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This training module introduces students to process automation using programmable logic controllers (PLCs), human-machine interfaces (HMIs), and electro-pneumatic systems. Through hands-on activities, learners will connect and program digital inputs and outputs, develop sequential logic using GRAFCET, and implement ladder logic (KOP) in TIA Portal. The module includes simulation, troubleshooting, and real-world challenges using FESTO workstations, where students collaborate in international teams to automate industrial stations. The training culminates in a technical report, video diary, and oral presentation, fostering both technical and transversal skills aligned with LCAMP learning outcomes.
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Process Automation with PLC,  
HMI and electro pneumatic systems 
10.03. – 21.03.2025 Armeria Eskola VET College 
STUDY MODULE GUIDE 
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Assessment rubric: 
	 
COMPETENCES 
	 
EXCELLENT (4 points) 
	 
GOOD (3 points) 
	 
SATISFACTORY (2 points) 
	 
TO BE DEVELOPED (1 point) 

	Schematic representation of the automated system using 
Grafcet and the GEMMA guide. 
	The Grafcet and the 
GEMMA guide have been drawn using a 
specific software, fully 
match the PLC program and have a very high level of concreteness. 
	The  Grafcet and the GEMMA guide have been drawn using a specific software, 
mostly match the PLC 
program and have an adequate level of concreteness. 
	The Grafcet  and the 
GEMMA guide have been drawn using a specific 
software,  but has quite a 
few differences from the PLC program or lacks concreteness. 
	The Grafcet  and the GEMMA guide have not been drawn with software and/or do not coincide 
with the PLC program and/or are not specific enough. 

	Development of the PLC program and commissioning of the automated system. 
	It correctly fulfills all the points of operation of the program and the structure of the program is divided into FCs, and there are comments in all networks  to better understand the program. Besides, all the points of the Checklist are well accomplished at first. 
	It fulfills all the points of operation of the program, except the indicators and the program structure is divided into FCs, but there are not many comments in the networks. Besides, it correctly accomplishes all the points of the Checklist, but it was not the first time. 
	It fulfills only the main 
(critical) points of operation of the program and the program structure is divided into FCs. Besides, it correctly accomplishes all the points of the Checklist, but the correction has been made more than twice. 
	It does not adequately fulfill most of the program's operating points and the structure of the program is not divided into FCs. Besides, it does not accomplish all the points of the Checklist. 

	General communication 
skills 
	The student shows complete knowledge of the subject, he/she does not make mistakes, he/she does not hesitate, he/she keeps attention easily, clear and fluid communication, appropriate sentences. 
	The student  shows good knowledge of the subject. Fluid exposition. Very few errors, he/she manages to keep the attention for the most part, in general uses easily understandable sentences. 
	Although the student has some knowledge of the subject, he/she shows himself/herself to be hesitant, he/she tries hard to attract attention, but without success, some parts are difficult to understand. 
	The student does not demonstrate knowledge of the subject, there is no interest in attracting attention, most of the sentences are not understood. 
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[bookmark: _Toc203034843]4 COMMUNICATION. MODULE VIDEO DIARY 
 
[image: ]Record your experience through the module in a VIDEO DIARY. Include  images and sequences from your daily activities and reactions and thoughts, spoken right to the camera. Maximum length: 2 minutes.  
Easy-to-use useful tool for video edition:  https://www.canva.com 
 
 
5 [bookmark: _Toc203034844]MODULE CONTENTS 
[bookmark: _Toc203034845][bookmark: _Toc41200]5.1 PLC INPUTS AND OUTPUTS CONNECTIONS 
5.1.1 DC Inputs 
PLC power supply: 24v DC: 
Positive logic – Sinking inputs  	Negative logic – Sourcing inputs  (PNP sensors) 	(NPN sensors)  
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PLC power supply: 230v AC: 
Positive logic – Sinking inputs  (PNP sensors) 
  
 
 
 
 
 
 

Negative logic – Sourcing inputs  (NPN sensors) 
 

7.1.2 AC Inputs 
 
 [image: ]5.1.3 PLC Output connections 
Positive logic – Sourcing outputs (PNP) 
[image: ]

