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ABSTRACT

In this thesis;-designing JKI Toolbox to using by TI-89 calculator, The JKI Toolbox is a
program that use for control theory. The program is working as same. as control toolbox is
MATLAB program

For designing, TI-89 calculator is-a smart calculator that can programming function. The
calculator is easy to use.and.can carry/to everywhere. For anywhere that hard to take a computer
to use, This calculator is a chosen'one

For the program overview, the program have many functions to using for control theory.

For the function, designing with command code in calculator TI-89
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(Proportional band.)
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Error Time

Time

31U 2.5 msnevauesvesnauinaae iy Proportional Control

A aany o ! o 4” A o o [ ]
Tumalqia ssvuntuguutudadan. (Proportional Control) Hasiidnuasmilousunies
o & A o o 1 A o 4
voodgyaiugduunmils menneitiuludnyuzvesginsal i vieorvziluns oy

1 (-1 o A st .
AYY 1NN 1YY AU ﬂ"lf"], ONHAUTVDITSUVUNNIVYUUUVUTATIY (Proportional Control) 9

TanuazAshtaaslugii 2.6 tnzavi i Idiarsudiw Toussuudadiu
G,(s)= K,G,(s) 2.3.4

Y do
e G, (s) illuleriFudieTouvasszan

. Gontroller — Plant
8(s) K, Gy(s) |

Y

311 2.6 szUUAIVYMUYY Proportional control
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vesszuudiu

G(s)= K,G,(s)

= L 235
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szUUNIURIUYSWUS (Integral Control)

D o [ 4 YR o o
TuszuunruguuunlinusieniynvesneuInawefsziludadiuduliiusves

FygnauRawaafisuA N 13e

1
Output = K,jedt 23.6
0

% ] { ta a o . 2 ' 4
e &, Wuminefidenddufinfany (ntegral Gain) Fevzlimizoiiu 1sec Ui 2.7 uerms
SNYUSNIIADUTUBIVDITTVUAUGUUUUYTWUT (Integral Control) 1ie 1AT Uy
= o & 1 x ' w o ' a & 4 Y
Aana UL Foye urilaniae (Unit-step) A RNFSEH 19901 t 1ag 0 wnuedanunld
¥ 2 ] a
nsmyesdgunnuianainnngm 0 83t saduiiessniFunmsidyaunnuianain
o £ ' + d o g A 4 4 14
HUUTYe UMY (Unit step) (8MYNHo8n1Innen Inaaoiszlininiuises 9 day

'Y P A o v 4 a o a | v a a da &
PATINAIN Vlﬂﬂl'il'l‘l’lwwﬂnﬁﬂﬂ‘]il&’!‘l_luﬁﬂﬁ')uﬂﬂﬂ'ﬂlmﬂﬂﬁ'lﬂ‘mﬂﬂﬂlu

Errot Time

Controller

é\

Time

i ¢
jll‘idl 2.7 5ﬂﬂﬂl$ﬂ]Sﬂﬂﬂﬁﬂﬂ@‘lﬂﬂ»ﬂﬂﬂﬂiﬂﬁmﬂilmﬁ Integral Control

4 ° da 1 o
nlRsuglanlaravesanms 2.3.6 sxvhlfis 1dlsddudio Touvesnou Inamesiiiu

Output(s) _ K,
e(s) s

G.(s)= 2.3.7

b4
@ o

Fuiudmiussuuiueaslugili 2.8 m1snauguuu3WuT (Integral Control) 9217 forward-

K o et o/ I
path transfer function (I =L G, (s) uazihildiferdudioToussyudady
§
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+ Controller  Plant
9
6{s) RN o(5)

3UN 2.8 s5UUAIIRUUVY Integral Control

mamrsenesandede ldaguvesnIsaUniulSWuS (ntegral Control) Td0INaAUMS
& =] J o o A e o
2.3.7 FUTNAUNTLVTAIUUMBUUTWUS (Infegral Control) a2t 1uu Ina(Pole) ¥y
A' of| é ° o {
FEUUAIUAUUDLIAY type-¥BISZL 1A type 0 W1 type- 1 Favi I szuuiinnubanaiai
o d o a ' E ' -] 2 = e < ast
anzmajugudiisune step input 8619 lsAmunIsinInad s = outas lilinsudls
9 o o q ¥ ' Y ° as -
Tussuunuguezhlnamuaneszniednu Ina (n) itazs1uandls (m) Muiudn
é P 9y a u A' é
1 %99z liwn 19 asymptote angles ¥OININAUTINAAAL AT IAAAZIAADU 1UNIAT 192 1v09 s-

3 ) ° b ) v o 4
plane M1AUY NNﬁﬂ11ﬂﬂ']11ﬂﬁﬂUiﬂﬂWﬂﬁi}ﬂQiZUUﬁﬂﬁQ

Asymptote angle =+ dw il W W
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msmuqmmué’ﬂdm%wﬁuﬂ%ﬁuﬁ (Proportional Plus Integral Control)

P - = v o ¢ A Y @ o a
msNszuuAguln DS FuRNTanas Wes l¥msauguuuulENuimusoney
@ &£ YA v o V-4 .
udluIdluszduniialaemsldmsmiuguuuudadiusuduuuutSwus (Proportional Plus

2 o -] {
Integral, PI) 38Ny v093 U UAUAUS I uMNgN 2.9

Cortroller G(s}
P ook }

. % & ' Pt e

8

SO T G
- H 3 +-

{3 |
e —— i

UM 2.9 umuamudenmlszaeuiae Proportonal Plus Integral

o @ 1 o ]
dinSusgundainaneztiomnnvesnoy Inameidlu

1
Output = K e+ K,Iedt 2.3.8
0

31/ 2.10 msnevaueIvea PI Controller
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31U 2.10 wanseMiwnvesneu Inamein lasulelisunnmiludygiunnudanaanyy

step SusudAouztanlona vesaums 2.3.7 3z Idlandudo Teuvesnou Tnawmefuuy pI
[
i

Ki
GO(S) =Kp +T

st+Ki
s

_x (s+Ki/K,)
% s

i Integral Time-Constant 7, du

X\ KY

v
v @

wwswela

G.(9=K, (s+l/r) 239
s

uazezihldis IdWsnsuateloussuuilasiy

Gy(8)=G(5)G(s)

K,,[s+(ri)G,,(s)]

s

o ] Vet 1 4 A o o o v g
SSIUINITA 15N § = ——uaz Inaf s=0 iniruWnsuas Teuussszuiion,
T.

1

1 q' 'Y} o L) Qs 1 d
T¥nsnauguuuy P1 msiisuiudilsenoy S ihdumenduveaandudisTouniaiiou
o a 3 & o 9 d’l 14 = 4' o ]
Ausunusuuvesszuvay i 1 Javh idszuuiiee lullanuRanaanan masdidmsy

a "l’l @ y - A Aasig Yo 3/ o o o tY
aunmuuiuiy la wenvindumsis w15 Idduszun lundeundunegyldnng
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guinnemanan wizvoundimanszliy

MSAIVANUUULYNUE (Derivative Controf)

& d o 3
N3AIURUBAMUUNTINABAIIAIURUILLBYWUT (Derivative Control) A1IAUANII]

4 o YA v ow = a =t ' d A
lﬂ'WW!VlﬂzlﬁUﬁﬂﬁ'JUﬂUﬂﬁi']ﬂ'ﬁlﬂaﬂullﬂﬁ\?ﬂ'ﬂﬁﬂﬂﬂﬂ'lﬂlﬂﬂﬂﬂﬂnﬁ'] UUND

Output =K d%j’ 2.3.10

4 . . . [ d a
10 K, #1® Derivative Gain taziviiaoiuiui

go

s v O o O s R st

g

L

31N 2.1 mIneuaueIvde Derivative Control

Time

§ A dand 4 @ a g @ 4 4 [y
510 2.11 ueaedenifeaduiiodaghanimianatndludaygisuuy Ramp Wosuldsy
[ a [{- P = & o o '
dygruanudanarauas lulsmeasamRenmadai s lddygudeosnsinasulna
I 1 ' P a a 4 o ' o a - dd
@esUMNINABUNIZIAAAIINAANDINTUNINGS 9 8819 IsAAMINANURANAIATIAIANTAA
v ] o [ a o o
v lulinsazaumanuAanmiaudhamudanatasslininfaw mildnsauguuuy
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ayusil lisou Inaremnnuianaaiineivsenldsunilasediedr o Fawafnmns
Ay q YA -] [ 3 9y ] o A at
auguuuniisy lilfiesdaudouainee ldnuguindunisaruguuuudunlasuglal

i A v £
daraaums 2.3.10 iofvzmaiantuais Touvssnou Inamos deeziiy

G.(s)=K s 2.3.11
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duiudmiussuuniugy dsiiuaaslugdi 2.12 msitimsavguuuveyiuseh din1d
Wanguee Towudiu
K, ;sG (s
G,(s)= _KasGp8) 23.12
1+K,5G,(s)
+

3N 2.12 i iudenditlsyneudi e Derivative Control

1 o 1 w o U
dminszuaiiui type 13 agand1 prsnatnupyByRUiIzaa s lumendiuas

} -] ' v Y v » od
uazan type Y0455 UBAY 1 8610 lsAmumaldndnnounihiludain mseauguuuueyWusil

o ar L

@ 19 9 A o & & ¥
Nﬂﬂ&"lllal‘]ﬂ‘WGNﬁ'lW\ulﬁli'li]Z1‘lf5'Jllﬂ1Jﬂ'liﬂ'JUﬂ3Jll.1l‘]J6u LW51313J01511‘lfﬂ15ﬂ')1]ﬂ11
w ¢ ° a v P ia &
suveyussshnldisununnui lumsaouausivedssuudenyRanarafifiady
o qany ° o ol Slgl 1 9 o o gl
Tumadgidnisdngmsaluguuuveyius l ldduroudigezdimn  dniulumas

UiaTaeia llvzlunisalszanamsauguuieyius 1agl19 Lead Compensator



19

MINIUANVUTAT M INAVOYWUS (Proportional Plus Derivative Control)

o

v o 49 Y1 > o v a P
SIMIAIVRPUUUVOYANT IF5 wdumImuguuuudadiu (PD) Asiiuaaslugl 2.12

510 IaWsnsuais Touszuuimily

Gy(s)=(K, +K;5)G,(s)

Go(8) =Kl Y)+51G,(s) P

. K & & v A 4 4 1
e 7, = —E”— fi® Derivative Time Constant #1lumsnivguuuuileeliTsmuiui s = -——
d Ty

uazvziun luiinsuasuglasesszuy i I lulinsnldoundasminnuRanaiaiian1ie
A7

rnuuummwmwwmu—w—--

K @
"o *

5 AL ALALAI DN

w—t

& ls) gﬁ?’

