Manabe EZ82| At SH S4 R Ho{7|HdA0d2 | & x
=& 48A~5- 14

The Characteristices of Step Besponses of the Manabe Standard Forms and lts
Application to the Controller Design

= |~
(Hwan Il Kang)

Abstract - We investigate the characteristic of step responses of the Manabe standard form which is used recently for
design of the controller. We obtain some theorems and these theorems have the properties of the relationship between
the roots of the polynomial and the stability indices which are used for the Manabe standard form. The Manabe standard
form has the following properties: The sum of the squared roots is equal to zero, the sum of the reciprocal of the
squared roots is greater than zero and the parameter 7 is the negative value of the sum of the reciprocal of the roots.
We compare the step responses of the Manabe standard form with those of the ITAE form, the dead beat response and
Bessel forms. We choose the 6th order closed loop polynomial and keep the same settling time for the four forms.
Under these conditions we find that the Manabe standard form have faster 90% rising time than the Bessel and dead
beat responses. We see that the ITAE, Bessel and dead beat responses have some overshoot, whereas the Manabe
standard form has none. We also compare the Manabe form with the other three forms for the controller design using
the pole assignment technique. If the open loop transfer function is a type-1 system (transfer functions having one
integrator), then, for the closed loop system associated with the open loop transfer function, the steady state error of the

unit ramp input is obtained in terms of the parameter 7 of the Manabe standard form.

Key Words : ITAE Form, Bessel Form, Manabe Standard Form, Pole Assignment Technique

1.4 B 22 4733 Manabex 7, & 252 ZA 3t AD§He
SBIFEZ} HASA %RE YASRHG[3] T AR
HF ZohygAe] Y=L Routh-Hurwitz BENC2 B 4o =we 2tS Manabe ¥ 2 (standard form)[2)o}h
3t g e st Sl w2l B84 AT AF maew o2 molr] MA o]L3 1T Uch Manabe EE
7} 37t@th. Routh-Hurwitz ¥4 & 27]e& UF 5343 g £co dampingAlole] B8 F8-S o252 MAHY
7 @&l Lipatov & Sokolov(lle] Fexdel ofsl AHE 5 pe ;o gajod way F& YA Psettling time)
AAFE EASE SAAF 7, (stability indices)& °183 st} Manabe EFHE COMAA 27] AAZ ol 29
H Foix HAFE g9 zgoe BARle]l 4 23] 3 glon I EAL Aged BAQC BUATLHe] A9
HFedoz gJARY £221L XIE 4 gddh(2] HA  mUsig (2]
(specification)®] 9]3ld A7t Ao g HF=og T EHES Y Aozl Hd A Lipatov & Sokolov[l]
49 AFE FEF o]F of3te YniA] Ao}y ATE o AHBE o]&% dTst AHHY[4] Manabe EZ AL
AAQ87) 98 AFEE o&sly HAY 4 YvH23l A4 WAzl AdvstE Manabe dE o] L3t HAARI Yste
= A 2agg yHFe BAST 2 AT A& A 298 IEE = A7) A B =R wHEEHY
T2 xF XAt AAr| A o] 48 & v 2WZE o} [5) pseudo inverse WHE o] fEle REFHoZ o)y
olulgtet. Al = (Coefficient diagram methods: CDM)[2,3] & AAHE AEE =Z[EAH 2 4 4t 284 A
ol AFEE olfste] AAadg HASNuA e WH o719 A47 & Ao diophantine WA A9 HE Ay
olt}. Kessler(3,16]8] tFFZFxoM RE AT 7, &  yugor 78 4 o [789]

o] =RAAME AT E o]fdld BE vige] A
¥ dez3n FERAELE  FENed o 7z
Kempermann{10]#} Lipatov ¢ Sokolov[1]9] =& 712 &
53 o w3 AASe 2ate) BAE olrm EH
Manabe B39 28 EAS =ASth 4" A= Manabe

3o A 2 ZASla ITAEE Y 93 W A%
Az whE YA A I(settling time)2 93 AAEY Dead

E g 8 Bak BRIFHSIETSN BT 1
BEZAT : 1998%F 94 11H
BARET 1999% 38 3H

586



beat$ %, Bessel$EHE vju gl 5FANME I3 AR 7)
Hol| Manabe E&3-2 &3t}

2. oju| B3

AYA4E o) g5t BE gt YT WREATY S
zA¢ FEn AFAse 2o BAS YolRm £
ManabeE& 389 29 EAS ZAE7] 3] Zad onjz
BE etk MY AW Axde EAUHA F(o)=
l;a,.s" (0, (i=0,1,, m)o] o3 u 3" Fa

2
—&__ (i=1,2,
ai-18Qi+y

F)AY 28 oli=1,

@ duRBE Uehath HHAS 7, E 7=

con—DE AoeT g

2, m) (6, 40)2 @k
AN B FONA a,1/a,=— 20 auola,=

. . 00; o]},
1<¢,j1%7,<n

AQ203) aifa,=(-D""" 3 gn:lji(oi,)
dn afa,=(-D"2 T Te)e 90 w4

)‘1 al/a0=— lgl/(",‘ , az/a0= lsi')%)_‘Sn(l/oi)(l/(fj)olq’.
A3 el

FNPAAYY FREPL RE
i=1,2,~,n—29 W3t Vy,7,>1.4656°c.

