dnfnnomyanan nizvounamanselly

N13ATIZRIEANITIINEIAENqEHMLAUTINIAY MATLAB

ANALYSIS PID PARAMETERS VIA ROOT LOCUS THEORY BY MATLAB

IR

dnalnaud  lnsgunsidanw
AHUTPHONNAWUT  KRAISUNTRONLERTPHOP

o
@554,/7
... m

wnzide 123050
o b JHEH,

FUAAOUT oo

L 0080000000080 R

3%tl1ﬁwus’51.flud'awﬁwaam'iﬁnmmwé'nqmﬂ‘%rym‘,ﬁmnisumamumﬁ'cuﬁm
d1912913AINTTUNTINAY
AMEIAINTSUANARS
andumalulagwizasanaudnqummisananszs
W.A. 2555
KMITL-2012-EN-M-060-103



ANALYSIS PID PARAMETERS VIA ROOT LOCUS THEORY BY MATLAB

AHUTPHONNAWUT  KRAISUNTRONLERTPHOP

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN INSTRUMENTATION ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2012
KMITL-2012-EN-M-060-103



COPYRIGHT 2012
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



AMZIAINTIUAIGAT
anrdumalulagnszasuinandiaumuisaianszus
Tususasineiinug

WitaInerdinus  n13Aasgd PID wisliwemevguiniaiusining MATLAB

Thesis Title Analysis PID Parameters via Root Locus Theory by MATLAB
unAnen wednalnandl  Insaunsidan
SWEUSEIAL 51060805
U IINTIUAEN TN
#1913 ANTIUNTINAY
91sdiUI Ny Aneniinug SAANTI NaNIdiYe
VieIaYINeIinus KMITL-2012-EN-M-060-103

AMZNITUNTEDUINEITNUS _ mwilade
sA.A3. AR Hygng e
57338y novsnY ﬁjijﬂ:fg/\ D\(-
AT.ENTHIA Vinega —=
3A.73.1ING Fodng e iz
IA.ANTTO nangivg AQ/ ;

<7

W/ Wew/ U Widau Tungiauan 31 wauanau w.e. 2555 1an 10.00-12.00 u.
d ¥ = E=3 ot
A0uUVEaY Wﬂdﬂ‘i:ﬂ‘lgil's"i'l‘ﬂ’I'J‘?Jﬂ'iﬂ']ﬂ‘i'il!ﬂ’l‘i’aﬂﬂu

AMZIAINTTUANERAT SUTDINAT

s

o
(509A18M919158 A9.69935 §2330UE1ER)

AMUA ANZIAINTIUANENT

uft 31 WgENIAN WA, 2555




@ Y a o < o « a (Y <t a
NIV INIBTUNUD A5IATIEN PID ‘W'ﬁ']ﬁJLW@3@38%5]19{]‘1’1’]%@‘14%’131@8

MATLAB
UnAnwa wednalnandl lnsagunsidann
sz 51060805
USeyau minssumansunUudn
GULAENY AmnssumsiauasaIual
W.A. 2555

819159 7IUTnw e dnus  509A1a0519138 awssos nawidived

UNANEa

Ingrinusatuiifunmitauedinsmuauiuy Alef fawnsafvusdaudsddty
iy Arilaidunisanelou Wesiusdnsvuiu wagdiswadi Tasnadestunszuiunis
Tngandonguinaiusin wwelugnismeamisiiines Kp, K uas Kd fildunainnng
funneddusunsy MATLAB Tnsfidiuraslusunsuiiaduiuisondt M-file iilenuazain
TunmstvunauautRvensyuiunts mnduiedumnseuunsludassmaiauu
Tusunsumesfiamed Simutink iedanauanevaussvasnsyuiumsindulupudnduysi
fiuanialy waztiamisdees Kp, Ki way Kd lWaiuaunszuiunisasauasiisuieu
HAYBINITVIADINALHAVDINITAIUANNTEUIUNIIITY Ingazldnisarvaquaamgiiiiu
ASTUIUNITNARDA



