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COURSE OUTLINE

CHEMICAL ENGINEERING DEPARTMENT, McMASTER UNIVERSITY

3P04 PROCESS CONTROL, SPRING SEMESTER 2008
1
INSTRUCTOR: 
Dr. Thomas Marlin, 
JHE 343C/A, x 27125, marlint@mcmaster.ca







   Office hours 10:30-4:00 and by appointment

TEACH ASSIST: 
Kor Zheng Mah, 
JHE 256, x24008, mahkz@mcmaster.ca




Rahul Gandhi, 
JHE 369, x24031, gandhirr@mcmaster.ca

SCHEDULE:

Classes:  

Tuesday, Thursday & Friday 8:30     (T13/125)




Tutorial: 

T1
   Wednesday 9:30-11:20      (JHE 342)






   

T2
   Thursday 14:30-16:30        (JHE 342)


CALENDAR 

DESCRIPTION:   
Transient behavior of chemical processes.  Theory and practice of automatic control. Introduction to computer process control.

OBJECTIVES:  
This course will build on process knowledge from previous and concurrent courses and will emphasize three issues that are highly relevant for all engineers.  These issues are: 1) dynamic behavior, because no process operates at steady state 2) process operation, because existing equipment must be operated safely to yield high profit, and 3) automatic control, because engineers implement operating decisions through computer technology.
OUTLINE:

See the following table.

FORMAT:

The course will consist of classroom instruction, which will include lectures and workshops.  Typically, part of the two-hour tutorial class will involve solving problems posed by the instructor; some group work will occur during the tutorial. Some assignments will involve individual effort; others will be performed in small groups.  Computer exercises will be performed throughout the course.

GRADING:

40%  TERM EXAMS, 20 points /exam, 2 hours each



                  

10%  ASSIGNMENTS 


                  

50%  FINAL, 3 hours





  0%  CLASS PARTICIPATION (don't hesitate to ask questions!)





Notes:





1) Points will be deducted if the paper is not legible





2) No make-ups will be given for Term Exams.  For excused absences, the points will be applied to the final.  For unexcused absences, a zero grade will be given.





3) The final percentage grades will be converted to letter grades using the Registrar’s recommended procedure.  Adjustment to the final grades may be done at the discretion of the instructor.

ASSIGNMENTS: 
UP TO 7 GRADED ASSIGNMENTS; After each assignment is due, a hardcopy of the solution will be placed on reserve in Thode library in the “Solutions” binder. Typically, the assignments will contain some additional, ungraded questions.

CALCULATOR: Use of the McMaster Standard Calculator during tests and examinations is allowed.

REQUIRED TEXTBOOK: T. Marlin, Process Control: Designing Processes and Control Systems for Dynamic Performance, 2nd Edition, McGraw-Hill, New York, 2000 (ISBN 0-07-039362-1)

REQUIRED LECTURE NOTES: Hardcopies of Lecture Notes, Tutorial Exercises, and a Software Manual are available for purchase at Copies Plus, 9 Sterling in Westdale (546-0410).  These should be maintained in a 3-ring, loose-leaf notebook, along with class handouts and returned assignments and exams.

WEB RESOURCES

· http://www.pc-education.mcmaster.ca: Complementary learning resources are available at this site.

· The Interactive Learning Modules and Tutorials give many questions with solutions! 

· The Instrumentation Notes provide learning resources for sensors and valves!

· The PowerPoint Lectures are available, which have solutions to selected class workshops.

· Links to Inquiry and Enrichment Material available on the WEB.

· http://www.chemeng.mcmaster.ca/courses/default.htm: Select 3P04 in Winter, Term II
· Course outline, assignments, and exams are available

REFERENCES: (Additional textbooks on reserve in the Thode Library under course name)

A) 
Stephanopoulos, G., Chemical Process Control ‑ An Introduction To Theory And Practice, Prentice‑Hall, 1984

B) 
Smith, C. and A. Corripio, Principles And Practice Of Automatic Process Control, Wiley, 1985

C) 
Seborg, D., T. Edgar, and D. Mellichamp, Process Dynamics And Control, Wiley, 1989

D)
B. Ogunnaike and H. Ray, Process Dynamics, Modeling, and Control, Oxford Press, 1994
MATLAB SOFTWARE: Exercises will be given that require the use of MATLAB.  MATLAB is available on the JHE computing system.  When programs are provided as part of the exercise, the MATLAB programs will be available on the course “K” drive.

STUDENT FEEDBACK: Please see the instructor or TA at any time.  In addition, two students will be named “ombudspersons” to collect suggestions for improvements and communicate them to the instructor.

POLICY REMINDERS

No Adverse Discrimination

“The Faculty of Engineering is concerned with ensuring an environment that is free of all adverse discrimination.  If there is a problem, that cannot be resolved by discussion among the persons concerned, individuals are reminded that they should contact the Department Chair, the Sexual Harassment Officer or the Human Rights Consultant, as soon as possible.”

