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O00P(s)D00000O0O0OOOO

n
P(s) = a,8" +ap, 18" '+ -+ as+ag = Zaisi. (2.1)
i=0
gbodbywibodbdgrbbobyuo0buogboabon
vi = ai/(aiza; 1), i=1---n—1. (2.2)
T = a1/ap. (2.3)
v o= 1y +1/vi, i=1n—1, 9 =17 = o0, (2.4)
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goboboogoobbboooooboboboogd.0gubobbn 0o
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Ti:azqu/ai, t=1---n—1. (25)
go22023000000000000O0O

o= Tia/n=7/(viemn) (2.6)

G; = Ti—1°**TaTiTGy = aOTi/(’Yi—l’YiZ—Q " '7;_27{_1)' (2.7

gboboogdobbeUrbyOboboooobbooogn

P(s) = aq sz: (Z'_l l/yzjj) (TS)i} +7s+1
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. (2.8)

a;a; . .
=iy, 0> (2.9)
Aj+105-1
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Yio = a7 [(@i120i—2) = Yig1ViVie1, =2+ -n—2. (2.10)
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Yir/Yirr = (@i 1/ai1)? /(@i 2/aiv2), i=2---n—2. (2.11)
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000000000000 OD000000000 (2700000600
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a;

() (V17— Bm)

ap = a;/(Ti—1 -+ TTT) = (2.12)



21. 0oOoobOo 3

gbbuoogbbuobboboobboobboobobooobbooon
00000 (2.7)(212)0000000000000000

ai+j/ai = Titj—1Titj—2" Ty = 5 : 1 (2-13)
Yiti—1Vitj—2"" " Vit1
1
ai_j/ai = ]_/(Ti_lTi_Q s Ti—j) = (214)

000000000yj0obo0o00oboobobooooooooa
Vi = a;/(aivjai-g), -
= (Vi 1Yigrr) - (i)’ s i+ <n, i—35 > 0.(2.15)
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G =~ 0.5y (1 = /7)- (2.16)
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P(s) = Acp(s) + Bep(s),  G(s) = Bep(s)/Aep(5), (2.17)
Ap(s) = Ac(s)Ap(s),  Bep(s) = Be(s)By(s)-

000000000000000 1/10000100001000000
Ap(s) = (lis +1)Ap(s), Bep(s) = (ks + ko) By(s). (2.18)
gooo

P(s) = P, (s) + Py (s) + Pr, (s) + P (5), (2.19)
Pll (8) = ZISAP(S)v Plo (S) = lOAP(S)v
Py (s) = k1sBy(s), Pr,(s) = koB,(s).

000 P,(s)00000000A,(s)0100000004L,0000000
000P,(s)00A,(s)0,0000000000000P,,(s)0 Py(s) 00
B,(s)0000000000000000000000000000 P(s)00
A(s)0 B,(s)000000000000000000000000000
0000000000000000000000

1/10000000000000000000000000000000
0000000000000000000000000000000000
0000000000000000000000000000000000
000000,0000000000000000000000000000
000000000000000000000000000 P(s)d0000
000 Py(s)020000000

Bi(s) = Py (s) + P (s)

Aep(s), (2.20)
Pk(S):Pkl(S)+PkO(S) .

BCP(S)



22 000 5

gbbuoogbbugbbobooobboboobbobobooobbooon
gogbboboogbboboooobboboogn

gbobogbogoouoobbogobooobouuoboobooboo
ggbbuooobbouooobobboobbobbbuooobbooob
ggobooog

Ay(s) = 0.255" + 5° + 25> + 0.5s, B,(s) = 1. (2.21)
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g

A(s) =115, B(8) = kys® + kys + ko, (2.22)
ll = 1, kg - 15, kl - 1, ko = 02

gogbbooogobobbooooboo

P(s) = Ag(s) =0.255" + s* +25° +0.55% (2.23)
Pi(s) = Beg(s) =155+ s5+0.2..

D0o0D00000o0o0oooo
P(s) = 0.255" + s* +25° + 25 + 5 +0.2. (2.24)
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@ = las - ap @] =[025 12 2 1 0.2, (2.25)
o= [ mml=12 2 2 23] (2.26)
.= 5 (2.27)
vEo= [ =105 1 09 0.5]. (2.28)
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00000P(s)00000000000

000000 Fig. 220000000000000000000000
0000000060 000000i-100000,00000
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0a;(i =n,0), 0.26a;(i=n —1,1), 0.5a;(n —2 >1i > 2) < a; + da; < 3a;.
(2.29)
goooo 5ai/aiDDDDDDDDDDDDDDDDDDDDDDDDDD