Thesis Title Analysis PID Parameter via Root locus theory by

MATLAB
Student Mr. Ahutphonnawut Kraisuntronlertphop
Student ID. 51060805
Degree Master of Engineering
Program Instrumentation and Control Engineering
Year 2012
Thesis Advisor Associate Professor Supan Gunpanich

ABSTRACT

This thesis is presented the PID control method. It can be set important
parameters is transfer function, percent overshoot, settling time and consistent base
on root locus theory. In order to determine the parameters Kp, Ki and Kd obtained
from the calculation of the program MATLAB. The part of the program that created
the M-file to facilitate determine competence process. And then, it used to simulate
the processes running on a computer program Simulink, it to observe the response
of the process is determine the variables or not. The parameters Kp, Ki and Kd to
control the process and compare the results of the simulation and the actual

process of regulation, It is used to control the experimental process.
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Aesiduinmanaiy (Percent Overshoot) A8 mmmwmaaammammﬂum
Wy (Set Point) mmsmumauwus (Derivative- Gam) uuﬂumwamm
Weasidudnsvaiiuvesszuu walsdinl Rise Time) NNt daunsiiuen
USWUS (Integral-Gain) szyisanlsdindvessuuusmmsnauiu (Overshoot)

i hoot
% OS :Maxmum overshoo 100 2.2

Final desired value

3) l5dlni (Rise Time) Wudrnanusiosinadandu 10 wWesidusaua 90

Weoddud vasrudwineg (Set Point) Fsnsifivduveinisvensdaygmunii
fawann Tnsvinfieanlsdlnl (Raise Time) ¥0938UU daumsiissinsusnus
(Integral-Gain) Hufiaztheantstinivesszuuld uirmsyaiu (Overshoot)
gy



4) Yrnavihgandmineg  (Settling Time) ilutisandausiiusuaunseis
nsunitvedednranasegluvauaiinmun  Flpgundudiveuniazey
Tutas 2% vesdwtmung (Set Point)

2.1.4 msAuAuLUY Pl [15]
mim‘UQMLLUUma (Proportional Integral Control) il Integral Action 38
Reset Action adlufunseuauuuuit ssuumvandanainasldnsmunuuuuile
TuNMSAIUANERIINMIT IMALALUS WU DIV AVAIANNTVBIT QY AT UALIYBINTTATUANKUY
iMlo wandls el

K t
M\/(t):er(t)+—Tﬂje(t) 2.1)
0

i

e T @9 Integral Time %78 Reset Time

Aol tan vt

A

o

Aryrl 1 iy

nafluw \—-‘ _________

PO wad Ao

AL

UM 2.4 wansmuAuuuuiile

MNgUTl 2.4 wunnwed Integral Action waszlavaznileazliduiusiudiami
Aanannvazdy wiludndnulnensaiuruinvesauionaindsay naves Integral Action
wilsunisuiumlueasunseisipuRanatavualy  UAYHANIRBUALBIUEY  Integral
Actiontusgfumsuiuen T & T fiddesnseuaussasiidunn

TusguumuauRsnudn Integral Action ansnsamdneanigalvuualy Tneilaau
hlunsidndsesniuegivein 7 & T fewesnisidaeeienssriildaindu
ogalsfmu & 7 HandeuAulussihlimuusiuswafinnsunds uaznsiinintegral
Action szwilouduniaifiy  Capacity Lag lulussuumuan  vildduusTusiaa
wasuwaadrgrutming lidnas