Academic Integrity

Academic dishonesty consists of misrepresentation by deception or by other fraudulent means and can result in serious consequences, e.g. the grade of zero on an assignment, loss of credit with a notation on the transcript (notation reads: "Grade of F assigned for academic dishonesty"), and/or suspension or expulsion from the university.

It is your responsibility to understand what constitutes academic dishonesty. For information on the various kinds of academic dishonesty please refer to the Academic Integrity Policy, specifically Appendix 3, located at http://www.mcmaster.ca/univsec/policy/AcademicIntegrity.pdf.

The following illustrates only three forms of academic dishonesty: 

1. Plagiarism, e.g. the submission of work that is not one's own or for which other credit has been obtained.  Guidelines in this course are consistent with Chem. Eng. 2C02 and 3L02. 

2. Improper collaboration in group work.  When group work is allowed, the names of students who contributed to the work will be placed on the paper.  All group members whose names appear must review and agree with the entire submission, and they accept full responsibility for the content and honesty of the entire submission.  The instructor reserves the right to examine the group in cases where fraud is suspected.

3. Copying or using unauthorized aids in tests and examinations. In general, specified notes will be allowed to eliminate the need for memorization.  The resources allowed will be announced before each graded tutorial or quiz.

Chemical Engineering 3P04, Course Schedule 2008

Last updated January 7, 2008

Updated course schedules will be posted on the course WEB site.

	Week

(Monday date)
	Tuesday class

(8:30)


	Thursday Class

(8:30)
	Friday Class

(8:30)
	Tutorial

	Jan. 7
	Introductory class

Course outline, goals, etc.
	Lesson 1 – Control Concepts
	Lesson 2 – Control Objectives & Benefits
	1.A. Sensor principles 

1.B. Flow: The manipulated variable. 

	Jan. 14
	Lesson 3 – Dynamic modeling
	Lesson 3 – Dynamic modeling
	Lesson 3 – Dynamic modeling
	2. A. The feedback concept

2. B. Control valves

	Jan. 21
	Lesson 4 - Linearized models


	Lesson 4 - Linearized models


	Lesson 5- Laplace transforms
	3. A. Math modeling



	Jan. 28
	Lesson 5- Laplace transforms
	Lesson 6- Laplace transforms
	Lesson 7 - Combining models in series
	4. Models of real processes

	Febr. 4
	Lesson 8 - Qualitative characteristics
	Lesson 8 - Qualitative characteristics
	Lesson 8 - Qualitative characteristics
	5. A. Mock Exam I

	Febr. 11
	Term Exam I
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(evening)
	Lesson 10 - Control objectives
	Lesson 10 - Control objectives 
	6.A.  Equipment in loop

6. B. Empirical modeling (New material)



	Febr 18
	Study Week


	Study Week
	Study Week
	Study Week



	Febr 25
	Lesson 11 - PID modes
	Lesson 11 - PID modes
	Lesson 12 - PID tuning
	7.A. Equipment in loop 

7.B.  Single loop design

	Mar. 3
	Lesson 12 - PID fine tuning
	Lesson 15 - Control performance
	Lesson 16 - Digital control
	8.A. Single loop control performance - the effect of the process

	Mar 10
	Lesson 16 - Digital control
	Lesson 17 - Cascade control
	Lesson 17 - Cascade control
	9. A. Control Design

9.B. Digital implementation

	Mar. 17
	Lesson 18 - Feedforward control
	Lesson 18 - Feedforward control
	Lesson 21 - Level control
	10. Mock Exam II

	Mar. 24
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Term Exam II

(evening)
	Lesson 22 - Multiloop control
	Lesson 22 - Multiloop control
	11. Multiloop design workshop

	Mar. 31
	Lesson 22 - Multiloop control
	Lesson 22 - Multiloop control
	Lesson 22 - Multiloop control
	12. Control Design Workshop

	April 7
	Control Design Workshop


	
	
	




Designates a graded activity 

COURSE OUTLINE 

(Textbook, Instrumentation Notes and Web Exercises are required for all lessons covered)
	LESSON
	TOPIC
	Textbook

Chapter Sections
	Instrumentation (on WEB)
	REF A

Pages
	REF B

Pages
	Lecture  notes

	  I
	     DYNAMIC MODELLING
	
	
	
	
	

	  1
	CONTROL CONCEPTS
	CH 1 & App. A
	Section 1.0
	 11
	
	1-12

	  2   
	CONTROL OBJECTIVES AND BENEFITS
	CH  2 
	
	43-70
	1-9
	13-24

	  3 
	FORMULATE & SOLVE DYNAMIC MODELS
	CH  3.1-3.3

(Except page 66)
	Section 2.0-2.2
	113-127
	64-74
	25-35

	  4
	LINEARIZING NON-LINEAR MODELS 

& NUMERICAL SOLUTION OF ODEs
	CH 3.4-3.7

(Except Ex. 3.7)
	
