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IST / DEEC / ACSDC MEEC 2010-2011 

http://users.isr.ist.utl.pt/~pjcro/courses/api1011/api1011.html 

Faculty: 

 Prof. Paulo Jorge Oliveira  pjcro @ isr.ist.utl.pt  Tel: 21 8418053 

Prof. José Gaspar  jag @ isr.ist.utl.pt Tel: 21 8418293 
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IST / DEEC / ACSDC Industrial Automation 

•  Analysis of systems for industrial automation. 

•  Methodologies for the implementation of solutions in industrial 
automation. 

•  Programming languages of PLCs (Programmable Logic Controllers). 

•  CAD/CAM and Computerized Numerical Controlled machines. 

•  Discrete Event Systems Modeling. 

•  Supervision of Processes in Industrial Automation.  
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Chap. 1 – Introduction to Automation [1 week] 
Introduction to components in industrial automation.  
Introduction to methodologies for problem modeling.              
Cabled logic versus programmed logic.  

Chap. 2 – Introduction to PLCs [2 weeks] 
Components of Programmable Logic Controllers (PLCs). 
Internal architecture and functional structure.  
Input / output Interfaces. Interconnection of PLCs . 

 Chap. 3 – PLCs Programming Languages [2 weeks] 
Standard languages (IEC-1131-3): 
Ladder Diagram; Instruction List and Structured Text. 
Software development resources. 

Industrial Automation 



API        P. Oliveira             Page 4 

IST / DEEC / ACSDC 

Chap. 4 - GRAFCET (Sequential Function Chart) [1 week] 
The GRAFCET norm. Elements of the language. 
Modeling techniques using GRAFCET.   
            
Chap. 5 – CAD/CAM and CNC Machines [1 week] 
Methodology CAD/CAM. Types of Computerized Numerical  
Controlled machines. Interpolation of trajectories.  
Flexible fabrication cells. 

Chap. 6 – Discrete Event Systems [1 week] 
Modeling of discrete event systems (DESs). 
 Automata. Petri networks. State and dynamics of PNs. 

Industrial Automation 
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Chap. 7 – Analysis of DESs [2 weeks] 
Properties of DESs. Methodologies for the analysis of DESs: 
the reachability graph and the matricial equation method. 

Chap. 8 – DESs and Industrial Automation [1 week] 
Relations GRAFCET / Petri networks. 
Analysis of industrial automation solutions as DESs. 

Chap. 9 – Supervision of Industrial Processes [2 weeks]  
Methodologies for supervision. SCADA.  
Synthesis based on invariants. Examples of application. 

Industrial Automation 
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•  2 Preliminary laboratory assignments -  training  purposes (0% of the final grade). 

•  2 Laboratory assignments (20%+20% of the final grade). Groups of 3 students. 

•  1 Seminar (20% of the final grade). Topics to be selected with each group.  

•  Exams (40% of the final grade). Two written.  

 Upon student choice, the second exam can be oral. 

•  Minimum grade: 9.5/20.0 val. in each component. 

•  Oral discussion for students with grade > 17/20 valores . 

Industrial Automation 

Extra 1 (one) valor for students attending more than 50% of recitations. 
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 Schedule (suggested) 

Lab.  Groups register September 25th 2010 by 
students’ representatives 

1st  Prel. Lab. 
1 week 

 September 27th 2010 
October 1st 2010 

 2nd Prel. Lab. 1 week October 8th 2010 
1st Lab. Assign. 5 weeks October 15th 2010 
2nd Lab. Assign. 4 weeks November 15th 2010 

 3rd Lab.  Assign. Seminar December 13th 2010  

Exams IST+ 
students’ representatives 

January 11th 2010 (written) 
February 2nd 2011 (wr or or) 

Industrial Automation 
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•  Recitation classes 

Monday   11.00 h – 12.30h  Ea5 
Friday   11.00 h – 12.30h  Ea4 

•  Lab. Classes 

Monday   09.30h – 11.00h L1 LSDC4 
Friday   09.30h – 11.00h L2 LSDC4 

  Third session needed? 
•  Groups register for the Laboratory 

By September 25th 2009 with the students’ representatives.  

