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Fuzzy Gain Scheduling-Based 2 DOF PID Temperature
Control of a Continuous Stirred Tank Reactor

Ko, KangYoung

Department of Control & Instrumentation Engineering

Graduate School of Korea Maritime University

Abstract

A continuous stirred tank reactor(CSTR) is a highly nonlinear process
with varying parameters during operation. Therefore, tuning the
controller and determining the transition policy of controller parameters
are required to guarantee the best performance of the CSTR for overall
operating regions.

In this paper, a technique combining the two-degree-of-freedom(2
DOF) PID controller with a fuzzy gain scheduler is presented for
temperature control of the CSTR.

First, both an evolutionary algorithm(EA) and a local model are used
to obtain a set of the optimal controller parameters for each operating
region by minimizing the integral of absolute error(IAE). Then, the
controller parameters are expressed as functions of the gain scheduling
variable. Those functions are implemented using a set of “if-then® fuzzy
rules, of which forms are Sugeno’s form. Simulation works for reference
tracking and disturbance rejecting performances assures the possibility of

using the proposed method for the temperature control of the CSTR.
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0

A7 ¢=[K,, T, Tpon 8" ERPE AO17] ebvlgE 748 #Eo|a,
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U}, A9l meas BadeA 2 5 Ak 19 368 ool oj@ @
& BoFED I w(t)=24kg/min]ollH £ H5E A== X
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Fix)=———— (=13) (3.62)

P )= — 1 (3.6b)

714 a, bt ¢ =1,23) AARTFS Hstr] fs) AeHE
nEEola, Aod HAHE 29 374 2
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Fig. 3.7 Fuzzy partitions of the scheduling variable w(t)
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R' . If w(t) is F', then K= K,' (3.7

R . If w(t) is F%, then K= K’ (3.7b)

R If w(®) is F°, then K,= K, (3.70)
A7l RE j(=1,23)8A2 AMolF2, Pe june AT, 2257
o Kt jiAle s HH sx8 Aolrle dHenEHE Ed
9 Ae AAFEE 0L 2L HF 2YS AL 5 Ao

K =" (3.8)

A7 ol= Flwhl= jia #o]H e 7l == vehi
U2 4719 Aolr] SuEER o B ow =20 ylxsly t
& Hog Fojzirh

T, =171 (3.9)

T, =1 (3.10)
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=1 (3.11)

@ = 3
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p=1= (3.12)

Lﬂ Fuzzy gain scheduler ‘
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Fig. 3.8 Overall control system with a fuzzy gain scheduler
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Table 4.1 Data for simulation

Parameter Unit Value Remarks
Density p kg/m 1,000
Specific heat capacity c JIkgK 4,200
Liquid volume V m 0.2
Constant K, w/% 800
Constant K, kg 40
Inlet temperature T, K 293 20[C]
Mass flow w kg/s 12/60~24/60
Saturation limits % 0~100
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4.2 AG9rds} YA o7] TF

CSTRO] W AFe| 35 ARAYe] we 12-24[kg/min] H$] vl
A WA 5 QAW FE A 7 FAA 16, 20, 24lkg/minlel A A 3E
SAHE Ao %FSYTh wetd A b AN ZEA S
GrlEE 4 QIORHE AdET Add FEHEES ® 420 Fo]3
o.

B 42 Al 7HA FEAHAAM ) ZE2A 2 vEtu]E

Table 4.2 Process parameters at three operating points

Plant parameters

wi(t) Remarks

K T I

16 0.714 750 150
T1n= ZO[OC]

20 0.571 600 120
y= 50[C]

24 0.476 500 100

oA71A 2 AQRIE e E ARk 2 DOF PID A7) e} Z-N[14],
IMC[15] ¥ Cvejn[16]¢] 1 DOF PID #A|oj7]¢} wlwsldth. vl FHA

£ 7 AR A Aol
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E A3 Al 7HA FEACAA FxE Ao wEH

Table 4.3 Controller parameters tuned at three operating points

Tuning Controller parameters
method K, T Td o’ G’
Proposed | 7.210 | 393.017 | 70.480 0.266 0.228
Z-N 8.400 | 300.000 | 75.000
16 IMC 5.133 | 825.000 | 68.182
5.600 | 800.000 | 46.875 tracking
6.055 387.652 | 43.353 disturbance
Proposed | 9.427 | 295.770 | 55.263 0.310 0.156
Z-N 10.500 | 240.000 | 60.000
20 IMC | 6.417 | 660.000 | 54.545

7.000 | 640.000 | 37.500 tracking
7.569 302.921 | 34.682 disturbance
Proposed | 11.604 | 247.262 | 44.122 0.332 0.090
Z-N 12.600 | 200.000 | 50.000
24 IMC 7.700 | 550.000 | 45.455

8.400 | 533.333 | 31.250 tracking
9.083 | 252.434 | 28.902 disturbance

w(t)

Cvejn

Cvejn

Cvejn

29 41e B ERA ALS HA A A 3 7 FH4Y
oo me} eulE gol #AEA WABE 1PeE B Aol &
Hgofo] WMARE Mol Tkl YoM weuE gro] MAPHOR 2
nzbgo e Adze e Aol M EE WANE Z15e 23 eSS
o

=)
=
selat 4 gl
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Fig. 4.1 1/O relationship of the fuzzy system for fuzzy gain scheduling
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Fig. 4.2 Step changes of w(t)