[
}
i
1
i
|
|
!

1

31 2:13 wwunwwaennilszneudae PD Control
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PID control

——— . o ot i i i i s U RES T HOW

gﬂﬁ 2.14 Block Diagram filszneunae PID control

mimuau TaolduuudaduswiunuulSiusiessausunuueyius (PID control)

o

A Ao o P o 9y
30 N{TYN MIAAWAUILL 3 IMBY (tree-term control) T3V VI NN BULANIUN 2.14 9291 14

e

Qo

[4 SR v a - o =1
101ﬂ7!7|110\7ﬂﬂuTVIﬁlﬁﬂﬁtuﬂiﬂﬂuwﬂlﬂuﬂ'nllWﬂWﬁ'lﬂe U
¢ de
Output =K e+ K, [edt+ K, =~ 2.314
dt
0

HansuaoTouvseaeu Infaod szdlu

2.3.15
G(s)=K,+2 4K s
N
& o 9/
Fusramnsadaglaiiy
K K
G.(s)=K,[1+——+—4—
(8)=K,[ K,s Kp]
%30 G.(s)=K,( LN 7,5) 2.3.16
7,8
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WersudwTouszuudavesssuuiinaasluzild 6.12 sziihs
1
Gy(s)=G.()G,(s)=K,(1+ —+ 7,8)G,(s)

K, (rs+1+1,7,5)G,(s)

7,8

Gy(s)= 23.17

4 2 o ' @ 'V w a o
AIUUNTIAIVAUIVY PID controller aztius1uand 13 Idnusyuumhiy 2 uaziiusinauTna

o Y A a 3
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HanMIuazInIIas WNISBONILIY

3.1 HanNIsPNULL

L4 1]
mseenuuy Tsunsy JKI Toolbox 3 TimseanuuuldsunsuTavAnyidoyaionnis

by
ponuu Usznounaiu

MsANYINIINMYBs T1sunsy MATLAB dm5umssiuiumisiussuuniugy
P -~ o o Y & ¥ A Y o
uazAnyIngtupelerdums ldaunsdmaitg iinvadoenussuunluguyes
' o ] Y °
Tulsunsu MATLAB 2t Wendunisniina 3135 HedsunIsA1499811 Root Locus
o s o
Wangun511aq Transfer Function (1111 State space
ANLINININMVRUATOIRINAN (Calcularor) 1 TI-89 tagAnYINMNAINTO 39D
YN o a' ° v ° 9 o I'4 P
AaauiArenns o lumsi lldau lumsdnanwduadiamani wagany
AN DVOINU AT UDUA I IR AT s lun1siseulanaves
milszyaanals (CPU) vadinsoamiwInt dmsunissessuldsunsuniininu
o i A
sugauuIhauluA a0
9 1 o A - { Qo ar
Anmmsnauveslusunsuimnan lumiosfannldnynsadionany tazfnm
2 may s a o A a
29 sms@ou llsunsunmurso lauluaSosdaay

2 o
mseoniuy 11sinsy JKI Toolbox a3 19umInAsEouuuvaalusiunsy MATLAB

]
=y

g/ d' o r'd
nl¥nunslunsesnounanel
FnideonunTsunsunazad e Tusunsy K Toolboxitiin1s 39unanes lavifiou
AU

TisunsuMATLAB



3.2 1n503ielumssanuuullsunsnIKI Toolbox

®  Personal Computer
-Pentium 4 2.44 GHz
-RAM 1GB
-Hardisk 80 GB
-LCD 17inch

® [ ABTOP HP
-Pentium 4 2.0 GHz
-RAM 1GB
-Hardisk 80°'GB
-LCDA Zinch

® MATLAB-Program

® Ti-89 Program

® | Ti-89 Calculator

314 3.2.11A509RARYFUTI-89
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3.3 Tassadnvealantuniesnuuunazaazidea
NNMIANYIAZNATBINTS 19 1USUNTUIKI Toolbox ansasenuuvadrsinsuns 1y

Yo dy
s Tdsunsu'ldaail

Function ABOUT()

ABOUT()

Prgm

Dialog
Title "ABOUT US"
Text ""
Text "Natthapong47010377"
Text "Khemjira 47010789"
Text "Itthinan 47010993"
Text "KMITL2008"
Text ""
Text "Special Thanks to Dr.Poramate”
Text "Dr.Poramate& Brookie"
Text ""

EndDlog

EndPrgm

Function QUIT()
QUIT(O

Prgm
CustmOff

EndPrgm



Function JKI()

JKI()

Prgm

Custom

Title "Files"

Item "jki\About()"

Item "Quit()"

Title "Models"

Item "jki\ss("&char(2)&",,,)"
Item "jki\tf("&char(2)&",)"
Item "jki\zpk("&char(2)&",,)"
Item "jki\clloop("&char(2)&",)"
Title "Data”

Item "jki\gettd("&char(2)&")"
Item "jki\tf2ss("&char(2)&")"
Item "jki\zpkdata("&char(2)&")"
Title "Dynamics"

Item "jki\degain("&char(2)&")"
Item "jki\cPoles("&char(2)&",)"
Item "jki\pzmap("&char(2)&")"
Title "Analysis"

Item "jki\step("&char(2)&")"
Item "jki\rlocus("&char(2)&",{})"
Item "jki\PID("&char(2)&")"
Title "Tools"

Item "jki\logspace("&char(2)&",,)"
Item "jki\mag("&char(2)&")"
Item "jki\phase("&char(2)&")"
Item "jki\poly2cof("&char(2)&",)"
Item "jki\roots("&char(2)&")"
Item "jki\routh("&char(2)&",)"
Item "jki\ZoomFit2()"

25



Item "jki\Invlap("&char(Z)&")"
EndCustm
CustmOn

EndPrgm

Function SS(a,b,c,d)
SS(a,b,c,d)
Func
Local o
If getType(a)="MAT" Then
c*(s*identity(rowDim(a))-a)’\(-1)*b—>o
If when(d#O,true,false,false)
o+d—>o
If dim(o)={1,1}
o[1,1]—o
Else
c/(s-a)*b+d—>o
EndIf
comDenom(o)

EndFunc

26



Function TF(n,d)

TF(n,d)

Func

Local t

getType(n)—>t

If t="NUM" or ="EXPR" or t="VAR"
{n}—n

getType(d)—>t

If ="NUM" or t="EXPR" or t="VAR"
{d}—d

If getType(n)#"LIST" or getType(d)?é"LIST"
Return "Argument error"

polyEval(n,s)/(polyEval(d,s))

EndFunc

Function ZPK(z,p,k)

ZPK(z,pk)

Func

Local t

getType(z)—>t

If t="NUM" or t="EXPR"or t="VAR":{z}=>2
getType(p)—>t

If t="NUM" or t="EXPR" or t="VAR":{p}—>p
If getType(p)"LIST" or getType(z)"LIST":Return " Argument error”
k*10(s-2[i],i,1,dim(z))/ (T (s-pli),i,1,dim(p)))
EndFunc

27
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Function GETTD(sys)
GETTD(sys)

Func

Local a,0

part(sys,0) —o

If o="~" Then

part(sys,1)—>a

part(sys,2)—>o
when((0|s=0)=0,0,0,In(a)*(o|s=-1))

ElseIf o="*" Then
jki\gettd(part(sys,2))

% Aants
agnant®

dy I dl Y o L 14 d‘ = 1 gj 1 Y o ¥ €Y 14
wnanstiluenansnanulidmsunisidnumenisnwisinnu ldeygnliiluldusslevisunisen

lidnsallagrau Snvivhudilvidauwdasilon uavdesgedadadivedenarsynasaninisiluly



( GETTD(SYS) )

O = part(SYS,0)

X

YES YES YES
v v
Jki\
A = part(SYS,1); _
0 = par(SYS 2) GETTD(;)art(SYS, =0

R’
when((0]s=0)=0,0
0,In(A)*
(OJs=-1))

;

END «

Jkit
GETTD(part,sys, 1
)

319 3.3.1 Flow Chart 499 W9

o o

A¥UGETTD




Function TF2SS8(H)
TF2SS(f)

Prgm

Local x,y,zt
Jki\tf2ss2(f)—>f
expr(f[1])—x
expr(fl2])—>y
expr(fl3])—z
expr(fl4])—>t
Disp "A="
Pause x

Disp "B="
Pause y

Disp "C="
Pause z

Disp "D="
Pause t

Dialog

Text "Save matrix?"
EndDlog

If ok=1 Then
X——>a

y—b

z—>¢

t—>d

EndIf

EndPrgm



Function TF2SS2(sys)
TF2SS2(sys)
Func
Local itn,gab,.c
expand(sys,s)
jki\poly2cof(getNum(sys),s)—>n
jki\poly2cof(getDenom(sys),s)—>g
dim(g)-1—>t
augment(newList(t+1-dim(n)),n)—>n
newMat(t,t)—>a
For i,1,t-1
1—>a[j,i+1]
EndFor
For i,1,t
-gli+1]—>alt,t-i+1]
EndFor
newMat(t,1)—>b
1—>bit,1]
newMat(1,t)—>c
For i,1,t
nli+1]-n[1]*glit+1]—>c[1,t=i+1]
EndFor
{string(a),string(b),string(c),string(n{1])}
EndFunc

31



Function ZPKDATA(g)
ZPKDATA(g)

Func

Local d
jkigettd(g)—>d

grer(d*s)—g

32

{string(jki\roots(jki\poly2cof{getNum(g),s))),string(jki\roots(jki\poly2cof{getDenom(g),s))),jki\dc

gain(g),d}
EndFunc

Function CPOLES(g,v)
CPOLES(g,v)

Func
cZeros(getDenom(g),v)
EndFunc

{| CPOLES(GV) )

cZeros(getDenom(
SAY)]

END

31/ 3.3.2 Flow Chart ¥83 Wen#UCPOLES



Function DCGAIN(sys)
DCGAIN(sys)

Func

limit(sys,s,0,1)

EndFunc

Function PZMAP(g)
PZMAP(g)

Prgm

jkilrlocus(g,{})
EndPrgm

DCGAIN(SYS)
LIMIT(SYS;S,0,1)
= INFINITY
YES
END <

317 3.3.3 Flow Chart 489 WAUDCGAIN

33



Function STEP(sys)
STEP(sys)

Prgm
factor(sys)*(1/s)—>sys
jki\InvLap(sys)
EndPrgm

Function MAG1(g)

MAGI(g)

Func

Local o

part(g,0)—>0

If 0="/" Then
jki\mag](part(g,1))/(jki\mag1(part(g,2)))
Elself o="*" Then
Jki\mag1(part(g,1))*jki\mag1(part(g,2))
Else

abs(g)| s=i*®

EndIf

EndFunc

34
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0 = part(g,0)
No No—_
Yes Yes
v 4
jki\mag1(part(g, 1))/(jki\mag1(part(g,2))) jki\mag1(part(g,1))*(jki\mag1(part(g,2))) abs(g)[s =i*w
L ]
End
= o as
3U%.3.3.4 Flow Chart 493 WnTUMAG]
Function MAG(])
MAG()
Func
factor(l,s)—>1
jki\mag1(1)
EndFunc

1= factor{1.s)
ki vnag1(1)

3.3.5 Flow Chart 194 WARTUMAG

=h.

