimaker, 
Printrbot, AlephObjects (Lulzbot), and Prusa Research are 
just a few of the vendors who ship a variant of Marlin. 
Marlin is also capable of driving CNC’s and laser 
engravers. 

Slic3r is the tool for to convert a 3D model into printing 
instructions for 3D printer. It cuts the model into horizontal 
slices (layers), generates toolpaths to fill them and 
calculates the amount of material to be extruded. 

Printrun is a full suite of host interfaces for 3D printers 
and CNC, consisting of: Pronterface - a fully-featured GUI 
host, Pronsole - an interactive command line host, 
Printcore - a standalone non-interactive G-Code host. Both 
Pronterface and Pronsole let to interactively control 
machine, slice objects directly from the host, print objects, 
upload to SD cards and run SD prints. 
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Figure 17.   Printrun 

V. FINAL MODEL OF 3D PRINTER 
 

The previous section describes the design procedure and 
selection of equipment for the construction of 3D printers. 
During the design of the proposed printer structure, care 
was taken to select the appropriate components of the shear 
fittings, select the extruder, and construct the case. After 
the design was completed, the procurement of components 
began. Most components of the proposed printer are 
standard that are easily obtainable at a very low cost. With 
the acquisition of components, assembly of actuators, 
drive and control components, which were selected when 
designing a 3D printer, was initiated. What makes the 
simplicity of the device created is a price, dictated by 
components that are affordable to everyday users. The 
design of the 3D printer itself can be modified, improved 
or even simplified. The parts used in the construction are 
standard and allow for high modularity of this 3D printer. 

 

 
Figure – Finished 3D printer.  

 

VI. CONCLUSION 

Additive manufacturing is an excellent choice if 
relatively small and complex products, but large products 
of simple geometry are not good parts for such production. 
One of the biggest challenges facing additive technologies 
is control the quality of the printed part. Compared to 
products made using traditional methods machining, 
material properties, measurement accuracy and surface 
quality are in most cases inferior. Designed and 
construction of low-cost 3D printer has all the features of 
any commercial printer. Three-axis movement is possible 
to driven by stepper motors. The hot end receives filament 
1.75 mm in diameter, warms it to a maximum of 250℃ 
and injects it through a 0.4 mm diameter nozzle. An 
extruder consisting of a lever system and stepper motor 
pushes the filament toward the hotend. The "brain" that 
drives the whole structure is the Arduino MEGA 
connected to the Smart Controller used to control the 3D 
printer. An SD card with a G-code is inserted into the 
controller and the Arduino retrieves the G-code and 
converts it to commands for stepper motors, an extruder 
and a hot end. The G-code can be sent to the printer 
directly from the computer. The models are printed on a 
glass plate located on the heat bed. One of the major 
advantages of this device is its modularity. The device can 
receive working material (filament) from any 
manufacturer. The mechanism of the printer is universal 
and can be scaled to the required dimensions. By changing 
the guides and scaling the frame, we can change the work 
area of the device. The software used to control the device 
is also modular, offering us a huge number of parameters 
that can change. Changing certain parameters can affect 
the speed of manufacture, quality of printed part, melting 
point. 
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Abstract— Implementing of additional non–invasive sensor/s 

to the each leg of a hexapod robotic platform can provide 
supplementary information and accordingly increase the 
functionality, stability and reliability of the system. In this paper 
the advantages and disadvantages considering capabilities of 
compliant mechanisms addressing the problem of applicability 
for design of such sensor carriers were overviewed.  

Keywords—hexapod robot; compliant mechanisms 

I.  INTRODUCTION 

A. Hexapod robotic platforms -backgrounds 
Legged robotic platforms such as hexapods are valuable 

alternatives to wheeled vehicles, because their locomotion 
allows mobility on steep gradients under harsh environmental 
conditions as well. Continuous and stable contact with the 
surface on which the robot should locomote (in further 
surface) is required, because based on the generated ground 
reaction forces advancement of the robot body in the desired 
direction becomes possible [1],[2]. Depending on the terrain 
complexness and obstacle type the motion and the path 
planning might be very difficult. The gaits, sequential cyclic 
more or less symmetric and synchronous feed-forward motion 
patterns of the legs optimized for specific sets of operating 
conditions assure the locomotion [3]. Rapid adjustment of the 
gait or of the leg position and if necessary mechanical 
perturbations of the legs based on the awareness of the 
environment is a prerequisite [4], while maintaining the 
platform body within the defined and allowed boundaries to 
avoid instabilities which in the worst case can cause a 
turnover. 

Traditionally the new developments happens circularly and 
are influenced either trough validation of the theoretical 
paradigms while carrying out comprehensive experimental 
research or rather for purposes of experimentation developed 
platforms and test benches inspire the novel theoretical 
development [5]. Complex robots such as a hexapod requires 
appropriate calibration of the sensors in order to be able to 
perform precise task in unstructured environments [6], 
especially if the sensor constellation comprise a 
spatiotemporal problem [7]. The goal is to achieve handling of 

unknown scenarios in an unstructured environment based on 
the accurate perception and prior knowledge if available. 

B. Preliminary work 
In a previous paper [8] Gobor et al. reported about 

preliminary consideration for designing of a sensor for 
improving the reference trajectory calculation for the 
individual leg of a hexapod by implementing of non–invasive 
sensor/s with the aim to provide indirect measurement and the 
analysis of the terrain surface, similar like an eye-in-hand 
vision approach [9]. The idea behind is collecting of redundant 
and supplementary information to the stepping reflex and/or 
the force measurement, or rather as only information in cases 
when the direct contact with the surface is not possible. The 
main objective was focused on a methodology for improving 
of the digital design process of the mechanism in accordance 
with the given constrains while bearing in mind the 
advantages and disadvantages of the top-down, bottom-up and 
middle-out approach and without the knowledge about the 
exact shape of the architecture and components which should 
be implemented in the final mechanism. In another paper [10] 
Gobor e al. addressed the modeling and model lifecycle 
management while designing mechatronic products and 
comprised the importance of the inter- and multi-disciplinary 
knowledge as well as of capabilities beyond the simple usage 
of the analysis and simulation methods. Furthermore, the 
knowledge about the applicability of adequate methodologies 
in a particular situation to assure effectiveness and 
competiveness as well as for taking the adequate strategic 
decisions was set as a question. The methodology used in 
software engineering for purposes in the modeling and design 
of the mechatronic systems was analyzed in term of its 
feasibility and applicability while considering different 
abstraction levels bearing in mind the model as a part of the 
virtual engineering space. 

C. Objectives 
The final shape and position of the sensor and its carrier on 

the end-effector must fit into the architecture without 
considerable negative effects on the maneuverability. In this 
paper the capabilities of compliant mechanisms addressing the 

25



problem of applicability for design of a sensor carrier instead 
of the rigid mechanism described in [8] are summarized. 

II. TRADITIONAL VERSUS COMPLIANT MECHANISMS 
A mechanism can be defined as a system comprised of 

elements which cannot always be simple classified to physical 
categories, allowing the transformation of motion, force and 
energy. Traditional rigid-body-mechanisms comprise several 
rigid elements (usually designed with different level of 
complexity) physically connected through joints, assuring 
motion with certain degree of freedom. Thus, transformation 
of e.g. linear motion into rotation is possible, providing that 
the e.g. input force transforms into torque. Furthermore, 
amplification of the force/torque or rather motion at the 
specified part of the mechanism is achievable, while 
conserving the ratio between the input energy and motion 
amplitude. The transformations are accompanied with looses 
which cannot be neglected, but highly depend on the 
mechanism complexity. In order to be able to mimic the 
natural and highly adaptable motion of biological systems a 
controlled elasticity or deflection should be introduced [11]. 

Although the compliant mechanisms serve for same 
purposes as the traditional ones, the generated motion is a 
result of the deflection of the flexible elements of the 
compliant mechanism. Compliant mechanisms have they 
backgrounds in the nature where instead of stiffness motion 
emerge on flexibility. In contrary to the traditional 
mechanisms in which different functionality can be realized 
with different elements, compliant mechanisms allows 
accomplishment of complex tasks built upon very few 
elements. Integrating several functions into one element leads 
to benefits which address overall costs as well as increased 
performance and energy flow. The overall costs should be 
analyzed in terms of required resources for production, 
assembling and maintenance [10]. The increased performance 
can be expected due to reduction or rather elimination of 
backslash, noise and vibration. Due to the fact that the basic 
principles rely on the deflection of the flexible elements, the 
energy is stored as strain energy allowing its transformation 
with time delay or in different manner [12]. The design 
philosophy of compliant mechanisms allows significant 
reduction of the weight in comparison to the traditionally 
designed rigid-body counterparts. Furthermore, for mobile 
elements the appropriate displacement of the center of gravity 
can be additional positive aspect while bearing in mind 
safeguarding of the robustness of the whole system. If 
summarized, the main advantages of the compliant mechanism 
can be beneficial if combined with methods used in additive 
manufacturing. The benefits can under some circumstances 
cause negative connotation: e.g. the strain energy can result 
with bistability of the mechanism or rather force to stress 
relaxation. In high-speed mechanisms flexible and non-rigid 
elements can initiate vibrations which can negatively affect 
the performance and cause outage.  

Design of a compliant mechanism is a complex task: 
analysis and synthesis methods must be used sometimes in 
parallel while bearing in mind that the flexible elements 
undergo large deflections in non-liner range and thus 
simplified linear equation cannot be used if accurate analysis 

of the motion is required. In the past compliant mechanism 
were designed by trial and error [12], which is applicable only 
for mechanisms performing simple tasks in non-proprietary in 
low budget sector.  

III. EXAMPLES OF COMPLIANT MECHANISMS IN THE FIELD 
OF ROBOTICS 

Mostly, the compliant mechanisms in robotics are 
considered in context of active control aiming to maintain the 
desired force-deflection relationship and e.g. assure robust but 
soft locomotion [11], as well as passive mechanical 
compliance and adaptive underactuation for reliable grasping 
of unstructured objects [13]. Active control requires adequate 
number as well as type of sensors and actuators considering 
position, velocity, force and/or torque. Such control is 
applicable only if the change of the force intensity stays within 
defined limits, aiming that the sensors provide accurate 
measurements on which basis the reaction of the actuators can 
be calculated and respectively delivered in order to avoid 
damaging of the architecture. In contrast passive compliance 
includes introduction of springs and dampers usually in the 
mechanism joints, providing higher deflection and lower 
contact forces. Pounds and Dollar [13] describes a highly 
underactuated adaptive gripper transmission mechanism in 
which based on the flexibility of the cable and pulley 
mechanism implemented in the architecture of the gripper, the 
object of interest can be grasped without exerting the 
predefined contact force level. After the singular fingers 
contact the object and thus stays immobilized the remaining 
fingers continue to enclose the object due to the tension 
equilibrium in each tendon cable. Such transmission design 
assures on one hand very compliant approaching and initial 
contact, but on the other hand much stiffer and more stable 
grasp thanks to the balanced force displacement built trough 
the tension in tendon cables. Another example with 
capabilities which support the idea of designing the sensor 
carrier using additive methods was described by Fowler [14]. 
The presented hinge produced using electron beam melting 
(EBM) provide a motion in range from -90° to 90° (see figure 
1). 

 

 

 

 
Fig. 1. Schematic example of a compliant mechanism allowing deflexion in 
range between -90° and 90° (modified after [14]) 
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IV. PROBLEM OF NON-LINEAR DEFLECTIONS 
Traditionally, the deflections are considered as small in 

relation to the dimensions of the structure, the material elastic 
and thus the strain remain proportional to the stress. In case 
structural non-linear deflection which can result either because 
of material or geometric nonlinearities, common for compliant 
mechanisms, occur, advanced methods are required for 
modeling and analysis. Introduction of pseudo-rigid-body 
models allows analysis of the compliant mechanisms that 
undergo large deflections, while analyzing rigid-body 
components with equivalent force-deflection characteristics. 
The idea behind is to define the model of the compliant 
mechanism by using common elements characteristically used 
in the traditional mechanics e.g. spring-mass models [11]. The 
method used for solving the Bernoulli-Euler equation 
describing the relation between the bending moment and the 
beam curvature: 

 𝑀𝑀 = 𝐸𝐸𝐸𝐸 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 (1)  α  + β  = χ. (1) (1 

where M is the moment, dθ/ds rate of the curvature change 
(angular deflection along the beam), E the Young’s modulus 
of elasticity (characteristic of the material) and the I the beam 
moment of inertia, differs for non-linear deflection. For a 
beam the curvature can be expressed as: 

 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
𝑑𝑑2𝑦𝑦
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2

= 𝐶𝐶 𝑑𝑑2𝑦𝑦
𝑑𝑑𝑥𝑥2

  (2)  α  + β  = χ. (1) (1 

where y is the transverse deflection and x the coordinate along 
the undeflected basis of the beam. For small deflection the 
slope C is assumed as approximately equal to 1 and for higher 
deflections e.g. θ = 45° slope decrease to C=0.3536 [12]. In 
case of large deflection problems with complex loading 
conditions e.g. cantilever beam with a force at the free end, 
elliptic integrals are commonly used for solving the problem 
[12]. Due to the complexity of solving the elliptic integral 
although simplification such as linear material properties and 
inextensible members, only small range of problems with 
relatively simple geometries and loads can be solved with the 
method. An alternative numerical approach is provided in 
solvers with nonlinear finite element methods. The chain 
algorithm [12] uses decomposition of the model onto beam 
elements and considers each element sequential, without 
requiring the global stiffness matrix and resulting solution of 
the system of equations. 

