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Design of the Immune Control System for Thermal Engineering Process

and Its Stability Analysis
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Abstract: Motivated by biological immune feedback models, a novel immune feedback controller for thermal processes
is derived. First, relations among antigens, T-cells and B-cells are relatively completely imitated and a new nonlinear
function describing the reaction between restrain T-cells and B-cells is proposed. Then the Popov super-stability analyses
for two types of thermal process immune control systems are present respectively. The nonlinear gain of the control system
is gained and the design scale of IFC parameters is derived through 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 prove the analytical solution validation of parameters scope through identifying
the processes and analyzing the control system with Popov super-stability theory. The simulations results of thermal process
immune control systems with tracking performance show that the proposed immune control system for thermal process is
satisfying.
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Fig. 5 Simulations of the Superheated Steam Immune

Control System

H P&l 407 I, P0p0vm9£§ﬁﬁi$$H¢ReW (s) =
1

——— = —0.3096 , ML HGHR Rl R g4
SR B’J%%%ﬁ%\ﬁl + al\ < Kz = 3.2300 ,

iR 53 (14) Prigfdriiet o8, wl b i
ﬁﬁxﬁlﬁﬁfzo AR RIFE AT S Al AT B A

HE TR R

2) RGUHR A E 1 B A5 O I P S s s il
RGHATH RS S RER . il (14) EHIFCS

Sk o =0.012, B = 0.1058, B, = 8.9500
o REEE o kAR 48 PIDEE A, A TR E
NPk, = 1.8, k; = 0.032, ks = 50 . i B4
LK S,

P B 25 AT 0, TRCHE il 3 4t n PRad B i %

JE ML, FUEMECN, SRR, RETERES
PERERLLS -
42 L AP I B IR & EEHR

4i(Immune control systems for non-balanced
thermal processes)

CATC V-1l € 70 AT AKARE X BAE ik G db 47

ERAELSE . DA il as TRCOY il K =
P - S R G VR KA HEAT R o

ARG 6fis:

HrdisD

6 TUEIKALFEHI RS
Fig. 6 Water Control System Frame

Forfr, gk KA R B2 Woa(s) =

0.037 S g B o S K .
m: Lﬁiﬁ7ﬁ{i’f§ﬁ§Uﬁ[7’7W0D(5) =
3.6 0.037 S v e g
FIERES i , DU T AL R Ky (5) =

v(s) = 0.075 , yu(s) = 0.033 . £ /K=
TR B e VR u\%‘%%ﬂ%ﬁ?é&Ww(S)
Wic(s) = 0.3 o I EW,1(s) = 10, ky(s) =
2.

X

1) VAL KA S e 5 R Ge B Ae e PR BT 4 780K
EHLF)AONT,  HE 60T 15 5 G0 T 38 A% 35 pR £ £
PR W, (s) M-

W, (s) = Wol(s)ky (s)Woe(s)vu

L+ Wia(s)vp(8)va(s)War(s)kv (s)
0.01684

~ s(1+ 30s)
BRI, (s) IR AW (s) — ?10+16:4) e
(13) W3R R G R GEIFC A 2 M 1 35 2005 A2 «

151+ 1] < koo = 4.1329 (15)

[T i LLReW, (jw) A X fill, BlwoImW,(jw) Y
Bl Popov Bk Wi 7718 .



5 x S BT IR S e ) R L e vk M A 7 5

0.005 -

0.005| (-0.243,0))

wim(jw)

-0.01

-0.015

~0.02 i i i i i i
-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1
Re(jw)

7 FAKAL S e il & Gt Popov i £k

Fig. 7 The Popov Curve of Water Immune Control System
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Fig. 8 Tracking Performance of Water Immune Control
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