_29_



W] Adeel 719

Eis

13

L= PG I S S P s B

=
—a

|(Perturbance peak) Ymax
3] 8- A ZHRecovery time) tro= 2

1
| .

ozl sleke] Ggro] 4@

= uH
=

] Z-NH3 CvejnHe wt)7}F 2 wj(o] u Aojujde] K, 7, L

<]

0. =

o] A

150

— OFOPOSE

Z-N
IMC
Cvejn

snnnagurnn

t[min]

— [ ODOS €

150

t[min]

24[kg/min]oll A 12[kg/min]Z A

=
=

a9 4.3 w)

no

oo

or

Fig. 4.3 Disturbance rejection responses when w(t) is step-wisely

decreased from 24[kg/min] to 12[kg/min]
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3 44v 1 439 AEdoAd 23E AFHoE AyEy] A &%
o] HAA(yma ok olmie] Azt 72 &R |
A7NA Ly EHol AAA g 2%] M9 ol =gsted dee Al

e omd,

¥ 44 w)E 24[kg/minlel A 12[kg/min]E Ao 2 7HAAZ uf T2
A2 A%
Table 4.4 Process performance when w(t) is step-wisely decreased from
24[kg/min] to 12[kg/min]

_ Tuning Performance
w(t)kg/min] . ,
Method Yimaxl C ] to[min] trey[min]
Proposed 51.18 4.58 19.42
Z-N 5.2 4.32 20.16
24 — 20
IMC 51.25 5.12 36.05
Cvejn 51.27 5.02 17.13
Proposed 51.46 5.67 24.34
Z-N (49 5.38 29.58
20 — 16
IMC 51.56 6.33 42.29
Cvejn 51.57 6.22 25.46
Proposed 51.94 7.55 37.52
Z-N 51.85 7.13 500] %
16 — 12
IMC 52.06 8.32 500]%
Cvejn 52.08 8.18 41.17

FoAA B wbzh Aess ' HAXIE AXH, o] we] Azto]

dolA 3, FuAzk] AolAE Ao Ase T 4 Ath

£3] Z-N,
IMCH ] 7% w)7F 16[kg/minlol A 12[kg/min]e.2 WAL we] 35
Azko] 503 oloz Alkd el ws) gol ey @

T o,

s
At o] Aoz tE WHEEY U2 dee Ho 1 dH
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Fig. 4.4 Disturbance rejection responses when w(t) is step-wisely

increased from 12[kg/min] to 24[kg/min]
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E 45 wi7F AlFde =z 12[kg/minlell A 24[kg/min]2 F71 W] ZZA|

T
> AF

Table 4.5 Process performance when w(t) is step-wisely increased from
12[kg/min] to 24[kg/min]

, Tuning Performance
w(t)kg/min]
Proposed 48.51 5.90 19.57
Z-N 48.60 5.48 23.27
12 — 16
IMC 48.39 6.70 500] 7%
Cvejn 48.37 6.55 17.32
Proposed 48.78 4.90 21.51
Z-N 48.87 4.50 23.24
16 — 20
IMC 48.61 5.72 500] %
Cvejn 48.65 5.55 20.88
Proposed 48.99 4.02 15.24
Z-N 49.06 3.73 18.82
20 — 24
IMC 48.83 4.68 500] 7%
Cvejn 48.88 4.57 16.22

w2 CSTRY &7 & 25, S AMEY 258 ¥ASs A& 1
Aot AAX FFHTS de H¥S =1 e
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E 46 wit)=24[kg/min]g we] ZT2A~ A5
Table 4.6 Process performance when wi(t)=24[kg/min]

Performance
r(IC] Tuning Method
M[%] t{min] tsfmin]
Proposed 5.99 1.69 10.41
Z-N 38.95 1.21 10.53
50 — 45
IMC 3.81 2.22 16.94
Cvejn 40.79 1.40 11.36
Proposed 3.77 1.91 10.56
Z-N 20.84 1.69 11.09
45 — 50
IMC 0.14 3.15 8.06
Cvejn 28.48 1.70 11.44
5 A EE A WHol IMCHI Zo] SHFETL A, AsAIzt
ol We el Latvl, FYADNAE TG FWHEG $59 45 Hol
3 9ee ¢ &
Sk 1Y 4.6 r=50[°C], w(t)=16kg/min] A ZZ A7} 3]

of 1< wj t=0[min]ollA r& 45[CIE A t=40[min]o|A 50[CIZ A
HASIHS A5 AAA 2" 839 AqdE & YA A o]
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¥ 4.7 w(t)=16kg/min|¥ wo] Z2A2~ A%

Table 4.7 Process performance when wi(t)=16]kg/min]
Performance
y(OI[C ] Tuning Method
Mp[%] tlmin] tslmin]
Proposed 5.81 2.46 16.10
Z-N 39.19 1.82 15.74
50 — 45
IMC 3.90 3.29 25.45
Cvejn 41.18 2.09 16.86
Proposed 5.78 2.26 15.68
Z-N 36.81 1.83 15.14
45 — 50
IMC 0.11 4.71 12.08
Cvejn 31.73 2.31 16.56
45 F& QAR
oju] 3 A AF3AFC] & =FoAME FEZF @ A 0}7] 4
3 o]l mlEEAd 1x¥ el EHE FUie 2 D
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Fig. 4.7 Disturbance rejection responses when w(t) is step-wisely

decreased under noise environment
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