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Abstract: 

Within teaching classes in professional courses 
in the study of mechatronics and project of student 
enterprise-technology incubator at the Technical 
College in Bjelovar, we set a goal of improving 
conditions to upgrade  teaching and to implement 
projects based on knowledge and new 
technologies for connecting with economy. The 
needs of the manufacturing - enterprise sector in 
Bjelovar, in the region, and even wider were taken 
into consideration. 

  
1. INTRODUCTION 
 The increased competition on the market 
allows the buyers to have specific requirements in 
terms of the manufacturers. A demand for great 
flexibility resulted in the higher level of 
automatization of the machines themselves, the 
modular conceptions of the machines and 
supporting content such as robotic flexible 
assembly and manufacturing systems, CAD/CAM 
(CAD – Computer Aided Design; CAM – Computer 
Aided Manufacturing) systems.  Without all these 
systems t is hard to imagine complexed machining. 
[1]. Student enterprise-technology incubator was 
imagined like a system which would function as a 
founder of  companies dealing with specific areas 
of work. Further in the text, four companies which 
should (or might) become a reality very soon are 
listed and described. These companies are Robotic 
d.o.o., Automatic d.o.o., CAD/CAM Pro d.o.o. and 
Pneumatic d.o.o. The names of the companies are 
assigned to the area on which to their work will be 
based. The purpose of the project is to prepare the 
students for work in entrepreneurial environment 
and collaboration with entrepreneurs on projects for 
improving production. This idea will gather a critical 
number of participants (the students of the Study in 
Mechatronic) who use new technologies. The goal 
is to include as many users of new technologies in 
the manufacturing sector as possible, with the 
strongest emphasis on mechatronic (Professional 

study of Mechatronic by the Technical College in 
Bjelovar). 
 
2. ELECTRO-MECHANICAL LABORATORY 
 As part of this project, a complete 
development and performance of the laboratory for 
electromechanical engineering has been done. It  
has ten working places and it was equipped and 
released into the work in 2012.  
 
The laboratory is equipped with following 
systems: 
 

• Three-axis CNC milling machine; 
Automatization of conventional milling machine 
using the Sinumerik 840Dsl system. Conventional 
milling machine has been transformed into a CNC 
machine, with three Simultaneous axis. Built-in 
servo motors, and the main spindle, which 
performs the processing by separating particles, 
are manageable for their speed and position. There 
are built-in mechanical limit switches which are 
used for referencing the machine, and as a 
protection of uncontrollable movements of the 
machine. There is also a possibility of adding the 
fourth additional servo-axis [2]. 
 

• Computers with Siemens Sinumerik 
Operate software (ShopMill, ShopTurn); 

The upgrading of computers for work with virtual 
variants of the control units of  CNC machines, 
Siemens Sinumerik units. Parallel to that, the 
managing cabinet with built-in Siemens Sinumerik 
840Dsl with controlling unit and three-axial CNC 
milling machine have already been made in the 
laboratory. The equipment involved will serve for 
realistic  testing of machine processing (milling and 
turning) programmed on 16 Sinumerik Operate 
virtual units.   
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Figure 1. Three-axis CNC milling machine and 

computer with Sinumerik Operate 
(ShopMill/ShopTurn) 

 
• The managing cabinet with built-in 

Siemens Sinumerik 840Dsl control unit; 
This didactic tutor is used for upgrading during the 
manufacturing of new CNC machines, or by 
retrofitting of the old machines. Driving units for 
four servo axis and input/output card for gathering 
outside information are used. The control unit 
supports the functions of turning (ShopTurn), and 
milling (ShopMill). It is used for managing thre-axis 
CNC milling machine.  
 

 
Figure 2. Managing cabinet 

 

• Two-axis CNC turning machine; 
Conventional turning machine is automatized by 
PC-based Mach3-Lathe system. Conventional 
turning machine is transformed into a CNC 
machine, with two simultaneous axis. There are 
built-in stepper motors on two axis. The main 
spindle is not instantly managed by computer, but 
there is also this possibility. Also, there are built-in 
mechanical limit switches which are used for 
referencing the machine, and also as a protection 
from uncontrollable movements of machine.  
 