Negative logic – Sinking outputs (NPN) 
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RELAY OUTPUTS 
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[bookmark: _Toc203034846][bookmark: _Toc41201]5.2 SEQUENTIAL SYSTEMS. GRAFCET 
5.2.1 Basic elements and general rules 
This first examples are designed to provide an overview of Grafcet before getting down to details. Grafcet has four basic kinds of elements: 
· Steps, shown graphically as numbered boxes. 
· Links, shown as horizontal or vertical lines. 
· Transitions, shown as short numbered horizontal lines. 
· Statements, text instructions describing control actions and conditions. 
There are also three main indicators to describe the state of the actions and conditions: 
· N: Set to 1 as long as the step is active. 
· S: Set to 1 
· R: Set to 0 
[image: ] 
Rule 1: Initial State 
State evolution requires active Steps at the beginning of operation (at least one). 
Rule 2: Transposition of a Transition 
A Transition is active or enabled only if all the Steps at its input are active (if not it is inactive). 
A Transition can only be transposed if it is active and is true the associated condition (receptivity function). 
Rule 3: Evolution of active Steps 
The transposition of a Transition leads to the deactivation of all the Steps on its inputs and the activation of all Steps on its outputs. 
Rule 4: Simultaneous transposition of Transitions 
All active Transitions are transposed simultaneously. 


Example 1: 
[image: ]
 
Sequence:  When the PM pushbutton is pressed, the following sequence takes place: 
A+B+B-A- 
Grafcet: 
[image: ]
Example 2: 
[image: ]
Sequence:  When the PM pushbutton is pressed, the following sequence takes place: 
B+A+A-B- 


Grafcet: 
[image: ]
5.2.2 OR Divergences and convergences OR Divergences: 
[image: ]If Step 1 active and a TRUE then deactivate Step 1 and activate Step 2. If Step 1 active and b TRUE then deactivate Step 1 and activate Step 3. 
Note: a and b can not be active at the same time  OR Convergences: 
[image: ]If Step 1 active and a TRUE, then deactivate Step 1 
and activate Step 3 (state of Step 2 remains unchanged).  The same happens for Step 2 and b. 
 
 


Example 3: 
[image: ]
 
Sequence:  When the PM pushbutton is pressed, the following sequence takes place: 
A+B+B-A- 
If the cylinders are not in their initial position (both cylinders retracted), after pressing the PP pushbutton the cylinders will go to their original position. 
Grafcet: 
[image: ]
5.2.3 AND Divergences and convergences AND Divergences: 
[image: ]If Step 1 active and a TRUE, then deactivate Step 1 and activate Steps 2 and 3. 
 
 
 
AND Convergences: 
[image: ]If Steps 1 and 2 active and a TRUE then deactivate Steps 1 and 2 and activate Step 3. 
 
 
 


Example 3: 
[image: ]
Sequence:  With the selector SEL in position (I), when the PM button is pressed, the following sequence takes place: 
A+  A- 
C+  C- 
B+  B-  
 
When the cylinder C is retracted, the cycle will end in case the selector SEL is in position (I) (single cycle). If the selector SEL is in position (II), the cycle will start again automatically (continuous cycle). 
If the cylinders are not in their initial position (both cylinders retracted), after pressing the PP pushbutton the cylinders will go to their original position. 
 	 
Grafcet: 
[image: ]
 
5.2.4 Emergency and reset Grafcet Example 4: 
[image: ] 
The cycle can be stopped at any time with the emergency stop button. To reset the cycle and return the elements to their origin, use the step-by-step button. Once the system is in origin, it can proceed to another cycle. 
Grafcet: 
[image: ]
There are two specific actions to take into account: 
[image: ]This special action is used to represent the reset of all the steps in the main grafcet (G0). 
 
[image: ]This special action is used to represent the activation of the initial step (STEP0) of the main grafcet (G0).  
 