 
Fig. 2. Fixed-free compliant beam with an activ force and the the pseudo 
rigid body model used for its aproximation (modified after [15]) 
Specification: undeflected possition (1); pseudo-rigid body link (2); torsion 
spring (3); characteristic pivot (4); L – lengt of the beam in undeflected 
possition; γ – characteristic radius factor; Θ – pseudo-rigid-body angle and a 
and b the x- and y-coordinates of the tip of the beam respectively 

The position of the tip can be calculated using the 
following equations: 

 𝑎𝑎 = (1 − 𝛾𝛾)𝐿𝐿 + 𝛾𝛾𝐿𝐿 cos𝛩𝛩 (3)           

 𝑏𝑏 = 𝛾𝛾𝐿𝐿 sin𝛩𝛩 (4) 

 𝐾𝐾 = 2.25𝐸𝐸𝐸𝐸/𝐿𝐿 (5) 

where K characterize the torsional spring with stiffness. 
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V. DISCUSSION AND FURTHER WORK 
In this paper the capabilities of compliant mechanisms 

addressing the problem of applicability for design of a tilt 
sensor carrier were overviewed. The main idea behind is the 
analysis of increased functionality, stability and reliability by 
implementing additional sensors to individual legs of a 
hexapod robotic platform. Some preliminary analysis are 
presented in [8] while in this paper the focus remained on 
compliant mechanisms as such. The question if for 
appropriately defined compliant mechanism miming the 
expected motion and providing the desired energy 
transformation characteristics, how difficult will be to design 
appropriate actuators in order to preserve the power density of 
the entire structure stay open and will be addressed in future. 
Furthermore, if the sensor is attached to the end effector (leg 
of the hexapod) it must be assumed that its exact position can 
be derived by means of forward kinematics, a non-trivial task 
bearing in mind the nonlinearities of the compliant 
mechanisms. In case of soft mechanisms not only the complex 
modeling of the kinematics but the increased number of 
freedom makes the problem more difficult. Thus a 
development of a digital model is targeted. The tradeoff 
between generality simplicity and required accuracy 
considering the final design of the sensor and its carrier can be 
answered only after comprehensive analysis of the sensor 
capabilities. At the moment a combination of a camera and 
two rangefinders is under reviewing. An idea could be to 
combine the sensor carrier mechanism with the motion of the 
hexapod leg on which the carrier is mounted in order to 
preserve a stable angular position of the sensor head in 
relation to the surface on which the hexapod locomote using a 
compliant mechanism. 
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Abstract— This paper presents a solution of church bell control. 
The basic idea is to develop a universal and freely parameterized 
system which is applicable to a church bell of various sizes. 
Developed hardware and software were tested in real environment 
with three different bell sizes. A three-phase asynchronous motor 
is powered by soft starter which results in very smooth control. 
The core of the system is made up of the PIC microcontroller that 
is responsible for the motion timing and synchronization. 
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I.  INTRODUCTION 
Christians first used bells in abbeys for convening the monks, 
then later it became the common mode of signaling in the 
churches of these villages, as well. The regular tolling of the 
bell was first proscribed by Pope Sabinianus in 606 (4 times 
during the day, 3 times during the night to call people to 
prayers). Bells were becoming wide-spread in the times of 
missionaries. The sound of the bell coordinated the rhythm of 
daily life [3][9]. The bell was sounded in the morning and 
evening, for mass, at times of death, or arrivals of religious or 
lay dignitaries. Bells welcomed the victorious armies, and 
warned the people of the approaching enemy and fire. In our 
country, unlike what it widely believed, the clapper does not hit 
the wall of the bell, but the other way around: the body of the 
bell moves backwards and forwards to touch the clapper. The 
clapper may move freely, but in most churches it is fixed with 
a wire or a spring. Tolling the bell may be done by hand, by 
pulling, with a pulling magnet or an alternate current engine.  
Figure 1. shows the simulation environment of the pendulum. 
In this case, three steel bells of different sizes had to be 
controlled. Depending on this, it was necessary to design a 
system capable of handling bells of different sizes and weights 
[13]. A solution was the possibility of designing and 
implementing a multiprocessor system. We proposed to use 
sensors to track the position, direction, and speed of the bell, 
and then, at the right moment, tell the drivers when and when 
the drive is enabled, while of course tracking the bell's 
dynamics. Last but not least, security mechanisms must be 
taken into consideration. 
 

 
Figure 1.   Control and simulation of the pendulum 

 
In the case of the Catholic Church in Subotica this was done by 
an alternate current motor, as can be seen in Figure 7. When 
designing the microprocessor control board, it had to be kept in 
mind that each of the three bells was of a different size. As a 
solution, the universal control was opted for which enables the 
input of control parameters and in this way the control of the 
bells could be optimized according to their size.  

II. SYSTEM IDENTIFICATION 
The first step to designing a controller is to determine what sort 
of system you are dealing with and what parameters you need 
to model the system accurately. Determining the parameters to 
the pendulum system is fairly simple because when a step input 
is sent to the pendulum it responds in an easily understood 
sinusoidal manner [2]. The parameters necessary for the 
modeling of the pendulum are 𝜉𝜉 , the damping ratio, 𝜔𝜔𝑛𝑛 , the 
natural frequency, and F a scale factor. A series of simple 
equations can be used to determine these expressions [4].  The 
first equation can be used to find the damping ratio, 

 𝜹𝜹 = 𝒍𝒍𝒍𝒍 �
𝒙𝒙𝟐𝟐
𝒙𝒙𝟑𝟑
� =

−𝟐𝟐𝟐𝟐𝟐𝟐
�𝟏𝟏 − 𝟐𝟐𝟐𝟐

 (1) 

where 𝛿𝛿 is the logarithmic decrement, 𝜉𝜉 is the damping ratio of 
the system, and 𝑥𝑥2 and 𝑥𝑥3 are the distance from the steady-state 
value of the second and third peaks respectively. This equation 
can be used to determine the damping ratio of the pendulum 
system [12]. 
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Knowledge of the period and the damping ratio allows us to find 
the damped natural frequency of the system.  

 𝝎𝝎𝒅𝒅 =
𝟐𝟐𝟐𝟐
𝑻𝑻

 (2) 

where 𝜔𝜔𝑑𝑑 is the damped natural frequency, and 𝑇𝑇 is the period. 
Using the damped natural frequency and the damping ratio the 
natural frequency can be determined [5]. 

 𝝎𝝎𝒍𝒍 =
𝝎𝝎𝒅𝒅

�𝟏𝟏 − 𝟐𝟐𝟐𝟐
 (3) 

where 𝜔𝜔𝑛𝑛  is the natural frequency. A final scale factor was 
determined by multiplying the steady-state value by the square 
of the natural frequency and dividing by the value of the applied 
torque. Figure 2 shows the damped frequency response of the 
pendulum. 

 
Figure 2.  Measured damped frequency response 

The parameters derived from this plot are outlined in section 
Design Parameters [6]. 

III. DESIGN PARAMETERS 
The design parameters were determined through the system 
identification process outlined above [14].  The parameters used 
in the design of the pendulum controller were found by 
averaging data taken by testing multiple pendulums at various 
torques.  Doing this ensured that any pendulum could be used 
with relative accuracy [8]. This process yielded the following 
parameters: 𝜔𝜔𝑛𝑛 was 6.28 Hz, 𝜉𝜉 was 0.055, and the scale factor 
F was 37.2.  
 

IV. CONTINUOUS TRANSFER FUNCTION 
A transfer function in the continuous time domain was derived 
first for the hanging pendulum system. This system is then 
inverted for uses in the inverted pendulum system. The inverted 
pendulum transfer function is then discretized for use in the 
microcontroller. 

V. HANGING PENDULUM 
The transfer function of the pendulum is shown in the following 
equation,  

 
𝑻𝑻(𝒔𝒔)
𝑹𝑹(𝒔𝒔) =

𝟏𝟏
𝒔𝒔𝟐𝟐 + 𝟐𝟐𝟐𝟐𝝎𝝎𝒍𝒍 + 𝝎𝝎𝒍𝒍

𝟐𝟐 (4) 

where R is the input position error and T is the output torque. 
Appendix D shows the calculations necessary to obtain the 
transfer function for the hanging pendulum.   
Figure 3 is the root locus plot of the hanging pendulum system. 

 
Figure 3.  Root locus of the hanging pendulum transfer function 

 
Figure 4 shows the measured response of the hanging pendulum 
system and the hanging pendulum transfer function after it has 
been subject to a step input. The similarity between the two 
helps to verify the accuracy of the model as well as the accuracy 
of the values obtained from the system identification [1]. 

 
Figure 4.  Comparison of measured damped frequency response and derived 

transfer function 
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VI. CONTROL MODULE 
 

The control module is based on PIC18F4550 microcontroller as 
it is shown in Figure 6. The microcontroller operates on a 40 
MHz clock signal. The relay found on the board is driven by a 
ULN2803 integrated circuit. The display was created out of a 
2x16 char LCD display [11].  Figure 5 shows the schematics of 
the control board.  

 

 
Figure 5.   Board schematic view 

The input of parameters happens via six switches. The active 
and passive times are stored in the microprocessor’s EEPROM 
memory and in case of a power outage these values will remain. 
Hall sensors are used for monitoring the state of the bell which 
are connected to the specific point on the board. 

VII. DEVELOPING ENVIRONMENT 
 

MikroC is a powerful, feature rich development tool for PIC 
microcontrollers. It is designed to provide the customer with the 
easiest possible solution for developing application for 
embedded systems, without compromising performance or 
control. PIC and C fits together well. PIC is the most popular 
microcontroller in the world, used in a wide variety of 
applications, and C, prized for its efficiency, is the natural 
choice for developing embedded systems [10]. MikroC 
provides a successful match featuring highly advanced IDE, 
ANSI compliant compiler, broad set of hardware libraries, 
comprehensive documentation and plenty of ready-to-run 
examples. The code editor is advanced text editor fashioned to 
satisfy the needs of professionals. Advanced editor features are: 

 
• Adjustable Syntax Highlighting 
• Code Assistant 
• Parameter Assistant 
• Code Templates 

 

 
Figure 6.  Developing environment 

The first tests and simulations of the control board were done in 
Proteus. Figure 6 depicts the 3d model of the board. 

VIII. AC INDUCTION MOTOR DRIVER AND THREE-PHASE 
ASYNCHRONOUS MOTOR 

 
The Digidrive SK 1.5M is an open loop vector AC variable 
speed inverter drive used to control the speed of an AC 
induction motor. The drive uses an open loop vector control 
strategy to maintain almost constant flux in the motor by 
dynamically adjusting the motor voltage according to the load 
on the motor. The AC supply is rectified through a bridge 
rectifier and then smoothed across high voltage capacitors to 
produce a constant voltage DC bus. Figure 7. depicts the main 
parts of the soft starter and the electrical installation as well. 
 

 

 
 

Figure 7.  Electrical installation 

 
The DC bus is then switched through an IGBT bridge to 
produce AC at a variable voltage and a variable frequency. This 
AC output is synthesized by a pattern of on-off switching 
applied to the gates of the IGBTs. This method of switching the 
IGBTs is known as Pulse Width Modulation (PWM). 
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Figure 8.  3D printed model 

 
For moving the bell, a totally enclosed, three-phase 
asynchronous motor was used. The rotor is cage type, normally 
designed with one cylindrical shaft extension. The motor is 
designed for the rated supply voltage 3x400V ±10% at 50 Hz. 
The nominal speed is 680 rpm and the nominal power is 0.67 
KW.  For the testing purposes a 3D printed model was also 
created to make a control algorithm more robust. Figure 8. 
depicts the 3D printed model of the church bell. 

 

IX. SOLUTION 
 

The state and direction of the bells can be determined with the 
hall sensors as seen in Figure 9. LEDs are in serial connection 
slightly slid from one another for visual sensation. Reading 
happens only in one direction, as can be seen in the figure below 
[7]. A constant magnet is fixed to the wall of the bell which will 
pass the hall sensors as the bell moves, and thus the movement 
direction of the bell can be determined.  

 

 
Figure 9.  Hall sensors 

 

 
Figure 10.  Control module 

 
Figure 10 shows the test board running the embedded software. 
The output seen beside the microcontroller are only used for 
analyzing the board and for various measurements. The board 
needs a voltage of 12V which is provided by an adapter, one for 
each board.  

 

 
Figure 11.  Drive method 

 
By active time we mean the time during which the motors 
driving the bells are active. During passive time the bell is 
already in motion, but the motor is no longer driving it, as 
depicted on figure 11. Before the motor becomes active again, 
it is vital to determine the direction of the bell and to activate 
the motor in the appropriate moment, so as to keep the bell is 
continuous swing motion [12]. Each state is shown on the 
board’s display.  

 

             
Figure 12.  time settings (active, passive, sync) 

 
The parameters presented in Figure 12 represent the parameters 
of the medium sized bell. Time can be given in seconds.  
 

Active 
time

Passive time Sync.

t

V

32



         

 
 

     All items of control electronics were placed in a well-
insulated metal box so as to keep safe from the weather 
conditions. This way neither wind nor precipitation can cause 
any damage. The bells can also be activated from the temple by 
feeding the electronics with the help of a switch.  

 

 
Figure 13.  Control system three different sized bells 

Figure 13 shows the complete control box for the control of three different sized 
bell. As the figure 14 and figure 15 shows, the mechanical construciton of the 
bell holders are also designed and constructed. 

 

Figure 14.  Mechanical construction (front view) 

 

 

 

Figure 15.  Mechanical construction (side view) 

It was impossible to know in advance how the system would 
behave or how the bells would sound when they were in full 
swing. So it was a great experience when they first played. By 
the way, fine-tuning only came after that. Unfortunately, very 
little time was available, and work was going on until the very 
last day, as the date for the bell ordination ceremony had been 
set earlier, so we had to be ready by then. 

 

Figure 16.  Finished project Source: https://hetnap.rs/cikk/A-harangok-
megszolaltatoi-24719.html 

Analogue control was not sufficiently reliable as the 
temperature had an immense effect on the system’s operation. 
Control parameters would change with the temperature, 
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resulting in the fact that the bell could not come into full swing, 
or it would swing outside the safe limit. It must be mentioned 
that the weight of the largest bell is 2100kg. 

X. CONCLUSION 
 

The activation of the executive instrument was done by a 
contactor and at the start the redactor chain would often break, 
as it was subjected to a huge load. By implementing a softstarter 
the start was silent and it relieves the chain. The new digital 
system enables the setting of the active and passive times, as 
well as monitoring the bell’s direction. In this sense the 
universal module is capable of controlling bells of different 
sizes. Some minor software deficiencies were perceived during 
the test phase, however, they were corrected on spot.  
In conclusion, the controller worked for the values assigned in 
the project document.  However it is found that by increasing 
the gain and moving the lead pole farther left, increased a 
smaller overshoot could be attained.  The theoretical model of 
the pendulum did a very good job of predicting rise time and 
settling time. However the Simulink model way under predicted 
the amount of overshoot experienced by the system. This 
difference in overshoot can be explained in the way that the 
microcontroller inputs torque as well as assumptions made in 
the creation of the transfer function. To improve the accuracy 
of the controller, a few things could be done. A different 
microcontroller could be used that accepts decimal inputs. 
Additionally, the efficiency of the evaluation of the system 
could be increased by purchasing a microcontroller that uploads 
significantly faster. A majority of the analysis time for the 
pendulum was spent waiting for the program to upload.  
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Abstract—Based on the novel development methods while 
bearing in mind the state-of-the-art hardware and software 
solutions, a precision plot seeder for medicinal and aromatic 
plants was designed and built at the Bavarian State Research 
Center for Agriculture. The applied system-based design enabled 
the emphasis to be put on: simulation, validation and verification 
as well as identifying problems at the system level in the early 
phase of the design process. Multiple design variants were 
created to overcome the lack of the cross-disciplinary knowledge 
in order to consequently achieve savings in associated labor and 
material costs. Simplified analysis of circumstances under which 
the roughness of the soil surface negatively affects the 
maintenance of the predefined sowing depth by means of 
kinematical analysis is presented to demonstrate the advantages 
of using a digital model for development of new features. 

