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Aims
To provide students with an in-depth understanding of dynamics and control of typical industrial and manufacturing processes systems. As well as enable students to design complete controllers using both classical and modern computer aided optimal techniques such as HMI, PIDs and PLCs.
Learning Objectives

At the end of this course students should be able to analyze and design advanced process controllers for industrial processes and manufacturing systems including:
· Principles and Stability of Process Control Systems

· Modeling of Physical Control Systems
· Principles of Non-Linear Control Systems
· Sensors, Actuators and Controllers
· PID and PID Tuning
· Industrial Serial Communication & Networking
· Human Machine Interface & PLCs

· Fuzzy Logic,  Neural Networks & Artificial Intelligence

Outline Syllabus

1.0 Principles of Process Control Systems
1.1 Introduction
1.2 Modeling and Analysis of Physical Systems

1.3 Understanding Feedback Control Systems

1.4 Methods of Determining Stability
1.5 Effects of Location of Poles and Zeros
2.0 Principles of Non-Linear Control Systems
2.1 Introduction
2.2 Deadtime or Deadband
2.3 Transportation

2.4 Capacitance

2.5 Delays and Lags
2.6 Hysteresis and Slip

2.7 Saturation and Clipping

2.8 Switching

2.9 Threshold & Time Variant, etc
3.0 Sensors, Actuators and Controllers
3.1 Introduction

3.2 Continuous Sensors
3.3 Logical Sensors

3.4 Continuous Actuators

3.5 Logical Actuators

3.6 Motion Controllers
4.0 Design of Proportional plus Integral plus Differential Controllers (P+I+D and PID)
4.1 Introduction

4.1.1 Proportional Controller (P)
4.1.2 Integral Controller (I)
4.1.3 Differential Controller (D)
4.2 Design with the PID Controller

4.3 PID Tuning

4.3.1 Nichols-Ziegler Method
4.3.2 CC Method
4.4 Design with Lead-Lag Controller

5.0 Industrial Serial Communication
5.1 Introduction

5.2 Industrial Serial Communication
5.3 Industrial Parallel Communication
6.0 Industrial Device Networking
6.1 Introduction

6.2 Industrial Networking

6.3 Networking Standards

6.3.1 Ethernet

6.3.2 Profibus

6.3.3 Devicenet

6.3.4 Controlnet

7.0 Human Machine Interface (HMI)

7.1 Introduction

7.2 HMI design

7.3 Design Cases
8.0 Programmable Logic Controllers (PLC)

8.1 Introduction

8.2 Ladder Logic

8.3 Programming

8.4 PLC Connections

8.5 Ladder Logic Inputs

8.6 Ladder Logic Outputs

8.7 PLC Hardware
8.8 PLC Operation

8.9 PLC Memory

8.10 Instructional List Programming
8.10.1 Allan Bradley Version

8.10.2 Siemens Version

8.10.3 The IEC 61131 Version
8.11 Structured Text Programming

8.12 Selecting a PLC
9.0 Fuzzy Logic
9.1 Introduction

9.2 Commercial Controllers
10.0 Neural Networks

10.1 Introduction

10.2 Industrial Applications
11.0 Artificial Intelligence

11.1 Introduction

11.2 Industrial Applications

Course Structure

35 Hours of Lectures per term


15 Hours of Labs/Tutorials per term

Course Work (C/W)

2 – End of Term Tests



60%


5 – Assignment/Presentation

20%

2 – Industrial Tour Report


10%

1 - Design Project



10%
Course Prerequisites
Students are expected to have basic understanding of:

· MATLAB/SIMULINK Programming, Computer Systems,  C++ Programming, Pascal, Fortran Programming, etc
· Construction of mathematical models of simple physical industrial systems
· Solve first and second order differential equations
· Elementary Matrix Operations & Laplace Transforms
· Complex Number Theory

· Knowledge of EF 451 – Linear Control Systems I
· Knowledge of ET 382 – Signals & Systems

· Knowledge of ET 480 – Signal Processing

· Knowledge of EF 340 – Digital Electronics

· Knowledge of EF 461 – Microprocessor

References
· Kuo, B. C. et al (2003), 8th Edition, Automatic Control Systems, John Willey & Sons Inc, USA.

· Babuska, R. (1997), Fuzzy and Neural Control Systems, Delft University of Technology, The Netherlands.
· Ogata, K. (1990), 2nd Edition, Modern Control Engineering, Prentice-Hall Inc, New Jersey- USA.

