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Calendar Description:
CHE 341 LEC,TUT 0.50							           Course ID: 015397
Introduction to Process Control
Laplace transform techniques. Proportional-integral-derivative control. Frequency response methods. Stability analysis. Controller tuning. Process control simulation and computer control systems. Process identification. [Offered: F, W]
Prereq: Level at least 3B Chemical Engineering or Environmental Engineering


Instructor: 
	Prof. A. Elkamel, PhD, PEng.
	Office: E6 - 3008
	Phone: (519) 888-4567  x37157
	Email: I check my e-mail (aelkamel@uwaterloo.ca) almost daily and try to 
respond in a reasonable amount of time.
Official Office Hours: Wednesdays [12:30 p.m. – 2:30 p.m.] or [by appointment] Through Microsoft Teams

Teaching Assistant:
Nicholas Rasmussem
Email:nodrasmussen@uwaterloo.ca
Official Office Hours: by appointment

Scheduled Sessions:	
Lectures (E2 1732) to be conducted by Prof. Elkamel: Tuesdays [12:30 p.m.  - 2:20 p.m.] 
Lectures (E2 1732) to be conducted by Prof. Elkamel: Thursdays [12:30 p.m.  - 1:20 p.m.]
Tutorials (E2 1732) to be conducted by Nicholas Rasmussem: Thursdays [1:30 – 2:20 p.m.]	 
		
Tutorials: Tutorials will be posted with solutions after the tutorial session.

[bookmark: _Toc145393234][bookmark: _Toc151306625][bookmark: _Toc151306626]Learning Outcomes
Upon successful completion of this course, a student will be able to:
1. Develop fundamental and empirical models for dynamic processes. 
1. Implement dynamic models with or without controllers 
1. Analyze properties, e.g., stability, speed of response, frequency response, etc., of dynamic models and processes 
1. Analyze and tune P, PI, PID controllers and more advanced controllers to achieve desired performance. 
1. Work in teams on dynamics and control related problems. 
1. Perform simulations using computational tools (Excel, MATLAB, Simulink...).

Learning Outcomes and Associated Measures
	Course Learning Outcome
	Relevant Program Learning Outcome
	Assessment Tools

	1. Develop fundamental and empirical models for dynamic processes. 

	(1), (2)
	Assignments, Exams, Quizzes

	Implement dynamic models with or without controllers and perform simulations using computational tools
	(1), (2), (5)
	Assignments, Exams, Quizzes

	1. Analyze properties, e.g., stability, speed of response, frequency response, etc., of dynamic models and processes 

	(2), (3)
	Assignments, Exams, Quizzes

	1. Analyze and tune PID controllers and more advanced controllers to achieve desired performance. 

	(2), (3), (4)
	Assignments, Exams, Quizzes

	Work in teams on dynamics and control related problems
	(6), (12)
	Project

	Perform simulations using computational tools (Excel, MatLab, Simulink...).
	(5)
	Assignments, Project




CEAB Graduate Attributes:
The numbers in parentheses in the table above refer to the CEAB Engineering Graduate Attributes defined by the Canadian Engineering Accreditation Board. These are listed below as a reference:


	Outcome
	Definition

	1. A knowledge base for engineering
	Demonstrated competence in university level mathematics, natural sciences, engineering fundamentals, and specialized engineering knowledge appropriate to the program. 

	2. Problem analysis
	An ability to use appropriate knowledge and skills to identify, formulate, analyze, and solve complex engineering problems in order to reach substantiated conclusions. 

	3. Investigation

	An ability to conduct investigations of complex problems by methods that include appropriate experiments, analysis and interpretation of data, and synthesis of information in order to reach valid conclusions. 

	4. Design

	An ability to design solutions for complex, open-ended engineering problems and to design systems, components or processes that meet specified needs with appropriate attention to health and safety risks, applicable standards, economic, environmental, cultural and societal considerations. 

	5. Use of engineering tools

	An ability to create, select, apply, adapt, and extend appropriate techniques, resources, and modern engineering tools to a range of engineering activities, from simple to complex, with an understanding of the associated limitations.

	6. Individual and team work
	An ability to work effectively as a member and as a leader in teams, preferably in a multi-disciplinary setting.

	7. Communication skills
	An ability to communicate complex engineering concepts within the profession and with society at large. Such abilities include reading, writing, speaking and listening, and the ability to comprehend and write effective reports and design documentation, and to give and effectively respond to clear instructions.

	8. Professionalism

	An understanding of the roles and responsibilities of the professional engineer in society, especially the primary role of protection of the public and the public interest. 

	9. Impact of engineering on society and the environment: 

	An ability to analyze social and environmental aspects of engineering activities. Such abilities include an understanding of the interactions that engineering has with the economic, social, health, safety, legal, and cultural aspects of society; the uncertainties in the prediction of such interactions; and the concepts of sustainable design and development and environmental stewardship.

	10. Ethics and equity
	An ability to apply professional ethics, accountability, and equity.


	11. Economics and project management
	An ability to appropriately incorporate economics and business practices including project, risk and change management into the practice of engineering, and to understand their limitations. 

