Exercise 5

Steady State Screening Plant Wide Control 


Systems

I.  OBJECTIVE


The primary objective of this exercise is to demonstrate how the steady state gain matrix for a process can be used to gain insight into potential plantwide control architectures.  Singular value decomposition (SVD) of the gain matrix for the Tennessee Eastman process is studied in the exercise.  A second objective is to illustrate the effect of scaling on the SVD results.    

II.  CONTROL TECHNOLOGY


Calculation of the raw "steady state" gain matrix for the Tennessee Eastman process gives a matrix that is 41x12.  The first step in applying singular value decomposition involves scaling this gain matrix.  The scale factors used are given in Table 1 below.

Table 1 - Scale Factors

	Variable Type
	Scale Factor
	Comments

	Flows
	2*Steady State Flow
	

	Pressures
	3000 kPa and 600 kPa
	two scale factors are studied

	React. Temperature
	25 oC
	

	Other Temperatures
	50 oC
	

	Compressor Power
	2*Steady State
	

	Compositions
	2*Steady State %
	

	Reactor Level
	50 %
	Not Integrating

	Other Levels
	50 %/hr
	Integrating

	Manip. Variables
	2*Steady State Value
	Steady State<50 %

	Manip. Variables
	2*(100%- SS Value)
	Steady State>50 %


In this exercise only the non-analyzer loops are considered.  The non-analyzer measurements involve the first 22 measurements.  Thus, eliminating the analyzer gives a 22x12 gain matrix.  In addition the cascade loops are closed, and removing the rows for the cascaded measurements gives the final 12x12 gain matrix that will be analyzed.  To illustrate the effect of scaling on the results, two different scale factors for the pressure variables are studied.  The first is 3000 kPa, and the second is 600 kPa.  For the second scale factor is assumed that a pressure measuring device with a zero reading of 2700 k Pa is used.  The pressure can then vary between 2400 and 3000, resulting in a range of 600 kPa.  

III.  PROCESS DESCRIPTION


A description of the Tennessee Eastman process has been given earlier.  In this exercise two different scaled gain matrices will be studied.  The matrix, TE1, involves the closure of the inner cascade controllers and the 600 kPa scale factor.  The matrix TE2 involves the valves themselves, and the 3000 kPa scale factor.  The matrix TE gives the gain matrix for the valves themselves when the pressure scale factor is 3000 kPa.  The singular value decomposition of each gain matrix can be calculated using the MATLAB svd command as [U,S,V]=svd(TEi).  To compare the 2 matrices to one another, the matrix of singular values, S, will be used.  The number of elements, i, for which s1,1/si,i is less than 50 is taken as being indicative of the number of loops that can be closed from a practical point of view.  The product U*S gives information about which measurements can be controlled independently.  Finally, VT gives information about manipulated variable interactions.

IV.  COMPUTER EXERCISE



The two 12x12 gain matrices, TE1 and TE2, are given in the mat-files.  Each matrix can be loaded and its singular value decomposition can be calculated.  The matrix TE was analyzed in lecture and it is included as a mat file in this exercise.

V.  EXERCISES

Case 1.  Calculate the matrix of singular values for both gain matrices.  Use the matrix of singular values, S, to determine how many loops can be closed for each case.  For both cases determine which measurements are correlated with one another.  The r2 matrix can be calculated for U*S by using the m-file r2 = singu(U*S).  For the gain matrices for the Tennessee Eastman process a cutoff value of 0.99 can be used for r2 elements to determine correlated measurements.  Also for both cases calculate the VT matrix and use it to assess which manipulated variables have a very small effect on the process.

VI.  RESULTS ANALYSIS

Which of the two cases is best in terms of the number of loops which can be closed based on its S matrix?  For both cases what can be concluded about which measurements can be controlled independently?  For both cases what can be concluded from the VT matrix about which manipulated variables have the smallest effect on the process measurements?  If measurements and manipulated variables are eliminated based on analyzing the SVD results for both cases, what is the size of the gain matrix that results?  Does closing the inner cascade controllers result in a better conditioned or worse conditioned process compared to simply using the valves.  Does closing the cascade controllers help to reduce measurement correlation?  Does using a pressure transmitter with a smaller span result in a better conditioned or worse conditioned process compared to using a transmitter with a span of 3000 kPa?