AAAN): 7,24(i=1.2..n—1)eld a4 F(s)o} o]
dselny A2 thach

AAS[LL: Reh T F(s)8) 2o BF g9 44l
N2 & b4 G)=F(sH+sF ()9 & 2% Awngy
of st 4718 F(9=-2E on

B5 go

AA60I5) AFE AREE type-1(8R Yol HE 75
Ue EgE 399 A9 4l AFTE o 8so
STATYSE ¢ T VATALA A8 YL
A ea=— 3U/pi+ 2zl AN pze A% o
Fxdggse T93 JPoltt

o] 3

pas
0;

ot . O
li""'*" n

2;(1/0',)
n=t TS WeX ey

1<4, 5, 155,

F9: S4 A1 854

(;0’:’)2= ’gofi- 2 i.i=$. i*i(o'io-j 2 o g3y

_‘i’_iaal )’"_1=2+

Manabe EEHeo| At 9 &4 ¥ Ho{7|dHole 28

Trans. KIEE. Vol. 48A, No. 5, MAY. 1999

Yn-1 & aai—l = (_lgdi)z. .
win-2 ls;,,_z,i;_sn""”
240
—2+ =

1<i, 5, 1%j, <0

g QEth Mad PR AU 9 SN WYt
ol g3w

g (=26
N T ae, T 2 (1UeX1s)
PNCIZAL
S, ST
g 2tk W

3. ek x| 2of #E AN Ho

old Ay AEW Aadge SAEAHA F(s)ol Fo/A 9
AAAFo oFg HE AMA¥L AFPlL Lipatov &
Sokolov(l] 18]3 Lo[3l& E@ HA ¥t Fei1dH A
210712l HEHEe tdgae g 33 o]z drt

Ag I 54 thirde] FAugd I FEXAL BE
il o 7:>1.4656 (i=1,2,--,n—1)°] Ay
=

9 AEle FWe A4 A B

Ae 20 54 taAe] gy AAdY Yezde BE
ol st 2FH  yya01G=1,2,,n—2)0] 48
=3

Z%: AHu29 %L Kempermann[10]& #Z3¥ grh
|

Ae 3 EA dygHoy RE Zo] £ AFolY R
y»2(i=1,n—1)°] &AL

B
254

]

9

a,-
1si.;§;“s”a‘6"= 3001 sz i:a%)OﬂEi Yu-122
&

Q
4

-1 288 FH2A o BxA 1A

ay, [
o] AYEY. o2 yH2U& FHstnA Frh o] AS

a

i 3, (o)) =-225001 92 3(1/5)™0 o)z
ERES EILIECIPAYEL N |
A2 4 54 BgAdA ZE To] 89 Atoln 1 2

So] BF 2oy ohg FAe] yPwrh

587



BEP AR 40A% 5% 19995 58

Yi=7a—i(1=1,2,, [nf2] —1)
7= (’leff_l)’“) (i=1,2,,n—1) 1
o] YAt WEhY b 188 [#/2] — 1A wstd

H oy QA BAIFcH(strictly decreasing). EI yi=

nol F7tskell wat dAsA ZFado
ke
n \2
7= ai+‘lzii~l - ( n ( 75_() n )
n—i+] —i—1 (2)
_ (l+llz’(1n_l)z+l) (i=1,2,- D

ol Huz HA FHAT =g 4R (n—rzl'——l)

Yu-i(i=1,2,-, [ n/2]

v _ (n+1)g2z— %) o
di (—#+ ni)?
Hilg o yie

(2]

& olgsy y,= -De 7% 5

Ak =3

[n/2] —17A
Ori __—i—1

on~ i(n—1i)? <

A Hagoh oA FHeo] BF

gew 7= nel F7HEel

ER=t= |

Ae5: 729 YadeEAe 31/ 00l

z9: wzRYle oatd 55200 ;(1/0%»001 g1
a9 % Ad3c i
< F AHAYSL AHEsSE 2T WA
& AFsn et

i

HJug F

of

RAe 617,528 =Wo] wEY WeIrRzae
§o€>0°lu}.

A T y,.,=29 BLFLRAL DF=00ln w¥
n=29 gagyzde 31/d=0elt

39 8 T 3Zts::\rg(a)s 54” (i=1,2,, )™
r22(i=1,n—1o%. =g ol n°] Hioln mE
i=1,2,, 000 Bl T <arg(o)<3LoiAy <

arg(a,-)s%om y,-sz(z=1,n—1)olc}.