Keywords—Precision plot seeder, experimental practice, digital 
prototyping, electrification, system-based designs 

I. INTRODUCTION 
Drilling is the usual method for establishing trial fields in 

research considering medicinal and aromatic crops among 
others. In the practice, a flexible, modular drill system is 
required, that can be customized for as many crop species as 
possible. For establishing of experimental plots capabilities 
considering even distribution of the seeds over the 
predetermined length of a trial plot, exact maintaining of the 
distances between the rows, uniform transversal distribution as 
well as uniform sowing depth for each row are required. 
Furthermore, the results achieved with plot seeders should 
correspond to the objectives of the agronomic research, 
breeding and seed multiplication. The basic mechanization of 
drilling techniques on trial plots was introduced, and 
requirements for new solutions already defined, in the sixties 
and seventies of the twentieth century. [1]; [2]; [3]. At that 
time, considerable savings in terms of time and labor were 
expected while applying the newly developed machines instead 
of manual methods. Consequently, the first automated 
technical solutions for field trials were designed for a sequence 
of small plots with a predetermined longitudinal distance 
between the adjacent plots [2]. 

Sufficient moisture, oxygen and warmth in the soil or for 
some species direct sunlight must be available to achieve 

efficient and uniform seed germination. The prevailing 
germination conditions are decisive effects of the soil and its 
nature [4]. An exact maintenance of the appropriate sowing 
depth leads to better emergence, rapid canopy closure and more 
homogeneous crop distribution. Thus, herbicide savings, lower 
weed density and reduction of erosion risks are possible [4]. In 
order to determine the vertical distribution of the seeds, 
information considering the soil characteristics, the sowing 
depth and its variance [5], as well as information regarding the 
type and pressure of the tool used for furrow closing are 
required. Experiments conducted under field conditions 
confirmed the importance of the accurate control of the sowing 
depth for achieving optimal crop emergence [6]; [7]. Although 
the seed drills allow accurate predefinition of the sowing depth, 
this option is rarely used while establishing of single plots 
because the online response to the changing environment is 
either not possible because of the lack of data or not trivial [4]. 

The experimental trials with fine seeds of medicinal and 
aromatic plants by applying conventional drills confirmed on 
one hand the dependency of the seed placement within the row 
on the driving speed, but on the other hand resulted with lower 
accuracy as expected [7]. Unique seed characteristics typical 
for individual species such as shape, surface texture, strength of 
the coating material, grain size distribution and thousand seed 
weight are not only crucial while applying single-grain seeders 
[8], but also are just as important for seeders equipped with a 
cone-belt distributor. Hagymássy [9] described the operation 
principles of a cone-belt distributor and pointed out the need 
for slope compensation during the application on uneven plots 
and fields in order to preserve uniform distribution of the seeds 
in first instance within the cone-belt distributor and in case of 
modest variation of the constraints on the entire length of the 
plot. Malfunctioning of the metering unit can occur through 
non-uniform metering shaft speed, or outage and can lead to 
undesirable non-uniform longitudinal distribution of the seeds. 
Inter alia, slippage of the trailed transport wheel or rather the 
drive wheel, which are responsible for propelling the metering 
shaft via a gearbox while moving on the ground can result with 
alternation of the speed of the metering shaft [10] which cannot 
be neglected. Additionally, the gearing in the transmission can 
induce fake oscillation of the speed of the metering shaft as 
well. Since several factors can affect the performance of the 
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seeders, continuous variation of the seeding depth has had 
subordinate importance in agricultural practice [10]. 

In order to foster efficient and neutral experimentation, first 
attempts were made in 1998 to optimize plot establishment 
through applying autonomous vehicle guidance based on 
Global Positioning System (GPS) [11]. Nowadays, several 
manufacturers offer solutions for establishing trial plots using 
satellite navigation and thus aiming to replace field marking 
through automatic triggering of the mechanism for opening the 
seed hopper. Through automation higher precision and 
consistency, greater performance as well as better documented 
and more reliable results can be expected. 

The implementation of powerful, but at the same time cost 
efficient, electronics in modern agricultural machinery enables 
the development of new concepts based on solutions presented 
in the past. Moreover, these improvements provide newer, 
more efficient procedures at the operator-machine interaction 
level. The application of electrical drive technologies in 
agricultural system engineering has the potential of becoming a 
new milestone in the history of agricultural equipment [12]. 
The implementation of electric motors or electrical drives on 
seed drills is not only an alternative in the field of research and 
establishing of trial fields. Manufacturers of agricultural 
machinery offer electrically driven machines characterized by 
reduced maintenance, accurate seed placement and variable 
sowing rates for individual rows [13]. 

The long-term practical experiences of the employees of the 
Bavarian State Research Center for Agriculture (LfL) in the 
field of breeding and cultivation of medicinal and aromatic 
plants initiated the development of an electrically driven and 
electronically controlled precision plot seeder. The aim was to 
develop a highly modular system enabling precise depth 
control and adaptation for different sowing specifications such 
as easy variation of the number of working rows and easy 
adjustment of the row spacing, while preserving quality 
comparable to, or better than with conventional plot seeding 
systems. 

In this paper a simplified analysis of circumstances under 
which the roughness of the soil surface negatively affects the 
maintenance of the predefined sowing depth by means of 
kinematical analysis while using a digital model will be 
described as an example which demonstrates the advantages of 
the model – based design approach. Furthermore, initial results 
of experiments carried out under laboratory conditions are 
pointed out as backgrounds for further optimization and 
theoretical research. 

II. MATERIALS AND METHODS 

A. Requirements analysis 
The novel plot seeder was designed while bearing in mind 

up-to-date and approved components: e.g. the results of a pull 
force measurements of various drills [14] with respect to the 
accuracy and reliability of the sowing depth and longitudinal 
distribution, as well as the results of coulter run tests [15]. For 
the prototype, practice-proven Lemken double disc coulters 
were chosen as furrow openers.  

In contrary to standard solutions with central distribution 
unit for multiple rows, an approach was defined, in which 
individual seeding units were designed for each row with the 
aim to improve the lateral distribution. The individual modules 
were equipped with a cone-belt distributor (Wintersteiger) and 
adapted for the equipment rail of an existing vegetable seeder 
for small grains (Gaspardo). 

 
Fig. 1. The novel seeding unit developed by the Bavarian State Research 

Center for Agriculture for sowing medicinal and aromatic plants (fine 
seeds). Specification: base frame (1); adapter for conection with the 
equipment rail (2); adjustable carrier (3); cone-belt distributor (4); funnel 
lifting mechanism (5); stepper drive (6); delivery tube (7); double disc 
coulter (8); mechanism for manual regulation of the sowing depth (9); 
mechanism for manual regulation coulter down-force (10); seedbed 
preparation press wheel (11) 

During the development of the base frame and the carrier of 
the cone-belt distributor aspects such as the ability to 
compensate the transversal and longitudinal slope, rapid 
adaptability between sowing on flat ground and on dams with 
different heights, automatic release of seeds from the hopper 
and individual and manual adjustment of sowing depth and 
coulter pressure (down-force) have been taken into 
consideration. Both, seed feeding into the hopper – similar to 
one described by Cameron et al. [2], and manual adjustment of 
sowing depth and coulter pressure can also be automated 
thanks to the modularity of the developed system. 

B. Electrification and Control 
The electrical activation of the funnel lifting mechanism – 

responsible for releasing seeds from the seed hopper – enables 
controlled feeding of the seeds into the cone-belt distributor. 
The cone-belt distributor is driven electrically. The seeds move 
through the delivery tube to the parallelogram-mounted double 
disc coulter connected via adapter to the base frame. The 
electrical drives, sensors and controller were subsequently 
selected to build the electrically driven cone-belt distributor. In 
order to achieve the desired accuracy and resolution during the 
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rotation of the cone-belt distributor shaft, suitable stepper 
motors with integrated drivers were selected. 

The developed motion controller was based on a single-
board RIO (sbRIO) embedded control and acquisition devices 
(National Instruments) comprising a real-time processor, a 
user-definable field-programmable gate array (FPGA) and 
user-defined input/outputs (I/O). For signal amplification to 
12V or 24V an electronic printed circuit board (PCB) was 
designed. The FPGA offers true parallelism through non-
sequential execution of multiple operations per clock rate on 
the hardware level and consequently exceeds the processing 
performance of the digital signal processors (DSPs). In 
addition, FPGAs do not require an operating system and 
provide more reliability in the execution of time-critical tasks. 
The control software was developed using LabVIEW within 
the NI Developer Suite package. The implementation of the 
high-performance controller offers the advantage of streaming 
all the sensor states as well as the control signals with a 
correspondingly high sampling rate if required among others. 
Thus, contemporaneous documentation of the seeding process 
can be created and used for further analysis and optimization. 

C. Digital prototyping 
A digital prototype of an individual seeding module was 

created and optimized using Autodesk Product Design Suite. 
Until recently, it was common to firstly build a physical 
prototype for analyzing the dependencies between the 
components and/or the kinematics and functionality of a 
mechanism, and rely on standard "trial and error" procedure. 
Oppositely, within the frame of the presented development the 
kinematic simulations and, partially, the analysis of the acting 
forces, were carried out using a digital prototype. Combining 
the mechanical behavior of the prototype with the 
mathematically described environment helps to understand, 
evaluate, and optimize the developed assemblies toward 
improved functional performance. Multiple design alternatives 
can be evaluated not only in the early stage of the design 
process [16], but as well after the comprehensive testing under 
real condition if shortages have been detected. The design of 
uncommon systems working under different hardly predictable 
environmental conditions implicates a lot of trials and errors, 
which need to be exceeded before the final solution is 
presented. Virtual prototyping involves approximation of the 
environmental constraints and accordingly allows simulating of 
the behavior of the targeted assembly or rather mechanism 
under predefined conditions. The motion is completely 
traceable and the results almost immediately available. Row 
data could be graphically presented or exported for further 
analysis into another numerical application for further analysis. 
Particularly, simulation data were saved as excel worksheets, 
exported as .txt files (asci-format) and imported to Scilab for 
further analysis similarly as in [17]. 

The simulations were used to identify the core values of the 
expected efficiency through direct feedback as a part of the 
prototype testing. Inter alia, the depth control of the furrow 
opener was simulated and analyzed, depending on the soil 
surface roughness. In the simulation the speed of the carrier (2) 
(firs derivative of the position) was considered as always 
perpendicular to the Y-Z plane and with constant offset in 

relation to the axis of symmetry of 2-dimensional longitudinal 
wave (X-Z plane) used for simulating the roughness of the soil 
surface (1), as depicted in figure 2. The parameters Radius (R) 
–radius of the wave half-period (L/2=d84) and half-amplitude 
(A/2=d56-Radius) are defined within sketcher and thus while 
simply modifying these parameters the simulation environment 
can be changed (see figure 2). The phase at which the 
simulation starts was not explicitly defined but dependent on 
the fixed starting position of the assembly (see figure 3 and 
figure 5). The parameters of the example simulations are listed 
in the table 1. 

 
Fig. 2. Parametric deffinition of the 2D-soil surface in Autodesk Inventor 

Furthermore the in the simulation environment additional 
constrains are introduced: 

• position of the parallelogram (3) which is constrained 
through the rigid linkage with wheel (5) and its 
contact surface (6) with the soil (1); 

• the double disc (4) can penetrate into the soil (1) and 
the theoretical position at which the seeds will fall 
into the furrow, as long as the double disc is below the 
soil surface is defined with point on the disc 
circumference (9); 

• for measuring the penetration depth of the double disc 
additional dummy bar (7) is introduced and its contact 
with the soil surface is defined with an additional 
point (8). 
 

For the purposes of collecting additional relevant 
information about the implemented components, bearing in 
mind the similar questions in other disciplines (see figure 4), a 
test bench was designed and preliminary tests carried out 
considering the problem of influences of the perpendicular 
position of the different types of wheels used for furrow 
closing. The test bench allows simulating the 3D uneven soil 
surface, in a mathematically describable form. Using of high-
speed camera, sequences of representative experimental trials 
are captured. 
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III. RESULTS 
The developed digital prototype allowed processing of the 

data through the entire procedural chain from preliminary 
design up to prototype assembly. The results of the kinematic 
simulation provide the insights in theoretical dependencies of 
the sowing depth, defined as the measured difference between 
the soil surface and the lowest point of the double disc coulters 
with the depth guide wheel rolling on the uneven soil surface 
(see figure 3). Sequence of simulation results demonstrate the 
problem addressed in the hypothesis (see figure 5). 

TABLE I.  SPECIFICATION OF THE PARAMETERS IN THE SIMULATION 
VARIANTS 

SIMULATION 1 2 3 

Simulations Time [s] 20 

Sampling speed [mm/s] 0.05 

Calculation speed [mm/s] 0.025 
Number of iteration 
considering visualization 10000 

Assembly accuracy [mm] 0.001 

Solver accuracy [mm] 0.0001 

R 10025 1130 3130 

A/2 50 10 10 

L/2 2000 300 500 

 
Fig. 3. Simulation environment and defined constrains 

 
Fig. 4. Test track for rover wheel prototypes.[18] 

 
Fig. 5. Sequence of simulation results with highlited traces of the points 

which allows calulating the thereticall sowing depth 

Results of the simulations for differently defined soil 
surface characteristics as defined in table 1 are presented in 
diagrams (figure 6).  

Figure 7 summaries the problems arise if the rigidly 
assembled wheels used for furrow closing moves on uneven 
surface. 

IV. DISCUSSION 
The ideal position depth should theoretically perfectly 

follow the shape of the surface with defined offset. The 
simulation results indicated the benefits of an optimally 
prepared seedbed, as well as of the implementation of a leading 
pressure roller with adjustable force for each sowing unit. 