2.1.5 nsAuAuwuY PD [15]
ASAIUANKUUTARA (Proportional Derivative Control) 389i8Uiulgimanavaues
fnevosszuy ilvimsmuaudigdmnedfeimsnaditdu feminmsmunuuuy
ﬁﬁﬁqmam‘]’a‘[umimmmsmmﬂ"\ﬁamimsLUﬁauuﬂawaammmﬁﬂwmmﬁﬁmﬂfu uay



a5 1@y IAIUANIDAAARANARE I I WL TANN 15U U AIUANYBINITAIUAY
WUURA wanalaeadl

de(t)
dt

MV(D)=K e(t)+K T, (2.2)

s 7, AB Derivative Time %138 Rate Time

Repay wom 1

Ay i

P11 oot Acknn

antingio 1 > ¢ > 13

JUN 2.5 HATBINIATUANKUUTA

NFUA 2.5 nareuaussyss Derivative Action azdudndrulaensatusnsinig
WasuuUaweInInuEanan nstnat e fidiasinasdygradalilasuuyas
Derivative Action agliiina Wadyaaininnisiudsundas Derivative Action astiuvsa

o @

andgynueuANaERIIN AL UasYesdyR TR

2.1.6 nsAUALLUY PID [15]

Tunsmunuuuuile  asvilifimuaunevaussierwiianatndias  nsdii
Wawatwevaussirsududeaiiu D wie derivative Action Lﬁaaﬁmm%'\ﬂuaasswmuqm
msmuauwuﬁﬁaﬂd'\ AIAIUANKUUNLER aswumsmuamwuﬁumumuguqmmmﬂu
drulvgfaunisvasdynnmIuANYINISAIUANLUURLERA (Proportional Integral Derivative
Control) wanaldwei

K t
delt
MV (t)=K e(t)+—=[e(t)+K T, © (2.3)
P p d
T dit
Asgwtia AYRIBATE b5 ot Acnon PD Cotrol Actien

- P Cuntol Astion

sefiwn - 1321 { PO

JUA 2.6 mavBINMIAIUANLULTLEA



INJUN 2.6 Welfiar Derivative Action ithlulumsevauuuuiile vzvile
HanavaussiedssunubiIuuwasdygrainuieuuasgautdwungly agalsfinudususs
a1 T, wnaduludygraiaviedmudsnszuiumssnaundale

2.2 NYERNNLAUTIN [16]

Wumauiureesnn (Root-Locus Technique) B MIRTIVABUENTIOULVDITEUY
AUAN semaiimesvesszuunilvdonnaituuusilufuniweuiadituualiiidu
desuduadrmislunisinnsanesnuuussuumunn Swsuiudegudiinaunisnudnuns
yosszuuiiunumadfylunsitesessuudadu TBidumafuesssin (Root-Locus) 34
\HhASAFNunRmginssumaiuvesinuesaunsaudnuusyesssuy Wensimasulse
TWSaduAsitussavsamisnilduns@owssuuaun

usnanisfiasaiitmaduresnlulssgnditemsnuesaunsmeieadl
fdusugeq Wande Taeiluitueadumaivvessnelddmiuinsamadiuressn
dlowsfiwesFmiuusaly wilunsdivmiwefinnniwilsuusiansaldiimadu

8 1 s
assnlauny

2.2.1 WUIAATBINITIATICINIHAUVBISIN
MUAUTBINTBIEINSAMAN YT BlnaraTruuLuLTRIERANIUIRINNTS
uusAvawvamasensiveny  (Gain) wmﬁaﬁ%’udw‘[amwuLﬂﬂmﬂmﬁu&’uwhﬁuquﬁlﬂ
QuBsrnetiud (esmniinys s asdunusuadufuusBdou sufumsinssimaiiu
yasnsuduisivihlvnsuishumivedwa  wazduniwesdlsvesssuuwuudnanms
Weudumrisvadwauazdlsvaeseuuadlussuu s MENITUNSATLNALRESIRSENBLUUIT
Forvaansirssimaduresnnlagiidunaduresniviuldtaeu fs s
Foumaumiasnauas@lsvasssuumuquuuulalagasadunszuiunisigeinunn
FFumaAuresInaslisuawesiumiswanasdlsvesszuuilaladienin
Tunseanuuussuudaduy  Idumafuresnndusslestlinn  Wswnsmsy
funtsysdnauizdlsvesssuumuauuuuidnaansnesuleieAmuav NS I0ULYDINIT
AuAusruuLuLTalfidueged EAsAmAlagystinufmeons nslwszinadeeuas

