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Abstract

Parameter tuning methods by Ziegler-Nichols for PID controllers are generally classified into Z-

N(1) and Z-N(2). The purpose of this paper is to describe what relations exist between the methods

of Z-N(1) and Z-N(2), or how Z-N(1) can be originated from Z-N(2) by analyzing one loop control

system composing of P or PI controller and time delay process.

In this paper, for the first step to seek mutual relations, the simple formulas of Z-N(2) are

transformed into those composing of the same parameters as Z-N(1) which is derived from the

analysis of frequency characteristics. Then, the approximation of the actual ultimate frequency is

proposed as important premise in the translation between Z-N(1) and (2). Such equalization and

approximation brings a simple approximated formula which can explain how Z-N(1) is originated

from the Z-N(2) in the form of formula.
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Fig.1 Block diagram of a feedback system.
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Table 1. P and PI Parameters by methods of Z-N(1),
Z-N(2) and Approx. Formula for a process.

thods Z-N( Z-N( By Appox
Methodsi (1) (2) Formula
Control
P Kp=20 Kp=191 Kp=2.06
Kp=18 Kp=172 Kp=185
PI

Table 2. Tuning parameters by methods of Z-N(1),
Z-N(2) and Approx. Formula according to

variable In values (K,,,=1.0, L=0.5{min])
v b e @ e e o
T,min] | 0 02 05 10 15 20 25
T,/L 0 05 10 20 30 40 50
 @ylradimin] | 628 629 407 368 352 343 394
 Zlrad/min] | 40 40 40 40 40 40 40
. Ku 10 186 227 381 537 693 848
ED)] 0 05 10 20 30 40 50
P K2 |050 093 113 191 269 347 424
‘Approx.| 050 071 112 206 3.04 403 502
KD | 0 045 090 180 270 360 45
K@ |045 084 102 172 242 312 381
Approx | 045 064 101 185 274 363 452
T(D) | 167 167 167 167 167 167 167
Ty2) 1083 083 129 142 149 153 154
Approx.| 167 167 167 167 167 167 167

PI
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Fig.2 Gains by methods of Z-N[1], Z-N[2] and Approx.
Formula [A] at P control (K,,=1.0, L=0.5[min])
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Fig.3 Gains by methods of Z-N[1], Z-N[2] and Approx.
Formula [A] at PI control (K,,=1.0, L=0.5[min])



68 BEMARRMEEE, $26% F 2%, 2002

o] AR Ho|n kvl 18T} 2 FRAE &
szl 23H(2)9 A 2HE 1 ol &
Ae P, PliNT Aol g |2 vlmwdct o
A2 AANE BA L 23T 578D
Fig.29} Fig.3d] o/3] Qs o] Ea) oF 24

__4

ol ol 141 2Aste] @ A5 Agol 2 A
931 98¢ 2+ dth 238 @% A9 A9
2 k7H 0 W 052 A5 3 2 WD)t @) %

2ol N2 BAY Aol HE kel 9]
16379 @ A Ho|Aolt}. Plajols] &8 A7H
oF 24l thah e Figde} 2opalt).

Fig.4ol Al 249 ()3 244 ) 42 A2
1672 135 R0 el 23 8@)E 0.83
oz ko] Zrtd wal 23 4&%
1679 $9% o2 4UsE 5oko] B
2 %+ Aot

o rfr

ﬂl‘ H-u m\o r\l
ordr = 1o

—E\o

Tilmin]

40 T T T —

B R R
111A] ! ! !

e R N A
iR :

10 F-tz‘r----r----t----: -----
21 ! ! !

00 : ! : :

10 20 30 40 5.0

Fig.4 Reset Times by methods of Z-N[1], Z-N[2]
and Approx. Formula [A] at PI control
(Km=1.0, L=0.5[min])

b2 E

Ageygse 2380 23 W@ A4
st 247129 43ABVAL A2 v =9 Ao
AN gelst) %’4611 W@ YARES o

57718 #5544 7123 F4890.
o2 Btz W(D)e] tha) A% vl 2 A g
e ZAL AAZEEE A T of 24 Ho
REAY AT G L ARG AL F