Zv: =24 Sarg(o)s 54” (i=1,2,-, n)ol

21/02200

31220
Yoo wzgdiel s 390 2

o]

588

dth o) BFoln BE =12, 5ol W3ty —?_’is

arg(a,)S o] At —Sl‘—”Sarg(a,-)s%OIra ii]o%goo]

o 21/0%3001 BER 3714 uzAele o8 Hg
Fure Ry 22 4 A W

e 9: FrgAe dAASs} goin Agsa o 27
shola Foigtae] 2ol 27t g, oy (i=1,2,, m)Y W
Fel A% R} EA st HYPeh of7)A
o; (j=1,2 i=1,2,, 0;+1 (Gj=1,2 i=1,2,-,
a—DET 94 ARNAY S4olo 2= aAY goa

7 g,

gy = k0y°l

n)=

PR

Loy g &
o o
flo M 22 o
o
ox
£
O

Ax o wgE F o 034 b a4

1s)

(i=1,2,,me w9 o714

Yi-1 7

nF 10 2';'20(2—1,2)0]‘3]-.
s/ dYstd vtz HEd ¥
A A AR chakAo] Zo
A FE no/nds & FAx
A

2atol e nats

AA charAe A

HA oiaa g
28
k=1r/r, &

stiAl el
de=o w

O'],'ol o (¥

99 $3L 4 #
A 91[2]):

R 771—1:20]1

Aé‘qsc}')—\]oﬂ}‘i 71=2.5, V2=

r=a/ayE WAEFE ol &3dW
Manabe X £ ¥ o]} o}

Ae573 AelglA GeReE Qe
H210: Manabe £ e 212=0, 21/60

2zd  Hox
arg( 2) a<arg( 3")011 A e d4 Ak

% A28 o889 44
olg Az s)&sd e

s

T Jey

J, n— D)ol ae Aol ol
Ageln AR thEmz ARl )5

G(9) = F(s) +sF (s st opId F(9= 4B —



: 109} ALA6[151E ol §3E HBHFIH type-1Q)
A% FRASE o4 TH 4Y MY AFTALY

52 2 A% SABAYL g FYdHeAE o=
o Bil/zele dA7A zE AFZALRES Gl
£ o] AP oz FHstn FH(IS5 p 48918 ER
Cew Be AMNE ¥+ A & SISOA AW} Ay
A

golm o AuwEAel BIUFI type-lN2doln
23 44 78 u=— Kt by
gkl Mz N2de THARE W BARAYRA 9
@ ARgELAL  eo=ct l/zoR AAM z

zI—A+bK
def[ c—dK

o A ezle] #F 42 ManabeEFHol ofd ©&
78 AHEEe 33 AR 71ES o8 W AHET

rr

L

‘kféb]sq BE Zolm I ALE m

4. ManabeE =8 29| ciACSHEM

Graham® Lathrop(12]€ @AGSEe Z&EJES ¢
oA atel Hdigts At F& t=04ARH FED
A ZhAbol o] HE o] HAV) HEE e ITAEHE 7/HEsl
At w3 QB4 E(overshoot) & F°l71 & Bessel3[15]
= ALHU £ GAAGEEl wE g Hio 2
HFEE 938a] Dead beat¥[l4]ol AL EHATE o] Dead
beat $HE o]AAMTAA 2L HSolie BE SHE A
Holl $1x]1A17]% Deadbeat AAN4]FE 2l d&ATA
Ao Hgste] HANESADT Hi: HAATHIB%RAAM
10296ALo]e] Hzg2 EF3E ADE FAFEAM 2¥FE
7} 2%o]&te]l  Av]srE(undershoot)?} 2%e}3tQ)  Dead
beat EE2HL Faaoh oA @AE FETH ManabeEF
g1 SHFE, JUFE, 0%LTEAZ, 100% FFAINEE
Hlwate o] Yelich 71EE AAALS BE HelA
522 Asn AL B A5E 632 nyIALh
HE1dM o FES AdFEI 0% RE ManabeEEE ol
2 QWFEV Ze ZFolM ZZF o }E3W ManabeEF
3 Bessel, Deadbeat®}t ITAER 9] &Aoo}, 90%/d5 A 7ol
744 #e AL ITAEC)Z 1 th&o] ManabeEFE ¥ o] €t
100%44A)12to] 713 &S AL ITAEe]R 1 th&o] Dead
beat do] ¥t} watd ManabeEF ] EAH & I FES}
ACFEE U 0 %FEALHS v 2 Fouk 100% ¥F

AZre A Ao (291 292 #32)

Manabe E&#o Alch 82 &4 % Hoj7|dAole S8

Trans. KIEE. Vol. 48A, No. 5, MAY. 1999

b3 13 EEYe] Penn

Table 1 Performance comparison of various standard

forms
HAE 2w | HAED | 00%35A) | 100%4%
FE HaGE HE) A TH(R)
Manabe 0.00 0.00 3.82 8.30
ITAE 5.00 1.25 3.45 3.80
Dead beat 1.70 0.90 455 5.22
Bessel 0.70 0.20 435 5.40
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Fig. 1 Step responses of various prototypes
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