For achieving helpful results, within the simulation it is 
important to adequately define the stiffness of the joints as well 
as to adequately choose the calculation accuracy; otherwise 
problems considering inaccurate surface contacts can occur. 
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Fig. 6. Results of the sowing depth simulation (parameters in table 1) 

V. CONCLUSIONS 
A novel precision plot seeder for trial plots of medicinal 

and aromatic plants was designed and built by applying 
contemporary development methods as well as state-of-the-art 
hardware and software solutions. Digital prototyping enabled 
both the functional testing of newly developed mechanisms and 
assemblies as well as different types of simulations. Thus, 
design errors were minimized and development time shortened. 
The first tests indicated a high level of mechanical stability and 
robustness. 

Based on these features, it becomes possible to evaluate 
functionality and to adapt the mechanism according to the 
requirements and thus to optimize the newly designed system 
before the majority of the parts are purchased or manufactured.  

Previous studies of longitudinal distribution brought 
important insights regarding optimization of the control 
algorithm and development of the prototype. However, it is 
necessary to carry out further analysis on an appropriate test 
bench [19] to produce statistically significant results and 
reliable assessments of sowing quality and the effects of slope. 

 

 
Fig. 7. Results of the sowing depth simulation (parameters in table 1) 
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Fig. 1. A typical SCADA system and its main components [14] 
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Abstract— Industry 4.0 as a concept requires changes in 
approach for control and supervision of industrial processes in 
order to increase flexibility in using equipment and ways for 
product monitoring. One of the available options is the use of 
cloud based IoT solutions. This paper provides a practical 
example of IoT platform (ThingSpeak and Blynk) integration 
into a SCADA system solution. The result is presented through 
an application for parameter control of didactic equipment, 
which consists of different workstations for material distributing, 
testing, handling and sorting systems. 

Keywords— Industry 4.0; IoT; Blynk; ThingSpeak; SCADA; 

I.  INTRODUCTION 
Decentralized process management, facilitated technical 

assistance, interconnectivity and information transparency are 
some of the principles of the fourth industrial revolution, i.e. 
Industry 4.0 [1], which has established itself as a leading 
concept in modern manufacturing systems. Industry 4.0 
combines the benefits of traditional knowledge from industry 
with the latest internet technologies [2]. 

The importance of production development in industry lies 
in the expansion and need for large-scale manufacturing with 
extensive possibilities of product customization and 
personalization according to consumers’ demands. The concept 
of Industry 4.0 contributes to the creation of autonomous 
manufacturing cells with the ability to adapt to changing 
production needs and with real-time process management and 
organization. This concept can also be implemented in food 
production since some of the phases of production, processing 
and distribution are similar as for any other industrial product.  

The main feature that contributes to real-time management 
is found in establishing communication between various 
devices and the control unit, which directly or indirectly 
controls the production system. Networking can be achieved in 
numerous ways, and one approach is to combine the use of 
standard control units with an acquisition and control system - 
SCADA (Supervisory Control and Data Acquisition) - with a 
cloud based method for storage of production parameters. 

The basic idea presented in this paper is to integrate a 
commercial SCADA system with existing IoT web platforms, 
which allows the possibility of remote access to a specific 
system via the Internet. Emphasis is placed on communication 
between the various elements of the system, using sessions of 
HTTP requests and responses as a tool. For the purpose of 

achieving the objectives proposed by the implementation of the 
described system, didactic equipment, composed of multiple 
stations with associated PLCs (Programmable Logic 
Controller), was selected, as well as web IoT (Internet of 
Things) platforms: ThingSpeak and Blynk. 

II. SCADA SYSTEMS 
The main goal of a SCADA system is to provide efficient 

control and management of an arbitrary physical process, using 
digital computer components. SCADA system encompasses a 
wide range of equipment, subsystems and technical solutions 
that enable data acquisition and processing for real-time 
processes (industrial above all), and consequently allow 
appropriate response [3]. SCADA involves data acquisition 
using Remote Terminal Units (RTUs) and returning control 
data back to local, device level (Figure 1). RTU is an electrical 
device generally based on microprocessor control [4] and is 
suitable for industrial use. Continuous data acquisition is then 
displayed in applications at the control stations, which allows 
the system to be operable. The functionality of such systems 
depends largely on the communication between its 
components, through which the transmitted data parameters are 
monitored and managed in the chosen system. The 
communication flow is controlled by appropriate protocols, 
which define a set of rules and procedures that enable the 
interaction. 

Providing a broader geographical compatibility with 
distributed architecture and unified control system has 
motivated the emergence and development of the fourth 
generation SCADA systems, which has integrated the Internet 
and HTTP as well as other web technologies in its concept [5] 
(Figure 2). 
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Fig. 2. Architecture of a SCADA system in IoT-cloud environment [15] 

 

 
Fig. 3. An example of a project interface in Blynk [15] 

III. IOT PLATFORMS 
 IoT has been emerging as a leading concept in smart 

automation and monitoring, with the help of the Internet as the 
communication medium. "Things" usually refer to devices that 
have unique identificators, are connected to the Internet and are 
used for information exchange [6]. Such devices have sensors 
and/or actuators that can be used to acquire data about the state, 
as well as to monitor and control. The acquired data can be sent 
to centralized servers or cloud servers for remote data storage 
and processing. These data can later be accessed through the 
Internet at any time and from anywhere. Solutions that allow 
the implementation of the previously mentioned 
communication concept, are given in the form of IoT 
platforms, which enable data sharing and storage services as 
well as provide individual processing tools. Development of a 
software application and secure integration between various 
software components are supported by APIs (Application 
Programming Interfaces), which consist of sets of protocols 
and tools. Most IoT applications apply the concept of REST 
(Representational State Transfer) data exchange through 
HTTP, in (mostly) JSON or XML format [7]. REST supports 
the stateless concept in communication, which means that there 
are no permanently established (opened) connections and the 
sender/recipient does not know what was happening in 
previous requests (queries) [7]. Typically, REST APIs use 
HTTP (which is also stateless) specification methods to 
perform various activities, such as e.g. POST, GET, PUT and 
DELETE [7]. 

A. ThingSpeak 
ThingSpeak is an IoT platform, which uses channels to 

store data sent from applications or devices. Data can be read 
from private or publicly available channels using HTTP calls 
and REST API [8]. With the creation of a public channel on the 
platform a unique number is aquired, which allows access to all 
existing fields and values it includes. To support data security 
and storage, entering data in specific fields is limited by an API 

key, which consists of an array of characters: letters and 
numbers. 

Reading/extracting data from channels and specific fields is 
possible in the form of JSON, XML and CSV files. 

B. Blynk 
Blynk is an IoT platform, which consists of a server-side  

Java application and a client application that can be installed on 
mobile devices running on Android OS v.4.2 + and iOS v. 9+ 
[9]. The publicly available server can be accessed at 
https://blynk.io/, or another server can be installed locally (the 
case used in this paper). In the client application, the first step 
is to create a new project (Figure 3) and chose a smart device 
that will enable interaction. After these preliminary setups, an 
authentication token is generated, through which the project 
and its pins (variables) can be accessed. Blynk also supports 
HTTP RESTful API [10], which makes reading and writing 
values to/from pins in Blynk applications and on hardware 
easy. Each PUT request will simultaneously update the status 
of the specified pin in the application and on the hardware. 
Each GET request returns the current state/value on a given pin 
in the form of a JSON file. 

Example of HTTP GET response:  

[“6”]  
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Fig. 4. The overview of the visualisation and control of the sorting workstation in SCADA 

C. JSON format 
Individual data, such as the value of the current 

temperature, can be accessed using the characteristics of JSON 
format. JSON (JavaScript Object Notation) is a data exchange 
format that is easily understood by humans in means of 
performing activities such as reading and writing, while 
machines can easily parse and generate it [9]. JSON is a text 
format that is completely language independent but uses 
conventions of known programming languages, including C, 
C++, C#, Java, Python, etc. Its structure is defined by Objects, 
Values and Keys [11]. 

Two basic elements that make up JSON are keys and 
values, which appear in pairs, where the key is always a string, 
while the value can be a string, a number, a logical expression, 
an array, or an object. The key-value pairs follow a specific 
syntax: the key is followed by a colon and then the 
corresponding value. Key-value pairs are also called Properties. 
An object is an unordered set of key-value pairs, separated by 
commas [9]. 

IV. CONCEPT AND SOLUTION 
As mentioned above, Blynk and ThingSpeak platforms 

were used for testing the HTTP request and response based 
process monitoring and control, aiming to incorporate IoT 
technology into the solution. In addition, SCADA software 
package Zenon version 8.00, with the associated Zenon Editor 
and Runtime, were used for visualization and control. The 
system for remote process monitoring and control consists of 
two SCADA applications. The first application is designed to 
run in the traditional SCADA environment, consisting of a 
computer (PC-1), connected to workstations via Ethernet on 
one end, and the Blynk server (local or cloud) on the other. In 
this context, the PC-1 represents a gateway according to its 
function, as its role is to acquire data from a remote location 
and synchronize the data in real-time. The function of such a 
gateway can also be achieved wirelessly with adequate 
electronics, in this specific case with a ESP8266 
microcontroller that communicates with the PLCs of the 
monitored automated line. The second SCADA application is 
set on a client computer (PC-2), which is connected to the 
Blynk and ThingSpeak server via the Internet. The SCADA 
applications are almost completely identical in appearance 

(Figure 4) and the difference is only in the way of 
communication with the observed workstations. In the first 
case, the communication is realized directly via a dedicated 
driver for the selected PLC type over the Ethernet network, 
while in the second case the data flow is through the cloud 
server in the form of HTTP request and response. In addition to 
the standard SCADA applications created with Zenon, there is 
a mobile client application (Figure 3) connected to the Blynk 
server, which also allows state monitoring of the observed 
parameters in real time. 

The hardware of the controlled system consists of FESTO 
Didactic MPS stations for distributing, testing, handling and 
sorting [12] with a number of sensors and actuators, whose 
state is at all times determined by the programmable logic 
controllers (PLCs): FESTO type FEC-FC640. The software 
tool for programming the specified controllers is FESTO FST 
version 4.02, and the communication with the controller is 
through Festo's CI (Command Interpreter) interface. 

The system of workstations operates as follows: At the 
beginning of the system (the distributing station) there is a 
container that holds the workpieces, which consist out of red, 
metallic and black cylindrical objects. The working cylinder, 
assigned to the container, delivers the workpieces one by one to 
the place where a pneumatic semi-rotary drive with a vacuum 
suction gripper can access and transfer it to the next 
workstation – the testing station. The arriving workpieces are 
separated by height to correct or defective items (inadequate 
height), through a comparator device. The work area where the 
correct workpieces are placed after testing, is the area of the 
next part of the system – the material handling workstation, 
which is equipped with a pneumatic gripper that transfers the 
workpieces to the conveyor belt of the last workstation – the 
sorting station. At the end of the system the workpieces are 
sorted by colour with a flipper mechanism into assigned 
containers for red, metallic and black objects. 

The data used for the SCADA application (PC-1) consists 
of the number of red, metallic, and defective (black) 
workpieces received in the respective containers at the last - 
sorting station. Counters, which track the number of specific 
workpiece types, increase after a new one has arrived and can 
be reset at any time through a reset button in the SCADA 
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applications. In addition, it is possible to adjust the limit values 
of the allowed number of items in each end-container, as well 
as to change the operation mode from standard operation to 
simulation (status indicator: green). The working status of the 
stations is determined by the status codes RUNNING, when in 
operation and STOPPED, when the process is stopped (Figure 
5). 

On the location of the remote client (PC-2), the SCADA 
application operates with identical data (as on PC-1), that is 
updated continuously while interacting with the Blynk server. 
Sharing data with a ThingSpeak server consists of sending data 
on the number of correct and incorrect (defective) workpieces, 
as well as reading the values of temperature and humidity from 
the fields of a selected, publicly accessible channel. 

Communication between Zenon and the IoT platforms (via 
HTTP) is enabled through the Copa Data Developer Tools 
Add-In Framework, including  Project Service Extension and 
Project Wizzard Extension solutions in the Editor, depending 
on the required method of executing the function defined in the 
program/application. The software solutions were implemented 
using C# programming language in Microsoft Visual Studio 
2015 development environment. 

The type of programmable logic controller used on the 
workstations does not support drivers for HTTP 
communication, therefore the data flow between the PLC and 
the Blynk server has been realized in two separate ways: 

• The first solution involves using a SCADA application 
in Zenon that is running on a PC (PC-1) in local 
network with the PLCs. Its task is to synchronize data 
between the PLC and the cloud server using a driver 
that is supported in Zenon. From the cloud server the 
other SCADA clients can then retrieve data from any 
location with internet connection. 

• The second solution involves the usage of an additional 
controller (ESP8266) where a CI interface is 
implemented for communication with the PLCs and 
HTTP communication is established with the required 
cloud server. This solution is more universal and does 
not require a PC with a running SCADA application. 

V. CONCLUSION 
The aim of this paper was to implement and test on a real 

system the possibility of integrating a SCADA system based on 
Zenon v8.00 and IoT platforms: ThingSpeak and Blynk, as 
these two components play a key role in creating an 
architecture of an acquisition and control system in IoT (cloud) 
environment. The function of monitoring, control and 
visualization is realized for the modules of four workstations. 
As a place of particular importance, the final process, which 
involves sorting, is highlighted in the design of the 
applications. The reason is that determining the output of a 
production system is one of the key elements that is needed for 
a quality of work process analysis in means of evaluating the 
state changes during operations [13] and is also one of (beside 
input of items) the easiest to determine/express in practice.  

The possibilities of the presented new generation SCADA 
system for further development and deployment in different 
fields are limitless, as the element of IoT usage has introduced 
flexibility and new capabilities in connecting different 
hardware. Opportunities that provide new perspectives for 
future implementation are the prospects of combining the 
concept with various technologies, which makes any real-time 
control of widespread, mobile (and dynamic) systems (e.g. 
smart cities) an attainable goal. 
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Abstract — This paper presents how primary school students 

use graphical software packages Scratch and mBlock for 

programming in Informatics and Computer Science classes. In 

order to get the programming closer to the students in the most 

interesting way, we used a methodical tool, the wheeled mobile 

robot called mBot. They learn about the main parts of the mBot 

robot and their interconnection, as well as how to program the 

mBot robot using a PC or smartphone/tablet. Students have 

adopted the basic concepts in programming through various 

interesting examples – working with blocks, mathematical 

formulas, linear programming and branching structures, loop 

commands and logical operations. 

