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Highlights Abstract

e Production and programming of an The purpose of this study is to provide students with a 21st century training
experiment set for online and classroom that can be easily applied to industrial automation training, both online and
training in the field of industrial automation  in person, and that goes beyond traditional learning methods. It involves
technology. creating and programming a training package that is compatible with the

Ministry of National Education (MEB) curriculum, using the project-based

learning (PBL) method and a curriculum that focuses on skills acquisition.
devel.opment of free SCADA_‘ softwf’;\r.e. . Two different brands of programmable logic controllers (PLC) have been

e  Practical examples fpr technical training I jnteqgrated into the manufactured training set so that the set can be used to
schools through project-based learning conduct various PLC trainings. In the training set, product separation can

be carried out using the electro-pneumatic system with a turntable and two

conveyor belts. Motor controls, sensor applications, electro-pneumatics,
touch panel and various PLC controls can also be carried out with the
training set. The set focuses on the grafcet diagram method and can show
how to program the same scenarios in different PLC models. By using PLC
software components in the training set, students also get the opportunity
to develop and experience their own unique SCADA (supervisory control
and Data Acquisition) software with visual programming. This study also
includes a sample curriculum prepared for PBL. In this way, all on-set
training can be done using the PBL method and students get a 21st century
experience. They also get the opportunity to improve their skills. PBL is an
innovative and process-oriented learning method and is supported by the

Ministry of Education (MoE). The prepared curriculum also includes the

learning plan and measurement and assessment scales (rubrics). We

e  Case studies for training courses on the

Article Info: Research Article

Keywords: Industrial Automation, Project- anticipate that this package will be effective and useful in providing
Based Learning, Vocational Training, PLC, students with 21st century job skills and abilities in the field of industrial
Hybrid Education automation engineering, both online and face-to-face.

1. Introduction

Industry and industrial processes are constantly evolving. The need for competitive advantage in production
and manufacturing has led to the development of advanced and new cost-efficient mechanisms. To this end,
revolutionary technological leaps have been made in the various eras of industrial history. The first
industrial revolution was mechanization and the steam engine, the second industrial revolution was the use
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of electrical energy and mass production, and the third industrial revolution was established by information
technology (IT) and the spread of digitalization, as shown in Figure 1 (Sapre and Tomar, 2016).
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Figure -1. Steps of the industrial revolution

Current industrial activity is rigorous and difficult to replace; innovation is hard to come by, falling raw
material prices often lead to a drop in quality and can increase process costs, so profit margins are constantly
falling. There is also a great dependence on the existing knowledge base. If this decreases, more
improvisation is required, and development times increase. Although production systems are highly
automated, they do not have a conscious core to learn and act without constant human intervention [Dopico
vd., 2016).

Figure 2 is a basic demonstration of the main networked implementations through Industry 4.0, where
monitoring tools and sensors can be used to collect data and track systems. 10T solutions, network structures
and industrial apps play an important role in data analysis. Automations for running processes, secure and

cost-effective monitoring environments are important features alongside other components of Industry 4.0
and associated smart systems.
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Figure - 2. Implementation Components of Industry 4.0 (Source: http://www.endustri40.com)
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Education in the field of industrial automation technologies is of great importance when it comes to
realizing the era of Industry 4.0 and the vision of a national industrial movement. Many experimental Kits
are used for this training in vocational schools and universities. Most of these kits are expensive products
from Europe and the Far East. This study focused on an original, useful and economical industrial
automation training Kit.

Looking at the growth rates, the increase in production observed since the early 2000s, according to the
industrial production index data in Figure 3, can be explained by the fact that our manufacturing industry
attaches the necessary importance to automation.