3
IALIY

2.2.2 AMSIBUNIGAUTDISIN
i v o P « ') I o ' Y] ~
Wwalmdnlansiwsngiszuulneandavdanlnesunsufiirenanuiuas  We1san

szuumuanifinislaunduiieduiailiuvdeniaozunsusisgui 2.7



R(s) E(s) C(s)

KG(s)

—

H(s)

5UTl 2.7 szuumuauiiinistaundy

RNFUN 2.7 azldl

HaSuseTaunuude - S8 - o0) (2.4)
R(s)  1+G(s)-H(s)
uay
Haidualouwuula = G(s)-H(s) (2.5)
AUNTANANBE = 1+G(s)-H(s) = 0 (2.6)

hd

fnsanaunspudnuurlnedaguuuuln tenandiiuduramaivgng K fall
1+KG(s)-H(s) = 0 (2.7)
e K Aa uiAmasansiveny fadu

KG(s)-H(s) = ~1 (2.8)

FINAUNNT UUIBAINLI lKG(s)-H(s)l = 1 wavfiyandy 180°

NRIITUARWIZIUR 216

Ikfa(s)-H(s)| = 1 (2.9)



G(s)H(s)] = l—;—l

RNy awle
ZKG(s)-H(s) = 180+K-360= 2(K+1)-180

e 0<K <o

a v oy

welidnlafiug anu@liieiduaelou Gis) waz H(s) Hed

K(5+Zl)
G(s) = ———
(s+P)s+P)

H(s) =
) (s+P)
st faddudnelounuudadsldidy
K(s+Z)
G(s)-H(s) =
(s+P Ns+P, Xs+P)

i o

10

(2.10)

(2.11)

(2.12)

(2.13)

(2.14)

#arsaninavesilsidunielounuuilaazeg vt s=—P, s=—P, way s=—F, ol

wmaun1sAEnyNg ke
1+G(s)H(s) =0

K(s+Z)
1+ =
(s+P Ns+PXs+P)

(s+P)s+PNs+P)+K(s+Z) =0

(2.15)



Faviu Hedduaelaunuudadalamdy

C(s) _ G(s)
R(s)  14G(s)-H(s)

K(s+Z)
C(s) (s+PXs+P)
R(s) K(s+Z) 1

5P )s+P) (s4P)

C(s) K(s+Z Xs+P)
R(s)  (s+P)Ns+P Xs+P)+K(s+2)
ndiAn K = 0 wenseuniieuiuaunis 6.4 wag 6.5 aglein
K(s+Zi)
G(s)-H(s) = o (5+P)(5+Pl)(s+Pj)+K(5+Zl) =0
(s+P Ns+P.)s+P,) ‘

suviidlwarasienduaslounuudn = AumiasinuesaunIAMaNYLY

wagMNARATUNELNTS 2.14 wag 2.16 gl
da k=0
K(s+Z) K(s+Z Xs+P)
(s+P Xs+PNs+P,) = (s+P)s+P Ns+P)+K(s+2Z )

G(s)-H(s) =

agldian

suvtslnaraaflsiduaislounuule = dumidnavelantuselauwuula

v
v

nIENAT K = o zdinasaaunisnnanye fvll

1519 K = o0 HR15008UASH 2.15

11

(2.16)
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(s+P Ns+P Xs+P)+K(s+Z) =0

WAUIWNBUTBY (s+P), (s+P) uar (s+P) Tessuniuannsadaiale dis

Wyuiumenans K(s+2) diuaunisi 2.15 Weulwilady

Ks+Z) =0

]

