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A Comparative Study on the Parameter

Adiustment of a PID Controller
Un - Seo, Park

Department ¢k Manvne  Tngineending, Graduate Schoof,
Korea Maritume Univensdity

ABSTRACT

Conventional industrial process coutrols are heavily dependent
cn the PID controliev. In order to maintain the desired performance
of the process control with a PID controller, the three parameters,
i.e., Kp, Ti, and Td have to be preperly adjusted in accordance with
the control plant dvnasimics. Howevewr, it is a difficult rfask to pro-
perly adjust the parameters.

Since the last several years, 2 number of parameter adjustment

techmigues, such as the transient response method, the Cohen-Coon

nethod, and Ziegler-Nichols method have been developed.

Most of ithese couventional technigques are based on experience and
experiment to obtain the suitadie control quality but take no con-
sidaration -f the energyv consumption needed to drive the plants. In

particular, the Ziegler-Nichols method needs a few period of the

cvitical oscillation and the {ohen-Coon method needs an inflection
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point to obtain the optimal setting values. They have shown that
there were still several difficulties to get the optimal values.
So, in this paper a new control parameter adjustment method
which can cope with the requirements of both the control quality and
the energy saving is presented. In this technique, the optimal para-

meters, Ti and Td are first determined by the Modified Ziegler-Nichols

Method and then the optimal gain,Kp is obtained by making minimiza-

T
tion of the quadratic index J=J ze2+-au2)dt using the two parameters,
o
Ti and Td. It is shown that the new technique which makes use of the

three point search algorithm is easier than the Modified Ziegler-
Nichols technique to obtain the optimal parameters.

The effectiveness of the new technique is shown through the

digital computer simulation.
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A AR Ad g oM Y T 22 (process ) Aol oM
o PIDAfs o] siAl At Am g S 4 A4&sm 9= PID

A ed 7

e DKo ), HEARIT), o) 342 Te) 5o o efal

rir

{ parameter ) 2] gtell whel4  H o] B4 o) A welAlch zeme A

(a3

oAda el dFel A FAHEE F g A A HAeflale & HA
sl 2de Hast dod eHy do o TAIHAE oy § &
AMolet, FeAe] PIDAH7] 9 selole zHwoz= YA = [ ult-
imate sensitivity method J1)s5) &} 2.9 wtd] [ transient respons¢ meth-
od JY | Cohen-Coon % [ Cohen - Coon method 19,4 45  Ziegler-

Nichols ¥ [ modified Ziegler- Nichols method P Ee £ gy
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PIDAo} 78 eAueld T: % Tat FH Ziegler-Nichols {ol
gs AAsT K, & o HARFE a2 =F EAec A2 ¥
e Aorgch £ Wy 9% At FHY YR >+t e
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Controller Plant

Fig.i Block Diagram of a General Feedback Control System
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=3 dgpd ez mAAY FAE(plant)F 2AAR 243 AR
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2xA 2 ZFT

Gp(s) = - (2)
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1
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Fig.2 Block Diagram of a Control System with a PID Controller
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T : ] 4 ( time constant ]
L ;: xd4l 7 ( delay time ]

K : A 4to] & ( gain constant ]

o2 FojAt AL wAZEYE AT A= Jrggielet e

d o] wde g & A Y AAUHS T 29 ol e

Table 2. Optimal Parameters by the Transient Response Method

parameter ‘
K, T Ta
controlle
P 1.0 -
) KL
PI 0.9 g 3.3 L
. KL .
PID 1.2 T 2.0 L 0.5 L

9.1.3 Cohen-Coon¥

19651 Coughanowr ¢+ Koppel & 2 AN 2Y3FH FL RCE:]
oo ( indicial response) s SRIAE FAA F Ao s

HE ohed Zol T
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30 + 3 %
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9 + 20%
PID &=t o
T 4 T4 3
K, = — (— + )
Td, 3 4Tg,
32 +6-TT—d,
T; = T4 ——_T—a, (6)
13 + 8=
4
Td = 7
11+ 2 g",

geol AgE§TsE A o] FelAw 2xA S Aol e o3}
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A wAZ R $
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2.1.4 <5 Ziegler-Nichols

2929 o] EASNE AojAzdeld mA T me, T, =002
T ZZo TF7l EFAA 1/4 74 (quarter decayls} HEE
K, & 37AA4 P, & Tuu o444 F¢ Po2vd T, T,

g A4 g3y o] T

T, = P (10)
Y 1.5

P,
Tq = 6.0 (ll)

Bl flelAd TR T, Ted %€ Z+x PIDASAE 439
<o A4S HY  EAFY AZuA 14 FH HER K Y

¥ 2

2.2 23349 HAF+E ol g3 PIDAcAY AZL o
23y |

AEAR RAA FAY PIDAAY seue zhge A4 4
gk 29 FAY $YEL Agel 9w =AY dddomw
BuY o8 2As HA%g LA A% we ody ywe A
5774 22 s A% 5 Adugel 2445 AE KE &
g = 3loj ofrl  mjo] = A o] A 7} 22 2 ¥ [ self exited oscillation]

€ sl =Y el 2AAY AojuAd HHA4E FAZEHL A
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u(k) = Ky [e(k) + T—{ . +2 e(i) }

i=1
1=3

T4
+ —{ e(k) —e(k-1)}] (14)

(3}

T,  MEcex]zt [ sampling time )
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Table 3. Optimal Parameters by the Traditional Method

—<\\ parameter ]
S K, T Ty
me thod N i
|
Cohen-Coon | 62.41 0.1683 0.3623
‘1
Modified }
Ziegler—-Nichols | 11.85 ‘ 0.1577 0.03943
i
|
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/ read Kmin, Kmax

L = Kmax - Kmin

IA

|L| : TOL

K = (Kmarx + Kmin)
2
stop
K1 = Kmin + L/Z*
Kz = Kmax ~ L/4
P
f(Kz)ff(Km)
=
Kmin = Kl K =K
Kmax = K2 Kmin = Km max "
Fig.8 Interval Halving Algorithm
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« ]‘ Ke fg e’ (1) J remark
§ focuz(t)dt
‘ !

| 1
2 -5i 2.97
1.0x10% |6.485x1070 | 2970%L0

1
) 2. 985x10




226
WREEAS X8R RR £108

2.2 |-
m
o 1.8}
¢
e 1.4
o]
[~ W
1]
< 1.0F
—
S
13 0.6
ot
©
A
0.2
1 | { | |
0.0y, 0.8 1.6 2.4 3.2 4.0
Time, t

Fig.9 Indicial Response, c(t) of the System Using Cohen-Coon
Method
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Fig.10 Indicial Response, c(t) of the System Using Modified
Ziegler-Nichols Method
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Table 4. Optimal Parameters Proposed by the hew Method
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