1

Cant
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Function PHASE(sys)
PHASE(sys)
Func
exact(factor(sys,s))—>sys

(sign(limit(sys,s,0,1))-1)*90+sum(jki\phase1(sys))

EndFunc
PHASE(SYS) )
SYS = exact(factor(SYS,s))
(sign(limit(SYS;s,0,1))-1)*90+sum(jki\ohase1(SYS))
End

31/ 3.3.6| Flow Chart 403 WeriuPHASE
Function PHASE1(sys)
PHASEI(sys)
Func
Local a,0
part(sys,0)—>o
If o="-" Then
jki\phase1(part(sys,1))

Elself o="/" Then

augment(jki\phase1(part(sys, 1)),-jki\phase1(part(sys,2)))
Elself o=""" Then

part(sys,1)—>a

part(sys,2)—>o0

when((o|s=0)=0,0*jki\phase1(a),0, {(In(abs(a|s=i *)))*(o|s=w)})
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ElseIf o="*" Then

augment(jki\phase1(part(sys, 1)) jki\phasel(part(sys,2)))
Elself o="+" or o="-" Then

sys[s=i*®w —>sys

real(sys)—>a

imag(sys)—>o

when(0=0, {(1-sign(a))*90°},0,when(a=0,0, {tan'l(o/a)} ,{-tan-1(a/0),90°*sign(0)}|0>0))
Elself
part(sys)=0 Then

{when(imag(sys|s=i*®)=0,0,90,90)}°
EndIf
EndFunc

0 = pari(sys,0)

a = part(sys,1)

Jki\phase1(part(sys,1)) 0 = patisys.2)
when((o]s=0)=0,0"jki\phase1(a),0.{(In(abs(als=i'w)))*(o]s=w)})
augment(jki\phas1(part(sys,1)).-jki\phase1(part(sys),2))) augment(jkiphasi(part(sys,1)) jki\phase 1(part(sys),2)))
1 ]
.
a = part(sys,1)
0 = part(sys.2)
when((o[s=0)=0,0'fki\phase1(a),0,{(In(abs(a|s=i"w)))*(ojs=w)})
1
v

{when imag(sysls = i*w)=0,0,90,90)}

T

End

31/ 3.3.7 Flow Chart Y83 Wa4UPHASE]



Function POLY2COF(p,v)
POLY2COF(p,v)

Func

Local ¢n

1—n

{plv=0}—>c

o (p,v)—p

While when((p|v=00)0,true, false,true)
augment({(p|v=0)/(n!)},c)—>¢
n+1—>n

¢ (p.v)—p

EndWhile

c

EndFunc

Function ROOTS(c)
ROOTS(c)

Func

Local fl,zei

dim(c)—>e

1—f

While when(fSe,c[f]=0,false)
f+1—f

EndWhile

If f~e+1:Return {}

e—1

While when(I21,¢[1]=0,false)
I-1—>1

EndWhile

newList(e-)—>z

If f=l:Return z
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list-mat(seq(-c[i}/(c[f]),i,f+1,1))—>c

I-f-1—>e

If €>0 Then
augment(eigV1(augment(c;augment(identity(e),newMat(e,1)))),z)
Else

augment({c[1,1]},z)

EndIf

EndFunc

Function ROUTH(pely,s)
ROUTH(poly,s)

Func

Local i,j,px,py,m,t,f
false—>f

true—>t
jki\poly2cof(poly,s)—>poly
dim(poly)—>px

If px=1

Return [[poly[1]]]
ceiling(px/2)~—>py
newMat(px,py)—>m

For i,1,px
poly[i]—m[-mod(i,2)+2 ceiling(i/2)]
EndFor

For i,2,px-1

1—j

While when(j<py,when(m([i,j]=0.t,,0),f)
j+r1—>j

EndWhile

If j>py Then

For j,1,py



(px-i+3-2%j)*m[i-1,j]—m[i,j]
EndFor
Elself 22 Then
€—>mli,1]
EndIf
For j,1,py-1
(m[i-1,j+1]*m[i,1]-m[i-1,1]*m[i,j+1])/(m[i,1)—>m[i+1 j]
EndFor
EndFor
m

EndFunc

Function INVLAP(f.)

INVLAP(f )

Prgm

Local aux_,poles; ,zeros cij. ,delay.

Local num_,den ,i,j,ip-,pz_,aux,c.

Local delay.

0—>delay :0=——>delay

If getMode("Complex Format")"RECTANGULAR": Return "YOU MUST SET MODE:
Complex Format=RECTANGULAR"

If getMode("Angle")"RADIAN": Return"YOUMUST SET MODE: Angle=RADIAN"
exact(f )—>f

getNum(f )—>num_

getDenom(f )—>den_

©<delay>

0—>delay _

num_—>aux

If string(aux|s=0)="0":aux/s—>aux

If inString(string(aux),"*s")0 Then

expr(left(string(aux),inString(string(aux)," Y's")))—>delay .



delay |s=0—>delay _
aux|s=0—>i
delay_/i—>delay_
In(delay )—>delay
EndIf
If inString(string(num_),"e~(")0 Then
expr(right(string(num_),dim(string(num_))-inString(string(num_),"e"("}+1))—>delay_
o(delay_,s)/delay —>delay
EndIf
If inString(string(num_),"e"s")0:1—>delay _
den_—>aux
If string(aux|s=0)="0":aux/s=—>aux
If inString(string(aux),""s")0-Then
expr(lefi(string(aux),inString(string(aux)," 's")))—>delay -
delay_[s=0—>delay..
aux|s=0—>1
delay /i—>delay °
-In(delay_)—>delay~
EndIf
If inString(string(den_),"e~(")0 Then
expr(right(string(den_),dim(string(den ))-inString(string(den.),"e(")+1))=—>delay _
-o(delay_,s)/delay_~—>delay _
EndIf
If inString(string(den_),"e”s")0:-1=>delay
©<\delay>
f /eMdelay_*s)—>f
exact(f )—>f_
limit(f _s,00)—>c_
f-c —f
cZeros(den_,s)—>poles_
cZeros(num_,s)—>zeros_

If inString(string(poles_),"00")0
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{}—>poles_
If inString(string(poles_),"0")0
{}—>zeros_
If dim(poles )0 Then
newList(dim(poles_))+1—>pp
Else
{}—np_
EndIf
If dim(zeros_)0 Then
newList(dim(zeros_))+1—>piz..
Else
{}—pz_
EndIf
Fori,1,dim(poles_)
0—j
Loop
j +1 —')J
o (den_,s,j)—aux _
If string(aux_{s=poles’ [i])="0" Then
pp_[i+1—pp [i]
Else
Exit
EndIf
EndLoop
EndFor
For i,1,dim(zeros )
0—;j
Loop
j+ 1—j
o (num_,s,j)—>aux_
If string(aux_|s=zeros_[i])="0" Then

uz_[i+1—pz [i]



Else
Exit
EndIf
EndLoop
EndFor
newMat(dim(poles_),max(up ))—>cij_
For i,1,dim(poles )
For j,0,up_[i]-1
1/G1)*( o (£_*(s-poles_[i]) up_[il,s,j))—>aux_
cFactor(aux_,s)—>aux_
cFactor(aux_,s)—>aux”
aux_[s=poles_[i]=>cij [i,up [il-j]
EndFor
EndFor
0—>aux
For i,1,dim(poles )
For j,1,up [i]
aux_+eij_[LjJAG-DD*(NG-1)*e4(poles_[il* )—raux
EndFor
EndFor
tExpand(aux_)—>aux .
tCollect(aux_)—>aux_
If string(delay )="0" Then
(expand(aux_)+c_*6( )| =t)—>ABC
Else
(expand(aux_*u())+c_*8 ()|_=t+delay )—>ABC
EndIf

EndPrgm
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INVLAPG) |«

Delay__=0
Detay_=0
omple: Return “You
format = REC Ni Must Set mode
? Rectangular”

Return “You
Must Set mode
Radian”

Yes

v
f_=exac(f.)
num_=getNum(f_)
den_=getDenom(f_)
©<delay>
aux=num_

stﬂng%(\

ux),”s"=0 2

Yes

delay_=expr(lefi(string(aux),instring(string(aux),”)*s")))
delay_ = delay_[s=0

i = aux|s=0 N
delay_ = defay_fi
delay_ = In(delay_)
=

Yes
v

delay_ = Expr(right(string(num_),dim(string(num_))-
instring(string(num_),"e*(“)+1))-o(delay_,s)/delay_ No

[

pstring(string
num_),’e*s” =
0?