Figure - 3. Industrial production index (1985-2014) (Source: http://www.data.oecd.org/industry
/industrial-reduction)

The field of industrial automation is a multidisciplinary field that includes electronics, machinery, software
and electrical areas. In this study, an experimental setup that includes a programmable logic controller
(PLC), a conveyor belt, a turntable, a pneumatic system, a touch panel, inductive, capacitive and infrared
sensors, a touch panel, an industrial Ethernet and Supervisory Control and Data Acquisition (SCADA)
software based on visual programming, which are the basic components of industrial automation, was
investigated. In addition, the project-based learning (PBL) model was used as the basis for the curriculum,
planning and assessment of the training.

In this experimental set, which was manufactured and programmed as part of the study, unlike similar sets,
not one but two different PLCs were used, so that the same applications can be executed on the same set
with different PLC processors. In this respect, the set is innovative. With the set, which uses two conveyor
belts and a turntable, the separation of short and long plastic and metal products can be done with the help
of a pneumatic system using Grafcet diagrams in different scenarios. Thanks to the possibility of running
different Grafcet algorithms on the set, programming can easily be switched to two different PLC
processors. In this way, the training of different PLC software can easily be carried out on a single set. It is
important to gain the ability to work with different PLC models. This is because nowadays not only one
model/brand of PLC is used. There is a need to work with many PLC models. Cost planning requires this.

Local and original SCADA software can be created on the set using object-oriented programming (e.g. C#,
C++, Visual Basic.NET) and libraries for PLC software components. The SCADA software can be
developed on the set according to the desired scenario. Visual designs can be created on the touch panel of
the set and industrial 10T (Internet of Things) applications can be realized with industrial Ethernet
technology.
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On-set training is conducted within a model curriculum with the student-centered PBL method, beyond the
teacher-centered traditional teaching method. The measurement and assessment scales (rubrics) created
with the PBL method can also be used after the training. The curriculum has been developed based on a
sample scenario. If desired, PBL-based curricula and plans can be created for different scenarios by using
the sample curriculum as a reference.

2. Literature

With the advancement of technology, different approaches in education are emerging, i.e. technologies that
can influence the learning and teaching process and process, display and share information instantly (Allen
and Seaman, 2014). In this context, online learning has become more functional in our age (Palvia vd.,
2018), it has "pushed the boundaries of time and space in the dissemination of information” (Gunawardena
vd., 2004) (Ma vd., 2021) and it has been noted that this situation creates many opportunities in education
for all (Heinchi vd., 1995) (Wilson and Marsh, 1995)

The term project generally means that student’s complete homework or assignments given to them
individually or in groups; it is the undertaking of studies to solve a problem (Vatansever and Bayraktar,
2015) A project means imagining, thinking and constructing (Erdem and Akkoyunlu, 2002).

Let us consider these definitions in general: a learning approach based on the development of designs,
imagination, planning and construction (Demirel, 2019) and a student center that focuses on reality-based
issues and practices, an interdisciplinary learning approach where activities are distributed among several
processes or focus on solving everyday problems, as expressed in (Korkmaz and Kaptan, 2001). According
to Moursund, PBL is an activity that takes place through individual or group interaction and leads to a
demonstration, a performance or generally a product over a period (Moursund, 2003) PBL is also defined
as a teaching method that provides students in a course with the knowledge and skills to plan, create and
then demonstrate a product or performance (Simkins, 1999). In PBL, it is of great importance to evaluate
not only the activities, but also the resulting product and the process of creating this product, that is, process
and result evaluation (Korkmaz, 2002) (Yurtluk, 2003). As explained in (Williams, 1998), assessment
measures (rubrics) can be self-assessments, peer assessments, checklists, observations, diaries,
performances and presentations, interviews, recorded student work and written assignments.

3. Methodology

This section contains basic information about the structure, materials used, SCADA programming, PBL
curriculum, plan, and assessment measures of the set.

The following steps were used to compile the training set as shown in Figure 4:

Figure - 4. Steps in the production of the set
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¢ The profile parts of the set were put together in an L-shape.

¢ The cable ducts were placed. The vertical axis was divided into 4 sections

¢ The fuse connections for the power floor were installed.

* Fuses, contactors and power supply connections were made for the PLC selection.