· Schwarzenbach, J. et al (1978), Systems Modelling & Control, Edward Arnold Publishers, Bedford Square- London.
· Hugh, J. (2008), Automating Manufacturing Systems with PLCs, Hugh Jack Publishing.

· Siemens PLC Training, Siemens Technical Education Programme (STEP), SA & Germany.
Feedback to your Instructor

Your questions, comments and suggestions regarding the course content and delivery, as well as the teaching and learning processes and related outcomes will be greatly appreciated. For learning facilitation and the benefit of all students in the class, selected comments and feedback (and their responses) will be published on the course web-site (with any identifying information from the sender removed).
Student Declaration

By accepting to take this course the student agree that, the assignment (i.e. learning activities, research, etc) submitted in this course is as a result of his/her own investigations and that he/she has conformed to the guidelines against plagiarism as laid by the University Academic Honesty. All sections of the text and results which have been obtained from other sources are fully referenced using the Harvard style (for details about Harvard see Com. Skills Lecturers). The student understands that any means of investigation may be used to detect cheating or copying and plagiarism, and such cheating constitute a breach of University regulations and will be dealt with accordingly. By submitting the assignment and tests, the student agrees to be awarded the lowest mark possible, should cheating or copying be detected. Before submitting an assignment please make use of free online plagiarism software checker at http://www.nkumbwa.weebly.com 

Penalty for Late submission of Assignments

Unless you have submitted proof of Mitigating Circumstances or have been granted an extension, the penalties for late submission of an assignment or missing a GLA/presentation shall be as follows:

· Up to one week late:

Penalty of 60% of  marks awarded

· More than one week late:
Fail – 0% recorded
Course Necessities / House Keeping

· You are expected to behave in a Professional Manner

· You are expected to dress-professional during all presentations

· You are advised to switch off the phone during lecture hours

· No unnecessary movements during lecture hours

· Lectures starts promptly

· Door will be closed 10 minutes after the start and not opened

· Anyone arriving after then will not be admitted

· This will apply to any break period

· The class register will be checked, you need to attend 80%

· Missing Classes without explanation will cost you heavily

· Any student disrupting the lecture will be evicted

Complaints Guidelines

Complaints about the grading of the Group Learning Activity and Presentations (GLAP) or tests should be made within one week after they are returned to you. No score adjustments will be made after the one-week period. If you desire a regrade on an exam, please attach a note to your exam stating which problems and the discrepancies you found. Be sure to look at the solutions send to you before asking for a regrade.

Academic Dishonesty Guidelines

The course faculty instructor expects every student in the class to practice honorable and ethical behavior both inside and outside the classroom. Any actions that might unfairly improve a student’s score on assignments, GLAP, or examinations will be considered cheating and will not be tolerated. Examples of cheating include (but are not limited to):

· Sharing results or other information during an examination.

· Bringing forbidden material or devices to an examination.

· Working on an exam before or after the official time allowed.

· Requesting a regrade of answers or work that has been altered.

· Submitting assignment work that is not your own work or engaging in forbidden assignment work collaborations.

At the instructor's discretion, cheating on an assignment or examination will result in a reduced score, a zero score, or a failing grade for the course. All occurrences of academic dishonesty will be reported to the HoD, Dean of School, Dean of Students and copied to the Academic Registrar. If there is any question as to whether a given action might be construed as cheating, please see the Instructor or the HoD before you engage in any such action.

Disclaimer

The above is just a proposed course outline and guidelines which may not be definite, hence, the author reserves the right to alter any part or section in form of adding or eliminating some theme without prior notice or permission from any party. Therefore, cannot be held responsible for any failure that may arise in terms of coverage or anything alike. It is intended to provide a detailed general guide for students self study and excellence.
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Name:





Course:





Program: 





Submission Date:








STUDENT DECLARATION





The assignment submitted herewith is a result of my own investigations and that I have conformed to the guidelines against plagiarism as laid by the University Academic Honesty. All sections of the text and results which have been obtained from other sources are fully referenced. I understand that any means of investigation may be used to detect cheating or copying and plagiarism & such cheating constitute a breach of University regulations and will be dealt with accordingly. By signing below, I agree to be awarded the lowest mark possible, should cheating or copying be detected.





PENALTY FOR LATE SUBMISSION





Unless you have submitted proof of Mitigating Circumstances or have been granted an extension, the penalties for late submission of an assignment shall be as follows:


Up to one week late:		Penalty of 50% of  marks awarded


More than one week late:		Fail – 0% recorded





Date:





Signed:
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