Yes

delay_=1




©<delay>
f_=f_/e*(delay_*s)
f_ = exact(f )
c_ = limit(f_,s,*)
f.=f -c_
pole_ = cZeros(den_,s)
zeros_ = cZeros(num_,s)

pstring(stiing
(pole ), ="
=0?

poles_={} No

(zero.)."=")
=0

zeros_ = {) No

dim(poles_)

=07 yorm

yes
v

up_ = newList(dim{poles_)) +1 up_=0

1 AL

dim(zeros_) N
=07 No-

Yes
h 4

uz_ = pewlist(dim(zeros_)) +1 uz_=0

-y 1

i=j+t up_{i] = up_{i]+1
aux_=o(den_s,) i =it

= dim(poles,

*

Yes
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Continued

v ]
=i
aux_=o(num_,s,j) UZ_[l']_=‘U+Z1_ﬂl+1

voo)

= dim(zeros,
> N

Yes
v

cii_ = newMat(dim(poles_),max(up_)) j¢————N

aux_ = 1/()*(o(f_*(s-
poles_[i*up_[i],s.j) L izi

aux | = cFILcto-r(Igux_.s) = =i
Cij[l,up_{i}-] = aux_|s=poles_[i]

No————

aux._ = aw_+cii_[i,il/(G-1))*@ux_*(-
1))*e?(poles_[i}*aux_) j=itt i=i+1

No
NG




aux_ = tExpand(aux_)
aux_ = tCollect(aux_)

-4

Yes
. 4

z
o

ABC = (expand(aux_)+c_*5()|_=t)

ABC = (expand(aux_*u(_))+c_*5(_)|_=t+delay_)

N

End

711 3:3.8 Flow Chart Y04 WnFUINVLAP

Function PID(sys)
PID(sys)
Prgm
Local i,j,z
jki\clLoop((k*sys),1)=—>Exp
getDenom(Exp)—>Exp
jki\routh(Exp,s)—>Routh
For i,1 rowdim(Routh)
Routh[i,1]—a
Try
if solve(a=0,k) = not false then
solve(a=0,k)—>kcr
endif
else
czeros(a,k)—>kw

exit
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clrerr

endtry

endfor
if dim(kw)>1 then
for j,1,dim(kw)
if angle(kw[j])=0 then
if kw[j]>ker then
kw[j]—>ker
endif
endif
endfor
else
kw[1]—>ker
endif
Explk=ker—>Exp
Expl|s=i*@—>Exp
czeros(Exp,m)—>m1
0—w2
for j,1,dim(w1)
if angle(w1[j))=0 then
if ©1[j]>®2 then
ol[jl— w2
endif
endif
endfor
approx((2*7T)/w2)—>Pcr
Ibl z
0—>ch
popup {"P-Controller","PI-Controller","PID-Controller","Exit"} ,ch
If ch=1 then
Dialog
Title "P-CONTROLLER"



Text "Kp =" &string(approx(0.5*Kcr))
Text "Ti=oo"
Text "Td =" &string(approx(0))
EndDlog
If ok=1 Then
goto z
else
DispHome
endif
Elself ch=2 then
Dialog
Title "PI-CONTROLLER"
Text "Kp =" &string(approx(0.45*Kcr))
Text "Ti = " &string(approx((1/12)*Per))
Text "Td = "&string(approx(0))
EndDlog
If ok=1 Then
goto z
else
DispHome
endif
Elself ch=3 then
Dialog
Title "PID-CONTROLLER"
Text "Kp =" &string(approx(0.6*Kcr))
Text "Ti=" &string(approx(0.5*Pcr))
Text "Td =" &string(approx(0.125*Pcr))
EndDlog
If ok=1 Then
goto z
else

DispHome
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endif

Elseif ch=4 then
DispHome
endif

EndPrgm

Function LOGSPACE(a,b,n)
LOGSPACE(a,b,n)

Func

If n=1

Return {b}

Local i

log(a)—>a

log(b)—b
seq(10M((-a*(i-n)+b*G=1))(n-1)),i;1,n)
EndFunc

LOGBPACE(a b,n}

Yas

Return {5}

¥
a = log(a)
b = lag(b)
seq(10~{(-a"(kn)+b*(i-1)).i,1.n)

y

End

3U713.3.9 Flow chart voaWari9u LOGSPACE
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Function RLOCUS(¢,kl)
RLOCUS(ckl)
Prgm
Local 1md,z,p,f,i,0
dim(kl)—f
jki\zpkdata(c)—>d
If d[4]0 Then
Text "Error: rlocus doesn't support time delay”
Return
EndIf
StoGDB o
FnOff

setMode( {"Exact/Approx”,"AUTO","Complex Format","RECTANGULAR"})—>m

setGraph(Axes","On")
expr(d[1])—>z

expr(d2]))—>p

p—!
jki\poly2cof(getNum(1+k*c),;s)—>¢
CIrIo

Disp "Calculating Locus:..0%"

For i,1,f
augment(l,jki\roots(e[k=kl[i]))—>1
Output 0,120,string(exact(intDiv(i* 100,1)))&"%"
EndFor

augment(l,z)—>1

Output 0,120,"done!”

ClrDraw

real(l)—>Ir

imag(l)—>li

NewPlot 1,1,Ir,li,4

Try

ZoomData
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Else

If xmax=xmin Then
xmin-1—>xmin
Xmax-+1—>xmax
EndIf

If ymin=ymax Then
ymin-1-—>ymin
ymax-+1—>ymax
EndIf

DispG

ClrErr

EndTry

For i,1,dim(z)
PtText "o" real(z[i})-3*Ax;imag(z[i})+4*Ay

EndFor

For i,1,dim(p)
PtText "x",real(p[i])-3*Ax;imag(p[i])+4*Ay

EndFor

Trace

setMode(m)

PlotsOff

RcIlGDB o

DelVar Irli

CIrIO

DispHome

EndPrgm



Function ZOOMFIT2()

ZOOMFIT2()

Prgm

Try

ZoomPFit

Else

If xmax=xmin Then
Xmin-1—>xmin
xmax+1—>xmax
EndIf

If ymin=ymax Then
ymin-1—>ymin
ymax+1—>ymax
EndIf

DispG

ChErr

EndTry

EndPrgm

Function CLLOOP(Ks,Gs)
CLLOOP(Ks,Gs)

Func

Ks/(1+(Ks*Gs))

EndFunc

kekkkkkhhkhkhhkhhkdhhhhhkkkhkhbhkhhhhdkikdkkkkkkkki
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4.1.1 35ms1¥nulsunsy JKI Toolbox

JKI()

o A A & w1 ]
fhulanFuiiGon iy ¥ea JKI Toolbox UL iteazadn Tumsladandudien Tao'i

= o @ o o 1
Foanun mdaSonansuTaoase Tasiidsmsisonldaail
EX : JKI()

&2 = 2 o 1Y £ = =2 & 1 ¥ o 1% § v 1%
nansihluenarsianulidmsumsldnuienisfinwivingu leygnlnhlulduselesimunism

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly
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4 & o & -1
Tau My aansana Hotkey toiiunids 14asil
F1-File

- Function ABOUT()
- Function QUIT()

&2 = 2 o 1Y £ = =2 & 1 ¥ o 1% § v 1%
nansihluenarsianulidmsumsldnuienisfinwivingu leygnlnhlulduselesimunism

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly
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F2-Models
- Function SS(A,B,C,D)
- Function TF(Zlist,Plist)

- Function ZPK(Zlist,Plist,K)
- Function CLLOOP(Gs,Hs)

&2 - Y o 1Y £ - =2 " 1 ¥ o v & ¥ 1%
wnansiiluenansianulidmiumsldnuenisfnwivingu ldeygymlbinhlulgusslevdiunise

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly
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F3-Data
- Function GETTD(SYS)

- Function TF2SS(SYS)
- Function ZPKDATA(SYS)

&2 - Y o 1Y £ - =2 " 1 ¥ o 1% § v 1%
wnansiiluenansianulidmiumsldnuenisfnwivingu ldeygymlbinhlulgusslevdiunise

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly
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F4-Dynamics
- Function DCGAIN(SYS)
- Function CPOLES(EXPR,VAR)

- Function PZMAP(SYS)

&2 - Y o 1Y £ - =2 " 1 ¥ o 1% § v 1%
wnansiiluenansianulidmiumsldnuenisfnwivingu ldeygymlbinhlulgusslevdiunise

lidnsallagnsdu dnvenudlvdaudasilon uagdesdrsdediadnvesenarsynasaninisualuly
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F5-Analysis
- Function STEP(SYS)
- Function RLOCUS(SYS kList)

- Function PID(SYS)

&2 - Y o 1Y £ - =2 " 1 ¥ o 1% § v 1%
wnansiiluenansianulidmiumsldnuenisfinwivinguy ldeygmlinhluldusslevdiunise

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly
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F6-Tools
- Function LOGSPACE(F,L,N)
- Function MAG(SYS)
- Function PHASE(SYS)
- Function POLY2COF(POLY)
- Function ROOTS(COEF)
- Function ROUTH (POLY, VAR)

- Function INVLAP(SYS)

g Ql' Y o [ v = = & 1 ¥ o v ¢ v 1%
nansihluenarsianulidmsumsldnuienisfinwivingu leygnlnhlulduselesimunism

lidnsdilaaiadu anviavnuillvidaulasient wagfesdaBnulwesenaIsnnasaninisualuly
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QUIT(O
Fularsuiilddmsy sonvin uy 1k10 Wil myindves T1-89
TawiiFsmsisonldaail

EX : QUIT()

&2 = 2 o 1Y £ = =2 & 1 ¥ o 1% § v 1%
nansihluenarsianulidmsumsldnuienisfinwivingu leygnlnhlulduselesimunism

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly
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SS(A,B,C,D)
ar 4 s \ s
Fuiandu #1¥dm3 wasm19Instate Space tiio A,B,C,D Aofaulsnnaums
X =Ax+Bu
y=Cx+Du

1°1'Iu Transfer function
et = Yo :
Taoliatmsisonlaeail
EX : jki\SS([1,2;3,4],[1;2],[0,1],0)

ANSWER : (2s+1)/(s"2-5s-2)

51 4.9 Function SS

&2 = 2 o 1Y £ = =2 & 1 ¥ o v & ¥ 1%
nansihluenarsianulidmsumsldnuienisfinwivingu leygnlnhlulduselesimunism

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly



TF(Zlist,Plist)

