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COURSE OUTLINE


McMASTER UNIVERSITY, CHEMICAL ENGINEERING DEPARTMENT


CHE 764 PROCESS CONTROL DESIGN


FALL SEMESTER 2004

INSTRUCTOR:
 
Dr. Thomas E. Marlin, JHE 372, x27125, marlint@mcmaster.ca




Office hours 9:00-4:00 and by appointment

TEACH ASSIST: 
None

SCHEDULE:

To be determined during first class

CALENDAR: 

Integration of process dynamic and control analysis into a design method, addressing stability, controllability, inferential variables, multi-loop and multivariable control, and safety and reliability with applications to selected unit operations and integrated plants

FORMAT:

The course will consist of classroom instruction, which will include lectures and workshops.  Students will be given topics for presentation in a seminar format; they will prepare short written summaries of these topics.  All students must attend the seminars, prepare via readings, and participate in the discussions.  Several assignments will be given during the course, and a major final project will be defined and performed by each student.

GRADING: 

30% 
Assignments, Seminars and Workshops





25%
Content and presentation of class





45%
Final Project with formal Report






Attendance in classes required for passing grade

EXAMS:

None

ASSIGNMENTS: 
Will include several assignments with specific questions, one topic for class presentation and an open-ended project.
CALCULATOR: 
N/A

REQUIRED TEXTBOOK: No textbook.  See course outline for references

LECTURE NOTES:
Notes will be available in a binder and at www.chemeng.mcmaster.ca (Select menus: Graduate students/Graduate Courses/Course outlines and material).

SOFTWARE:

MATLAB

POLICY REMINDERS
The students are reminded that they should read and comply with the Statement on Academic Ethics and the Senate Resolutions on Academic Dishonesty as found in the Senate Policy Statements 1994/5 distributed at registration and available in the Senate Office.

The faculty of engineering is concerned with ensuring an environment that is free of all adverse discrimination.  If there is a problem that can not 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.

COURSE REFERENCES AND TOPIC OUTLINE

BASIC REFERENCES - You do not have to purchase these for the course, although you should refer to the copies in the library.

Reference
Topic

Marlin (2000) 
provides guidance on classical control, variable structure control, basic inferential control, and setting design goals.

Skogstad and Postlthewaite (1996) 

is useful for mathematical analysis of linear dynamic systems.

Luyben, Tyreus and Luyben (1999)
provides a heuristic approach for integrated control design and examples of the affects of recycle

McAvoy (2003)
draft of book on control design, includes analysis of interaction and affects on control

Shinskey, F.G. (1981)
gives numerous classical control strategies

Liptak (1999)
Chapter 8 of the tome gives good control designs for equipment in the process industries

COURSE REFERENCES FOR EACH TOPIC

Major topics II-IV will be covered.  Sections of topics V and VII will complete the course.  Parts of I may be covered depending on the needs of the students.


COURSE OUTLINE

LESSON
    TOPIC
READING
REFERENCE

   I.
REVIEW SELECTED SINGLE-LOOP CONTROL TOPICS (Topics selected based on preparation of students)



   A.
SINGLE-LOOP CONTROL PERFORMANCE 

(Students cover  by self-directed learning)
Marlin, Ch-13
Many other textbooks and engineering handbooks

   B.
SELECTED ENHANCEMENTS

1. Cascade

2. Feedforward

3. Variable Structure

4.  Model Predictive
1. Marlin, Ch-14

2. Marlin, Ch-15

3. Marlin, Ch-23

4. Marlin, Ch-19

Cutler & Raymaker, 1979

Prett & Gillette, 1979

Garcia & Morshedi, 1986

Morari & Zafiriou, 1989

Qin & Badgwell, 1996
3. Shinskey, 1981

4. Despande, 1989

Garcia & Morari,1982-1985

Garcia et al, 1989

  II.
PRELIMINARY PROCESS ANALYSIS   







   A.
CONTROL DESIGN DEFINITION
Marlin, Chap 2

Marlin, et al, 1987
Li, Chen, and Marquez, 2003

Kallappa et al, 1997

   B.
DEGREES OF FREEDOM


Marlin, Ch-24

Seborg et al, 1989


   C.
CONTROLLABILITY
Rosenbrock, 1974

Morari et al, 1980

Skogstad and Postlthewaite (1996)
Rosenbrock, 1970

Johnston & Barton, 1985

Johnston, Barton & Brisk, 1984

Newell and Lee, 1989

Hopkins, L., P. Lant and R. Newell, (1998)