 
Figure 3. Two-axis turning machine 

  
• TTT-manipulator; 

The manipulator is automatized by S7-200 system  
and visualization on computer.  
 

 
Figure 4. 3D CAD-model of TTT-manipulator  
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The robotic TTT-manipulator is a type of robot that 
generates three translations and its name comes 
from TTT ( translation-translation-translation). The 
stepper motors are powered by drivers and 
solenoid valves of the pneumatic system. The 
feedback is collected by mechanical limit switches. 
 

 
Figure 5. TTT-manipulator controlled by S7-200 

 
• Computers with Siemens (MicroWin, 

WinCC Flexible, TIA-Portal) software; 
The upgrading computers for work with PLC 
devices Siemens Simatic by means of which all the 
next projects based on this technology will be 
carried out.  
 

 
Figure 6. Computers with PLC software 

 
• Wheels with the positioning system; 

The wheels are positioned automatically   by S7-
200 system and the visualization on touch panel 
TP177B. The induction motor drive 125W is 

powered by the frequency converter Sinamics with 
appropriate strength. The feedback is collected by 
the limit switches of the position the wheels.  
 

 
Figure 7. Wheels with the positioning system   

 
• Sun tracker;  

The  sun tracker is positioned automatically   by 
microcontroller set, with the preparation of the 
acceptance of external reference position.  
 

 
Figure 8. Two-axis sun tracker [3] 
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The stepper motors are powered by drivers. The 
feedback is collected by mechanical limit switches 
and lighting incremental electronic encoder.  
 

 
Figure 9. 3D CAD-model of sun tracker  

 
• Pumping station; 

Automatic managing of the pumps of pumping 
stations for lifting the level of water in the system. 
The DC motors are powered by relay. The 
feedback of the water level on a breadboard 
derived from mechanical limit switches.  
 

 
Figure 10. Pumping station 

 
3. COMPANIES WITHIN THE STUDENT 
INCUBATOR 
 The companies which can be implemented 
within the student incubator will be described in 
details below. For every company the centre of the 
gravity of its  performance will be described as well 
as the possible connection with companies which 
are successful in the area of Bjelovar. It should be 
noted that only the companies which deal with 
production will be mentioned here and cited as 
examples.  
 
The procedure of implementation of the particular 
problem from industry into the classes on 
Undergraduate professional study in Mechatronics 
will be described below. Also, contacting with 
suppliers of the equipment which is not made in 

Croatia (pneumatic gripper, splitters, motors, PLC 
etc.) will be described. 
This procedure will be shown on the example of 
cooperation with production companies which have 
made the parts of TTT-manipulator. TTT-
manipulator is a project which connects companies 
Robotic d.o.o. and Automatic d.o.o. The centre of 
gravity of activity was put on independent work of 
the senior students. The students contacted the 
equipment suppliers, the companies in which 
various parts were made, etc. The target of this 
kind of a approach is that the ex-students, after 
their graduation, can fit into our realistic sector very 
quickly, and be ready for "challenges"  which 
expect them in everyday work. (example: delays in 
delivery of equipment, wrong equipment delivered, 
incorrect parts made, etc.). Some of the potentially 
possible companies are described below . 
 

