HWAHAK KONGHAK Vol. 37, No. 6, December, 1999, pp. 844-849
(Journal of the Korean Institute of Chemical Engineers)

H RE AT A2

A M2 o= HIES HMoi7| A

H}Ed
(=N ]

I8 - HTY - OIXIEfT

At setas

(1998 29 9%

A4, 1999 7€ 308 AE)

A Decentralized Controller Tuning Method with One Design Parameter
of the Closed-loop Time Constant

Jinhee Jung, Jinyoung Choi and Jietae Lee'

Department of Chemical Engineering, Kyungpook National University, Taegu 702-701, Korea
(Received 9 February 1998; accepted 30 July 1999)

o
aL

W
iz

=
=

detuning® 2 218 Wl¢ =% $HF} sequential loop closingHe] HIHAA) S5

tuningd ] FAFEE FE + Ut

(_)_r

IMC wningge] o2, 2+ $29] o] Ysie Fe7t He v T Aol 44
AzE Aol algshe shtel Al M4 wningol Hol, AARS) ¥ A2 € 3lvk BLT wning®) #=3

o
WS

Aqrgict. =

2o 7129 7R HRE Ao

Abstract — Extending the IMC tuning method for single variable processes, one parameter tuning method for multivariable
processes where closed loops follow desired responses is proposed. With the proposed method designer’s effort can be mini-
mized since multiloop control systems are tuned with only one design parameter of the closed loop time constant. Problems of
simple decentralized controller design methods such as the very slow response by excessive detuning in the BLT method and
the unsymmetrical response of the sequential loop closing method can be partially solved.
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Fig. 1. Multiloop control scheme for the multivariable process.

L oE HAY 4 U WS Ak 4A Ciye oY g7
3 g0]7] W&o Hs)ol BE 248 3k U2 A 5= vt
H(s)9 n7le] 84 & wivhe 93k duz & 4 St A7iHe
H(s)9l Wizt @8o] Y8l Felz He CE =t &,

H(s) = diag[H(s)] = diag([1+G(s)C(s) "G (s)C(s)) ©
7} 98k gt HE Ce)E Ttk g7 e Hs)E A4E

& gt erie
- . e8us I
H(s) = dlag(m )

o= dt} o71M o2 TR Wz A 9450] 7HAE ATAR
o3, A= HFEEZ FAH AJFE tuning factor &S 3 At
AZ FA 8P SHe) =@z, B s S| Wt vF %
A s Aol A 4 oy, YR A i AL ey &
go] =3 Ao}, wig 3R B3 IMC A°)719] wning W5}t 72
L 98 3= Aolth

gurgo g A (6)lAM Aoj7le sFeR A& F Ut Ao
7] Cs)9 & FI 3EE FRF R T &,

H(jo) = diag([I1+G(0)C({m)] ' G(jo)C({w)) )

£ VEIE Cio)F 7 FH5 ool diEle AR TE
sl 22 FRY A% A (e Aelrlel wel AA¥HeE Fe
T thes 7o) BejaEn.

~p+/F-day
200

c(s) = ®
—ah,,—ag,;hy,c
ey(s) = 273811020 )
A+Bc,
o714,

4= 8118227 812821

A =agh) —agy,

B = a%h,, —a?

é = agyphy,—agy,

B = a%h,,-a?

o= A]:B—aBg“hn

B= ﬁA'thzz‘ﬁgngzzhnhzz*'aéhn

Y= aAhj ~a’guh hy,
ol

olgA T, F HAA Wl sl 28 gHo) e 4
AZAA Fert He Ao)7] ¢(s)9) cy(sys PID A|oj7] dejr} o}
Uk,

HWAHAK KONGHAK Vol. 37, No. 6, December, 1999




3. PID HMoi7|2 A} MTa
AN AEHE TOF 2T Aolzle] Heje AHOE PID 3 [— et
ol wheby gelld 73 #0)718 thest 2 PID A7 2 '

Apstel AbgEc

Amplitude Ratio

o(s) = KC(HTLIS) . PI A|o17] (10)