Lin, et. al ,1991

Chen, 1970

Friedland, 1986

Kailath, 1980

Kwakernaak & Sivan, 1972

   D.
INFERENTIAL VARIABLE SELECTION


Marlin, ch-17

Kresta et al 1993

Tolliver & McCune, 1980
Mejdell & Skogestad, 1991 a/b

Joseph & Brosilow, 1978

Lee and Morari, 1991

Murohy and Stephanopoulos, 1978

Yu and Luyben, 1984

   III.
MULTIVARIABLE CONTROL



    A.
INTERACTION MEASURES
McAvoy, 1983a

Marlin, Ch-20
Bristol, 1966

Witch & McAvoy, 1977

McAvoy, 1981

Grosdidier & Morari, 1986
Zhu et al, 1997

Arkun and Downs, 1990

Hovd and Skogstad, 1994

McAvoy, 1999b

McAvoy et al , 2001

McAvoy (2003)

    B.
TUNING  MULTILOOP SYSTEMS
Marino et al, (2) 1987

Monica et al, 1987
Luyben, 1986

Hjalmarsson, et. Al. ,1998

    C.
LOOP PAIRING Metrics
Marlin, Ch-21

Stanley et al, (1) 1985

Skogestad et al , 1990

De Wal and de Jager , 2001
Marlin et al, 1986

Marino et al, (3) 1987

Economou & Morari, 1986

Wenk & Knapp, 1980

Zhu, 1996

Hovd and Skogestad, 1993

Arkun & Downs, 1990

Cao & Rossiter, 1997

Cao and Rossiter, 1998

    D.
DECOUPLING
Marlin, Ch-21
Arkun et al, 1984

McAvoy, 1983b

Luyben, 1970

McAvoy, 1979

Niederlinski, 1971

     E.
CENTRALIZED & BLOCK CENTRALIZED CONTROL STRUCTURES
Maniousouthakis, V. and Y. Arkun, 1986

Chang, J-W and C-C Yu, 1992

Charos and Arkun, 1993
Chang and Yu, 1991; 1992

Harris & MacGregor, 1987

Lee, Chiu and Arkun, 1998

Samyudia, et al (1995)

    F.
LIMITS TO PERFECT CONTROL
Grosdidier et al, 1985

Perkins & Wong, 1985

Holt & Morari, 1985a/b

Morari, 1983

Russel & Perkins, 1987

Swartz, 1996
Koppel, 1982

Lenhoff & Morari, 1985

Morari et al, 1980

Havre & Skogestad, 1998

    G.
SENSITIVITY AND ROBUSTNESS
Johnston & Barton, 1987

Doyle and Stein, 1981

Skogestad & Morari, 1987a
Johnston & Barton, 

McDonald et al, 

Skogestad, 1991

Skogestad & Morari, 1987c

Yu & Luyben, 1987

Weitz and Lewin , 1996

Seferlis and Grievink, 2001

    H.
DISTURBANCE DIRECTIONS
Skogestad & Morari, 1987b

Lear et al, 1995
Skogestad & Morari, 1989

Yi and Luyben, 1995

    I.
OPERATING WINDOW AND OPERATING CONDITIONS
Narraway & Perkins, 1993

Fisher et al, 1988

Arkun & Stephanopoulos, 1980
Vinson, D. and C. Georgakis, (2000)

Georgakis, C., D. Uzturk, S. Subramanian, and D. Vinson, 2001

Swaney, R. and I. Grossmann, (1985)

Grossmann, I., K. Halemane, and R. Swaney, (1983)

     J.
INTEGRITY
Grosdidier and Morari, 1985

Morari and Zafiriou, 1989

Campo and Morari, 1994
Chui and Arkun, 1990

Chang and Yu, 1991; 1992

     K.
FEEDFORWARD CONTROL
Lewin,  1991
Johnstone and Barton, 1987

     L.
ECONOMICS-BASED DESIGN
Narraway, Perkins, & Barton, 1991

Narraway & Perkins, 1993

Luyben, 1975

Elliott and Luyben, 1995

Kassidas, Patry, & Marlin, 2000

Contreras & Marlin, 2000

Skogestad, 2000
Ricker, N.L (1995)



     M.
PARTIAL CONTROL AND DOMINANT VARIABLES
Arbel, Rinhard, & Shinnar, 1996

Luyben, Tyreus, & Luyben, 1999


    IV.
INTEGRATED CONTROL DESIGN PROCEDURE



    A.
SOME PROPOSALS
Barton et al, 1991

Morari et al, 1980

Hovd & Skogestad, 1993

Luyben, Tyreus & Luyben, 1998

Price & Georgakis, 1993

Marlin, Ch-24 & 25

Mahanajannam & Zheng, 2000

Bratz et al, 1996

Lee et al, 1995

Pegel & Engell, 2001
Astrom et al, 1986

Chiu & Arkun, 1990

Co & Ydstie, 1982

Govind & Powers, 1982

MacFarlane et al, 1989

Niederlinski, 1971

Txouanas et al, 1990

Luyben and Floudas, 1992

Stephanopoulos, G. and C. Ng, (2000)



    B.
OPTIMIZATION-BASED APPROACHES
Swartz, 1996

Young, Swartz, and Ross, 1996

Ross & Swartz, 1997

Robinson & McAvoy, 2000

Robinson et al, 2001

Wang, P. and T. McAvoy, 2001

Kookos, I. K. and J. D. Perkins (2002a)