 
3.1 COMPANY ROBOTIC D.O.O. 
 The target of training company is  the 
implementation of robotic manipulator  for industrial 
application. The equipment which is in phase of 
purchasing is six-axis robot (ABB IRB140), 
pneumatic gripper (Schunk MPG80-AS) for 
gripping and manipulation of workpieces, and 
welding equipment for MIG/MAG welding (Fronius). 
In the student incubator  an  interested student will 
acquire practical knowledge about possibilities of 
robotized production, especially in the segment of 
welding. It is important to mention that 95% of 
installed industrial robots in the world work on tasks 
like welding because that is one of the most 
demanding and complex jobs today. Robots are 
irreplaceable here (the example is any car 
industry). According to available information,  a few 
dozens of companies  which could apply this 
technology operate in Bjelovar and surroundings. 
That kind of economy climate opens up two big 
possibilities. The first one is the inclusion in 
production segment by starting new production 
drives which will blend in our present-day picture of 
Bjelovar, the Region and Croatia. The other one is 
the need for expert support and the installation of 
new equipment into the new facilities and 
maintaining the same. It is also a very important 
place for future entrepreneurial activities of the 
students, for which we are going to prepare them in 
the student incubator. In the student incubator the 
students will work on the examination of technical 
characteristics and operating efficiency of 
equipment, the connecting of robotic manipulators 
by using programmable logic controller (PLC) with 
CNC machining, workpiece positioners, and on 
their inclusion in the process industry. Within  the 
student incubator there are the following conditions 
for this activity: 30 computers are equipped by CAD 
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tool Solidworks, which is 100% compatible with 
ABB Robotstudio.  It would serve for securing 
project preparation, and team work on projects. 
The activities would include planning the project, 
preparation of production, action and forward plan 
of realization, responsibility of the team members, 
tracking the realization and archievements.  Future 
young enterpreneurs will, in the interested groups,  
be able to discuss the themes they agreed on, 
interchanging experience. The mentors will answer 
their questions, direct the students, while students 
will be able to work  independently and in a team 
work on the project, depending on the project 
design. 
 

 
Figure 11. Serving TTT-manipulator with industrial 

six-axis robot  
 
This shape of education and working with young 
people, future enterpreneurs, offers better 
competitiveness on the service market with high 
added value. The existing software support would 
enable the programming of the paths of the robots 
and the checking of the quality of work by virtual 
simulation. In the end, by releasing the robot into 
work, the quality of the programmed process is 
immediately practically tested. Special equipment 
for this company is an industry robot ABB IRB140 
with reaching of 810 mm and capacity of 6 kg, 
equiped by an pneumatic gripper Schunk, 
positioner for welding workpieces MTD-300, and 
Fronius equipment for MIG/MAG welding. With this 
equipment four computers with basic periphery 
(screen, keyboard, mouse) are required. 
 
The characteristic products of this company are 
shown in the next picture. 

  
Figure 12. Robot for welding and snow plow 

"Kalnik" [4] 
 

3.2 COMPANY CAD/CAM PRO D.O.O. 
 The goal of this training company is to train 
students for entrepreneurial activities directed to 
the implementation of CAD/CAM technology. 
According to previous analyses, at least ten 
companies which  use one of the listed tools, or 
even both, work in Bjelovar and surroundings. The 
current state of the economy opens up a bigger 
number of new possibilities: involvement of 
companies in the manufacturing segment of new 
products by launching new production facilities. 
The other possibility is the need for expert support 
during the procurement and instalation of new 
equipment into the installation and the 
maintenance of the same. After the machining 
preparation in CAD/CAM packages 
Solidworks/Solidcam is done, the display 
simulation of machining by using programme 
packages Siemens Sinutrain Shopmill/Shopturn 
follows. This phase is followed by the programming 
on CNC control unit Sinumerik 840Dsl, with its 
accompanying automatization equipment, with 
which we will be able to equip any conventional 
machine, and turn it into a computer-controlled 
machine, CNC machine. With this step we will 
prepare the students for all the enterpreneurial 
activities that will follow, from the very valid choice 
of the needed machines, and then programming 
the same machines. Programming of the CNC 
machines is an integral part of the programme of 
professional studies of Mechatronic on Technical 
College in Bjelovar. Within the student incubator 
they will learn how to master the implementatation 
and management of CNC machines, but also to 
adjust them to their needs. 
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Figure 13. Equipment ready for implementation on 

machine 
 

 
Figure 14. Derived three-axis CNC milling machine 

for students exercises 
 
Characteristic products of this company are shown 
in the following pictures. 

 

 
Figure 15. Front and rear "head" low-floor tram 

TMK2200 [5] 
 

 

 
Figure 16. Front "head" of Končar`s derail train [6] 

 

 

 
Figure 17. The mold of sailing boat [7] 