@ > ' o & s
Aulansun1¥dm5unIaA1 Transfer Function 91ndu1)558NT (Coefficient) Twa uaz®1s
Taw Zlist Aiv &13, Plist Ain Tna
et i L7 g
Taglidsmsisonldaail

EX : jki\TF({1,-5,6},{1,1,0})

ANSWER : (s"2-5s+6)/s(s+1)

&2 = 2 o 1Y £ = =2 & 1 ¥ o v & ¥ 1%
nansihluenarsianulidmsumsldnuienisfinwivingu leygnlnhlulduselesimunism

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly
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ZPK(Zlist,Plist,K)

o J o L] i - L 2. i
dulsnsunlddmivien Tna, 813, uazinu yaaudly Transfer Function Ao Zlist
floA1voad 13, Plist Aom1ved Ina uag K Avarveanu
o ey = o 3
TaufiFsmsiGonldauaail
EX : jki\ZPK({2,3},{0,-1},5)

ANSWER : (5(s-3)(s-2))/(s(s+1))

&2 = 2 o 1Y £ = =2 & 1 ¥ o v & ¥ 1%
nansihluenarsianulidmsumsldnuienisfinwivingu leygnlnhlulduselesimunism

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly



CLLOOP(Gs,Hs)

HuandunlFdmsy m Close Loop Y94 Transfer Function Y9330 Y(S)/U(S)
ey - r :
Taulidsmsisonldaatl

EX : jki\CLLOOP(1/(s"2+s+1),1)

ANSWER : 1/(s"2+s+2)

&2 - Y o 1Y £ - =2 " 1 ¥ o v & ¥ 1%
wnansiiluenansianulidmiumsldnuenisfnwivingu ldeygymlbinhlulgusslevdiunise

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly
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GETTD(SYS)

xi‘luﬂaﬁi’uﬁliﬂ‘m%’u 1A Time Delay 99493811 TAu SYS A9 Transfer Function 409
ITUY
Taeiissnsisonldaal
EX: jki\GETTD(e”(-0.1s)*(s+10)/(s+1))

ANSWER : 0.1

&2 - Y o 1Y £ - =2 " 1 ¥ o v & ¥ 1%
wnansiiluenansianulidmiumsldnuenisfnwivingu ldeygymlbinhlulgusslevdiunise

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly
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TF2SS(SYS)

ﬁJuﬂerﬁ’uﬁWﬁm%’u u1)ad Transfer Function 11y State Space Tav SYS D Transfer

Function 99493211

X =Ax + Bu
y=Cx+Du

& 1 oA a

Faan 1dezitlu wasne A,B,C,D 1u Controllable Canonical Form

oy = 9 o J
Tauisnmsionldaai

EX : jki\TF2SS((2*s+1)/(s"2-

&2 = 2 o 1Y £ = =2 & 1 ¥ o 1% § v 1%
nansihluenarsianulidmsumsldnuienisfinwivingu leygnlnhlulduselesimunism

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly
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91/t 4.14 Function TF2sS

&2 - Y o 1Y £ - =2 " 1 ¥ o 1% § v 1%
wnansiiluenansianulidmiumsldnuenisfnwivingu ldeygymlbinhlulgusslevdiunise
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70
ZPKDATA(SYS)

ar J ar Al L]
Audansunlddmsy maina, 13, 104 uae Time Delay 1A SYS A0 Transfer
FunctionU943352U1U
Taoliismsionleaat

EX : jkiZPKDATA(e™(-0.25)*(2*s+1)/(s"2+6*s+10))

ANSWER : {"{-1/2}","{-3-i,-3+i}",1/10,1/5}

&2 - Y o 1Y £ - =2 " 1 ¥ o v & ¥ 1%
wnansiiluenansianulidmiumsldnuenisfnwivingu ldeygymlbinhlulgusslevdiunise

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly
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DCGAIN(SYS)
ar 4 o 1 i 4 ’ o
fhuisdduiddmTn m1A1 DC Gain voeszuu ¥ie Mgaeiszuuzdhgan1Izagi

4 ' - -1
i Aty Infinity 1Ay SYS Ao Transfer Function ¥e33zu Iaeiiismsisenldaail

EX : jki\DCGAIN((s+10)/(s+1))

ANSWER : 10

&2 - Y o 1Y £ - =2 " 1 ¥ o v & ¥ 1%
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CPOLES(EXPR,VAR)

ShuiansuiilFamiy miar Tna veaszuy Tau EXPR fie Transfer Function ¥83 53U
1Az VAR Ao @211J59049 Transfer Function
TaviiFsmsonldail
EX : jki\CPOLES((s+10)/((s+1)(s+5)),s)

ANSWER : {-1,-5}

&2 - Y o 1Y £ - =2 " 1 ¥ o v & ¥ 1%
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PZMAP(SYS)

o A L o 1] L) z - o
WhulansunldFdmsu nansmves dumis ves Twa uaz ¥135 Navua vuunuTa fy
- o i
UNUIUAMW 1A SYS A Transfer Function ¥0932 11 laeiiasmsisonldaail
IJ ' 'J
EX : jki\PZMAP((s+1)/(s+10)) (Tnaagh 10-uag &Ti0gh (1-

31 4.18 Function PZMAP

&2 - Y o 1Y £ - =2 " 1 ¥ o 1% § v 1%
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STEP(SYS)

o A o ' a & '
HudanFun 198 1m0 191 Step Response Mun9n msiloudaygu Step Faaglugd
=t = o l’
Time Domain 1At SYS f1® Transfer Function ¥oe5zuu Tauiiasmsiiun1ddail
EX : jki\STEP(1/(S+1))

ANSWER : 1-e/(-t)

&2 = 2 o 1Y £ = =2 & 1 ¥ o 1% § v 1%
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RLOCUS(SYS,kList)

v o
MulanFun1gd 115y 11an519 Root Locus ¥935211 1A SYS 9 Transfer Function

' - Aaa o &
VDITLUY g kList ﬁﬂ AU93 K “ﬁﬂqﬂ'ﬁ plOt Tﬂﬂﬂ?ﬁﬂ'ﬁﬁt}ﬂ'l‘fmu
EX : jki\RLOCUS((s+1)/(s+10))

6,
/
.
¥ (]

i,
(al
: D
%
ZZ

&2 = 2 o 1Y £ = =2 & 1 ¥ o 1% § v 1%
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PID(SYS)

o A o ' o L é 1
huansunlddmsu msmm Kp, Ti, Td TumsdSua Controller Faniaduanmuy

-1
flo

1. P-controller

2. Pl-controller

3. PID-controller
Tau SYS flo Transfer Function 489335211

4 Oy - Y o l:
Taviiasmsisonlanatl

AR

v vy

el GAANGAR

&2 = 2 o 1Y £ = =2 & 1 ¥ o v & ¥ 1%
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OOV f S o

1127191 : >\ LT
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LOGSPACE(F,L,N)

Hudafsuilddmiy fmuaiwes nsl LoG TasF e manwdduduL e
mnnudgae uaz N Ao Surusasveans vl
TneiiFsmsonldeail
EX : jkilLOGSPACE(0.1,1,5)

ANSWER : {0.1,0.177828, 0.316228, 0.562341, 1}

&2 - Y o 1Y £ - =2 " 1 ¥ o v & ¥ 1%
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MAG(SYS)
o A w ' & o
Fulansun 19§ w50 n1A1 Magnitude Y94 Transfer Function ¥9332UY ¥ninaueiiy

" ot = @ ;
i1 omega 1A SYS Ai® Transfer Function Y0352 11 Tauiiismsison19a il

EX : jkiMAG(1/(s+1)"2)

ANSWER : 1/(omega”2+1)

ngp 4.3 Funon

Arna

&2 = 2 o 1Y £ = =2 & 1 ¥ o v & ¥ 1%
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PHASE(SYS)
o o g W a ' ol & ° '
WludadFui 198 M5 1181 Phase 999 Transfer Function ¥945211 Fainauiium

E 4
omega 1Y SYS A0 Transfer Function vo33z vy Iauiiismsisonldaeil

EX : jki\PHASE(1/(s+1)"2)

ANSWER : -2*tan " (omega)

&2 = 2 o 1Y £ = =2 & 1 ¥ o v & ¥ 1%
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POLY2COF(POLY,VAR)

o 4 o 1w 4
AulanFuilFdmiumadulszdnsainaumsmyuinlas POLY Ao aumiswyuy,
o ar :
VAR fio daulsvesaumsnyuiu Taeiidsnisiion19aail
EX : jki\POLY2COF(x"2+2x+3,)

ANSWER : {1,2,3}

&2 = 2 o 1Y £ = =2 & 1 ¥ o v & ¥ 1%
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ROOTS(COEF)

o ﬂ' ar o - ‘
udenduilddmsy dnsuvesaumswyuiu nnduilszansvesaunswyuny Tao
o a &£ o = Y
COEF fle dnlsz@mvosaumswyulaoiiTsmsizonldasil
EX : jkiROOTS({1,2,1})

ANSWER : {-1,-1}

&2 - Y o 1Y £ - =2 " 1 ¥ o v & ¥ 1%
wnansiiluenansianulidmiumsldnuenisfnwivingu ldeygymlbinhlulgusslevdiunise

Lidnsallagnsdu dnvenudlvdaudasilon uagdesdrsdediadnvesenarsynasaninisualuly



ROUTH(POLY,VAR)

v o a
uandunddmsy a319011579 Routh-Hurwitz (Hu@3ng Tas POLY fio aunisny

5 o
W VAR Ao sausvesaumsnyuinTaeiidsnisiionldaai

EX : jki\ROUTH (s"4+s"3+s"2+s+k,s)
ANSWER : [[1,1,k][1,1,0][eps,k,0][(eps-k)/eps,0,0][k,0,0]]

&2 - Y o 1Y £ - =2 " 1 ¥ o 1% § v 1%
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INVLAP(SYS)

Aulsnduin 19dmFn M3 Inverse Laplace 911 S-Domain ¥4 Time-domain Tusauls t

o 1
Taslidsmsisonldaail

EX : jkiINVLAP(1/(s"2+s+1))

&2 - Y o 1Y £ - =2 " 1 ¥ o v & ¥ 1%
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5.1 Namnmsmammsv‘inmmmiﬂsunsu