ofs) = Kc(l+—1—+’tDs)—1—— : filler® 712 PID Al9)7] (1)
1,8 Tes+1

Zu4 Gl fittingdte] 2AF PID Ajo71& =t | ) .
olF Fe FHs G ¢ (syh A Byl - 2% HEAT o] % o5 o F’ecmz;.;::;y lradl:;:] 0.25 0.3
F 4 mog i - 2oZ uiEA "ot o] v 7t FagE :
22t e 7R A"o|th. Fig. 2l 5529 wa} Aol vt (b)
Uz ok weka 59 2lo] udd gk o ol 50 SloiM
FAAR T AAglo] ¢ T AldtEe] Ak 10’
FittingS 1814 9 Qo] FojRe} g}, & Fupr G947t
A& fittinge] 2 o]FoAA] gerh AHE WA ARGE Aoy
9l PIPID)E Bode plotd] 83 EH —90°~ —0°(-90°~+90°y7HA|
WEER fittingd] HAE olo] F@SHFig. 2(c)].
A 28 ggo] A} AZAA FEE YEMER 18] 7 F L
g R AolA] TR EAo] yehiA k. wEbA fiing HH o
A ARe ZFsdel dake ¢F FHE 42 T U 1A

PR PID controller
—_— ideal controller

<-- 1st controller

2nd controller -->

Amplitude Ratio

%}o] fitting°ﬂ A]—%—% %IEH Z‘}' 'Zr’iﬂ’zl: OVB]'OE_J 73‘?“, B 7\71’ 7—(}% %}\' 1o F‘y::uency [rag/min] o
& 7HA BohE £2Eewe 1Fo] AdA vepdth £ UAt Al 200
724 B g A =T (©

Aeke Hpgol ojs) a2 PIPID) #F 0o] HHA7E Table 1°1 150}
veR} otk AQHE el &% Aol7] EL fitting WU B

2nd controller -->

H31% ol Wb @2 4 giek S fitting FHT FYslch E:
W fAR gelel $Ee nelA Bn. :
Fittingoll AF&H|017] 23 3ot o [ Roemmame |
Min. 3 (IC(j®)-C(jo)+|£C(w) - £CGm)) (12) & oot
O]E} 50 1st controller «->
4.0f H oo T T

107 10° 10
Frequency [rad/min}

W) wAl Ashe 0 B . Aeh . . . .
Ak 3 t’? 2AF A BLTY R SATH s Alek Fig, 2. (a) Amplitude ratio of the ideal controller calculated by the Eq. (8).

€ el ofsf et Aletr] e Table 194 2 (b) Amplitude ratios of the ideal controller and PID controller
2749 AEE YeplE [+GC) 18] minimum singular value %k (Wood and Berry column, A=3.7). (¢) Phase angles of the ideal
S[121e 7t whEs B89 columnol W} Table 29 7ol FaXioh controller and PID controller(Wood and Berry column, A=3.7).

Table 1. Control settings for each column

Wood & Berry Vinante & Luyben Wardle & Wood
PI PID with filter PI PID with filter PI PID with filter
0} 0.001-0.336 0.001-0.325 0.001-1.00 0.001-1.00 0.001-0.115 0.001-0.105
A 5.5 3.7 3 15 15 10
K¢ 0.20 0.24 —0.76 -3.66 18.14 53.64
-0.10 -0.11 0.56 2.94 -10.18 -52.09
T 822 7.24 4.10 12.36 22.83 40.75
8.40 6.91 4.94 14.36 15.30 42.08
T 441 221 31.39
3.88 2.20 27.72
T 3.20 6.54 56.64
2.67 6.72 84.70
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Table 2. Minimum singular values of [I+(GC)‘1]

BLT SAT Proposed PI  Proposed PID
Wood & Berry 0.606 0.328 0.539 0.699
Vinante & Luyben ~ 0.720 0.403 0.828 0.711
Wardle & Wood 0.629 0.168 0416 0.607
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Fig. 3. (a) Set-point responses of the proposed PI controller for Wood
and Berry column. (b) Set-point responses of the proposed PID
controller for Wood and Berry Column.
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Fig. 4. (a) Set-point responses of the proposed PI controller for Wood
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the proposed PID controller for Wood and Berry column with
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C : matrix of controller transfer function with diagonal elements
¢, :element of controller C

G : matrix of open-loop process transfer functions

g; :element of open-loop process

H : matrix of closed loop transfer functions with controllers and pro-
cesses )

H : matrix consisted of diagonal elements of H

h, :diagonal element of H

I :identity matrix

j  :complex number, J-1

K¢ : controller gain

R : vector of reference variables

1, :integral time constant of controller

1, :derivative time constant of controller

1, :filter time constant of controller

o :angular frequency

Y :vector of controlled variables

a, A, B, A ﬁ, o, B, y:defined complex variables to find ideal
controllers
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