¢ Two different PLCs, stepper motor drivers and Ethernet switch with two inputs and two
output modules for each PLC were installed on the vertical axis.

¢ The input and output connections for each PLC were connected to terminal blocks.

¢ The motor drives for the conveyor belts were installed in the connection area.

¢ Conveyor belts, electro-pneumatic valves and pistons were installed on the set.

¢ The air hoses and cables of the electro-pneumatic system were connected.

¢ Plexiglas material was used for the button sets. The buttons were attached.

¢ The sensors were installed in the correct and necessary places.

¢ The turntable and stepper motor were added to the set.

* The cable connections for all materials were made.

¢ All inputs and outputs were tested.

* Problems have been fixed.

CEEEEEeEeEscaseseEss
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In this study, the Buck Institute for Education myPBLWorks website (https://my.pblworks.org/) and the
Buck Institute's PBL form templates were used in the creation of PBL plans and curricula. The PBL process
and everything that is necessary in the process is clearly outlined in the forms. In this paper, as seen in
Figure 5, a 16-week PBL plan was created for the Workshop 11 course taught in the 11th grade Industrial
Automation Technology Department over 10 class periods per week for 12 weeks. Students receive the
necessary theoretical and practical lessons about the set, and then they are expected to carry out PBL work

in a 4-week period.
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Figure - 5. PBL Plan

The 7 PBL assessment forms (rubrics) created as part of this work, one of which is shown in Figure 6, are

listed below:

1. FORM-1 Student Agreement

. FORM-2 Teacher Observation Form

. FORM-3 Student self-assessment form
. FORM-4 Collaborative Learning Form
. FORM-5 Project Evaluation Form

. FORM-6 Presentation Evaluation Form
. FORM-6 Report Evaluation Form

~N oo o AW N
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FORM-6: Presentation Evaluation Form
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Figure - 6. Presentation Evaluation Form
In the series of experiments, 4 types of materials were selected to be used for product separation:
1. Long plastic
2. Short plastic
3. Long metal
4. Short metal
The following operations are carried out as an example application when programming the set:

1. Moving the turntable and the set to the starting position

2. Selecting the product to be transported onto the turntable

3. Identifying the product

4 If the incoming product is the desired product, it should be moved to the table, if not, it should be

moved to the other belt.
5. Movement and occupancy control of the turntable

For the visual software of the Set (SCADA). NET platform, the software language C# is preferred. The
PLC libraries for the software of the set were added to the project. The design phase was carried out first
and then the coding phase was started. The software was finalized according to the SCADA logic.
Snapshots are written to the database in conjunction with the SQL server. The data recorded in the database
is not only displayed on the form but can also be saved in an Excel file. The product information is displayed
graphically on the form. As there should be a simulation in SCADA, the operation of the system is simulated
immediately. PLC inputs and outputs (1/0O) are read simultaneously and displayed on the form as a test
page. The AForge.Net library was also used to monitor the system with a camera.

In the PBL-based training, after the Grafcet design, PLC ladder program, and SCADA software in Figures
7, 8, and 9 were explained to the students and applied to the first PLC, they were asked to create a similar
SCADA design and software using the same Grafcet algorithm on the same device. For the students to
reach this level, the PBL curriculum and the method explained in this study were used. Four groups of three
students each participated in the PBL activity for one month. Assessments were made using PBL
assessment forms (rubrics), which are explained in the relevant section. The students successfully
completed the PBL process, filled in the relevant forms and expressed their satisfaction in their
presentations.
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Figure - 7. Grafcet diagram of the set and PLC ladder programming example
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Figure- 8. SCADA design with C#NET
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Figure — 9. Touch panel design

The PBL application process was conducted as follows:

The sample study was explained to the students on the set, and the students were prepared for PBL.
Students are divided into 3 groups of 4 each.

Students were asked to create a virtual company and design their own company logos.

The PBL plan and rubrics were explained to the students and the project idea and guiding question
were given.