[bookmark: _Toc203034847][bookmark: _Toc41202]5.3 SEQUENTIAL SYSTEMS. PROGRAMMING WITH KOP LANGUAGE 
5.3.1 Program organization 
The organization of the program in a PLC will be as shown in the next image. 
01 [image: ]INPUT MANAGEMENT: In this Function (FC) we will treat the inputs and define de Initial Conditions of the machine. 
02 EMERGENCY: In this Function (FC) we will program the emergency and reset sequence. 
03 MAIN GRAFCET G0: In this Function (FC) we will program the main sequence of the machine. 
04 TIMERS AND COUNTERS: In this Function (FC) we will define and program the timers and counters used in the sequence. 
05 AUXILIARY SIGNALS: In this Function (FC) we will define and program other auxiliary signals used in the sequence. 
06 OUTPUT MANAGEMENT: In this Function (FC) we will program the outputs of the machine.  
5.3.2 Programming the input management function 
In this Function we will treat the inputs and define different situations of the machine related with the value of the inputs (pushbuttons and sensors). 
Example: To detect that the cylinder A is at its back position, we will use this statement: 
[image: ] 
Example: To define de Initial Conditions of the machine, we will use all the previous definitions. 
This statement will be the last one of the Input Management block. 
[image: ] 
5.3.3 Programming the steps of the Emergency and Main Grafcets 
In order to follow all the rules of the Grafcet method, we will program the steps as follows: General steps 
      
 
AND divergences
 

  
 

 
AND convergences 
  
 
 
 

Initial step (STEP0) 
 
 

 
Emergency grafcet – resetting Main Grafcet steps (STEP101) 
   
 
 
Number of steps in the Main Grafcet G0
 

Emergency grafcet – initializing Main Grafcet 
   
 
 
 

 
 
 
5.3.4 Programming timers and counters 
TON Timer activated as an action in a step
 
 
 
 

CTU (Count Up) counter increment and reset as an action in a step 
 
 

5.3.5 Programming the auxiliary signals and outputs 
Activation of the output A+ in Example 1
 
  
 

Activation and deactivation of output B+ in Example 2 
   
 
 
 
 
 
 

Activation of auxiliary signals as an action in a step 
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[bookmark: _Toc203034849][bookmark: _Toc41204]5.5 FESTO STATIONS CHALLENGE 
5.5.1 GENERAL OVERVIEW 
You have started working in DUAL format in a company that manufactures automatic machines. In this company they design, assemble and program automatic production machines for customers from various sectors. The machines use electric and electropneumatic actuators to perform sequential production and handling operations of different parts. These sequential operations are controlled by a programmable logic controller (PLC). 
In this company you have initially received the necessary training to program programmable controllers (first part of the challenge, training) and now it is your turn to program the automatic machine that will be sent to the customer. The customer, on the day of delivery of the machine, will go through a checklist to verify the conformity of what was requested with what was done and the consequent fulfilment of the agreed contract. 
 
 


5.5.2 GROUPS AND WORKSTATIONS 
Each group will be formed by a student from the Berufsschule für Fertigungstechnik school and one or two students from Armeria Eskola. In the following table you can see the groups and the work stations: 
	GROUP 
	STUDENT 
	SCHOOL 
	FESTO WORK STATION 

	1 
	Aaron Noponen 
	Gradia 
	Pick&Place Station 

	
	Daniel Lucas 
	Armeria Eskola 
	

	2 
	Paul Dobe 
	MDM 
	Measuring Station 

	
	Urko Zengotitabengoa 
	Armeria Eskola 
	

	3 
	Max Anderson 
	MDM 
	Separating Station 

	
	Jon Ajuriagoikoa 
	Armeria Eskola 
	

	4 
	Tony Rau 
	MDM 
	Handling Station 

	
	Paul Suarez 
	Armeria Eskola 
	

	5 
	Lauri Lapinoja 
	Gradia 
	Sorting Station 

	
	Unai Fernandez 
	Armeria Eskola 
	


 
5.5.3 TECHNOLOGICAL DESCRIPTION 
In this challenge, you will have to use a FESTO workstation. Each workstation has different features so, to carry out the challenge, you must analyse and study each of them in detail. 
In the installation, each workstation has a Siemens S7 300 PLC or a Siemens 1200 PLC. In each of these PLCs, you will have to make the program for the proper operation of the workstation. 
Each workstation has a control panel. Depending on the assignment of the evaluation team, the. The aim of the control panel is to give orders to the installation and receive information about its operation.  

