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Abstract—A powerful technique using the simultaneous solution method is proposed to calculate the steady state
gain which is quite essential to the synthesis of process control structure. After calculation of the solution of variables
in process design, the steady state gain can be calculated accurately from the partial matrix of the inverse Jacobian
matrix which is available for the solution. This technique is more efficient than the technique employing the conven-

tional sequential modular approach which requires repetitive calculations to obtain the steady state gain.

This method was applied to a typical binary distillation column to illustrate its usefulness in finding the feasible

control structures for the top and bottom concentration control.
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Table 1. Data for distillation column

e Flows (Flows/Column Feed Flow)
feed flow = 1.000, distillate flow = 0.5210
bottom product flow = 0.4790, boilup flow = 1.6672
reflux flow = 1.1462
total no. of tray = 21
feed tray no. (from top) = 9
relative volatility, a= 2
e Steady-state mole fraction
xp = 0.500, xp = 0.9500, x5 = 0.0105
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Fig. 1. A simplified binary distillation.
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Table 2. Steady state gains and RGAs calculated
by the sequential modular approach (L,V
control structure)

DEL(%%") g1 g12 821 g2  RGA(Ap)
10.0 0.33428 -1.33961 1.35398 -0.05867 -0.0109
1.0 1.14563 -1.49097 0.72554 -0.29836 -0.4619
0.1 1.35411 -1.35182 0.49080 -0.48822 -279.6815
0.01 1.37090 -1.32754 0.47166 -0.51735 8.5787

0.001 1.37154 -1.32499 0.46980 -0.52039 7.8217
0.0001 1.37169 -1.32473 0.46962 -0.52069 7.7532
0.00001  1.37171 -1.32470 0.46960 -0.52072 7.7472
0.000001 1.37171 -1.32470 0.46960 -0.52073 7.7463
0.0000001 1.37171 -1.32470 0.46960 -0.52073 7.7463

Table 3. Steady state gains and RGAs calculated
by the sequential modular approach (D,V
control structure)

DEL(%%") g11 g12 g21 822 RGAQy)
10.0 -1.53415 0.02947 -0.14143 -0.03206 0.92187
1.0 -1.43633 0.04464 -0.38790 -0.04855 0.80109
0.1 -1.37928 0.04676 -0.46036 -0.05086 0.76519
0.01 -1.37248 0.04698 -0.46866 -0.05110 0.76107
0.001  -1.37178 0.04700 -0.46950 -0.05113 0.76065

0.0001 -1.37171 0.04701 -0.46959 -0.05113 0.76061
0.00001  -1.37171 0.04701 -0.46960 -0.05113 0.76060
0.000001 -1.37171 0.04701 -0.46960 -0.05113 0.76060
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Table 4. Steady state gains and RGAs calculat-
ed by the simultaneous solution method
(L,V control structure)

RGA(4;y)
7.74633

g1 - 812 g21 822
1.37171 -1.32470 0.46960 -0.52073

Table 5. Steady state gains and RGAs calculat-
ed by the simultaneous solution method
(D,V control structure)

g11 g12 821 899 RGA(A;p)
-1.37171 0.04701 -0.46960 -0.05113 0.76060
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Fig. 2. Sensitivity ratios versus top concentration
(VIF=1.5).
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NOMENCLATURE
d; : steady state gain for disturbance
D : distillate flow rate
f : system equation
F : feed flow
J : Jacobian matrix
g; : steady state gain
L : reflux flow rate
m : manipulated varible
V : boilup flow rate
m : independent variable or manipulated variable
Xz : bottom concentration

145

: top concentration

: feed concentration

y : dependent variable or controlled variable
z : disturbance

Greek Letter

Ay ¢ relative gain
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