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Design of the immune control system for
thermal engineering process and its stability analysis

WU Jie, SHEN Jiong, LI Yi-guo
(School of Energy and Environment, Southeast University, Nanjing Jiangsu 210096, China)

Abstract: Motivated by biological immune feedback models, we derive a novel immune feedback controller for thermal
processes. First, relations among antigens, 7T-cells and B-cells are relatively completely imitated and a new nonlinear
function describing the reaction between the restrained 7'-cells and B-cells is proposed, and then, the Popov super-stability
analyses for two types of thermal process immune control systems are presented respectively. The nonlinear gain of the
control system is determined and the design scale of IFC parameters is derived by extending the Popov super-stability
from image solution to analytical solution. Finally, simulation results of the self-balanced superheated stream immune
control system and the non-balanced water immune control system confirm the analytical solution validity of parameter
scope through identifying the processes and analyzing the control system with Popov super-stability theory. The simulation
results of thermal process immune control systems with tracking performance show that the proposed immune control
system for thermal process is satisfactory.
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11 (Design of immune controller based on
immune feedback mechanism)

2.1 BN E RS FE(Immune feedback process)
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Fig. 1 Immune feedback theory
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Fig. 2 Immune feedback controller (IFC)
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Fig. 3 Nonlinear immune control system frame
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Fig. 4 The Popov curve of superheated stream immune

control system
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control system
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Fig. 7 The Popov curve of water immune control system

~0.02 i
%06 0.5

400 L T T T T T T T T T
£ 30 S L
= 200- % —IFC
---PID
100 I I I I 1 1 1 I 1 I
800 1200 1600 2000 2400 2800 3000
t/s
5 T T T 'klﬁ T T
= 0
E - —IFC
3 -0 ---PID |
-15 I 1 1 I 1 1 1 I 1 I
800 1200 1600 1400 2200 2800 3000
tl's

8 VUKL R R G R L
Fig. 8 Tracking performance of water immune control

system

5 458 (Conclusions)
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