6ai

—1(i =n,0), —0.74(i=n—-1,1), —05n—-2>i>2)<

< 2. (2.30)

a;
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gbodbbuoggbougbbbuobbooobbooobboogn
U0 ;0000000000000 b00b0boobooooobuoaon
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goooobbobbbbooooooooouoooobobobobo
P(s) = c55° +cust 4 c35° + ep57, (2.31)
Pk(S) = b252—|—b15+b0. (232)

gbbuogbbuobbtuoibbedbb0obbooobboobbogn
gbboobbuodbuoobbbooobooobbooobbooon
ggbbobdddtdebddddbbbouooogn

1) 1) ob
= = (02/a2)2+(b2/a2)—2, (2.33)
a2 Co b2
:«mmﬁ9+uwm&?
02 b2
0by

= 0.75b2.

gobooboooodpibooboboooobooboboobooooobogoD
gbbuoogbbugbbooobbobodbbuooobboobboon
000000 day/a, 0 —0.5000006by /b 00 —0.66670000000
goboobooobobobbOoO Fig 2100000000000 00O0O0O
bUDOOeUOODODODOOODODOODOOOOOOooobooooboooo
gobboooobbbooobobbooan
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gobboooogbbbog

gododgggoobbbbboobbbbbbbbbbbododudago
gogboboobooodgn

P(s) = 0.255" +s' +25° + 657, (2.34)
Pi.(s) = —4s5*+s5+0.2. (2.35)
000wO0O00e00000000000000000
oa oc 0b
— = (c2fas)— + (b/ar)——, (2.36)
(05} Co b2
6 ob
= (6/2)=" +(~4/2)7>,
2 2
dbs
= 2=,
b

gogouobbbooouob200d0ooobbbbooooooon
0000000000000 00000000000000000 daz/ax 0
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0000000000000000000000000000000000
0000000000000000000000000000000000
000000

00000000000000000000000000000000
00000000000000000000000000000000000
00000000000000000000000Fig 240000000
0000000000000000000000000000000000
000

00000000000000000000000000000000
0000000000000000000000000000000000
0T(s)00000000000

T(s) = : 2.37
() =55 (2.37)
Oooooooooooooood
1.5+ s+ 0.2

T(s)

= 2.38
0.258% + 51 4+ 253 + 252 + 54+ 0.2 ( )

O000000000000000000000 0.8rad/sec000000OO
016l 0000000000000000O 1/161=06210000000
gbbooodgbobbouoooobbobooogn

B —45” +5+0.2
C0.258% + 5+ 253 + 252+ 5+ 0.2

O0000008rad/sec 000000 41900000000000000
000 1/419=02383000000000000000000000000
O000000000000000 6by/b,000000O-0.6667000 0.25
gbooodgbboobbuoogbbugoboabnbuoogbbooobo
gboodbbuoggbouoobbbuobbooobbogboooobo
gbobogdgbbuoggbbouogbbooobbuogoboogbbooooboo
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gbobboogobbbooooobbooooobobuooooobooon

T(s) (2.39)
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gbboogbbobbboobbboobbboobobooobuooon
gbboogbbuoogbbuoobboobooobbooobbooon
ggbbdobbooobbboobboobbooboboooobooon
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gogodoggbbboobbbedoobbbbbbboboouoouggg
gboboogbbuogbbogobuooobbooobbobnbbooon
00 P,(s) 0000000000000 R00000000000000OO
gbboogbbuodbboobbboobbbooboboobbooon
ggon

Po(5) = ap8™ 4 ap_15" "+ p_p8" 2+ - 4 a38® + ags® + ars +ag. (2.40)

0000n»,-10000000 P,1(s)D00D00O0O0OOOOO

Py 1(5) = ap 18"t 4d, 08" P4 a, 38" P4 -+ ayst 4 ahs?
+ aps” +a\s+ ap. (2.41)
a;, = a; —ap(aj—1/apn-1), i=n—-2 --- 3 1.

0000 P(s)0 P,4(s) 0000000000000000000000
0000000000000000000000000000000000
000 R(s)0000000000000000000000000000
0000000000000000000000000000000 P,(s)0
0000000000000R(s)0200000000000000000
0000000000 Py (s)00 Py(s) 0000000000000 Py(s)
000000000000000000000000000000000
02410000000000000

Pooi(s) = ap8" M4 dl 08" P+ ap 38"+ o+ alst + azs®
+ ays® 4 ars + ay. (2.42)
a; = a;—ap(ai1/an 1), 1=n—2 --- 4 2.

P,(s)00 P, (s)00000005000000000000000Fig.
25000000000 a;0000 ae,0000000000¢=3000
0000000 as(a/a,) 0000 00000000000 6,0000
0000 0000 aqo0000000000:=10000000000
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as(ag/a,) 0000 00000000000 0000000000 O0O0
0000 ;00000000010 00000000000 0O000O0O0O
gbobooggbbooggbuogbbbugboboooboboooboooobon
goboodg

003000000000000000000000000000 Ps(s)
00 P(s) 0000000000000

Pg(S) = CL383 + CL282 + a1s + ag, (243)
Py(s) = ays® + (ay — as(ao/az))s + ag.