Industrial Automation 



API        P. Oliveira             Page 9 

IST / DEEC / ACSDC Industrial Automation 

•  Automating Manufacturing Systems with PLCs, Hugh Jack (online version available). 

•  Peterson, James L., "Petri Net Theory and the Modeling of  Systems", Prentice-Hall,1981.  

• Modeling and Control of Discrete-event Dynamic Systems with Petri Nets and other Tools, 
Branislav Hruz and MengChu Zhou, 2007. New reference… 

--- secondary--- 

•  Programmable Logic Controllers, Frank D. Petruzella, McGraw-Hill, 1996. 

•  Petri Nets and GRAFCET: Tools for Modeling Discrete Event Systems, R. DAVID, H. ALLA, 
New York : PRENTICE HALL Editions, 1992. 

•  Computer Control of Manufacturing Systems, Yoram Koren, McGraw Hill, 1986. 

•   Cassandras, Christos G., "Discrete Event Systems - Modeling and Performance Analysis", 
Aksen Associates, 1993. 

•   Moody, J. e Antsaklis, Supervisory Control of Discrete Event Systems, Kluwer Academic 
Publishers, 1998. 
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Prof. Paulo Jorge Oliveira 
pjcro @ isr.ist.utl.pt  

Tel: 21 8418053 ou 2053 (internal)   

MEEC 2010-2011 
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IST / DEEC / ACSDC Chap. 1 – Introduction to Automation 

The production  of increasing amounts  
of goods  requires the storage and 
handling of  large quantities of 
resources. 

The use of specialized, automatic tools 
are mandatory. 

Consistent trend in the last three 
centuries (since the Industrial 
Revolution). 

Automation was also fostered by the 
invention of computers,  
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Major characteristics: 

•  Number of degrees of freedom 

•  Types of joints 
(prismatic/revolution/...) 

•  Programming tools and environments 
(high level languages, teach pendent, ...) 

•  Workspace 

•  Accuracy, fiability 

•  Payload and robustness 

Chap. 1 – Introduction to Automation 
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Workspace: 

  Examples 

Chap. 1 – Introduction to Automation 
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Central problems to adress and solve: 

•  Direct kinematics 

•  Inverse Kinematics 

•  Trajectory generation 

•  Coordinate frames where tasks are specified 

•  Level of abstraction of the programming languages 

Chap. 1 – Introduction to Automation 
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Use in Flexible 

Cells of Fabrication: 

 it is required that the manipulators 
have correct interfaces for the  
synchonization and inputs for 

external commands. 

Chap. 1 – Introduction to Automation 
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Examples: 
Milling, Lathes, ... 

Major characteristics: 

•  Number of degrees of freedom 
•  Interpolation methods 
•  Load/unload automation, and also 
in tool change 
•  Programming (high level 
languages, teach pendent, ...) 
•  Workspace 
•  Accuracy, reliability 
•  Payload and robustness 
•  Interface  
•  Synchronization with exterior 

Chap. 1 – Introduction to Automation 
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For transport... 

Chap. 1 – Introduction to Automation 

Major characteristics: 

•  Load/unload automation 

•  Accuracy, reliability 

•  Payload and robustness 

•  Interface  

•  Synchronization with exterior 
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Major characteristics: 

•  Load/unload automation 

•  Accuracy, reliability 

•  Payload and robustness 

•  Interface  

•  Synchronization with exterior 
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Example of fleet operating in industry 

Chap. 1 – Introduction to Automation 
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Major characterísticas: 

•  Tipe of start 

•  Tipe of control 

•  Accuracy, reliability 

•  Payload and robustness 

•  Interface with exterior 

•  Synchronization 

Motors 

Chap. 1 – Introduction to Automation 
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Exemple of AC motor, with driver 

Chap. 1 – Introduction to Automation 
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Factury example:  production of aluminium packs 

Chap. 1 – Introduction to Automation 
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IST / DEEC / ACSDC Analysis of the auto-evaluation test 
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Standards 

Chap. 1 – Introduction to Automation 
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Methodologies for the implementation  
of solutions in industrial automation 

Chap. 1 – Introduction to Automation 
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IST / DEEC / ACSDC Chap. 1 – Introduction to Automation 