	12. Life-long learning

	An ability to identify and to address their own educational needs in a changing world to sufficiently maintain their competence and contribute to the advancement of knowledge.
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	Topic #
	Topic
	Readings (Textbook)

	1
	Introduction
	Chapter 1

	2
	Mathematical Modeling
	Chapter 2

	3
	Solution of ODEs in the Time and Laplace Domains
	Chapters 2 and 3

	4
	Response of First Order Systems
	Chapters 4 and 6

	5
	Physical Examples of First Order Systems
	Chapter 5

	6
	Second Order Systems
	Chapter 7

	7
	Midterm Exam
	

	8
	The Control System
	Chapters 8 and 9

	9
	Transient response of simple control systems
	Chapter 12

	10
	Stability & Control Loop Analysis
	Chapter 13

	11
	Controller Tuning and Process Identification
	Chapter 18

	12
	Project
	




Pedagogy – Learning Process
In order to achieve the outcomes of the course, students should participate actively in the class and outside the class, and mini lectures will be supplemented by:
* Problem solving learning approach
* Interaction and cooperative learning approach
* Using MATLAB or Computation tools to solve process control problems
* Class works and Assignments
* Quizzes
* Project

Textbooks and Learning Material

i. Recommended Textbook
Coughanowr, D.R., LeBlanc, S. E., Process Systems Analysis and Control, 3nd edition, McGraw-Hill, 2009. 

ii. Reference(s) 
- Seborg, D.E., Edger, T.F., Mellichamp, D.A., Process Dynamic and Control, 2nd edition, John Wiley and sons, 2004.
- Marlin, T., Process Control: Designing Processes and control systems for dynamic Performance, McGraw Hill, New York, 1995.
- Luyben, W., Process Modeling, Simulation and Control for Chemical Engineers, McGraw Hill, New York, 1990.
- Stephanopoulos, G., Chemical Process Control: An Introduction to Theory and Practice, Prentice Hall, 1984.

Computer Usage: Throughout the course the students are encouraged to use the capabilities of MATLAB for both simulation and symbolic computations. This will aid in de-emphasizing the arithmetic considerations and will allow one to concentrate on the use of process control concepts in analyzing systems and designing appropriate control strategies. 
Homework:
Homework is an essential element in learning the type of material being taught in this course. There will be five assignments, roughly one every two weeks. Homework assignments will not be collected. Instead announced quizzes will be given. All HW solutions will be posted on the course web site. 

Reading Assignments:
For each lecture you should plan to spend two hours reading your notes, handouts, and books. The best time to study is the same day as the lecture, so that no unclear points remain. Not keeping up is a sure way of failing to meet the course objectives.

Exams and Quizzes:
All exams and quizzes will be conducted in class. Tests and quizzes are open book in the sense that you may consult your textbook, course notes, and materials posted in the course LEARN site.  Use of any other resource is prohibited. Remember that according to university regulations the penalty for dishonesty is severe: at least failure of the course (not just the exam). Make-up exams or quizzes will not be given. Any student who cannot take an exam or quiz as scheduled must make special arrangements with Prof. Elkamel before the exam or quiz is given.

A one hour and 30 minutes (from 12:30 p.m. – 2:00 p.m.) midterm exam will be given on October 20, 2022. The midterm exam will be proctored by the teaching assistant. No questions will be allowed.  

The final exam will cover all material in the course, including any new material since the last quiz. The time will be announced by the registrar later.







Course Grading:


	Assessment Tool
	Percentage
	Description

	Quizzes
	10%
	Used to progressively assess the students’ understanding of the course material
Given to check if the concepts introduced in each chapter are understood

	Midterm Exam
	35%
	Will examine students’ understanding of all course material through the course

	Project
	10%
	Used to test students’ ability to apply the MATLAB

	Assignments
	0%
	Self-assessment – HW will not be collected

	Final Exam
	45%
	Will examine students’ understanding of all course material on completion of the course




The instructor has the right to adjust (add, delete, and change) the syllabus according to the needs of the course.

How to Succeed: To do well in this course you must master the concepts as well as the formulas. Work on the suggested HW problems, readd the assigned textbook chapters, and go over the lectures and tutorials. Do this on a regular basis and keep up to date.

[bookmark: OLE_LINK1]Academic integrity: In order to maintain a culture of academic integrity, members of the University of Waterloo community are expected to promote honesty, trust, fairness, respect and responsibility. [Check the Office of Academic Integrity for more information.]
Grievance: A student who believes that a decision affecting some aspect of his/her university life has been unfair or unreasonable may have grounds for initiating a grievance. Read Policy 70, Student Petitions and Grievances, Section 4. When in doubt, please be certain to contact the department’s administrative assistant who will provide further assistance.
Discipline: A student is expected to know what constitutes academic integrity to avoid committing an academic offence, and to take responsibility for his/her actions. [Check the Office of Academic Integrity for more information.] A student who is unsure whether an action constitutes an offence, or who needs help in learning how to avoid offences (e.g., plagiarism, cheating) or about “rules” for group work/collaboration should seek guidance from the course instructor, academic advisor, or the undergraduate associate dean. For information on categories of offences and types of penalties, students should refer to Policy 71, Student Discipline. For typical penalties, check Guidelines for the Assessment of Penalties.
Appeals: A decision made or penalty imposed under Policy 70, Student Petitions and Grievances (other than a petition) or Policy 71, Student Discipline may be appealed if there is a ground. A student who believes he/she has a ground for an appeal should refer to Policy 72, Student Appeals.
Note for students with disabilities: AccessAbility Services, located in Needles Hall, Room 1401, collaborates with all academic departments to arrange appropriate accommodations for students with disabilities without compromising the academic integrity of the curriculum. If you require academic accommodations to lessen the impact of your disability, please register with AccessAbility Services at the beginning of each academic term.
Turnitin.com: Text matching software (Turnitin®) may be used to screen assignments in this course. Turnitin® is used to verify that all materials and sources in assignments are documented. Students' submissions are stored on a U.S. server, therefore students must be given an alternative (e.g., scaffolded assignment or annotated bibliography), if they are concerned about their privacy and/or security. Students will be given due notice, in the first week of the term and/or at the time assignment details are provided, about arrangements and alternatives for the use of Turnitin in this course.
It is the responsibility of the student to notify the instructor if they, in the first week of term or at the time assignment details are provided, wish to submit the alternate assignment.
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