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New Prototypes of Target Transfer Functions for Time
Domain Specification

AN, U
(Shin-Ku Kim and Young-Chol Kim)

Abstract - This paper deals with a problem seuarching a target transfer function te meet the time-domain
specifications for feedback system with given plant transfer function. For the Tvpe I system, we [irst define three
forms of transient response to unit step input, which are named hy F, M, S-type. These are characlerized as
follows . F-lype has last initial response and slow approach to the steadv state afler reaching at 90% of the steady
slale value, S—type has slow initial response but fast approach to the steady state, and M-tvpe is denoted by
highly smooth response hetwesen F-type and S-type. Three prototypes comresponding lo each form are proposed,
wherein these are considered sc that satisfies basically almost no overshool :and are able to choose arbifrary setthng
time. For ihe order w=4, after determining admussible root structures of target characteristic  polynomals
empirically and cxpressing such polynomial coellicients by using special parameters  y, and  z, the optunal
prototvpes that mirdmize the integral of the squared of the modified errors(ISME) have been obtained. Since the
step responses of these prototypes have almost same wave [orms immespective to the order, the desired settling time
or the rise bme can be converted into the equivalent time constant ¢ and thus it is easy o cbtain a target transfer
fumcthion. T is shown through a design example that the present prototwpe is very useful for meeting the
time—doimain speciflications and has been compared with different methods with a viewpownt of pertmence.

Keywords: target transler function, stability mndex, equivalent lime constant.
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Lig. 1. Three prototypes ol time response curve.
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Table 6. 3-types of protolypes.
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isfying design specifications,

a7 B My | s¥

AR [ r;=~!,/0996(] = Ed LG | o= ¢,/0.9697

A L) | rp=/2.9618] rars £/2.3095

EE
A0

Ts=1/1. 9266

Ty = 153731'}?, Ty = 1.2824rp

ez Biste Aevh dubEelth ® 68 HHe
He A EA% + sle ZEFoIRNE dEe] 1R
T 20 SAdste A= A sled e
fratetA dAE 4 9g el

Fo 2 K 379 BEYEE A2F A5 w249 4
2.5 wsstEnt p-2, 391 AFe= olulel AGERR
28+ 30

W
R
) S+2tw,stu’
ﬁ'wi
(54 ) (5% -+ 28w, 6+ w')

Ts(S) =

B
=

%\*
FU

=
il
"
ksl
e
2
(2

P(S):SEJrL;SJr%', n=2 (fa)
L
7172 Y | A
P(s)=s" 4+ 1 d4 T2 g L2 p=3 (Th)
T T 1
I8y w4 9 AR, S HlFR e ® FOM S EE

Iv. Moi7|=) A of
2 3e /1AW BEde] Alolz] dale|x dehd
FHAT 2oluu Aok @ AF

8 5] Franldin[11],
[7 415} Chen [5][6.9],9),/1019) #l@Hbds ok 2 &
970 440 F 9% b, LQR, 2% [TALS o8&
o] HAAF #Ao|7re) 3101 Ael gwalrlE ek Az
qol AAHNAE HEE 242 445 WA s £
olmz ola)g A 3] A 7R wEe vlgsly

2 {11l EEdcpzs vwaty] 8 = v s
LQR welAE geld&7l7h 28w AAErkllL]
794 =), Ha 2HeFE AFSge] Azkalgle] del
Ax® gasisic), olgs] FaEHE 330 dEIH
7189 BRG] 95T ALY 2ARAE 9
AFE Ae)7] A Do gA FHEET, olzg 4
A EHE o WLz FHT A oA Aol deA
v mabeH gich
23 Ag)st e "=l AojA] AT FETS

&l FAE AGFRE Chenll0]2] <128 &30k

. N(s ﬁ 2
Gls) = D(s) — s(s*+0.555-6.25) (@

Ed sl wEEol & A BAs oS3 gt
AN PE BRL BR 23 PR aAwc
18l 1% AZAIgle] 25% 9]