2n15NAaeIns 1991 TsunsuIKI Toolbox Taonsa1i Inaaldsunsuasluniosna

] . v & o o ° ' P
@YU Tis9 MIUMUAIBINBURAADSHaz AR WanFuvea TUsunsy JKI  Toolbox 11/
nagoums 9 TasmsmiuiummeenasnansuaupIveaun1s IFssuUAILNUND
wusazmvsINansuausdfineIns nInnshnuvesianFuiignesnuuunazii linadey

o ) 4 [ ' B
msaIunndamaas lumsysmuss s nuaIYguiuun 1of (PID)I1NNISNATOUNIS
W9 1uvo9 TUsunsy JKI-Toolbox  Iasti1lusunsy JKI Tootbox—111F0ulumsdiuaaim

EYRC L 1 & o ° a
naaws luuaasWeddumslFeniuazin llsunsu IKI Toolbox linaaeunis 1Fausselu

Y [} = =t a 9 o .3’
ms1J5numszuumugmmuw"laﬂ(PID) vmszuvmm}uaswz'lﬂwamsnﬂammu

H291ANIINARBINTININVBITYSHASH IKT | Toolbox 1HMIIMUINMNITNENI

IAINTINTLUUAIVY

Function JKI()
° o a8 2 A Y] Lo
Nammmwmﬂqn%mzﬁummg*um JKI Toolbox VUNUNDDTAIN ‘lumshﬂanwme‘]

Tao'ludeanuvicades soNensu Tavase

Function QUIT(

ranshauveslanduszeenin my JKIQ 1A nnyinAves TI-89

Function TF(Zlist,Plist)
) Qo o - 4 L)
Han1s Yo IR nTuszuaadurlseAns (Coefficient) 03315 uaz Twa 131y Transfer

. . o L) ‘{ ] . L - l‘-{
Function 10 Zlist fin dudssdnd vosaunsdls, Plist Ao dulszdnd vosaunisIna
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Function SS(A,B,C,D)

HaMIMOUYBININF1211a9A 1910 State Space e AB,C,D fndulsvnaums
.;C = Ax + Bu
y=Cx+Du

ﬁJu Transfer function

Function ZPK(Zlist,Plist,K)
3 J o o A [~ . .
wansmuveINensuziia Tna, 15, uaz inu v waaily Transfer Function 1aY Zlist

& as1 - ) A
fio Mo 15 YA, Plist AD Ao INanInue 1oz K Aomuunu

Function GETTD(SYS)
AANSYINUVBININTUIEHIA Time Delay ¥6¢ s¢uy 1ag SYS v Transfer Function Y84

TV

Function TF2SS(SYS)
o & o . o &4
WA NUVININFUALHYAY Transfer Function 1114 State Space 1A SYS fio Transfer
Function 484511
X =Ax+Bu
y=Cx+Du

& A a
aaan'ld wﬁ‘]u U9 E] ﬂ‘]? AB,CD M Controllable Canlonical Form

Function ZPKDATA(SYS)
wamsyhauveslenSuszmar-lua, #13, (h1 uag-Time Delay 1Ay SYS fio Transfer

Function 984 32UU

Function DCGAIN(SYS)
HaM3MUYoINanFUITMIA1 DC Gain ¥833511 W30 mganofiszuuzdhgantiznda

A ' . .
(ife t3aud1q Infinity 1A SYS fi® Transfer Function 84 53U
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Function CPOLES(EXPR,VAR)
WamITNuYeINanFuzA U Twa veeszuy Tay EXPR A0 Transfer Function Y94

52UY 1AL VAR A9 #A2141)5904 Transfer Function

Function PZMAP(SYS)
9

o ¢ o ° 1 [ a w
Wﬁﬂ'ﬁvn\ﬂu‘llﬂ\iﬂﬂﬂ‘lfuilz'J'lﬂﬂi'lﬂ‘UiN mumuﬂwa {13} qfii YHNHUA VUHUNUITI DU UNU

AN 1Ay SYS AD Transfer Function Y94 5$Ul

Function STEP(SYS)
° <o ° 1 = 9 @ 2 1
HANSIUUININFUIZATUIUNIAT Step Response NUTMIANMIoudgyau Step aveglu

3 1/ Time Domain 1A&'SYS fi® Transfer Function Y9521

Function LOGSPACE(F,L,N)
° 4o ° ' P o4 A ~
Nﬁﬂ']iﬂ’l\ﬂ“ﬂﬂ\iﬂ\iﬂﬂfuil%’ﬂ‘]”uﬂﬂ‘nlﬂQﬂi'lﬂ LOG IﬂU F Ao ﬂ‘lﬂ')’luﬂﬁn#ﬂ L a9 A1R740

gahe ung NAle maugRven s

Function MAG(SYS)
I3 o ° ’ £
WANITMINUYDININFUIEAIUIUKIMN Magnitude Y93 Transfer Function 949353UY HIUFAAI

fi10) (omega) 1Ay SYS fi0 Transfer Function Y0355

Function PHASE(SYS)
° Y o ] . 2 '
Nﬁﬂ’li‘ll'l\ﬂ‘uﬂﬂﬂﬂﬂﬁ‘]ﬂﬂ%%ﬂ'm’luﬂ'lﬂ'l Phase 494 Transfer Function 4995UY HIMFAAINMQ)

(omega) Taw SYS A® Transfer Function Y9955

Function POLY2COF(POLY,VAR)
Q o o U g = 4
ramsnauYeslanFuIzsummdulssinsvsanyuiy Taw POLY Aewyuin, VAR

-] o
fie Al sveanyny

Function ROOTS(COEF)
HamsiuveIlanFuzdnumdaeveanyuy mndulszinsveanyun Tay

a = 4
COEF fio du1lsz@insveanyuy
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Function ROUTH(POLY,VAR)
° < o . 3 a o A
HaN159R19Uv0aNeINFUTA31991519 Routh-Hurwitz 1iluiuasned Tag POLY fle Wyuw,

VAR fie daulsduveanyuin

Function INVLAP(SYS)
° s ° 3 o .
Nﬁﬂﬁ‘l/l‘l»?‘lll‘llﬂdﬁﬂﬁ‘lfﬂﬂzmu’mﬂm‘llnverse Laplace 310 S-Domain 11y Time-domain

Tudnnls t

Function PID(SYS)

I3 d o ° v . @ 2 v d
NOMIINUYBININFUIZAMIUIA Kp, Ti, Td Tum3t5ua1 Controller dauaiuiueain

r- |

HUY Ao

1. P-controller

2. Pl-controller

3. PID-controller

udrlEmdnnsguin 1eR(PID) Ziegler-Nichols lumswis Kp, Ti, Td

Function CLLOOP(Ns,Ds)

HANMTMNUUBINIAFU A1 UMY Close Loop 309 Transfer Function 4995211 Y(S)/U(S)
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wamInAaeImIMauvesllsunsu JKI Toolbox lumsdiuuaaszuuniuguuuuiled
(PID)

Tunsnaaey Tlsunsu JKI Toolbox Tumsifuudsszuuauguuuuiiled (PID) sz
MIATUIUNIAT Kp, Ti, Td 521119msanan Iag14T1sunsu JKI Toolbox nfsuiivuny
msfan TnuTuea Ziegler-Nichols 2 lanamsmaneasaii

nnmsnaassmsraves Tsunsus I8denszuulumegaamnssufiiins amled

o W ;
Wanyuaal

G(s)=

2828

N P OO

1127191 T111811]-

3UM 5.1.14903 Function PID

&2 = 2 o 1Y £ = =2 & 1 ¥ o v & ¥ 1%
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HIAINANITNAABINIIAIUIUMIAT Kp, Ti, Td 1ael¥i35 Ziegler-Nichols Rules

mstfuudsszuuniuguuuuiiled Tao143% Ziegler-Nichols Rules 9214 PID Controller 44

suulinensuiiy

1
G, (s) =Kp (1 +—-+7;s)
1:s

a a o k) (3 o [
mﬂﬂumﬂimewmszunil::'lﬂmmmﬂﬂiﬂaﬂ%ummszumﬂu

p

R(s)  s(s+Ds+5)+ K,

c(s) X K

1
a o

dunumarKp Mihldssuufiofesningnns1¥ Routh table vinaumsgudnyazves

A
ICUUND

s 2 65 '|'5s+K‘p =0

1214 Routh array i

S 1 5
2
s 6 K,
| 30—K
P
s
6
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v o & . -
910 Routh array 15118901 Kp=30 A9WYU Criticle Gain Ker 93Uauilu

K =30

cr

° ' v T o @ I
vnmsfmuanunu Kp Tlaumnu Ker (=30) e ldaumsgudnvaeziiy

3 2
s +6s +55+30=0
2 . ; . o £Y . o o
ATUIUNT Frequency of sustained oscillation Taemnualv s=j(0 v ldaums Qmanymzuﬂu

GOYF3G0) +5(;0)F30=0

vagilaumses ]

65—’ Y+ jw(G5=®")=0

2

QA =5
Q) =4/5
4 =
A91YU period of sustained oscillation sedinnily
2T T
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WAMNTOMIA Kp, Ti, Td 18Iy

- =0.5P_=1.405

cr

T, =0.125P, =0.35124

NOOxN
I
e
(@)
~
I
&

1
st o

d’l v . = 9 3‘: oy o
NNHANIINAABIU A1 Kp, Ti, Td *umszummﬂuw"laﬂ‘nmmm"lﬂmnmaanﬁummanu

dy I dl Y o L 14 d‘ = 1 gj 1 Y o ¥ €Y 14
wnanstiluenansnanulidmsunisidnumenisnwisinnu ldeygnliiluldusslevisunisen
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5.2 #29613M1511 JKI Toolbox Tlszgnaliaiuass