GROUP 1 	PICK&PLACE STATION 
[image: ] 
GROUP 2 – MEASURING STATION 
[image: ] 

GROUP 3 	SEPARATING STATION 
[image: ] 
GROUP 4 – HANDLING STATION 
[image: ] 

GROUP 5 	SORTING STATION 
[image: ] 
5.5.4 WORK TO BE DONE 
Before taking other steps, you have to check the state in which each station is. Complete the assembly of the machine if necessary, and if any component is missing, you will have to inform the teacher. 
After analysing the FESTO workstation, each group will have to define the automatic sequence to be done, with the help of the teacher. You will have to make the I/O tables of each station and the Grafcet of its operation. Finally, you will have to program and test the individual operation of each station. All the technical information about the station will be provided. 
5.5.5 CHECKLIST 
Each group will have a checklist to complete. This checklist will be agreed and defined by both the students group and the evaluation team (teachers 
5.5.6 ORAL PRESENTATION 
All groups will make a presentation of the challenge. The presentation will last between 10-15 minutes and it must explain all the relevant aspects of the challenge. 
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5.5.7 TECHNICAL INFORMATION 
You will find the technical information you need and more information in the following link: EMEU PLC Automation Module Login: 
	Username: 
	inter05@armeriaeskola.eus 

	 	 
	inter06@armeriaeskola.eus 

	 	 
	inter07@armeriaeskola.eus 

	 	 
	inter08@armeriaeskola.eus 

	 	 
	inter09@armeriaeskola.eus 


[bookmark: _Toc203034850]Password: 123456
Team: 
● 	Asier Gabilondo - teacher leader (+34630603943) 
· Irati Markuerkiaga – teacher (+34) 
· Alina Ivan – international coordinator (+34679323734) 


6 [bookmark: _Toc203034851] teachers timetable
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7 [bookmark: _Toc203034852]challenge
You have started working in DUAL format in a company that manufactures automatic machines. In this company they design, assemble and program automatic production machines for customers from various sectors. The machines use electric and electropneumatic actuators to perform sequential production and handling operations of different parts. These sequential operations are controlled by a programmable logic controller (PLC).
In this company you have initially received the necessary training to program programmable controllers (first part of the challenge, training) and now it is your turn to program the automatic machine that will be sent to the customer. The customer, on the day of delivery of the machine, will go through a checklist to verify the conformity of what was requested with what was done and the consequent fulfilment of the agreed contract.
The stations you will have to program will be the following FESTO stations:
· Pick&Place: Manual, Circuit Diagrams Pick&Place, Datasheet Stack Magazine, Circuit Diagrams Stack Magazine
· Separating: Manual, Electrical Diagrams, Pneumatic Diagrams
· Measuring: Manual, Circuit Diagrams
· Handling: Manual, Electrical Diagrams, Pneumatic Diagrams, Basic TIA Portal Project
· Sorting: Manual, Electrical Diagrams, Pneumatic Diagrams
You can find more information in the FESTO Data Portal and Control Panel and Control Board diagrams.
The work you will have to do is organized in the following phases:
· Automatic station analysis and working proposal. To do this you must analyze all the sensors and actuators that the work station. You will look for the analyzed elements in the technical information, and you will make a proposal. For help, you will have this document.
· Programming of the automatic station. You must elaborate the I/O table, the Grafcet and the program so that the machine works as agreed with the customer. An operation checklist will be defined and verified by the customer before delivering the program. The modes of operation of the station will be the following:
· Manual mode (Single cycle): it will perform a single complete sequence by means of the Start button whenever there is a part.
· Automatic mode (Continuous cycle): it will perform complete sequences one after the other whenever there is a part.
· Stop end of cycle: the stop button is used to request a stop at the end of the cycle. In stations with several workstations, it will be used to empty the parts.
· Emergency and reset: The system can be stopped at any time by pressing the emergency button. If necessary, any parts left in progress will be removed and the system will be reset by means of the Reset button, which will return the system to its initial conditions. If the part can be recovered, an auxiliary cycle will be carried out.
· Treatment of the LEDs:
· Initial position: Start light flashing
· Stop at the end of cycle: Q1 light flashing
· Automatic mode: Q1 light on
· Manual mode: Q1 light flashing.
· Emergency stop: Q1 and Q2 lights flashing alternately. With emergency stop button unlocked Reset light flashing
· Reset system: Q1 and Q2 lights flashing, Reset light on
· Preparation of documentation. You will write a report containing the following structure:
· Presentation and objectives of the project
· Station
· Description of parts and components
· Station control panel
· Operation modes of the workstation
· Work sequence. Grafcet 
· PLC program
· I/O Tables 
· Program Structure
· Programming the station 
· Areas for improvement
· Conclusions
· Annexes
· Presentation of the work done. You will present and defend the work done.
Assessment criteria
· Station Checklists:
· Pick&Place station
· Separating station
· Sorting station
· Fluidic muscle press station
· Handling station
Recomendations
After finishing the challenge, deliver the report in PDF format, and the program, compressing it with the archiving utility of the TIA Portal.
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STATEMENT