The second part of this paper deals with MOOCs (Massive 

Open Online Courses) which are a new trend in teaching robotics. 

MOOCs are accessible to unlimited number of participants via the 

web and represent an educational revolution of the century. 

Mayor participants in the MOOCs are: Coursera, Udacity 

(Stanford, since 2012), and edX (Harvard, MIT, since 2012). 

Keywords — STEAM education, MOOC education, mBot, 

wheeled mobile robot, Scratch, graphic programming software 

 INTRODUCTION 

Informatics and Computer Science(1) was introduced as new 
curriculum in Serbia, in September 2017, in primary schools 
from 5th to 8th grade (until that time these classes were optional). 
The number of classes per week of Informatics and Computer 
Science classes is 1, while the annual sum is 36. For the lower 
grades, from 1st to 4th, Informatics has been retained as an 
optional subject and it is known as From Toy to Computer [12]. 

For the 5th graders, the estimated number of classes of 
programming (Computing) is 16, divided as follows in table 1. 

SCRATCH – GRAPHICAL PROGRAMMING SOFTWARE 

Scratch is a block-based visual programming language 
designed primarily for children. Users can create projects using 
a block-like interface. The service is developed by the MIT 
Media Lab and it was launched in January 8, 2007. Scratch has 
been translated into 70+ languages and is used worldwide. In the 
past few years, Scratch 2.0 is very popular among teachers and 
students as graphical programming software. Scratch 2.0 

 
(1) – Information and Communication Technologies (ICT), Digital Literacy, 

Computing and Project Teaching – involves learning all the above during one 

school year (36 lessons). 

becomes more interesting when it is connected to the open 
source hardware. 

That is the reason why the mBlock software is developed by 
MakeBlock company, based on Scratch 2.0, program Arduino 
and robotics. Program mBlock does not only inherit all 
characteristics of Scratch, but also increases many script 
modules to interact with hardware. 

Arduino is an open-source platform used for building 
electronics projects. Arduino consists of both a physical 
programmable circuit board (often referred to as a 
microcontroller) and a piece of software known as IDE 
(Integrated Development Environment) that runs on your 
computer, that is used to write and upload computer code to the 
physical board. 

The Arduino platform has become popular with people who 
are just starting out with electronics. With Arduino, you can use 
a USB cable in order to load new code onto the board. The 
Arduino IDE uses a simplified version of C++, and it is making 
it easier to learn to program. 

TABLE 1: CLASSES OF PROGRAMMING 

Number of classes Type of classes 

2 introducing the new content 

5 revision 

2 exercise 

6 combined classes (training and practice) 

1 acquired knowledge assessment 

However, the wiring of Arduino board and its software is too 
complicated for the most children, so the Makeblock Team 
designed a brand-new wiring system based on colors and 
presented a hardware called mBot. It is a cute, economical robot 
on wheels – mobile robot, equipped with Bluetooth and various 
sensors. 

Using the Drag and Drop technique, children learn to 
program quickly, so they can control the robot and try out lots 
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of the features that mBot has. Students can use mBlock to create 
all kinds of interesting items and applications, upload them to 
mBot and see the results almost immediately. 

MBOT – WHEELED MOBILE ROBOT 

The mBot is an educational robot that gives beginners basic 
knowledge in programming, electronics and robotics. The mBot 
robot kit can be controlled by computer or mobile device that 
can be connected to the mBot device using the Bluetooth or 
2.4 GHz wireless module [9-10]. 

This easy-to-assemble, wheeled mobile robot provides 
unlimited opportunities for children to learn the STEAM 
education (Science, Technology, Engineering, Arts and 
Mathematics). 

The basic model of the robot is a compact but complex 
device consisting of 38 components. There are uniquely colored 
RJ25 wire connectors among those 38, which simplify the 
connection and leave more time for programming and creativity. 
The time needed for students to connect all parts was about 15 
minutes. After assembling, the robot is already programmed (to 
“factory default settings”) and ready for action! 

Figure 1 shows the assembled mBot and its remote control, 
and Table 2 lists the technical details (specification) [1]. 

The robot should be mounted on a flat surface (preferably on 
the floor, in order to avoid the fall off the table). We turned on 
the robot by switching on its control panel and controlled it by a 

 
(2) https://apps.apple.com/app/m-bu-luo/id1146685354, accessed 14th 

December 2019 

remote control. By pressing the 1st mode of Remote manual 
control (button A) users can control the direction with arrow 
buttons and the speed of mBot with buttons 1 to 9. By pressing 
button B, Mode 2, called Wall avoidance robot is activated, 
enabling mBot to avoid walls and obstacles while moving. By 
pressing the Button C, the 3rd mode is activated – Line following 
robot – so robot can follow a path. The path must be visible, for 
example a black line on a white surface (or vice-versa). Every 
time we push one of the buttons the robot confirms that it has 
received the command with a beep. If there is no audio signal, 
the remote control should be directed to the front of the mBot 
[13]. 

MBLOCK PROGRAMMING AND MBOT CONTROL 

To program the robot, we have to install the mBlock robot 
programming software. mBlock is a free modified version of 
Scratch 2.0. With additional hardware components, based on the 
original, mBlock makes it easy for users to read the sensors, 
control the motor as well as the entire robot. 

The mBlock program could be downloaded from the official 
website https://www.mblock.cc/ [2]. After downloading, the 
mBlock program is installed on the computer. 

Then drivers need to be added, after that mBot should be 
connected to the computer, a new firmware is installed and 
finally the program can be entered into the robot. 

IMPORTANT: Do not connect the mBot robot to your 
computer before installing the drivers! 

To program mBot robots graphically using tablets or mobile 
phones, use the mBlock Blockly application from the App 
Store(2) or Google Play(3) [2]. 

Makeblock APP is a powerful program for direct 
management and remote control of an mBot robot using tablets 

(3) https://play.google.com/store/apps/details?id=com.makerworks.medu, 

accessed 14th December 2019 

 

Fig. 1: mBot and remote control 

TABLE 2: MBOT THROUGH ITS TECHNICAL DETAILS (SPECIFICATION) 

Product mBot 

Product properties Entry-level educational robot kit 

Assembly needed? Yes 

Main Control Board/Chip ATmega328 

Sensors Light Sensor, Button, IR Receiver, Ultrasonic Sensor, Line Follower Sensor 

Other Programmable Modules Buzzer, RGB LED x2, IR Transmitter, Motor x2 

Connectivity Bluetooth 

Compatibility Compatible with Makeblock DIY Platform and other building bricks 

Add-on Pack Six-legged Robot Add-on Pack, Interactive Light & Sound Add-on Pack, Servo 

Pack, Perception Gizmos Add-on Pack, Variety Gizmos Add-on Pack 

Power Supply 3.7 V Lithium Battery 

Dimensions 190  130  130 mm (LWH) assembled 

Weight 500 g 
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or mobile phones, the application could be downloaded from the 
App Store(4) or Google Play(5) [2]. 

Figure 2 shows an example of mBlock Blockly visual 
programming software. We were solving the problem with using 
ultrasonic sensors on an mBot robot to identify the obstacle in 
front of the robot and stop it before it hits the obstacle, showing 
appropriate color of lights [4]. 

MOOC – MASSIVE OPEN ONLINE COURSES 

Recently, the requirement for learning is constantly 
increasing. MOOCs (Massive Open Online Courses) which are 
a new trend in teaching robotics [11]. MOOCs are accessible to 
unlimited number of participants via the web and represent an 
educational revolution of the century. Mayor participants in the 
MOOCs are: Coursera(7), Stanford, since 2012 [3], Udacity, 
Stanford, since 2012 [4], edX, Harvard, MIT, Berkeley, since 
2012 [5]. 

INTRODUCTION TO ROBOTICS 

This course [6-8] contains an introduction to the exciting 
world of robotics and the necessary mathematics and algorithms. 
You will develop an understanding of the representation of pose 
and motion, kinematics, dynamics and control [14-28] of robot. 
You will also be introduced to the variety of robots [29-34] and 
the diversity of tasks to which this knowledge and skills can be 
applied, the role of robots in society, but also associated ethical 
issues. 

If you have access to a LEGO Mindstorms robotics 
development kit you will be able to build a simple robot arm and 
write the control software for it. 

CONCLUSION 

My first experience with block-based visual programming 
software – Scratch was like playing with a puzzle. I was excited 
that my students could make basic programs that solves easy 
tasks, step by step, following “the game instruction” that unlocks 

 
(4) https://apps.apple.com/app/makeblock/id918804737, accessed 14th 

December 2019 
(5) https://play.google.com/store/apps/details?id=cc.makeblock.mkeblock, 

accessed 14th December 2019 

level by level. In this way students learn basic commands for 
activating the robot. I didn't have to teach them syntax of the 
programming language, compile the program code and 
debugging if there was an error, all of these had to be taught in 
the early days of programming. Complete actions students can 
do on their smart phones! 

Next levels of Robot programming should be done on 
computer of course. 

Wheeled Mobile Robot – mBot is easily accepted by 
students. They immediately downloaded applications to their 
smartphones and wanted to connect to mBots to drive them 
around the classroom. The only problem is that there are 25 
students in the group and only 5 mBots! This robot stimulates 
creativity and allows children to turn their fascinating 
imagination into all kinds of interesting works and play while 
they are learning. 

Working with the mentioned robot develops imagination and 
creativity, decision making skills, logical thinking, connecting 
different knowledge, also improves designing skills and 
empower children in different levels so they can improve their 
21st century life skills. 

As the first generation has passed the basics of programming, 
I expect in the coming years they will improve their 
programming skills and join teams that compete with each other 
in solving complex tasks discovering what robots can do for 
humans! 
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Abstract —The term Smart city positioned itself as a focus of 
many advanced technologies in recent decade. The Smart city as 
a term can be very wide and generally represents all aspect of 
urban life where ICT technologies can enhance quality of life in 
large cities. The applications and services used for the purpose of 
improving lives of citizens can varies in wide range of fields, such 
as from smart administration, smart education, smart health, etc. 
One of the most important Smart city services relates to growth 
of city population and number of vehicles the citizens used as 
well. Thus, we are approaching to the issue of the Smart city 
transport systems. The focus in this paper is an overview on 
typical applications and services of smart city transport systems, 
their architecture and technology they used. The research is 
conducted in order to collect the knowledge and experience and 
will be used as a starting point for designing the most suitable 
smart transportation system for the medium sizes city with no 
Smart city infrastructure established. 

Keywords—Smart ciy transport; Smart city applications and 
services; Smart city tecnhologies; Smart city application 
architectures 

I.  INTRODUCTION 
In recent decade there is evident grow of popularity of the 

term Smart city. This term is accompanied with the new trends 
in building application with the goal to enhance the life of 
urban population. Also, Smart city systems go together with 
many advanced technologies. In the begging of this paper it is 
important to explain what Smart City is. The Smart City can be 
defined as environment that uses currently available 
technologies to improve living conditions by offering services 
that can enhance lives of its inhabitants. These services allows 
the access to the information that can range from status of their 
education and employment possibilities, city administration 
utilities for citizens, transportation information, energy 
consumption information, health-related issues, water and air 
quality monitoring, waste management etc. Generally those 
services target all aspect of urban life where ICT technologies 
can enhance quality of life and potentially can benefit the wider 
community in cities. 

One of the most important Smart city services relates to two 
major trends concerning the life in large cities. The first one is 
raise of city population, and the second one is growing number 
of vehicles they use. Thus, we come to the Smart city transport 
systems. The focus in this paper is an overview of typical 
applications and services of Smart City transport systems. In 
the paper will be presented the typical Smart City transport 

applications, their features, architecture and technology they 
used.  

The main purpose of this research is to collect the 
knowledge and experience extracted from recent advances and 
related researches in the field. These findings will be used as a 
starting point for designing the most suitable smart 
transportation system for the medium sizes city with no Smart 
city infrastructure established. The findings will help to 
determine what kind of system we will design, what will be the 
architecture, hardware and software components of the system. 
And finally, the collected data will help to determine what 
technologies will be used on all system levels.   

This paper is structured as follows. After the introduction, 
the second section will present the major features of Smart City 
transport applications. In the next section, the typical 
application and services than can enhance the transportations in 
smart cities will be presented. In the same section, the 
applications architecture, key technologies and main features 
will pre presented as well. At the end, the short discussion and 
future work will be presented.  

II. TRANSPORT IN SMART CITIES 
The usage of ICT as a support to the transport is known 

before the Smart City. The systems that use ICT in this area are 
known as Intelligent Transport Systems (ITS). The directive of 
EU parliament [2] declares that ITS integrate 
telecommunications, electronics and information technologies 
with transport engineering in order to plan, design, operate, 
maintain and manage transport systems. The purpose of 
utilization of these technologies is to make a significant 
contribution to improve environmental performance, 
efficiency, including energy efficiency, safety and security of 
road transport, including the transport of dangerous goods, 
public security and passenger and freight mobility. Similar 
definition [3], in this case of Smart City transport, states that 
Smart city transport uses electronic, wireless and Internet 
technologies to provide access to smarter, safer and faster 
travel between two points in a large city, and provide richer 
information and greater control over traffic flows for city 
authorities. 

According to the same source, the five main reasons for 
introducing Smart City transport systems are: 
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 Improving the efficiency and accessibility of public 
transport in order to raise the quality of life and reduce 
expenses for citizens, 

 Reducing pollution by promoting the use of public 
transport, offering access to multiple transport options, 
and providing real-time schedules and delays, 

 Offering public transport safety and security by 
improved monitoring and surveillance of public 
transport in the case of emergencies, disasters or terror 
attacks, 

 Enabling mobile apps by offering open data about 
transportation and movement in the city, 

 Enabling Smart parking solutions with the 
infrastructure, sensors, security cameras, and Internet 
connectivity, to make easier parking in busy urban 
areas.  

In the [4] there is very good classification of ITS 
application and the main ITS applications are as follows: 

 Safety applications designed to alert drivers to the 
possibility of collisions with other vehicles or with 
obstacles ahead, alerting drivers to hazards on 
highways, warning of collisions, notifying about 
accidents on the road, and informing drivers about 
construction works on the road, 

 Traffic efficiency applications design to improve the 
flow of vehicles, to reduce travel time and traffic 
congestion, to obtain and propagate traffic condition 
information from vehicles using adaptive electronic 
traffic signs, route guidance and navigation services, 
traffic flow optimization services, and management of 
hazardous goods, 

 Entertainment and comfort applications designed to 
make passengers more comfortable in their vehicles 
with sensing the environment and provide traffic 
information on streets, avenues, and highways. 