Kookos, I. K. and J. D. Perkins (2002b)


Harris & MacGregor, 1987

Bansal et al, 2000

Jorgensen & Jorgensen, 2000

McAvoy, 1999a 

Vadigepalli & Doyle, 2001

    V.
AFFECT OF THE PROCESS ON CONTROL DESIGN AND PERFORMANCE 



    A.
STRUCTURES

1.  Series

2.  Parallel

(SISO zeros and MIMO zeros)

3.  Recycle

4.  Staged
1. Marlin, Ch-5, Ch-13, Ch-24, Ch-25

2. Marlin, Ch-5, Ch-13

3. Luyben, 1993a, Luyben, 1993b

    Luyben, Tyreus & Luyben, 1998
Narraway et al, 1991

Russo and Bequette, 1992

Belanger and Luyben, 1997

3.  Hugo et al, 1996

Luyben, 1994

Silverstein and Shinnar, 1982

Wu and Yu, 1997

Luyben & Floudas, 1994

    B.
NON-SELF-REGULATORY
Cheung & Luyben, 1979, 1980

Shunta & Feherari, 1976

Cutler, 1982

MacDonald et al, 1986

Hiester et al, 1987

Arkun and Downs, 1990

McAvoy, 1998
Cheremisminoff, 1981

Cho, 1982

Campo & Moarai, 1989

     D
MODELLING FOR MULTIVARIABLE CONTROL
Skogestad, 1991

Jacobsen and Skogestad, 1994

Haggblom and Waller, 1988
C.-W. Kong, 

Mijares et al, 1985

Weisberg and Kummel, 1992

Shen and Yu, 1996

Gevers, 1993

    C.
OPEN-LOOP UNSTABLE
Perlmutter, 1972

Penlidis et al, 1989

Hovd and Shogestad, 1994
Horn & Lin, 1967

Doulgas & Giatonde, 1967

Bailey, 1973

     D
STEADY -STATE MULTIPLICITY
Koppel, 1982

Jacobsen and Skogestad, 1995


      E
SYSTEMATIC APPROACHES
Mohideen et al, 1996

Moari & Perkins, 1995

Schweiger & Floudas, 1998

Van Schijndel & Pistikopoulos, 1999

Walsh & Perkins, 1996


Grossman & Morari, 1984

Luyben  & Floudas, 1994



    VI.
CONTROL FOR SAFETY AND RELIABILITY
AIChE CCPS, 1993

Kletz, 1980

Lieberman, 1980

Stewart, 1971

Onderdonk, 1986

Rushton, 1991

Black, 1989

Fisher, 1991
Goble, 1992

Magison, 1984

Crowl and Louvar, 1990



    VII.
UNIT OPERATIONS



    A.
DISTILLATION CONTROL


Rhyscamp, 1980

Tolliver & McCune, 1980

Stanley & McAvoy, 

Skogestad & Morari, 1987d

Skogestad et al, 1990

Chin, 1979

Cheung & Marlin, 1982

Lundstrom and Skogestad, 1995

Cantrell,, Elliott and Luyben, 1995
Balchen, 1988

Haggblom & Waller, 1988

Skogestad & Morari, 1988

Liptak, 1973

Luyben, 1972

Waller, 1988

Schelle & Miller, 1987

Tyreus, 1987

Maarleveld & Rijnsdorp, 1970

Kister & Doig, 1979, 1981

Kapoor et al, 1986

Levy et al, 1969

Kim & Friedly, 1974

Fuentes & Luyben, 1983

Finco and Luyben, 1989

Lundstrom and Skogestad, 1995

    B.
FIRED HEATERS
API, 1977

Kugelman, 1981

Reed, 1981
API, 1982

Kenney, 1984

    C.
BOILERS AND STEAM SYSTEMS
Dukelow, 1991

Shinskey, 1978
Kenney, 1984

    VIII.
CONTROL BENEFITS ANALYSIS



     A.
PROCESS ANALYSIS
Marlin et al, 1987

Martin et al, 1991

Stout and Cline, 1976
Shunta, 1995

     B.
ECONOMIC ANALYSIS
see above


     C.
PERFORMANCE DIAGNOSTICS
Harris, 1989

Stanfelj et al, 1993

Desborough & Harris, 1992, 1993
Weinstein, 1992

Cott, 1993

Kozub, 1996

Harris, Boudreau, & MacGregor, 1996

Huang, Shah, & Kwok, 1997

      D
CONTROL DESIGN FOR PROFIT
See above


     IX
MATHEMATICAL BACKGROUND




Linear algebra and typical linear control analysis
Ortega, 1987

Skogstad and Postlthewaite, 1996

Dorf, 1986
Doyle & Stein, 1981

Klema & Laub, 1980

Nguyen et al 1988

Fletcher, 1987


Classical linear control systems
Chen, 1970

Friedland, 1986

Kailath, 1980

Kwakernaak & Sivan, 1972
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