0000000000 a1 — as(as/as) >00000000000000
G201 > a30ag. (244)

00 asay/(asag) = 7> 0000000000000 00O0DOOOOOO
0on
Yoy1 > 1. (245)

40000000P(s)00 P(s)0000000000000

P4(S) = CL484 + CL383 + CL282 + a8 + agp, (246)
Py(s) = a3s® + (ay — as(a1/az))s + as + ao.

30000000000 (a — ag(ar/as))ay > a/es 00000000000
000000040000000000000

as > ay <ﬂ> + ag <%> (2.47)

as ay

O00000000O0O0O0O0O000C0DO0ODO0000 0000 (aza;)O
0000a3/(azar) > (agaz)/ai+ (azay)/ai00000000000000O0
gogoboboboboooooo

Yo > 1/ys+ 1/ =7 (2.48)

3004000000000000000000000Fig. 260000
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i=2000000000000000 BO 0000 a3a;, 000000
00i=20000000000000000000a>(A+B)0000
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gogbboboooobbboooobobobooon

a; > 1.12 [ai+2 (ai_1> + a;_»o (ai+l>] R (249)
a;4+1 a

i—1
vi > 11297 foralli=n—2 --- 2.

ggbbooooobbboogooboo

Aip10; < Qip20;-1, (250)
Yir1Yi < 1, forsomet=n—2 --- 1.

gogodgbobobbobbbbuouuooogbbbbbbboodudaao
gogboooboboooggbbuooobbooobbuooobbbuo400
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00000000600000000 (Franklin, 1994, p. 217) 000000
ggobooboooodan

P(s) = s + 45" + 35" +25° + s> + 45 + 4. (2.51)
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Fig. 290000 50000000 (Franklin, 1994, p. 219) 000000
gboboouooogon

P(s) = s° 4 5s* 4+ 115% + 235 + 285 + 12. (2.52)

000000000 a=110000000000A =23/5=4608B =
28 x (5/23) = 6.0870 A + B = 10.687011/10.687 = 1.02930 000 0 0 O
0000000000000000000000000000000000
000000000000000000000000000000+;j200
0000000000 (a/a)® =21450000000000000000
0000000000000000000000000000000000
000000000000000000000

Fig. 2100 0000000000 100000000000000000
00000 Pa(s)0 Pe(s) 0000000000000

Pi(s) = (s+1)¥

= 50+ 105" + 455® + 1205" + 210s° + 2525°

+ 210s* +120s® + 455% + 10s + 1. (2.53)
Pp(s) = (s+1)" —325°

= 50+ 10s° + 455® + 1205" + 210s° + 2205°

+ 210s" + 1205 + 455* + 10s + 1. (2.54)

Pi(s)0 s=—-100000000000000000000 a5=25200
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O00000000000000000000000 P(s)DO00OOOOO
gooboogg

P(s) = a,8" + ap 18" 1+ -+ ays + ag. (2.55)
DDDiDDDDDDDTi(S)DDDDDDDDDDD

a;s"
Ti(s) = : 2.56
i(s) an ™ + 18"+ -+ a5+ ag (2:56)

00000000000000000000 F(s)ODOOOOooooooo

by 8™ + bpp18™ L+ oo+ bys + by

Aps" + 18"+ astag

F(s) =

m

= > (bi/ai)Ti(s). (2.57)
00000000000 Tys)0T;(s) 000 [5,/]00000000 Tiy(s) O
gbobooogn

T;5(s) = Ti(s) + T5(s)- (2.58)

goboggbobuoggbboogbbooobbugoboobboooboo
gobooggbbogbboogbbbugbobooobooobbooooobon
gbbouooobbuooobbuooobouoobboobboobbobooon
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000000000000G,(s)0000 G,;(s)000000000000
gbobbuooogobouoooboouoooon

Gi(s) = Ti(s)/[1 = Ti(s)]. (2.59)
Gij(s) = Ti;(s)/[1 = Tis(s)]. (2.60)
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Figure 2.11: Canonical open-loop transfer function
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Figure 2.12: Step response, system type 1
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Table 2.1: Comparison of stability index

Standard Stability indices
forms V5 Ya 73 Y2 gl
4
3 3
Bionomial 2.6667 2.25  2.6667
2.9 2 2 2.9
2.4 1.875 1.7778 1.875 2.4
3
2.4 2.5
Bessel 2.2222  1.9286 2.3333

2.1429 1.75 1.7778  2.25
2.1 1.6667 1.6 1.7045 2.2

2
2 2
Butterworth 2 1.7071 2
2 1.6180 1.6180 2
2 1.5774 1.5 1.5774 2
2
1.4244 2.6414
ITAE 1.2971 2.0388 2.1441

1.568 1.6234 1.7794 2.1018
1.6004 1.5585 1.5042 1.6339 2.0943

Kitamori 2 1.5 1.6667 2
Kessler 2 2 2 2 2
CDM 2 2 2 2 2.5
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