Using the class notes, create a new project using the Simatic Step7 software, and make the control
program of an automatic pneumatic system:

The system has
the following I/O
elements:

Control Panel

e 10.0:
Start

Settings

Byte T Byte o

Inputs =1 |l outputs

Running 0.0 ~ [ a+ 0 |

Step by step 01 v | A 1 v

Eemergeny 0.2 | || gy P
3

F1 03 v

pushbutton PM

0.1: Step by step pushbutton PP

0.2: Emergency stop PE (NC)

0.3: Selector position I: single cycle
0.4: Selector position II: automatic cycle
0.5: LsA-

0.6: LsA+

0.7: LsB-

0: LsB+
1:LsC-
2: LsC+
3:
4:

.3: LsD-
LsD+
Q0.0: A+
QO0.1: A-
Q0.2: B+
Q0.3: B-
Q0.4: C+
Q0.5: C-

Q0.6: D+
Q0.7: D-

l
1
1
i)
1

Perform the following system operation programs:

Program 1: Valves A , B and C bistables

« With the selector in single cycle (I) or automatic cycle (Il), when the start button PM is pressed, the
cylinders A and B will advance at the same time until their advance is detected (the signal will be filtered
0.5 sec. in both cases and independently). Once we know that the A cylinder is advanced, the return will
be activated. The same applies to cylinder B. When both cylinders are retracted (the signal is filtered
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0.5sec) the cylinder C is advanced. Cylinder C will repeat the forward-backward cycle another 2 times,
making a total of 3 forward-backward cycles. When the cylinder, in its last cycle, reaches its retracted
position (the signal will be filtered with 0,5sec) the cycle will end in case the selector is not in automatic
cycle. If the selector is in position Il (automatic), the cycle will start again automatically.

« The cycle can be stopped at any time with the emergency stop button. To reset the cycle and return
the elements to their origin, use the step-by-step button. Once the system is in origin, it can
proceed to another cycle.
Program 2: Valves A, C bistables and B and D monostables. Implement the program by structuring it
into 3 functions (FC1: states, FC2: steps, FC3: outputs)

« With the selector in single cycle (I) or automatic cycle (Il) when pressing run the cylinder A will advance
until its advance is detected (the signal will be filtered 0.5 sec). Once it is known that cylinder Ais
advanced, it will activate the return. When the A cylinder is retracted (the signal is filtered out by 0.5sec)
the B and C cylinders will be advanced. Once the B and C cylinders are advanced (the signal will be
filtered 0,5sec in both cases and independently) the retraction of each one will be activated. When both
cylinders are retracted (the signal will be filtered with 0,5sec in both cases and independently) the
cylinder D will be advanced. Once the cylinder D is advanced, the retraction will be activated. When the
D cylinder is retracted (the signal will be filtered with 0.5sec) the cycle will end in case the selector is not
in automatic cycle. If the selector is in position Il (automatic) the cycle will be automatically restarted until
3 complete cycles are performed. When the 3 cycles are completed, the system can start another cycle
by pressing the start button.