The students held meetings to assign tasks and create work plans. At the end of the meeting, they
signed a responsibility agreement among themselves and made plans for task distribution and work
plans.

The teacher observed the students every week in the observation forum.

Students developed and tested their own designs and programs by connecting to the set via Ethernet.
They presented their PBL studies to their teachers with reports and presentations.

At the end of the PBL, the forms were completed, and students had the opportunity to evaluate
themselves and their classmates as shown in Figure 10.

Teachers and students were assessed using rubrics to evaluate product and process.
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Figure — 10. Student Self and Group Evaluation PBL Form (Turkish Form)

4. Discussion

During the process leading to the completion of the set, the following insights were gained in relation to
the hardware:

The phases of manufacturing and deploying PLC and SCADA systems should be well thought out,
planned step by step and with the help of notes. The products to be used should be selected in an
appropriate number and variety for the PLC and software. The set we have created has shown us
the importance of planned and appropriate material selection for both software and troubleshooting.
It has shown that problems can be reduced with suitable materials and software. A student center
that focuses on reality-based issues and practices, an interdisciplinary learning approach where
activities are distributed among several processes or focus on solving everyday problems, as
expressed in (Korkmaz and Kaptan, 2001).

During the assembly phase of the kit, a variety of hand tools and mechanical parts were required.
During the development of the kit, it was determined that mechanical knowledge and skills should
be present as well as software and electrical/electronic knowledge and skills. According to
Moursund, PBL is an activity that takes place through individual or group interaction and leads to
a demonstration, a performance or generally a product over a period (Moursund, 2003). PBL is also
defined as a teaching method that provides students in a course with the knowledge and skills to
plan, create and then demonstrate a product or performance (Simkins, 1999).

Thank you to the sufficient knowledge and skills, there have not been many problems in the past
when assembling the Kit. Problems have generally occurred with the mechanical parts. The vibration
problem in the mechanism of the turntable was tried to be eliminated by adjusting the mechanical
processing and the motor speed. This problem, which often occurs in pulley systems, has been
minimized by intervention in the bearings and other mechanical repairs.

The stepper motor catalog was examined for the control of the rotary table's stepper motor. The
cable connections were connected to the PLC and the device using the motor driver booklet. It
turned out that the motor did not move due to the incorrect connection, but the error was later
recognized, and the problem was solved.
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Plexiglass was used for the keypad, touchscreen holder and sensor holders of the device. Laser
cutting was carried out. The bracket for the conveyor belt alignment was made with a 3D printer.

The following observations were made during the software process up to the completion of the set:

The PLC software is created according to the grafcet diagram. The shortcomings of the grafcet
diagram were reflected in the PLC program. As a result of the tests, the PLC software was
supplemented with appropriate time and algorithmic changes.

Programming manuals for the use of PLC libraries were reviewed, the required ".dll" files were
added to the software and the PLC commands could be used.

All inputs and outputs were initially included in the SCADA simulation. However, the system
proved to be slow and cumbersome. To remedy this, the PLC inputs and outputs used in the
simulation were reduced. Although the interval value of the timer object used is 1ms (the lowest
value), there is a delay of about 3 seconds between the communication between the PLC and the
software during the USB connection. For example, the sensor value can be seen on the screen 3
seconds after a sensor sees the product. This is because the speed of the tape cannot be adjusted.
When communicating via the Ethernet connection, this time interval decreases and the compatibility
between the PLC and the PC increases.

It was found that the time correspondence between the registration in the database and the
recognition of the product is at an acceptable level.

The following results were found in the PBL application:

It was observed that students took ownership of the course during the process of creating a virtual
business and designing their logos.

It was found that activities such as task sharing and creating work plans during the sessions had a
positive effect on students' self-confidence and sense of responsibility.

In the PBL method, students rated not only the product but also the process positively. It was
observed that they were more satisfied with their work and their anxiety decreased. This led to a
greater willingness to work.