In [5] is proposed a comprehensive and practical 
framework to benchmark cities according to the smartness in 
their transportation systems. The proposed methodology used a 
set of data collected from 26 cities across the world. Results 
showed that London (rank #1 with smartness index or SI equal 
to 67.1%), Seattle (rank #2 and SI = 59.2%), Sydney (rank #3 
and SI = 57.2%), New York (rank #4 and SI = 56.9%) and 
Melbourne (rank #5 and SI = 56.5%) were among the world’s 
top smart transport cities. Seattle and Paris ranked high in 
smart private transport services, while London and Singapore 
scored high on public transport services. 

Research [6] is focused on the usage of Intelligent 
Transportation Systems in order to enable modern smart cities 
solutions, both in cargo as well as passenger transport. The 
integration of existing and development of new ITS and other 
ICT solutions will contribute to smarter cities and 
communities. This paper addresses the urban transportation 
problems today, which should be the priority in integration of 
Smart transport systems: 

 traffic congestion and parking difficulties, 

 spending an increasing amount of time commuting 
between the residence and workplace, and 

 freight traffic distribution and its sharing of 
infrastructure with the passenger transport. 

 The authors suggest potential solutions by implementing 
Uber for cargo, dynamic passenger transport system, traffic 
light synchronization and implementation of virtual traffic 
control centers similar as it was implemented in the city of 
Ghent (Belgium). 

The importance of implementation of Intelligent 
Transportation System (ITS) within Smart Cities is given in 
[7]. ITS can improve quality of life by reducing fuel/electricity 
usage, decreasing congestion, and decreasing travel time. 

The same paper gives statement that ITS is a sine qua non 
of an effective smart city. In the paper various dimensions of 
research efforts in ITS development and implementation that 
will pave the way for the Smart cities of the future are 
proposed. The paper discuss about roles of autonomous 
vehicles in Smart City environments and presents Vehicle–to-
Grid (V2G), Vehicle-to-Vehicle (V2V) and Vehicle-to-
Infrastructure (V2I) communication. 

Considering that according to [8] small towns and cities 
have a critical role to play to connect the rural areas to the 
bigger cities and to preserve the territorial cohesion of the EU. 
the research [9] is focused on smart mobility of Italian small 
and medium sized provincial capitals with a population from 
50.000 to 250.000 inhabitants. Smart Mobility means mainly a 
wide use of ICTs in the transport systems. The integration 
between the smartness and the sustainability of the urban 
mobility can be reached through the use of devices and 
innovations that make the transport system more compatible 
with the urban environment (e.g. reducing emissions, using 
alternative fuel sources, favoring soft transport systems, etc.).  

The three Smart Mobility categories are ICT, sustainability 
and accessibility. The parameters selected for ICT category are: 
number of road traffic signal systems per km2, variable 
message signs, SMS for traffic alerts, electronic payment park 
systems, applications for mobile devices, SMS for public 
transport information, electronic bus stop signs, electronic 
travel tickets, electronic purchase of travel ticket by mobile 
devices, information on routes, schedules and waiting times, 
LPT travel planner and purchase of travel tickets online. 

III. EXAMPLES OF SMART CITY TRANSPORT APPLICATIONS 
This section describes various examples of Smart City 

transport applications. These applications can roughly be 
divided into three groups. The first group will be (1) traffic 
flow monitoring and management applications, the second 
group will be (2) smart parking applications and the third group 
will be (3) urban mobile sensing systems. The brief 
descriptions of examples of applications from all three 
categories will be presented in the following text.  
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A. Traffic monitoring and traffic management applications 
In this subsection, the typical traffic monitoring and 

management systems will be presented.   

Traffic Flow Monitoring Systems (TFMS) enable accurate 
monitoring of vehicle trajectories in Smart cities. Applications 
of such systems include [10]: 

 vehicle theft preventions by trajectory monitoring, 
 vehicle localizations by trajectory analysis and 

predictions, and 
 traffic congestion solutions by traffic flow 

management  

Most TFMSs are implemented through Wi-Fi technologies, 
Bluetooth Low Energy radios, GPS, GSM/GPRS technologies 
and smartphone applications. The Road Side Unites (RSUs) are 
used as the infrastructure for measuring and monitoring traffic 
flows. Popular TFMS systems usually measure and monitor 
vehicles through location proofs. Location proofs are used for 
vehicular trajectories, traffic congestion management, and 
vehicle theft prevention of detection of busy or highly sensitive 
streets.   

The paper [10] studies an RSU placement problem in traffic 
flow monitoring systems. The scenario is based on a directed 
graph G = (V, E), where V is a set of nodes, and E ⊆ V2 is a set 
of directed edges. The graph G includes n given traffic flows of 
F = {f1, f2, ..., fn} on the streets. Each given traffic flow is 
represented as a walk, which is a sequence of edges, i.e., f = 
(e1, e2, . . .) as it is shown in Fig. 1. The traffic flow is 
composed of moving vehicles to be monitored. 

 
Fig. 1 An illustration of the RSU placement [10] 

In the [11] a system called “City kernel” is presented. This 
is server-side software which was developed for management 
of several subsystems. This system is able to collect 
information from multiple sensor networks (subsystems) and to 
expose multiple services processing data gathered from one or 
more of them. These services are based on the kernel to process 
of raw data gathered by smart cameras; in particular, one of 
these services has been developed for Android platform in 
order to obtain an easy access for all of the citizens. The smart 
camera network is made of Wise Traffic Controller (WTC) as 
it is shown in Fig. 2. WTC consists of smart camera equipped 

with embedded software and a communication module.  
Although many techniques are used for vehicle counting (e.g. 
thresholding, edge detection and background frame 
differencing), WTC sensor uses a specialized form of 
background frame differencing optimized to lighten the 
computational load and satisfy real-time requirements on a 
processor based on a single ARM9 200 MHz core. The 
embedded system uses the virtual-loop principle. The 
capabilities of WTC embedded system are:  

 counting vehicles traveling in both directions;  
 classification of  vehicles into the classes motorcycle, 

car, trucks;  
 computing the vehicles speed;  
 detect traffic congestion; 
 monitor up to 8 lanes simultaneously. 

 
Fig. 2 Infrastructure of SPS system [11] 

As it is stated in [12], the flows are typically influenced by 
the behavior and the cardinality of the entities of the flow. 
Additionally, flows can also be significantly influenced by 
factors such as weather, seasonality (holidays, day of the week, 
seasons, school schedules), events, road construction, air 
quality or lighting conditions. The existing traffic flow 
management systems are in majority oriented towards the 
monitoring of movement of vehicles. But the systems available 
to monitor other types of traffic, such as pedestrian or bike are 
rare. That’s why new generation of Smart City management 
systems should include correlations between vehicular, 
pedestrian, and bike flows of future cities. 

The ITS can also be applied for public transportation, e.g.  
traffic optimization methods can be used to improve the flow 
of vehicles on the road network. The strategies for this 
improvement can be classified in two main categories. First 
category includes systems that influence drivers’ behavior by 
setting traffic lights, installing signs, etc. The second category 
includes those systems that propose changing the infrastructure 
(adding new lanes, widening streets, etc.) According to the [13] 
methods for synchronizing traffic lights are the most effective 
in speeding transit and avoiding congestion, improving the 
development of cities and the quality of life of citizens.  
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The same authors [13], present a nature-inspired 
computational intelligence methodology for traffic lights 
optimization. That complex real-world problem is tackled with 
the appliance of a parallel Evolutionary Algorithm (EA). 
Several features are included in the problem model. Those 
features are: time to board the buses with addition of time 
needed to pay the ticket with and without smart card, time to 
alight from the buses, real traffic data gathered, traffic lights 
phases/offset and traffic rules. The methodology is tested in a 
real world scenario, on Garzón Avenue, Montevideo 
(Uruguay), an area with many crossings and traffic lights.   

Results show that the parallel EA allows computing traffic 
lights planning and optimization. The optimized traffic lights 
configuration led to the improvement of up to 15.3% for the 
average bus speed and up to 24.8% for the average speed of 
other vehicles. System also allowed the proposal of alternative 
bus stops and changes to traffic lights schedules.  

B. Smart parking systems 
Nowadays, vehicles spent more time in searching for 

parking locations. More time for searching parking location 
leads to increasing the traffic congestion, fuel consumption and 
pollution. The billing the effective Smart parking systems can 
meet these challenges and improve the quality of life of 
citizens by reducing all three negative effects. The concept of 
smart parking systems uses different technological 
advancements such as VANETs (Vehicular Ad-hoc 
NETworks), Internet of Things (IoT) and cloud computing as 
well as an intelligent transportation system (ITS) based on agile 
sensing and efficient computing capabilities [14]. According to 
the authors, a number of smart parking systems were designed 
with an intention to provide efficient parking navigation but 
lacking the solution for real-time parking management and 
technological advancements as well. The current solutions are 
only limited to the parking space search and its utilization and, 
have not included the centralized cloud-based management. 

 
Fig. 3 Architecture of cloud based SVPS system [14] 

The Parking Guidance Information System (PGIS) is 
presented in [14]. This work proposes usage of Parking Side 

Units (PSUs) that have the capability of coordinated 
management associated with each parking facility. The parking 
facilities are connected to the Road Side Units (RSUs). Each 
RSU is connected to the cloud server through the 3G/4G 
Internet and acts as a Communication Terminals (CT) between 
vehicles, PSUs and the cloud-based infrastructure. CTs are 
responsible for all the communication between vehicles and 
their OBU (on-board units), PSUs, and cloud. The cloud-based 
infrastructure can be subdivided into the following modules, 
Smart Parking Server (SPS) and Cloud Authentications model 
(CAU) which is responsible for vehicles certification, 
subscription and verification (Fig. 3). 

The Smart Vehicle Parking System (SVPS) uses cloud-
based SVPS algorithm that offers vehicles an appropriate 
parking space allocation with booking and recommendation 
options. Numerous factors such as drive time and distance to 
the recommended parking facility, parking fee, walking 
distance from the parking facility to destination and traffic 
congestion caused by both roads traffic and due to parking 
recommendations are taken into account. PSUs are equipped 
with sensors and tools to manage the information about parking 
space and they also coordinate with RSU and cloud-based 
server. RSUs have a key role of serving as connectivity point 
for both vehicles and PSUs with the centralized cloud-based 
SPS.  

 
Fig. 4 Communication model in cloud based SVPS system [14] 

According to the [15] the Smart parking system can provide 
efficient car parking management through (i) remote parking 
spot localization and reservation; (ii) fast car retrieval; (iii) 
parking regulation using gate control and management; (iv) car 
security and protection in the parking lot by associating car 
movement to a specific RFID tag; (v) parking gate 
management and many other services, such as parking billing 
and payment by replacing the paper-based ticketing by RFID 
tags. The smart parking system (SPS) proposed in [15] was 
built around a sensor-based method and designed based on a 
multi-layer framework. The framework of the SPS includes 
four layers: sensing layer, networking layer, middleware layer 
and application layer. The architecture is presented at Fig. 5. 

The Sensing Layer is a platform where sensor devices are 
embedded into the parking lot to detect car presence or 
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absence. RFID devices which are located at the parking gates 
are used to identify cars. Three types of sensor devices are 
used: slave devices, master devices and anchor devices. 

The slave devices are connected to the master devices 
through wired communication using the I2Cprotocol. For 
sensing purposes, micro-controllers equipped with ultrasonic 
sensors were used, and an ARM-based Panda board was used 
as the gateway.   

 
Fig. 5. Layered architecture of Smart parking system [15] 

The Networking layer support communication from the 
master and anchor sensors to the sensor gateway and from the 
gateway to the parking users. Communication types include: 

 802.15.4/ZigBee communication for the sensor to 
gateway connection,  

 TCP/IP over Ethernet gateway to the parking server 
and database connection and  

 Internet is used for remote smart parking access.  

The middleware layer uses intelligent algorithms and 
efficient visualization techniques to allow smart services to the 
users. This layer hosts different databases and associated 
servers and manages all of the software intelligence provided 
by the smart parking system. The application layer defines the 
different services for different users. Client devices have been 
connected via the TCP/IP protocol to a database. For parking 
lot monitoring there are mobile device application for phones 
and tablets and a desktop application.  

In the research [16] the classification of smart parking 
systems is presented, together with the overview of the 
enabling technologies and sensors. Among the communication 
technologies which can be used in smart parking systems 
LoRaWAN, Sigfox, Weightless (SIG), Ingenu, LTE-M and 
NB-IoT are considered. The conclusion is that in the case of 
large-scale smart parking applications where low latency is 
necessary, NB-IoT and LTE-M are probably the best options. 
The extensive overview of the key enabling technologies for 

Smart Cities in the whole, applicable for the smart city 
transportation systems as well, is presented in [17].  

C. Urban Mobile Sensing 
In this subsection the examples of using public 

transportation and other transport systems as urban mobile 
sensing systems will be described. Those systems include 
usage of transportation systems for carrying mobile sensors. 
Such mobile urban sensors can acquire all kinds of data, e.g. air 
pollution, weather and environmental conditions, etc. This 
group of application may not be considered as a part of Smart 
City transportation systems, but in opinion of authors of this 
paper, they should be considered as systems that can be 
integrated together with other smart transportation systems at 
least.  

The research [18] proposed a Smart City multi-wireless 
technology communication platform for data gathering and 
exchange. This platform combines proprietary long-range 
(LoRa) network and an urban sensor network. It also 
implements mobile Opportunistic VEhicular (mOVE), a delay-
tolerant network (DTN)-based architecture to address the 
mobility dimension. The platform provides vehicle-to-
everything (V2X) communication. The sensor nodes has 
variety of sensors such as temperature; luminosity; wind 
direction; wind speed; carbon dioxide (CO2); sound detection; 
humidity; precipitation; barometric pressure; multiGas (CO, 
CH4, NH3) and UV index sensors. 