	128-144

(145-157)
	43-52
	36-45

	  5
	LAPLACE TRANSFORMS
	CH 4.1-4.2
	Section 2.3
	159-172
	10-22
	46-53

	  6
	TRANSFER FUNCTION 
	CH 4.3,

Fig 4.11
	
	
	
	54-60

	  7
	BLOCK DIAGRAMS & COMBINING MODELS& USEFUL INTERPRETATIONS
	CH 4.4 
	
	173-184, 186-200, 212-216
	74-83
	

	  8
	QUALITATIVE DYNAMIC RESPONSES
	CH 5.1-5.3, 5.7
	Section 2.4-2.5
	
	
	69-77, 80

	  9
	EMPIRICAL MODEL IDENTIFICATION
	CH 6.1-6.3
	
	310-311
	216-225
	8-96-, 100-103

	  II
	    FEEDBACK CONTROL
	
	
	
	
	

	  10
	PROCESS CONTROL OBJECTIVES
	CH 7
	Sect 3.0-3.2, 3.7
	258-278
	
	104-118

	  11 
	PID CONTROLLER MODES
	CH 8
	
	281-296
	154-172
	119-136

	  12
	PID CONTROLLER TUNING
	CH 9
	
	297-316
	225-234
	137-158

	  13
	FREQUENCY RESPONSE*
	CH 4.5 & 13.3
	
	317-360}
	275-336
	60-62 

	  14
	STABILITY ANALYSIS*
	CH 10.1-10.6
	
	   "
	   "
	159-176

	  15
	CONTROL PERFORMANCE
	CH 13.4-13.6
	Section 4.0
	
	
	201-221

	  16  
	DIGITAL CONTROL IMPLEMENTATION
	CH 11
	
	551-569
	
	177-200

	  III
	  CLASSICAL CONTROL ENHANCEMENTS
	
	
	
	
	

	  17
	CASCADE CONTROL
	CH 14
	
	394-402
	362-369
	222-237

	  18
	FEEDFORWARD CONTROL
	CH 15
	
	411-429
	367-391
	238-256

	  19*
	CONTROL OF NON-LINEAR PROCESSES
	CH 16
	
	431-443
	
	---------

	  20*
	INFERENTIAL CONTROL
	CH 17
	
	
	
	---------

	  21
	LEVEL AND INVENTORY CONTROL
	CH 18
	
	
	
	257-273

	  IV
	   PROCESS CONTROL DESIGN
	
	
	
	
	

	  22
	MULTIVARIABLE CONTROL -

MODELLING & INTERACTION
	CH 20.1-20.3, 

20.6 (to Ex 20.9)
	
	486-494

504-509
	396-429
	274-303

	  23*
	CONTROL DESIGN METHOD
	CH 24.1-24.4
	
	461-485

529-640
	
	---------

	  24*
	CONTROL DESIGN TUTORIAL
	----------
	
	
	
	HANDOUTS


NOTES: i)   
any lesson may be more than one lecture
ii)
*  = optional topic, not all will be covered 

Teaching and Learning Goals for Process Control, Chemical Engineering 3P03

Attitudes

· Processes never function exactly as designed because of uncertainty and disturbances.

· Flexibility in the form of additional equipment capacity and manipulated variables must be provided to achieve the desired performance.

· Feedback control can improve safety, product quality and profit for a well designed plant.
Skills

· Use self-study skills and research resources (library, WWW, etc.) to investigate and report on process control topics.

· Apply problem-solving skills to the analysis of process data and the design of control system.
Knowledge

· Formulate and solve fundamental dynamic models of realistic processes.  Also, perform empirical modelling experiments, parameter estimation, and comparison with fundamental models.

· Define chemical process operating goals as seven categories of control objectives.

· Select variables for measurement and manipulation, along with instrumentation for automatic control.

· Design single-loop and multiloop control systems, including cascade and feedforward.

· Implement and tune controllers.

· Relate process dynamics to control performance, i.e., be able to determine favorable and unfavorable feedback dynamics, disturbance dynamics and disturbance frequencies and suggest process changes for improved control performance.
Learning Resources for Process Control


SOME KEY ASPECTS OF THE TEXTBOOK
Front Material

· Table of Contents





Pg. xiii

· Symbols and Acronyms




Pg. xxv

· Quick Reference Guide




Pg. xxxi

Chapters in Body

· Boxed Highlights in Grey Scale

· Mini-Figures when Process is Used Many Times

· Solution Methods Outlined – Use Them!

· Solved Examples 


(What if I changed the flow instead of the inlet concentration?)


(What if the volume was changed in the tank?)
Appendices


A.
Symbols For Drawings



Pg. 889


B.
Integrating Factor



Pg. 895


G.
Guide to Selected Process Examples

Pg. 925
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