FaagUladn ieen K Awndu snvesaunisaudnuazazdrellagiauniaesdls

aastunnglauuue fall

Wa K = o

C(s) K(s+Z Ns+P,) K(s+Z))
= < G(s)H(s) =
R(s)  (s+PNs+PNs+P)+K(s+Z ) (s+P Xs+P Xs+P,)

runiavadnavesianduatslounuuln = Auvdsdlsvasiandusielouwuuilia

naunstaasunsavuy Rersanaumsiugumluls dsl

ls+Zl’-[5+Zzl—...-|s+Zm|

ﬁ = |ats)-rits)| = 2.17)

!5+sz-|5+/’2’-...-!5+&]

(=3 o 1

We  s=—Z ,~Z,,.~Z_  fo suvidlsvesilaiduielounuuin

17 2

s=—P,—P,..—P Ao suvdslnavesitanduaiglouwuule

PNENNTA 2.16 1 s Wilnddunddnalag vesisidunelounuule suinues
Wanduaelauwuuils 'G(s)-H(s)] efienlugetiud Famneauin

1 o v € W J oy
—l ’—>oo dle s Wilndlwalag veslnduaalauwuuda G(s)-H(s)
K

2/
o

AIUU

K}——)O o s iWnlndTnalag vesiteddudreleuwuuda G(s)-H(s)

Wude WieAwesiulsdedeu (Complex variable) s wWhindsiuvisinalas ves

fladdugrelounuuidn G(s)-H(s) ud1 MaTesunaLAas ]K‘ eilAnlugeud uwinsiuunn
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“Grunudlnarasientuatslaunuudn = duvdalwavesilntuaislauwuuda”  dle

s
[

IK}: 0 shuniadwarasiaiduarslounuuidavzag idwmidnavesilanduaelouluy

{Wa FITUIAISUAUY DI LAUIINVBIAEN NS AE N BT U B lnawasileanTuaelanuuun

9 q

C(S) a w oo ial o & 5 e ¥ -,
Ay SR {K]: 0 sguviavadwarasiliidumelounuudin G(s)-H(s)
S5

nauns 2.17 6 s Whlndsumisdlslen vesledduatelounuuda Gls)-H(s)
i || aglugertiud

lK‘—)oo e s Wnlnddlslag vesitaidudrelounuuda G(s)-H(s)

0 “shuviiieadwarasisiduatsloutuudn = dunisdlsvesilsndudislauuuy

Ua” agUledn e IK!——)oo Aumdalnavesiinduaelouuuulnagdnlndmunisilsves

#Handugrslounuuis
ALY AAAYNBTRINIRUTBITINTRsEINMIANaNvzrIalnavaslaituaelau

ER |

o Cls) 4 1 e o . cu -
wuuUn ﬁ Wi |K|=oo vagiiuvisBlsvasiindudiglouwuuln G(s)-H(s)
S

INMFIATIUVI BT INYetaunsRudnvuzvIaIwavesilandutteTeutuy

a N k%3 = ¥ w g
W lasnsuusetves ]Kl aylidudumafuessnls fail

Maduresn fie mMaRusnvasaunsnudnsuzriainavesilsiduielouwuula
usTuy s Wemvaadawestniveny K wsianguilugetud TnusnizGusiuesn
nlwavesilndumeleuuuudn G(s)-H(s) Wgiumimeslsvesilsiduneleuuuula

G(s)-H(s)

=Y

2.3 YnI1009g0nYi

v
3

Tuingniwusiarldyndiaetgumngl OMRON TEMPERATURE SIMULATION Tuga
rassgungll asudseenilu 2 Prefedudyyiadunm way wwivn lunisaruquasius
nsauAugunille 2 3580