TE = T

ol

o

4 m\m
;9‘ —
L

oA A dARES A TR
He 2FHQR)E AU e shepu| g
FA o2 Jehd 4 glom P, PIAo] o] A%
A(13)7 A= Fe =t

T o1 nz0) kel whe

O

1.
)
=
pan

7} 2}

2 AL AAEE g —
o3 BES ukx|ul 7 FA| A W I
A & Whx| w1 HA| A DH\.zL <(qp< L o|t}.

3. 24 W(1)e] Plo] Vrehet 2 421 7]
AZSEE A4 AR o = 143
o] AEA7} 7| FS 7hekEl3 e

2R debd A 7

2

A
EE B F 2@ AL S L

datols g o] o) kgt 12 A B+
sjraith g AR o FEle 4(23), (24)9) 2
ol deld & Ao o] A g 2§}
gt 23 2HHDF A A" Aoz Y
UA oF 23 A A gd o] &A5U

5. k7t 1.624 9 vt F 2Rl 2AF AA=
e Fded A7tk

N

N
lo
ke

o
o
S

1By

2

s

AN to
o o

oo 4y B
b4

N
b

mlo

@

.&

.

il

P02 3

[11 Ryuichi Kuwata, "An Improved Ultimate
Sensitivity Method and PID; I-PD Control
Characteristics", SICE Trans.(Japaneses),
Vol23, No.3, pp232-239, 1987

[2] Hidefumi Taguchi, Masateru Doi and Mitsuhiko
Araki, "Optimal Parameters of Two-Degrees of
Freedom PID Control Systems", SICE
Trans.(Jananese), Vol.23, No.9, pp889-895, 1987

{3] Masami Saeki and Daii Hirayama, "Parameter
Space Design Method of PID Controller for Robust
Sensitivity Minimization Problem", SICE
Trans.(Japanese), Vol 32, No.12, pp1612-1619, 1996

[4] P.J. Gawthrop, "Self-Tuning PID Controllers -
Algorithms and Implementation", IEEE Trans.
Automatic Control, AC-31-3, pp201-209, 1986

[5] T.Yamamoto, S.Omatu and H.Ishihara, "A
Construction of Self-Tuning PID Control

(224)



AFA-YZ2 Aol detug 23 (1),2)9] i e i a7 69

Algorithm and Its Applications", Proceedings of
SICE '89, ES15-1, pp1143-1146, 1989

[6] J.G. Ziegler and N.B. Nichols, "Optimum Settings
for Automatic Controllers", Trans. ASME, 64-8,
pp759-768, 1942

[7] Gene F. Franklin, J. David Powell and Abbas
Emami-Naeini, "Feedback Control of Dynamic
Systems", Addison Wesley, 1994

(8] Katsuhiko Ogata, "Modern Control Engineering”,
Prentice-Hall, 1997

[9] &, "2 setvle] o)A Ao A o+ @A
54", @587 898, A125W |25, pp35l-
356, 2001

1090, 2001

N R A

2O (ECH)

19579 1284, 19804 &Eh=3sltrhsEt
TeL 1994 SEHAHSIT chstel E
(AAD, 19984 grRsHshsta chste
APBHE SE 1991d~8K srEsies
g FIT gesl 8,

> & m El

19551 3. 19774 Belelien =
., 19904 shEstcistn Cistel o
(MAD 1995 sisiotoistn cistel =
DA 1987 HA~BIRY SH2alQbAtoig
o o ghela) g,

MY xS

195244 beld 19744 =sUciEtn &
. 19769 sh=siAistn ohstel EY
(84D 1986 dEZTcHetm cietyl B
A (AR 1978 ~SAY F=siiEin o

. 2elg] 5y,



