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Nonlinear robust control for continuous stirred tank reactor system
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Abstract: This article considers the design of nonlinear robust controller with high gain observer (ONRC)
for single-input/ single-output system of continuous stirred-tank reactor (CSTR) based on a nonlinear
robust theory. To facilitate its implementation, a simple parameter tuning method was suggested. Through
comparison of simulations with NRC and sliding model controller (SMC), it was found that the proposed
schemes ONRC appeared to restrain the system uncertainties and disturbances better. Monte-Carlo

experiments also suggested the better robustness of ONRC.
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Table 1 System parameters
Parameter Parameter
symbol Value symbol Value
Da, 3.0 ey 0.3
Das 0.5 er 0. 05
Das 1.0 uq 1.0
1.4 0. 3467 2.4 0. 8796
Z3.d 0. 8796
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Table 2 Regulation-time for different w

w T, ITAE
0.01 461 2.97
0.01X10%° 137 0.3
0.1 44. 1 0.03
0. 1X10%° 14. 6 2.99X107°
1 4.65 3X10*
105 1. 35 3X107°
10 0. 46 2.99X10°¢
10X 10%° 0. 15 3xX1077
100 0. 04 3X10°8
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Table 3 Amplitude of u for different k (ONRC)

k max( ‘ u ‘ )
0.1 0. 65
0.1X10%° 0.448
1 0. 36
1009 1.08
10 2.33
10X 10%° 3.71
100 5.43
100X 10%° 17. 31
500 33
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Table 4 Amplitude of u for different k(NRC)

k max( ‘ u ‘ )
0.1 1. 39
0.1X10%° 1. 06
1 0.98
1005 0.56
10 1. 60
10X 1005 2.61
100 3. 30
100X 10%° 3.45
1000 179
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Table 5 ITAE for different parameter perturbations

Perturbing parameter

ITAE

Da, Da: Das X2.d
NRC 0.08 0.08 0.05—0.1 0.05—0.11
ONRC 0.09 0.09 0.09 0.09
SMC 0.13—0.28 0.13—0.15 0.09—0.15 0.93—0.15
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Table 6 Regulation-time for different

parameter perturbations

Perturbing parameter

ITAE

Da, Da; Das X2.d
NRC 1.02 1.02 0.58—1.21 0.55—1.24
ONRC 1. 08 1. 08 1.07—1.09 1. 08

SMC 1.04—1.31 1.10—1.34 0.85—1.24 0.98—1.21
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