1) M3AUANFIY Manual Phase Control Ingvinnisufulavaaussfuiiloiy

gamnilagnisuiusheisnsilasliaunsarunugungdile

2) Linear Phase Control Immﬂ‘ﬁ’qﬂnsgﬁmuwﬁw Solid State Relay lngagld

wsedulnmse (vdo) [Wudeygyreumaunuia
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3U#l 2.8 SOLIT STATE RELAY
wazlunmavesdyraneinnagld Thermocouple Transmitter WeuSudyanm
nmesluduilied Tneasiidygiaueninn 71 1-10 Vdc
3) awasduaneluyadaniguvnil
3.1) Solid State Relay , Control Input 1-10 Vdc , Rate Operational 5A,,
400Vac
3.2) Heater 220 Vac , 50 Hz , 20 Watts
3.3) WnansyueeIMATUIA 12Vde , 1AW , yaudnigumgil seven segment
3.4) Thermocouple Type K
3.5) 9@ Thermocouple Transmitter Output Voltage 0-10 Vdc Rangeable
within Type K 100mv/C

JU#l 2.9 SOLIT STATE RELAY
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31]% 2.10 Omron Temperature Simulation

2.4 TUsunsu MatLab [8],[9]

TaeTusunsu MATLAB oenasld 2 wiiwing Ae wiisinadads (Command Windows)
waznts1ansm (Graphics Windows)

wisnsddadumivinausniiny dealusunsy MatLAB nsloudidwing q 9z
Houaslumiisiell ievhnisduanuasysvnanasi 9 wasiiumienailduansailiann
N5UTTINARARAN ) Umi'ugﬂn'ﬂw%aasuﬂn"lULLamwa'luwﬁ"whans"aw

TumstleuddsdmiumsUssnanavedlusunsy  MatlAB  aunsadeuld 2 53
ghefu A wiladunistiousds wie adaulsene q vumisnsdsfiazdidmutuney
vaamsuitgm  vieasudunsimuaadiaulsing 9 uas'qﬂﬁﬁ’asha q #ilHins
Usznananatunsuesndnnuiouttymadulid Swedoaiulideuwana .m Tag
fazSenyaduusuazaddaioniideuludnuarii Tsunsu M-file viaSenda Script-
file -?iwmaﬁalﬂéﬁqmﬁu'lugﬂﬂmiﬁa ASCIl Code 1ne M-file w38 Script-file §f awnsn
a¥raunanlusunsy Editor 1o 9 vislusunsy Word Processor 1o q Al lunisSenld
Wsunsu Mfile § awnsavildedgnade Tnefssusaideoves Mfile Taglisosmude
uwana (m) adlumtivingids Waunsu MatLAB flagluvhmseuddsly M-file datdu q
wagvinsusznanaluiazusavinauaulusunsy

dwdulusunsudnds MatLAB tulusunsu MatlAB fidndsdatugdnuusnisld

0
o

wavAmansalunsieuvestusunsy MatLAB uasdnds computer Feazuaniuiinyes
\A384 Computer ﬁn‘s‘nﬁﬁé’a‘lﬁnuag'lwmzﬁ"u wenenii Saiidnds help vazasunenisly
fdfasing q sadaguuuuAdTililuTusunsy MatLAB

dodnuainilehiildveslulusunsy MatLAB fie % dydnual % Weaususnves
Admsetanula q aulu wismneiiveniaiamsuitlifesinssenanala q
sadds iedanuileguds wisamned Tnquirasdvesnslfinosmneidfiieduns
Fouresuwlusunsuludds vesussiade q Wilislddeuly Willunsideuanses
inesiedunsunisviaures Waunsu viediasthlusunsululdliidnlefaslusunsudie

PR 7
LUBUUY
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dwsulusunsy MatLAB Adesing o #itiendesdiu Control System Hufndeild
° P P - . . . . - ' o <
AUIsYUUTineIwly Linear System way Time-invariant (LTI winuu d@aussuuimidu
Nonlinear uag Time-variant 1 9vsipalinsivdeuszuulveglugy Time-invariant Aeufivz
yinsuseanalaglilusunsuung MatLAB

o d ol =
2.4.1 nisiesziifgnulndludiss
TumsAuaaindludisa s ldfendu polyval TunsAuiamnalngly
P o o s X a o a £ . o o a X ¢
Wva delaluiendull As duuseBnSees polynomial #adulszdvsiiluninees uay
nnmasazuInysoaviulssedlaunwingu