 
Fig. 6 shows the architecture design of the GreenIoT testbed [19] 

An experimental study on real-time air pollution 
monitoring using wireless sensors on public transport vehicles 
is presented in [19]. The study is part of the GreenIoT project 
in Sweden in the city center of Uppsala. The project utilizes 
Internet-of-Things to measure air pollution level (Fig. 6). 
Sensors are deployed on city buses, which provide wider 
coverage in the city and more options and flexibility in the 
selection of bus routes. City buses also have different 
installation infrastructures, more dynamic speeds, and stop and 
moving patterns. 

Technologies used for the system components are as 
follows. Stationary sensors are connected to a sensor gateway 
via a low energy consumption protocol called IPv6 over Low-
Power Wireless Personal Area Networks (6LoWPAN). The 
sensor gateway sends sensor data to the GreenIoT cloud in 
Sensor Markup Language (SenML) format via Wi-Fi 
connection. The data is stored in a NoSQL (not only Structured 
Query Language) database and published to a MQTT (Message 
Queuing Telemetry Transport) Broker. A NoSQL database, 
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MongoDB is used (a cross-platform document-oriented 
database program). 

Similar is OpenSense, a project conducted in Zurich, 
Switzerland [20]. In the OpenSense project, a tram was used as 
a moving platform for carrying the sensors. Communication 
between the sensors and the cloud was made using GPRS 
(General Packet Radio Services). 

IV. CONCLUSION AND FURTHER WORK 
In this paper an overview of existing and up to date 

solutions for the Smart city transportation systems are 
presented. The solutions are carefully chosen as representative 
applications from certain application groups.  The description 
of system purpose, their functionality and technologies they 
used is given.  

This research was conducted in order to examine the 
possibility of most effective way to introduce the Smart city 
transport system in small and media sized cities. The findings 
of this research, as well as experiences and technologies 
learned from implemented solutions will be used as a starting 
point in design of the Smart City transportation system. This 
planned system is going to be designed for the city with 70.000 
inhabitants. In the design process the authors experience from 
previous researches, such as [21] and similar will be also used.  

According to the findings, the authors conclude that the 
fastest and least complicated way in introduction of Smart city 
transportation system in the targeted city will be 
implementation of cloud-based Smart parking system. This 
should optimize the usage of parking lots and decrease traffic 
congestion, fuel consumption, air pollution and increase the 
speed of transportation. The cloud base system will be based 
on micro services, and messaging protocols such as MQTT. 
Talking about the communication technology to be used in the 
system in this point the following technologies will be 
considered. RFID and Bluetooth Low Energy as a short range 
technologies; ZigBee and Wi-Fi as a medium ranged 
technologies and LoRa, LoRaWAN and GPRS/LTE-M will be 
used for long range technologies. For the positioning service 
the usage of GPS modules is planned.         
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Abstract—Nowadays the safety on the base of the 
infrastructure protection in Europe is a cardinal task of the 
government because in this way can guarantee a safe and 
healthy life of the citizens. This task needs to take into 
account by inside attack danger and outside threat [1][2]. 

In this article, the authors on the way of some 
experiments shown the explosion resulted in damages and 
try to propose protection possibilities for the buildings. It 
was made some real tests, used different explosive materials 
and different setup. The tests were made in a protected 
military area. After the blast effect, the used bricks were 
tested by visual inspection. It was used two different 
common bricks and two known different explosive material 
from three different distance. The damage level is a function 
of the setup of the test. On the base of these results, it can 
find a protection way for the target objects. 

Keywords— blast, explosion, brick, damage, building 

I. INTRODUCTION 
On the base of Maslow’s Hierarchy of Needs (“Fig. 1”) 

can conclude that safety and security is a basic needs in 
human life. The history is readable in the old cities walls 
of buildings and also in the township of the countryside. 

The world heritage part is the historical objects, statues, 
museums and buildings of Europe. Even that Europe 
survived many wars the cities keep own historical face. 
The urban life-changing and technical development are 
very rapid in the last 100 years opposite the historical city 
center what is an old heritage. 

The state task is to guarantee the citizen a safe and 
healthy life possible, means the defence of all critical 
infrastructure sectors and the habitat. The national policy 
is strengthened by Critical Infrastructure Security and 

Resilience advances and maintain secure, functioning, and 
resilience critical infrastructure. 

 
Figure 1.  Maslow’s Hierarchy of Needs [1] 

II. THEORETICAL AND EMPIRICAL BACKGROUND 
All critical infrastructure is threatened by war and 

terrorism. In the case of an attack, the building's damage 
can be irreversible and can lose important heritage of the 
future. Blast load is a complex load because depends on 
the explosive material, the volume of them and the 
location of it. Detonation can establish high pressure, heat 
and fire as a function of the explosive material and the 
target material. To design the protection of any target, it 
needs to know the possible attack kind. On “Fig. 2,” 
shown an explosion established gases pressure. [3] 
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Figure 2.  Explosion effects [4] 

The variation of the blast attacks is uncountable. On the 
“Fig. 3,” shown a possible attack setup. 

 
Figure 3.  Ground floor explosion example [5] 

It was made some experiments to understand and test 
the blast wave effects. The explosive material blasting 
established high energy shock waves. The materials 
behaviour is different under dynamic load. The impact 
load can effect, in the case of metals a crystal structure 
deformation and on the base of this microstructural 
changing the mechanical properties change too. Also, the 
shock wave can effect in the case of ceramics fracture and 
splinters. 

For designing the load it needs to use the TNT 
equivalent equation (1) [6] [7]: 
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where: WTNT (kg) is the TNT volume equivalent 
mass, ΔHEXP (MJ/kg) is the blasting energy, ΔHTNT 
(MJ/kg) is the TNT blast energy and WEXP (kg) is the 
calculated explosive mass. “Tab. I.” shows the 
performance of some explosives and the calculated TNT 
equivalent for the used mass (400 g).

 
TABLE I. 

PERFORMANCE OF SOME COMMON EXPLOSIVES [8] [9] 

 

Name of the 
explosive 

 

The average 
energy of the 
blast [MJ/kg] 

TNT 
equivalent of 
the 0,4 [kg] 

mass material 
TNT 4,33 0,4 
RDX 5,66 0,52 
PETN 6,69 0,62 

SEMTEX 
(50% RDX and 

50% PETN) 
6,18 

 
0,57 

 
The blast load can determine by Hopkinson-Cranz law 

(2) where R (m) the distance of the target from the object, 
the load of the explosion Z (mkg-(1/3)) determined from the 
W (kg) explosive mass volume of TNT equivalent 
[7][8][9]. 
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The Mills equation for nascent gas pressure 
determination (3), where Wis the explosive mass in the 
TNT equivalent (kg), R is the explosive distance from the 
object (m): 
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In the case of unknown explosive material and volume, 
the detonation power calculation is almost impossible. For 
there it needs to use an average blast load for the blast 
resistance design calculation [3]. 

III. BLAST RESISTANCE OF BRICKS 
The building construction uses different bricks 

nowadays to build homes and offices. These bricks made 
from ceramics by different technologies and with different 
chemical composition. In our experiments, we tested two 
different bricks type under two kind explosive material 
established blast load. The used explosive materials were 
TNT and SEMTEX. The used quantity in the case of all 
experiments was 400 g and the calculated TNT equivalent 
shown in Tab.1. The experimental ground floor explosion 
setup is shown in “Fig. 4,” The target bricks are also on 
the ground floor located from the target 1 m or 3 m. 

The blast load (2) and the explosion established nascent 
gas pressure determined by (3) (shown in “Tab. II.”). 

TABLE II. 
THE CALCULATED LOAD AND GAS PRESSURE OF THE APPLICATED 

EXPLOSION 

Name of 
the 

explosive 

 
Load Z [mkg-(1/3)] 

 

Nascent gas PS0 
[kPa] 

Distance 
from 
target 

 

1 [m] 
 

3 [m] 
 

1 [m] 
 

3 [m] 

TNT 1,35 4,07 0,6 0,2 
SEMTEX 1,2 3,6 0,72 0,22 
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Figure 4.  Ground floor explosion [7] 

The bricks were coated by common coating layers, like 
heat isolation and rendering shown in “Fig. 5,”. 

The exploded test result is shown in the next figure. The 
damage level depended on the distance from the target. 
The determined blast load and the nascent gas pressure 
(“Tab. II.”) shows the difference in the case of the used 
explosives but shows the difference as a function of the 
distance from the target. 

On the base of the studied literature, we design and 
prepared the experiments [10][11] and compared the 
results.  

The “Fig. 7,” show the results of the experiments, the 
bricks have high-level damage. On the base of the visual 
test, the concrete bricks damage was less than the ceramic 
bricks. 

 
Figure 5.  The coating layers of the used test brick [12] 

 
a) Exploded with TNT, charge distance 1m; Concrete brick 

 
b) Exploded with Semtex charge distance 1m; Concrete brick 

 
c) Exploded with TNT, charge distance 1m; Ceramic brick 

 
d) Exploded with Semtex charge distance 1m; Ceramic brick 

Figure 6.  Explosive experiments result (1 m distance between the 
charge and the target) 

The “Fig. 6,” shows for a first view that the bricks are 
healthy without any damage, but well experimented them, 
it was found some cracks in the bricks inside the structure. 
Even that we used different explosive materials the 
damage level didn’t show a relevant difference. 

The “Fig. 7,” shows for a first view that the bricks are 
healthy without any damage, but well experimented them, 
it was found some cracks in the bricks inside the structure. 
Even that we used different explosive materials the 
damage level didn’t show a relevant difference. 
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a) Exploded with TNT, charge distance 3 m; Concrete brick 

 
b) Exploded with Semtex charge distance 3 m; Concrete brick 

 
c) Exploded with TNT, charge distance 3 m; Ceramic brick 

 

d) Exploded with Semtex charge distance 3 m; Ceramic brick 
Figure 7.  Explosive experiments result (3 m distance between the 

charge and the target)  

ACKNOWLEDGEMENT 
The bricks damage level depends on the experimental 

setup means the explosive materials kind (blast energy) 
and the target distance from the explosion charge. 

The tested common bricks showed inside damaged, 
without surface degradation. On the base of many study 
and experiments, it can see that for the old historical 
building protection is suggestable to design a thin coating 
on the walls surfaces. In the research, we experimented 
the bricks resistance against the blast load. These 
introduced experimental results showed that the bricks are 
not resistance against impact load.  

The future plan to investigate numerous of the materials 
and innovate high energy absorption materials to reinforce 
the buildings wall blast resistance. 
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Abstract: With the rise in popularity of electric cars 

more types of vehicles are adapting electric drives. In the 
case of airplanes the standards are higher than in the case 
of cars so the emphasis of research and innovation is 
greater. This paper presents a list of the challenges electric 
aircrafts face and their potential solutions. The paper 
describes the most important elements of electric and 
hybrid aircrafts. Comprehensive model was created taking 
into account the criteria set for hybrid and electric aircraft. 
With the aid of the model the effect of the most important 
components on efficiency can be assessed. One modelling 
approach in Matlab Simulink environment is also 
described. For the modelling the Matlab Aerospace toolbox 
is also used. 

Keywords— hybrid aircrafts, Matlab Aerospace toolbox 

I. INTRODUCTION 
With the increasing of the greenhouse effect even more 
concern is placed on the reduction of harmful emissions in air 
travel. Based on the Strategic Research & Innovation Agenda 
(SRIA) [1] of the Advisory Council for Aeronautics Research 
in Europe (ACARE) the International Air Transport 
Association (IATA) [2] and the European Commission (EC) 
[3] announced long-term environmental protection goals. The 
plans may seem ambitious looking at the technologies 
currently being used. The main focus is on the reduction of the 
energy needed for propulsion. The goal is a 30% decrease in 
the needed propulsion and power by 2035. A 70% decrease in 
carbon dioxide emission is the goal by 2050. By 2020 an 
estimated 20% decrease is expected in the energy needed for 
propulsion and power compared to the reference data from 
2000. The efficiency of the drive holds the key to the greatest 
reduction in carbon dioxide emissions [4]. Figure 1 shows the 
efficiency of currently used drives and the goals set by the 
strategy. 

 

Figure 1. Propulsion systems overall efficiency 

Figure 1 shows the total overall efficiency of the airplanes 
drive during flight ηov (overall efficiency) compared to the 
reference year of 2000. The graph shows two types of 
efficiencies the product of the two gives the aforementioned 
overall efficiency. The vertical axis shows the efficiency of the 
propelling force ηpr (propulsive efficiency) while the 
horizontal axis shows the internal or thermal efficiency ηin. 
The graph shows that the goal of ACARE by 2035 is to 
increase total efficiency to 43%, while setting an 80% increase 
by 2050, which can be achieved by improving both types of 
efficiency. The current state of the art engines efficiency is 
15% above the efficiency of the year 2000 baseline model. 
Improving on the advanced gas turbine based concept [4] we 
can expect an efficiency of about 50% or more which fulfils 
the efficiency goals set by 2020. The greatest increase in 
propulsive efficiency can be expected from the Open Rotor 
(OR) and the Turbofan drives. 

The limits of the drives can be exceeded with the introduction 
of electrical energy. Figure 1. shows the efficiency of hybrid 
and fully electrically driven air funnel propeller drives 
[5][6][7]. From the studies we can see that electrifying the 
turbo drives efficiency of 50% is expected to reach the 
efficiency goals of 2035, while converting to a fully electric 
drive is expected to yield an efficiency of nearly 100% [8][9]. 
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II. MEASURE OF HYBRIDIZATION 
When having more than one drive in a vehicle the tuning and 
handling of them becomes a real challenge. In the case of 
hybrid vehicles, the electric drive needs to connect to the 
system so that it provides maximum efficiency. Because of this 
some new variables come into play [13]. One of the key 
variables is the measure of energy hybridization which is the 
ratio of the electric energy to the total energy. 

𝐻𝐻𝐸𝐸 =
𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏
𝐸𝐸𝑏𝑏𝑡𝑡𝑏𝑏

=
𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏

𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏 + 𝐸𝐸𝑓𝑓
 

Where 𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏  is electrical energy and 𝐸𝐸𝑓𝑓 is the energy coming 
from the fuel. The measure of energy hybridization is not an 
ideal indicator since the specific energy of the fuel is much 
greater that the specific energy of the battery while the 
efficiency of electric drives is far greater than the efficiency of 
gas turbines. Because of this reason we use the power 
hybridization indicator as well [10]. 