JKI Toolbox (HuTtsunsugrslumsdnnunindiamanivesssuuniugu uazms
Auranindamanidmivmsdiundsssuuniuquuuuiiled @) Tasnisldam
] Y a 1 4
Tisunsu JKI  Toolbox 15 ldarumiumiauniosfiaiayjuTi-89Tasn1iniad Ivaan
T1/5un31 JKI Toolbox ~ aaludunesfamunininissnouiiaunes lnunoludalisunsuee
at o o ¥ ° ' a 4 ]
flsngums s lumssnammzasanadiamanivesssuunlugu uazszuonily
o o 1 s ] Y o ] 1 [
WandunslFuuanarsdusen il wu Aeddunisdruania Ina uazardlsvesszuy
¢ ° ] A d o
ARy WInFunsuaasnsfvesdmmisInauaz®1s vesszuualrugu Henduns
° ° = d o 1
MursmImaeuvesdunedatifara(nverse Laplace)aAFuMsn1A1wes Kp Ti Td uazn1s
USuudenivesssulinduguuu DR 1A (PID)/ WeAdun1snimsmimnos Wansu (Transfer
. ¢ o o o da = 9/ d o
Function) ¥83938U1 WAAFUAISAIUINAIT 105 15-188535 Tagannsaisenldaudangums
° 3 v A & ar 2 S 1
fuuANpra R IUnI TS uye 1 11/5u050 TKI- Toolbox  AaWen4us199 Y84
- [} 1
T1lsunsy JKI Toolbox 9gnenuey 1 Folder JKI tingegluammndonlsamlaelusunsy
JKI Toolbox 1§31 19@ea 2081401311 115153 IKT Toolbox li/lde 1005 sd1uimanssuszuy

AU
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e mshTUsunsu JKI Toolbox UMM Root Locus Y0332y Tugaamassuniim

saosWansuily
s+1

G = ;410

EX: jki\RLOCUS((s+1)/(s+10))

HAAINANTAIUINNI Root Locus VOITTUUAIURY

&2 = 2 o 1Y £ = =2 & 1 ¥ o 1% § v 1%
nansihluenarsianulidmsumsldnuienisfinwivingu leygnlnhlulduselesimunism

Lidnsallagnsau Snveihudlvdaudasilon uagdesdsdedadnvesenarsynasaninisualuly



96

° o -
e msiTysunsy JKI Toolbox AuI8M1 Step Response ¥03321Y lugaemnssunil

nywamodWansuily

1
G(s) = E

EX: : jki\STEP(1/(s+1))

HOIAINANIIATUIUN Step Response Y9332 UUNIUAY
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e msii1Tysunsu JKI Toolbox TumsuSunasszuuniuguuuniiled (PID) vesszuy
— ¢ o
Tugamunssuntimaummoisnduiy

|
GG)= ((s+1)s+5)

EX: : jki\PID(1/(s(s+1)(s+5)))

o A o | U
HAAIHAMIATUIN INDUSULAIA waqs:um’mqmmuﬁ'lﬂﬁ (PID)

S

5&11}#\
arnan

&2 = 2 o 1Y £ = =2 & 1 ¥ o v & ¥ 1%
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° ° . Ao
e 511 TUsunsy JKI Toolbox A1MI9UM1 Magnitude Y9952 Uu lugAaMATINNIN
saesHangwiu

1
GE) = (541

EX: jkilMAG(1/(s+1)"2)

HAAIHANTAIUIUNIA Magnitude Y9338

33’3153‘ 524 tl.ﬁ'li efion MAG
Yag,nan

&2 = 2 o 1Y £ = =2 & 1 ¥ o v & ¥ 1%
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® 15111 T1/sun3u JKI Toolbox AMUIUNT Phase v35zuuTugnamMAssuniins W
mosWansuidiu

1
GO = (541’

EX: jki\PHASE(1/(s+1)"2)

HAAIHANTITAIUIUNIAT Phase Y052
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Tvihauludmmsdnaluavduglasa

6.2 UNINIal
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mswanndanTlsunsuitlums@ouuumsmauves Tasunsy MATLAB  &4a3ints
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Tdsunsunaaeslinmsenu
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6.3 dymAinumaziamalumsiiann

Tunsesnuuu Tsunsuuaznaaeunms 19ans18v3 swee Talsunsu JKI Toolbox HAail
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NanMsuazIENMIUNoa
(Kutsuhiko Ogata.Modern Control Engineering..ondon:Prentice-Hall International,c1990. )
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controllers,
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in lhe l:?a- 1 l ing rules. delicate and fine

\ utomatic tuning methods have
been develo me of lhe P D c ny possess on-line automatic tuning
capabllmes.M suchul -PD control and two-degrees-of-

freedom PID cnmrol. are cum:nlly in use in industry. Many practical methods for
bumpless switching (from manual operation to automatic operation) and gain schedul-
ing are commercially available.

‘The usefulness of PID controls lies in their general applicability to most control sys-
tems. In the field of process control systems, it is a well-known fact that the basic and
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modified PID control schemes have proved their usefulness in providing satisfactory
control, although they may not provide optimal control in many given situations.

Outline of the chapter. Section 10-1 has presented introductory material for the
chapter. Section 10-2 deals with tuning methods for the basic PID coatrol, commoniy
known as Zicgler-Nichols tuning rules. Section 10-3 discusses modified PID controf
schemes, such as P1-D control 2ad 1-PD control. Section 10-4 introduces two-degrees-
of-freecom PID control schemes. Section 105 introduces the concepss of robust con-
trol using & two-degrees-of-freedom control system as an example.

10-2 TUNING RULES FOR PID CONTROLLERS

Figuwe 18-1
PID control of a

plant.

670

PID control of plants. Figure 10-1 shows a PID control of a plant. If & mathe-
matical model of the plant can be derived, then it is possible to apply various design
techniques for determining parameters of the coatroller that will meet the transient and
steady-state specifications of the clased-loop system. Howeves, if the plant is so com-
plicated that its mathematical model cannot be easily obtained, then analytical ap-
proach to the design of & PID controller is not possible. Then we must resort to
experimental approaches 10 the tuning of PID controllers.

The process of selecting the controller parameters to meet given performance spec-
ifications is known as controller tuning. Ziegler and Nichols suggested rules for tuning
PID controliers (meaning to set values K, 73, and 7} bused on experimental step re-
sponses or based on the value of K, that results in marginal stability when only the pro-
portional control action is used. Ziegler-Nichals rules, which are presented in the
following, ate very convenient when mathematical models of plants are not known.
(These rules can, of ccurse, be applied to the design of sysiems with known mathe-
matical models.)

Ziegler-Nichols rules for tuning PID controllers. ~ Ziegler and Nichols proposed
rules for detcrmining valies of the proportional gain X, ; integral timae 77, and deriva-
tive time 7 based on the transient response characteristics of a given plant. Such de-
testination of the parameters of PID controllers or tuning of PID controfiers can be
made by englueers on slie by eaperiments on the plant. (Numerous tuning rules for PID
coatrolless have beea proposed since the Ziegier—Nichols proposal. They are availsble
in the literature. Here, however, we introduce oaly the Ziegler-Nichols tuniog rules.)

There are two methods calied Ziegler-Nichols tuning rules, In both methods, they
aimed at abtaining 25% maximum overshoot in step response (see Figurs 10~2).

First mettiod, In the first method, we obtain experimentaily the response of the
plant to & unit-step input, as shown in Figure 10+3. If the plant involves neither inte-

£ K,(lo#;#";‘ et Plamt »
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Flgure 19-3
Unit-step response
curve showing 25%
maximum overshoot. o t
= L=
Figure 10-3 Plant
Unit-step fesponse of a plant. w4 an
grator(s) nor dominant complex-conjugate poles, then such a unit-step response curve
may Jook like an S-shaped curve, as shown in Figure 10-4. (I the tesponse does not ex-
hibit an S-shaped curve, this method does not apply.) Such step-response curves may be
genemxed experimeatally or frem a dynamic simulation of the plant.
curve may be characterized by two constants, delay time L and time
mmewymmmmtmdemedbydmwmummm
at the inflection poing of the S-shaped curve and determining the intersections of the
tangent line with the time axis and line o{t) = X, as shown in Figure 10-4. The transfor
function C(s)/INs) may then be approximated by a firsi-order system with & tramsport
Ing as fallows:
oy _ ket
Uis) Ts+1
Ziegler and Nichols suggested to set the values of X, 7. and 7, recordiag to the for-
mula shown in Table 10-1,
Notice that the PID controller tuned by the first method of Ziegler-Nichols rales gives
o)
Tangeot fine st
inflestion point
£ o
i} 7
Figure 184
S-ghaped response - £ P
curve,
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Figowe 19-8
Closed-loop system
with a proportional
controfier.

Figurs 10-6
with period P

Table l.)-—l Ziegler-Nichols Tuning Ruie Based on Step Response of Plant {First

of
ledt K, ] Ty
P % » a
T L
M 09 i 3 [
PID 12 2% 0sL

1
G.l9) = x,(l i r,:)

T 1
= 1.2-5(1 vom+ o.su)

2
(H%)
-O.GT-——‘—-—
Thus, the PID controtler has a pole at the origin and doubls 2eros ats = —1/L.

Second method. In the secand method, we first set 7; = = and 7 = 0, Using the
proportional control action only (see Figure 10-5), increase X, from 0 (o a critical valoe
Ker where the output first exhibits sustained oscillations, (If the output does not exhibit
oscillgtinns for whatevey value K, may take, then this method does not ap-
ply.) Thus, the critical gain K« and the corresponding period Py are experimentally de-
wemined (see Figure 10-6). Ziegler and Nichols suggested that we set the values of the

sustained

parametess Ky, 7, and Ta according 1o the formula shown in Table 10-2.

ny ) ey
& &, Plank

o

v,
i ¢ Yoo
° b APY
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Tabbe 102 Zicgicr-Nichols Tuning Rule Based on Critical Gain Kes and Critical
Period P, (Second Method)

of
C?nlt,:olhr K, I Ty
P 03K, » [}
1
n 045K EP" ]
D 0.6Ks OS5P, 0128P,

Notice that the PID controller tuned by the second method of Ziegler—Nichols rules

1
649 x,(1 e r,;)

1
- o.sxc,( 1+ gp; #0135 P.,:)

FRY
()
=0‘WWa—’¢"‘
‘Thus, the FID contvoller hos a pole af the origin and double Zeros al s = =4/ P,

Comments.  Ziester-Nichok twaing rules {(and other tuning rules presented in the
literature) have been widely used o tuge PID controllers in process oontrol systems
where the plant dynamics are pot précissly known, Over many years, such tuning rules
proved to he very useful. Zisgler-Nichols tuning rules cam, of course, be applied to
plants whose dynamics are known. (1f plant dynamics ave known, many analytical and
graphical approaches to the design of PID controllers are avallable, in addition to
Ziegler-Nichiols uning rules.)