* The cycle can be stopped at any time with the emergency stop button. To reset the cycle and return the
elements to their origin, use the step-by-step button. Once the system is in origin, it can proceed to
another cycle.
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STATEMENT

Using the class notes, create a new project using the Simatic Step7 software, and make the control
program of an automatic machining transfer system:

The system has
the following 1/0
elements:

10.0: P1
pushbutton
10.1:P2
pushbutton
1.0.2: PE
emergency
pushbutton
(NC) " @l |low o
10.3: LsA- s e Mrewomasnian | || g ||
limit switch :
10.4: LsA+ e Ny -
limit switch
10.5: LsB-

limit switch M :ﬂ' reroror-r
10.6: LsB+ Hi
-

= ON

Mantenance

; Byte oo e
mel Tnputs == || outputs L

PE 02 A 2

(= 03 A 3

limit switch
10.7: LsC-
limit switch
11.0: LsC+
limit switch
1151z Fefal:
part
presence sensor (drilling unit)

| 1.2: LsCount. part presence sensor (countersink unit)

| 2.0: Parts feeder OFF/ON (it will be manipulated from the PLCSim)
Q 0.0: Drill

Q 0.1: Countersink

Q0.2: A+

QO0.3:A-

QO0.4:B+

Q0.5: B-

QO0.6: C+

QO0.7: C-

Perform the following system operation programs:

Program 1: Manual parts feeding (machine set-up)

o With the parts feeder selector turned OFF, when we press P1 the turning of the drilling and

countersinking unit starts. After confirming the minimum speed is reached (T = 1sec to reach the
minimum speed), cylinders A and B will advance at the same time until their forward limit switches
are detected. Once we have detected that the cylinder A is advanced (the signal will be filtered with
0.5sec), the return motion will be activated. The same operation will be done with cylinder B. When
the two cylinders are retreated the cycle will be completed.

The cycle will be carried out regardless of whether there is or not a piece present in the drilling unit
and in the countersink unit.

At any time the cycle can be stopped with the emergency pushbutton causing a stop in the
advance / backward motion and spindle rotation. The reset of the system will be carried out by
means of the pushbutton P2, with which the two units will return to origin.

Program 2: Automatic parts feeding (production in automatic continuous cycle)
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« With the part feed selector turned ON, pressing the P1 pushbutton cylinder C will feed the transfer with
one piece. To do this, it will perform an advance (the signal will be filtered 0.5sec) and a backward
motion. When cylinder C returns to its original position cylinders A and B will perform their cycle as in the
previous program in case we have part presence in each of the units. In case we do not have any part, a
charge cycle will be carried out again. In the case that we only have a piece in a unit, only the unit with
the presence of a piece will carry out the cycle. When the units that have made the cycle go back to their
original position, another cycle will start again with the advance of the cylinder C.

» In case we press the P2 pushbutton, the cycle will be finished and after A and B cylinders are retreated
the drill and the countersink will stop. If we press P1, a new cycle will start.

« At any time you can stop the cycle with the emergency pushbutton. To reset the cycle and return the
elements to its originak position, the P2 pushbutton will be used. Once the system is in origin you can
proceed to another cycle.

rogram 3: Limited continuous cycle

+ Add a counter to the program so that when we press P1, 6 pieces will be processed. After the 6th piece
has been finished, the machine will stop.

rogram 4: program optimization

» Proceed to optimize the system cycle giving the order of advance when you have confirmation of the
progress of cylinder C, so that the parts are machined while cylinder C returns to its original position. In
any case, another cycle will not be started again until all cylinders A, B and C have completed their
cycle.

+ Add new features to the program so that the whole production process can be controlled and
monitorized and to give solutions to any unexpected situation.
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