R
e,
el
=
m

L3 =
r'|
)
-
r‘l
e 5
i
2
B
=



894

1. #olz] A
1.1 = B{#|, ITAE, LQR ®o{7|2] M|

2y 3@ AojAlxyl FA4L 2 3 dirE¢l
Z iz A two parameter configuration) 2 EH
2 5 ok 5Y =2 offelA Hliﬁ}?] R =
F=d AolHeE awsiyger, 121, LQR 2l
A J—lA(S) 7b e BE218 x@sAED dsle 5
s e BT E ofs. HEHRE7) B40E
2% g (5Et XHEI R Fl

Chen [4],/5],[10]8] ®y& <]&3H HEZ A2¢R

s FATHRAL A

_ N F(s) _ N(s)ka,(s)
s = A(s)D{sHE?S)N(s}  adsiads) )

Fls) = A(S) D(5) + Bls) N(s) = o.(s) @,(s). {10)

HA7A, Fis) = ka {90, TO)y=1 0] BEE (2 F
&b

et

ads)
4AH AJAade HeE Agyges o g
T(s) = M) (12)

ads)

oA o WHE F iz Ao)7 AAd Bz @

(g5

- ]
ohoYle] wAt Alzs) T dake ARSESHL ©
Eale s vAE 4 e e obx A7)E ¥ g

dutzoz S7fe] FAFL A=EH 9uSHE S0
A7Hed AARAE nusiE 55D, una 2o
olE Wt 510 ol s-HHe] He] FolnE A
t
Controll | a Pla
7 + u v+ ¥
e 1 N(s) >
S ES e NTAE D
— DBlz) -
{a)
r FL) + i s ¥
J—l -
" Aly b‘A ™ D
(s
Als)
(b)

I 3 2WAEE Az AR TR @) B3
B9] &, () CREAS £F

Fig. 3. Basic configurations of fwo parameter control
system. (a) specific realization, () general
configuration.

ROt - Al=ot - ALEES =23 MS A H8s 1999 1

E 8 F HlX, ITAL, LQREZ AAE Aol
Tahle 8. Controllers . designed by pole-placement,
ITAE and LQR.

Aoy w4 )7

A(s) _ 88718 +19.83845+38 0500
=R e Als)  0.0027s 40,1433+ 2.5678

F{sy=38.05(1+ s/15){1 + 5/25}

B(sy _ 157 8802s°+ 281 88685+ 6534569
ITAE Als) 5+ 11.5100s+ 79.6735

Fis)=1053.4562

Bls) _ 1438 .959752 +3630.0490s+ 8872 4200
LOR Als) s+ 45,67335+ 643.0240

Fls)=22.1811(s-+ 200"

Fr) AEAD 2525 VEEE FAR2IFe] s=— 1),
—24/1.9¢ dgsiden, duusrly] FHL 5= 14
2} s= —g50l Fow
a (8} = (5+10) (& +4s+7.61)
Ky
als) = (s+15) (s+729).
(1= A0, A« NYstsd Aaed WA Al

71e # 83 7l
= LQRAC7] dAZ 93 e AA4EsE 1
Hat A,

o] = %"éqﬁc}ﬂ ()= HASHEH
locus equationd[5][11]12 58 Faf It
M) = DD —5) + gNSN = =alel—s. (15)

J‘)«

(syrmrmetric root-

A ARE ADFEE Go7 2o] FHALE).

= aMOINGs 44.36
Tols) 15,0251 93 765+ 4.3 1O

7l gl stER s= —209) 2719 #B5
(F. a.(s) = (s+20)%), Diophantine (10}
]01 7= mRE gtk

éﬁ}% E 194 53 heAle delsle] g

27

wnd TC’]' 7’”»1*4 ]' C{—_JO'] ]-—Tj—

oh _,

12 3 7kxge _s! Holz]e| 44
A A A g 3 2EF Alo)7] dAE
AA FHEZL 320 2R 2348 Aofsim HYslel B4
]

ke | ;-q,— :;]Atrh:]- AR EEHo A A
Zk

ry=1.0825, r5=1. 9676011:1- ohebd HAEAE wEEh

WES B (o e A3 2ow oy aa
7A7ks) wEEE IRy

e e



Journal of Contral, Automation and Systerms Engineenng, Vol 5,

E 9 371 289 Aozl
Table 9. The controllers of 3-lypes.
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