It was found that it is more pedagogically beneficial for the students if the teacher is only a guide
and solves the problems with the students' own efforts and abilities.

It was observed that students' skills in leadership, collaboration, critical thinking, problem solving
and presentation (21st century skills) have improved. PBL is also defined as a teaching method that
provides students in a course with the knowledge and skills to plan, create and then demonstrate a
product or performance (Simkins, 1999).

Students were observed to fairly evaluate the process, group members, and themselves. In PBL, it
is of great importance to evaluate not only the activities, but also the resulting product and the
process of creating this product, that is, process and result evaluation (Korkmaz, 2002) (Yurtluk,
2003).

Students indicated that the PBL method was more efficient than the traditional method. This study
focused on the manufacturing and programming of a training set for industrial automation training
with project-based learning curriculum to be used in distance (online) and face-to-face training.
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5. Results

To prepare students for the visions of the "National Industrial Movement" and "Industry 4.0", the focus
should be on production-oriented training. The training sets available on the market from external
companies are quite expensive. Not every school can have these expensive sets. This work is produced
cheaper than equivalent non-local sets on the market.

In this study, we have experienced that we can produce our own training sets with original design using
industrial automation products.

The set can be used for training on the following topics:
- Grafcet diagrams

- PLC programming (two different models)

- Electrical-electronic materials and their use
- Electropneumatic

- Control of DC motors and stepper motors

- Sensors

- Sorting products on the conveyor belt

- Production and control of rotary tables

- Visual and object-oriented programming

- SCADA programming

- Use of image libraries

- Database applications

- Touch panel applications

- PBL process and training material

The content of the set corresponds to the syllabus for industrial automation technology in vocational
schools. The following lessons can be taught with the set:

- Workshop (grade 9)

- Workshop (grade 10)

- Sensors (grade 10)

- Workshop (grade 11)

- Mechanisms (grade 11)

- Computer Modeling (gradell)

- Industrial visual programming (grade 12)

It is expected that this study will be a reference source for PBL in VET. In this study, VET teachers can
learn how to create a vocational curriculum with the PBL method, what forms exist and examples of rubrics
that serve as assessment benchmarks.

In addition to traditional teaching methods, our students need to be introduced to the student-centered
project-based learning method. This will also allow them to develop 21st century skills.
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This study was conducted in Izmir Bornova Mazhar Zorlu MTAL (Vocational High School) workshop
under the observation of the students. The students followed every stage of the project. When necessary,
they undertook small manual tasks such as stripping cables and installing cable ducts.

The 4-week PBL application was experienced in student groups and its impact and effectiveness on the
students was observed. It was found that the set worked according to its purpose. The fact that a group of
12 students developed an application on the set for 4 weeks using the PBL method increased students'
interest, love and future goals for their profession.

PBL rubrics were completed by students and teachers, and PBL-based learning was found to be more
efficient in vocational education than the traditional learning method.

This study was created and programmed in accordance with the MoE (Ministry of Education) curriculum
for industrial automation techniques. The set is suitable for both online and face-to-face teaching, contains
two different PLCs, uses Grafcet diagrams, has a PBL curriculum, the materials used were selected from a
variety of materials used in the industry and the SCADA software written is based on Visual C# object-
oriented programming on the ".NET" platform. The fact that it was written, many programming libraries
and methods such as SQL database and image libraries were used, and a PBL curriculum, plan, and rubrics
were present enhanced the set and made it a useful and efficient teaching tool.

Finally, it should be noted that the finished set can still be improved. More industrial products can be added
to the set, the existing programming language and industrial products can be changed (e.g. a different PLC
can be connected), the set's software (SCADA) can be further developed, mobile applications, web-based
control, image processing, product recognition and artificial intelligence (Al) applications can be added to
the set, virtual reality (VR) and augmented reality (AR) technologies can be used. The set can be used with
other existing sets or industrial robots and can be extended with industrial Ethernet, embedded cards,
industrial 10T devices and industrial network technologies.
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