 
3.3 COMPANY AUTOMATIC d.o.o. 
 The goal of the training company is the 
implementation of programmable logic controller 
(PLC) for industrial use of the type Siemens 
Simatic S7-200 and S7-1200. Students will work on 
examinations of technical characteristics and 
operating efficiency of the equipment, devices and 
smaller machines in the processing industry. 
Students who are interested for acquisition of extra 
knowledge from area of automatic mechanisms in 
incubator will be trained for creating commercialy 
feasible solutions. In that way they will acquire 
competences for future enterpreneuer activities 
implementation of automatics in the production 
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activities. The second part of the space is projected 
for individual work of students on the projects. 
Seven work places have been equipped with 
computers. There is a printer and a scanner, and 
the students can work on a project in a team or 
independetly. Within the students incubator, a 
portal of students entrepreneurial-technology 
incubator has been installed on a web page of 
Technical College in Bjelovar. The Programme is 
supported by a software which will secure 
communication and team work on projects 
planning.  These activities include the project 
action and forward plan of realization, responsibility 
for the team members, tracking the realization and 
achievements, etc. Students will, in interest groups, 
be able to discuss the themes they agreed on, 
interchanging experience. The mentors will answer 
their questions and direct them. The link to the 
portal will also be on a web page of Business park 
Bjelovar d.o.o. which is visited by the 
enterpreneurs. Technical University in Bjelovar got 
the part of the equipment  for automatization of 
serie S7-200: a new set of equipment  for 
automatization of serie S7-1200. With that 
equipment, it was planned to perform within the 
classes, projects with students in each semester 
which are current and applicable in the production 
structure of the county in which Technical College 
in Bjelovar works. 
 

 
Figure 18. TTT-manipulator and robot with 

conveyer conected with PLC S7-200 
 
Typical products of the company: 
 The robotic TTT-manipulator is a type of 
robot that generates three translations. As it 

achieves three translations, the assembly machine 
can be decomposed into sub-assemblies and the 
X-axis, Y-axis, Z-axis, stand and catch and his 
motion can be described by Cartesian coordinate 
system. Robotic TTT-manipulators in industry are 
used for stacking items, boxes, bags and similary, 
on paletts. It means that they are used for 
palletizing. They can also be applied and for other 
working assignments, for example switching units 
from one conveyor belt to another or from one work 
place of the machine to work place of another 
machine. Until now, the project of three-axis 
translation manipulator mentioned above was 
made, (computered 3D projecting, mechanical 
construction and controling system), with speed 
control frequency regulator 1.5 kW, all with PLC 
S7-200, and speed control frequency regulator 125 
W with PLC S7-1200. Two projects in which PLC 
S7-1200 is used are in  the process of preparation. 
First project is  two-axis sun tracker (computer 3D 
design, mechanical construction and controling 
system). Second project is industrial flexible 
manipulation drive derived from conveyor and 
robotic hands, with which the implementation of 
finished TTT-manipulator as a modern machine in 
continuous guided production process will be 
presented.  
 
4. CONCLUSION 
 These projects enable the graduated 
students to engage independently in economy by 
establishing private companies. To raise the quality 
of the work with future young enterpreneurs, but 
also to get the most from equipment and machines 
we made, it requires another part of the 
automatization and peripheral equipment that will 
upgrade this whole system to a higher level. 
Considering that we own all the needed softwares 
for making this kind of an industrial plants, the next 
logical step would be advanced PLC devices (S7-
300 and S7-400) and computers which would be 
connected to every so far made systems. Siemens 
Simatic S7-300 and S7-400 are more powerful 
devices which are designed to bigger, demander, 
faster and efficient industrial plants. 
 

 
Figure 19. PLC S7-300 in Electro-mechanical 

laboratory of VTSBJ 
 
Therefore, the  need  to know better that PLC-
technology occurs, and all this with the goal of 
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better competitiveness in the sale market of young 
educated people. Software support would enable 
the programming of control system PLC S7-200 or 
PLC S7-1200 one computer, as well as  starting 
visualization of programming process. Among 
everthing else, that kind of a solution will allow,  
thanks to professional projects led by an idea of 
advancing of scientific models, carrying out 
scientific measurements and experiments later if 
needed. An example of such an improvement of 
scientific model is the simulation of three-axis CNC 
machine on a three-axis TTT manipulator, or the 
improvement of the model of sun tracking, or even 
recording production of electric energy with two-
axis sun tracker and, based on the results, 
optimizing its production. All that combined will 
increase the competitiveness of the Croatian 
product, but also the value of young enterpreneuer 
in a market race. 
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