𝐻𝐻𝑃𝑃 =
𝑃𝑃𝑒𝑒𝑒𝑒
𝑃𝑃𝑏𝑏𝑡𝑡𝑏𝑏

=
𝑃𝑃𝑒𝑒𝑒𝑒

𝑃𝑃𝑒𝑒𝑒𝑒 + 𝑃𝑃𝑏𝑏ℎ
 

Where 𝑃𝑃𝑒𝑒𝑒𝑒  is the power of the electric motor and 𝑃𝑃𝑏𝑏ℎ is the 
power of the gas turbine. For conventional airplanes the 
measure of hybridization is 0 since all the energy comes from 
the burning of fuel: 𝐻𝐻𝐸𝐸 = 0 and 𝐻𝐻𝑃𝑃 = 0. In the case of turbo-
electric airplanes all energy is all propulsion is from electric 
motors that are powered by gas turbines giving us 𝐻𝐻𝐸𝐸 = 0 and 
𝐻𝐻𝑃𝑃 = 1. In the case of fully electric airplanes we have 𝐻𝐻𝐸𝐸 = 1 
and 𝐻𝐻𝑃𝑃 = 1. This means that all energy is from the battery and 
all propulsion is from electric motors. In practice this indicator 
is not always applicable since an airplane with a large electric 
motor that is used sparsely gives a large power hybridization 
value while in reality during flight it’s only hybrid for a short 
time. 

For this reason another parameter the produced power ratio 
[14] (Φ) is used which is the ratio of the power exerted by the 
electric motor and all the power exerted during flight. 

Φ =
𝐸𝐸𝑒𝑒𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡

𝐸𝐸𝑝𝑝𝑡𝑡𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡

 

In the case of a traditional airplane Φ=0 while at a fully electric 
airplane Φ=1. A further example Φ=0.4 means 40% of the 
energy for flight came from the electric drive and 60% from 
the gas turbines. 

III. KEY ELEMENTS OF THE HYBRID AND ELECTRIC 
AIRPLANES 

A. Energy Storage 
Energy storage is the most crucial criteria when designing a 
hybrid airplane. Traditional aircraft use fuel with a far larger 
specific energy (12000-13000 Wh/kg) [12] [15] than in the 

case of batteries. The specific energy of batteries needs to 
increase in accordance with economic and ecological 
expectations. Figure 2 shows a Ragone diagram which is used 
to describe the current levels of batteries where the specific 
power and energy are shown on a logarithmic scale. An 
optimal combination is where both are fairly high. 

 

Figure 2. Ragone diagram for specific Energy and 
Specific Power [15] 

Lithium-ion and Lithium-polymer batteries are the most used 
batteries on the market thanks to the ideal placement of both 
characteristics (Figure 2.). Lithium-polymer technology has a 
similar characteristic. The power of the Lithium batteries is 
determined by the materials used for the electrodes. The state 
of the art batteries positive electrode is made of Lithium-metal-
oxide (mostly cobalt and manganese) while the negative 
electrode is made of graphite, these batteries have a specific 
energy of 300 Wh/kg and have a specific power of less than 
100 W/kg. These values are not enough for a typical flight. For 
example a Tesla Model S P85 electric car has a Li-ion ESD 
(Energy Storage Device) which has a maximum continuous 
power of 311W and a total stored energy of 85 kWh. The mass 
of the battery is 540 kg so it has a specific power density of 
575 W/kg and a specific energy density of 157 Wh/kg. 

In the studies made by the Safran company [17] they show that 
a smaller airplane would need a battery with a specific energy 
density of 500 Wh/kg while a bigger passenger carrier would 
need between 600 and 750 Wh/kg. The above mentioned Li-
ion and Li-polymer batteries provide a good basis for the 
electric and hybrid cars of our age, but are inadequate for 
hybrid airplanes. Currently Lithium-Sulphur batteries are the 
most promising energy storage devices [19], because compared 
to Li-ion batteries they have a large specific energy. The 
theoretical maximum is 2567 Wh/kg at 2.2 volts. Currently the 
OxisEnergy company [16] sells these type of batteries which 
have a specific power of 300 Wh/kg and plan to double this 
value in the next five years. These batteries are characterized 
by a Lithium anode and a Sulphur cathode. In the discharge 
process the lithium reacts with the sulphur to become Li2S, 
which in the process of recharging breaks up into its 
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components. The problem with Li-S batteries is their lifetime 
currently they last for 500-1000 charging cycles, the 
manufacturer plans to increase this to 1500-2500 cycles in the 
next few years. On a positive note they have a low production 
cost of about 250 euros/kWh compared to Li-ion which have a 
price of 475 euros/kWh. 

Following the trend of the Li-S batteries by 2021 we can 
expect a specific energy of about 500 Wh/kg, 650 Wh/kg by 
2030 and 1000 Wh/kg by 2040. These values are adequate for 
use in hybrid airplanes. 

B. Electric motors 
The second main pillar of hybrid and electric vehicles is the 
electric motor. Thanks to electric and hybrid cars these have 
also advanced quite a bit. More power with less loss, weight 
and size these are the most important criteria for flying 
applications. The Siemens company has made excellent 
headway in this field thanks to its intense research strategy 
[17]. These motors have an efficiency of 95% and are quite 
light, their power density (Wsp) exceeds 6 kW/kg. It can be 
easily redesigned for smaller or larger applications, making it 
ideal for large or small aircraft. 

The following criteria need to be taken into consideration: 

• The use of high performance magnetic materials for 
higher torque density 

• High performance cooling to increase the efficiency 
of the motor 

• The optimization of passive elements to make use of 
advanced manufacturing techniques such as 3D 
printing 

• Optimizing the rpm range of the motor ideally 
removing the need for a gearbox 

Taking these criteria into consideration Siemens made their 
SP260D induction motor (Figure 3.) which has a maximum 
continuous power of 260 kW at 2500 rpm and a total mass of 
50 kg. The power density of this motor is at least 5 kW/kg. 
This motor has been installed and tested on the Extra 330 LE 
airplane. 

 

Figure 3. Siemens SP260D electromotor 

In future automotive and aircraft applications the so called 
high temperature superconducting (HTS) motors can be used. 

These motors cooled by liquid nitrogen can have an internal 
resistance of 0 thus having high power density. Their only 
drawback is that they need constant cooling which uses mostly 
liquid nitrogen. Currently available HTS motors fall short of 
expectations having 30 kW-s of power with a 110 kg engine 
[18]. Their power falls short compared to the SP260D, but 
HTS motors are relatively new and research shows that a 
power density of 20 kW/kg is possible.  

C. The material and structure of an airplane 
Other than the mass of the above mentioned motor and battery 
one of the most important parameters is the mass of the 
fuselage and its structure. 

Modern airplanes use carbon and glass reinforced composites 
[20]. The two components of the composites are the matrix and 
the reinforcement. The composites were developed for 
combining the benefits of the different materials’ advantageous 
physical parameters. The first “modern” composite (used even 
today) was the textile-bakelite that is a phenol formaldehyde 
resin enhanced by textile fibres. The resin is a really rigid, 
frangible and weak plastic and only the enchantment with 
natural textile fibres made it suitable for wider industrial 
applications. The first composite applied in aircraft industry in 
bigger amount was a one-direction strip named GORDON 
AEROLITE developed by Aero Research Ltd. that was an 
untwisted line string impregnated by phenol resin in the ‘30s. 
The next step was the “marriage” of the high strength fibre 
glass and the polyester resin that was used first in 1943 for the 
rear part of the fuselage of a trainer plane (Vultee XBT-16) 
made in the USA with a honeycomb structure sandwich panel. 
In the aircraft industry appeared the epoxy-resin matrix 
materials that were first reinforced with fibre glass then 
carbon-, graphite- or aramid-fibres, boron-fibres, ceramic 
fibres or the combinations of them [21]. 

Currently polyimide and bismaleimide basic thermosetting 
resins and thermoplastics are more significantly used for 
bedding the reinforcing fibres due to their higher temperature 
tolerance. Nowadays the modern composite materials are 
widely used for the airframe structure of the lightweight sport 
and general purpose airplanes and of the new generation 
military attack and fighter planes and helicopters. The 
reinforcing fibres of the composite materials have high tensile 
strengths and high Young-modulus, but their density is much 
lower than of the metals and in addition their structure can be 
anisotropic (generally orthotropic). In the workshop of the 
University of Szeged, Faculty of Engineering, Department of 
Technology standard specimens were produced and the 
composition of metals were investigated (Figure 4.). 
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Figure 4. Investigation of a lightweight, fixed-wing airplane 
built for sport purpose [20] 

Several have been developed in the history of aircraft 
design. With the advance of airplanes the position of the 
wings, engines, rudders changes even to this day. The 
configuration of gas turbine aircraft is vastly different 
from hybrid and electric aircrafts and requires different 
considerations from the designer. Several studies were 
conducted to explore which configurations are most 
optimal for hybrid and electric aircraft [23]. 

IV. DEVELOPING AN OPTIMIZATION MODEL 
The topics discussed in previous subchapters all contribute to 
the optimization of hybrid and electric airplanes. Several other 
parts could also contribute to the optimization process (such as 
drive electronics, choosing the optimal cable size etc.), 
however we will omit these. During our research we aimed to 
create a model that takes into account the most important 
facets of optimizing the efficiency of an aircraft. These facets 
are: the architecture of the drive, energy storage, electric motor 
selection, the structure and material of the aircraft. These are 
the facets that impact the basic maneuvers and thus the flight 
duration, quality of flight, safety, fuel consumption and 
efficiency (Figure 5.). 

 

Figure 5. Illustration of 15 out of a total of 35 proposed 
concepts 

In the modelling of fuel consumption usually only 5 base 
manoeuvres are taken into consideration [11]: 

• Takeoff: this is simulated to have a realistic power 
requirement and energy consumption, by considering 
the two phases of ground run and airborne 
acceleration 

• Climb: the aircraft climbs from airport altitude to 
cruise altitude and accelerates from takeoff to cruise 
speed 

• Cruise: this phase is carried out at a constant altitude 
and true airspeed 

• Descent: the dual of climb phase, it starts at cruise 
speed and altitude and ends at loiter speed and 
altitude, using the same strategy considered for climb 

• Loiter: this phase is considered both for possible 
deviations and for actual hold above the destination 
airport 

With the optimization of these base manoeuvres we can impact 
flight time, safety and fuel consumption. The hypothetical 
model tries to optimize by taking into account in a simplified 
way the effects of the base components on hybrid and electric 
airplanes fuel consumption. Individually it wouldn’t try to 
classify their effects since can be several future solutions 
which effects on fuel consumption are unknown. 

V. MATLAB AEROSPACE TOOLBOX  
Matlab aerospace toolbox gives tools and ability to breaking 
down the route and flight condition of aviation vehicles and 
presenting their flight utilizing standard cockpit instruments or 
a simulation. It allows the import of Data Compendium 
(Datcom) files into MATLAB® to facilitate aircraft optimal 
design and fuse approved condition models for environment, 
gravity, wind, and magnetic field. You can assess vehicle 
movement and direction utilizing aerospace math functions 
and arrange reference frame and coordinate transformations. 
You can picture the vehicle in flight legitimately from 
MATLAB with standard cockpit instruments and utilizing the 
pre-fabricated FlightGear Flight Simulator interface. 

 Using the aerospace toolbox we can import or define 
our own Datcom file of aircrafts and tweak parameters for 
wingspan engine power and placement, etc. Running 
simulations with varying parameters for wings lets us optimize 
for wing span and lift, while still checking if the handling 
characteristics stay within acceptable vales as seen on Figure 6 
and 7. While it is generally true that optimizing wing span will 
decrease fuel consumption a lot more can be achieved by 
creating a better battery management system since this can 
always be tuned to a specific aircraft design, furthermore it can 
also improve existing designs. 
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Figure 6. Simulink model of airplane using aerospace 
toolbox blocks 

 

Figure 7. Flight response of modelled aircraft so 
commanded altitude change 

VI. SIMULINK MODELL FOR THE SIMULATION HYBRID AIRPLANES 
According to Motapon et al [22] modelling a hybrid electric 
vehicle requires models for the following subsystems: Fuel-
cell/generator, battery, supercapacitor, DC/DC converters, 
DC/AC converter, load. Using the fuel cell as the main energy 
source we drive the load which in this case is the 3 phase AC 
induction motor. When the required power amount changes the 
electrical energy is stored in the battery and the supercapacitor 
(figure 8). The energy provider and energy storage devices 
have different characteristics for the available power they can 
supply, it is necessary to manage the routing of electrical 
energy that the components do not wear out too quickly.  

 

Figure 8. Energy management system for hybrid electric 
vehicle 

As mentioned before the fuel cell/generator is our main power 
source. In the case of a generator it has an ideal range of RPM-
s where energy conversion is most efficient. Naturally we aim 
to run the generator at this speed, however this won’t always 

meet the power demand this is when it will need to store the 
excess energy in the battery or the energy needs to be 
supplemented by the battery. Since the battery has a rated 
number for discharges/recharges it is unwise to overtax the 
battery with constant charging this will lead to quickened 
battery decay. To combat this supercapacitors are used which 
have a lower energy density then the batteries, but can be 
charged and discharged practically infinite times and they can 
supply a much larger amount of current to the load when 
needed. This is ideal for the short power spikes that are needed 
at acceleration. 

 The management of these subsystems needs a 
controller, ideally the capacitor is needed for only short power 
bursts, the battery needs to discharge only when the 
supercapacitors require recharging and the generator can’t 
handle the load. The batteries should only be charged when 
they reach a critical level to maximize their lifetime. Various 
control schemes have been proposed for this task. Since it is 
difficult to come up with a mathematical model to describe this 
problem a fuzzy controller seems like a most reasonable 
candidate. Some experiments have also been made with 
classical PI controllers for this task. The controller monitors 
the state of charge of the battery system. When the battery state 
of charge is above the reference, the power coming from the 
generator is low, and the battery provides its full power. When 
the state of charge is below the reference, the generator 
provides almost all of the power. The PI gains are tuned online 
for a better response. 

 Since this control problem is difficult to describe 
mathematically the logical conclusion is a fuzzy controller. 
With its IF-THEN rule set it is more robust to measurement 
imprecisions than a PI controller. The main advantage of this 
controller is that the change in the battery state of charge is 
trending towards zero. But a fuzzy controller is required which 
is computationally expensive. 

 Our suggestion is a simple state based controller 
where the high frequency load is handled by the 
supercapacitor, and the low frequency load is handled by the 
generator. While the battery state of charge is kept between a 
high and a low state with a bang-bang controller. This proposal 
can be seen on figure 9. 
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Figure 9. Proposed energy management control scheme for 
hybrid electric vehicle 
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