If the transfer function of the plant is known, a unit-siep response may be calculated
or the critical gain Ko and critical period P, may be calculated. Then, using those caley-
lated values, it is possible to determine the parametess X, T, and Ty from Table 10-1 or
10-2. Howevee, the real usefulness of Zisgler-Nichols tuning rules (and other tuning
rules) becomes spparent witen the plant dynamics are not known so that no analytical
or graphical approaches (o the design of controllers are svailable.

Generally, for plants with complicated dynamics but no integeatoss, Ziegher-Nichols
taning vules ¢an be applied. However, if the plant has an integrator, these rules may not
be applied in some cases. To illusirate such a case where Ziegler-Nicholks rules do aot
apply, consider the following case: Suppase that a unity-feedback control system has a
plant whose transfer function is

o d2t s+ 3
6@ =~ TG+ S

Becauae of the presence of an integrator, the first method does not apply. Referring to

Saction 10-2 / Tuning Rulss for PID Controllers 673
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EXAMPLE 10-1

Wgure 18-7
PH3-controlled
systemn.

674

Figure 10-3, the step response of this plant will not have an Sshaped response curve;
ruther, the respoase increases with time. Also, if the second method is artempted (see
Figure 10-5), the closed-foop system with a propostional controfier will not exhibit sus-
tained oscillations whatever value the gain K, may take. This can be seen from the fol-
lowing analysis Since the characteristic equation is

He+ DB+ 5) € K s+ Qs+ =0

or
FHE+K)?+ (5+5K)s+6K, =0

the Routh array becomies

$ 1 S + 5K,

£ 6+ K, 6K,

g 0+ 2K+ 5K 0

6+ K,
s 6X,

The coefficients in the first column are positive for all values of positive X, Thus, in
the present case the closed-Joop system will not exhibit sustained oscillations and,
therefore, the criticil gain value Ko does not exist. Hence, the second method does not

It the plant is such that Ziegler-Nichols rues can be applied, then the plant with a
PID controller tuned by Ziegler-Nichols rules will exhibit approimately 10% ~ 60%
maximum overshoot in step response. On the average {(experimented on muny differ-
ent plants}), the maximum overshoot s approxitately 25%. (This is quite understand-
able because the values suggested in Tables 10-1 and 10-Z are based on the average.)
in & given case, if the maximum overshoot is excessive, it is-always possible (experi-
mentally or otherwise) to make fine tuning ¢o that the closed-loop system will exhibit
satistactory transicnt responses. In fact, Ziegler-Nichok tuning rules give an educated
guess for the parameter values and provide a starting point for fine tuning.

Consider the control system shown in Figure 10-7 in which a PID controfler is used to controt
the syztent. The PID contraller has the transfer function

)
Gds) = K,(l * 5 + 1}:)

Although many analytical methods are available for the design of a PID controlier for the pre-
sent system, let us apply 8 Zicgler-Nichois tuning vale for the determination of the values of pa-
temeters Ky, T, and Ty Then obtain s usit-step response curve and check to scu if the designed
system exbiblis approximatety 25% maximum overshoot. If the maximum overshool is excessive
{40% or mare), make a fine tuning and reduce the amount of the maximum overshoot to ap-
proximately 25%.

Rix)

0
Gty <

bz 3]
Contraller

1
&+ 1M+ 5)
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Since the plant has an integrator, we use the second method of Ziegler-Nichols wuning rules.
By setting 7; = o and 7, = 0, we obtain the clwed-loop transfer function as follows:

2 S ¢ M

Ris) s+ Ne+H+ KX,
The value of K, that makes the system manginally stable 50 that sustained oscillation occurs can
be obtained by use of Routh's stability criterion, Since the characteristic equation for the closed-
loop system Is

PetP e+ K, =0
the Routh array becomes as fnllows:
# 1 H
# 6 K,
0~ K,
T
F K,

Exsmining the coefficlents of the first column of the Routh table, we find that sustsined oscilla-
tion will oceur i Ky = 30, Thos, the critical gain Ko b

Ko = 30
With gain X, sct equal to X { = 30, the characteristic equstion becomes
L6 S+ N=0

To find the freguency of the sustained oscillation, we substitute ¢ = fur into this chiaracteristic
equation s follows:

(e + 6{Jef® + 5(fum} + 20w 0
or
6(5 — W)+ ju(S = o) = 0

from which we find the frequency of the sustaincd osciflation to bo @? = Sor o = /3, Hence, the
petiod of sustained oncillation is

pL 27

= X
Refosring to Table 10-2, we delermine K, T, and Teas follows:

X, = 06K, =18

T, = Q5P = 1406

T, = 01255, = 0.35124
The iransfer function of the PID controfier i thes

G- x,(l + Fl',. + m)

25099

1.4055

- 8.3 + 1423572
*

. m(: L, msmr)
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iz 63223 14 + 142357 1 Cn
A5 3 s (Xe+ 5

PID Controlier

‘The PID controlier has s pole st the arigin and double zerost ¢ = — 1.4235. A block disgeam of
the control system with the designed PID controlier is shown in Figure 10-8,
Next, Jet us examine the unit-step response of the system. The closed-loop transter funetion
C)/R(s) isgiven by
o9 6.3223s% + 185 + 12.811
Ris) o +67 + 113225 + 18 + (2811

‘The unit-step response of this system can be obtained easily with MATLAB. Sce MATLAE Pro-
gram 101, The resulting unit-step response curve is shown in Pigure 10-9. The maximum over-
shoot in the unibstep response is spproximately 62%. The amount of muximum overshoot is
excensive. It can be reduced by fine tuning the comtroller parameters. Such fine (uning can be
made on the computer. We find that by keeping X, = 18 and by moving the double zero of the
PID controller tos = ~ Dﬁ.mﬂls.uﬁgu:aﬂbcom:ol

3077

the maximum overshont in the unit-step response can be reduced to spproximately 18% (see
Figure 10-10). If the proportional gain K, is increased to 39.42, without chenging the focation of
the double z¢r0 (3. = -Oﬁ},ﬁnk.uﬂum PID controlier

G~ 39.@(1 P umz,) “nx2 Eli-‘-‘-’-’—’ (10-2)

3
Gl = 18(1 NS A um) 16 L5 f" (10-1)

077

hmwdmhmiwtbmmmMmhﬁnMNWy
8%, a3 shown in Figure 1011, Since the maximuon overshoot in this case bs faisly close 10 25% and
(he response i faster than the system with G.(s} given by Equation (10-1}, we may consider G.(s) a8
givea by Equation (10-2) us scceptable. Then the tuncd values of K, 75, and T become

K, =3%42, Tiw230T7, Ty=076

R i intgresting to cbaerve that these values respectively are approximately twice the vatues sug-
gested by the second method of the Ziegler—Nichols tuning rule. The important thing to note here
is that the Ziegler-Nichols tinug ruls has provided o starting point for fine tuning.

It is inktructive to note that, for the case where the double zerois located at # = — 14238, tn.
creasing the value of K, incréases the speed of response, but as far 28 the perceatage maximum

MATLAB Program 10-1
Wy wemeemean UMHESED ESPONSE < —=—vres

asm= [0 0 63223 18 12811
den={1 6 113223 18 12811k
siepinuin,den)

eid
titlet‘Unit-Step Response”)

Chapter 10 / PID Controls and Introduction to Robuat Coatral

111



Figare 10-9
Unit-step response
cirve of PID.
controfled sysiem
designed by use of

tuning rule (sccond
method),

Figare 1918
Uhit-step response
of the system
shown in Figure
107 with PID con-
toller baving para-
meters X, - 18,

¥ = 3077, and

Tu = 07692,

Unkt-Step Response
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Tiene (see)

overshootisconcerned, varying gain K, bas very Hitle offact The reason for this may be seen from
the ront-locus snalysis Figure 10-12 shows the root-locus diagram fou the system designed by
use of the szcond method of Zisgler-Nichols tuning rales. Since the dominant branches of soot
foci ave slong the { = 0.3 lings for « considerabie renge of X, varying the veloe of X (from 6 1o
30) will wot change the damiping ratio of the Sominant closed-loop poles very much. However,
varying the location of the double zero has # significant effect on the maximum overshoot, be-
cause the damping ratio of the dominant closed-foop poles can be changed significantly. This can
also be seen feom the root-focus analysis. Figore 10-13 shows the root-locus diagram for the sys-
tem where the PID vontroller bas the double sero st s = = (.66, Notice the chunge of the rooks
locus configuration. This change in the configuraticn makes it possible to changs the dumping
ratio of the dominant chosed-loap poles.

Section 10-2 / Thming Rules for PID Cantroliers 877
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Figars 18-11
Unit-sfcp response
of the systes
shown in Rgure
167 with PID con-
trobler having pars.
watery X, = 39.42,
T = 3077, a0d
To= 07692

Flgure 10-12
Root-losus diagram
of system when
P10 controfler has
double zero 8t

s = 14235,

678

14 2

§ o8}

i

04

02

1.4
X‘” ‘2”7

]
Mo 1+ 3)

=632

1a Figure 10-13, notice that, in the case where the sysiem has gain X = 30,322, the closed-loop
polesat s = —2.35 & j4.82 pct as dominun poles. Two sdditional closed-joop poles are very nsar
the double 2cro at s = ~ 0,65, with the result that these clostd-loop poles and the dosbic zero ai-
most cancel cach other. The dominam pair of closed-loop poles indesd determines the nature of
the response. On the other hand, when the system has X = 13.846, the closed-loop poles mt
s = — 235 > j2.62 are oot guite dominant because the two other tdosed-loop poles near the dou-
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K=3032
x=;1m\’
£ =067 ]
Fgore 1913 M P A At U S Seaan
Root-locus diagram -0 - - -
of system when
PL{D comtrofier lyas
double zero ut K =138 L
5= -~ 065
K = 13846 cotre. wead
sponds to G{s) X = 30302 -
given by Equation
(0-1) and o
K = 30.322 corre-
sporids ko G(5) K= t
piven by Equation -
{10-2).

ble zét0 sts = ~ 0.65 have considerable effect on the response, The maximim overshoot it the
step response in this cose {E8%) is much larger than the vase where the system is of second-order
having anly dominant ciosed-loop poles. (En the Iatter case the maximum overshoot in the step
response would be approximately §%.)
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