2.4.1.1 msavadlnaludisadiglndludiea
msamﬁlﬁﬁaaﬁﬂﬁnﬂL@@%é{’uUszﬁw‘éLﬁwﬁu FHINISUINLATNNSAY
Hafduildde conv @1 convlab) Hedduid 2 arguments TdLsAUATFITides Ae
ﬁuﬂssﬁwé&ua&wﬁiuLﬁaaﬁﬁwm@mﬁumuﬁﬁu nadwsesnuuuaduusyavivednaly
yalumeiu

2.4.1.2 nswsinaludisanlelndludisa
vo s = a i & v i 1
AsvsimdssdlwaludlvanduiAudsannnnin  duaue  waazls
& a = o -3 o o ] o & 8 1%
Hu Wndludlgavesdnunudn wazindludlvaveey wu Tudwnuaule 9 wis 5 6 3 wa

v v 2 =t <~ ' ° & e v - ) Py
‘Vllﬂ Ag 1— “ug (1) A9 ﬂq‘U@QQWUQULWNVl‘lWQWﬂﬂqi s @8 (2) A ﬂ']“UENLﬂ'UV\Iﬂ"ﬂ']ﬂ
3

ANSYS
fasduidlunsmst de deconv G‘é\‘i[q,r] = deconv (a,b) Hariuids
2 arguments: fhiivilsfie LwesvsidinssAvivednaludivavesifignuns fftansde
nnnesdulssavivednaludivavediifiosms nadwsasgnddluiiuly 2 nnwes (e
Ao g way 0 Teefiunmestadnsusnailvuiasnvinfuidwedndlufivadiduavaude
Adwadndludiva Fewadws Ae duussavivednaludlvavesswnuduiifeeinnsms
warnnwesHadninaeis  duusyavisvednaludvareumsiimvdsainnsmisusvunadily
avgmwihtuidwedndludlvafifumsuindsidweswdludleadidudiy  vinde 1
Imaﬁﬁé’uﬂszﬁw%{ﬁﬁﬁauﬂﬂﬂ';"m%'awhﬁ’uiwﬁiuLﬁaaﬁﬂuﬁ"ams%tﬂuqué

a = s
2.4.2 n3ld MatLAB TiasnsineafiussuunlIuay
2.4.2.1 Transfer Function fiu zero-pole-gain

dwsulusunsy MatLAB Ardsnnee Miieadasdu Control System
Jurdanldmunusyuuiifeindu Linear System uwag Time-invariant (LTI witidy diu
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i B g

Uy Nonlinear wag Time-variant wu asé’aaﬁﬂmﬂﬁauizuu‘lﬁasﬂ‘ugﬂ Time-
invariant AsuRagyinAsUsEIanalngldluswnsuuee MatLAB T958uuiitstfiansun As

H(s)=XE) (2.18)
u(s)

91nfn  Transfer Function & sl lunisduineigg as
Control System Tnstuusnidiedantavisnveszuusdniudeaenaunisves Transfer
Function ludiuwes Numerator way Denominator ®en tuauns zero-pole-gain
function sagvilldauniseglugy

k(s=z Ns-2z,)(s-2)

H(s)= (2.19)

- (s—p Ns—p,)-(s=p)

dvatlusunsy MATLAB fillunswasuannis Transfer Function
Wi zero-pole-gain function fa [z, p, k] = tF2zp(num, den) Tuneesatudy dusn
n51u poles wag zero \31@WNSOYN Transfer Function Hanndnd [NUM, DEN] =
zp2tf(z, p, k)

2.4.2.2 1941 system response 310 transfer function
dmiu MatLAB Slifuiugiulunism system response vasusiay
yiinvpidunnurduwaiiisiaulafe step function
lyxtl = step (num,den) %l msu HEs) Aduaunisindludvalag
MATLAB 9g18pn17a0 t

lyxt] = step (num,den,t) % gldanansaidenyiwian t leies

lyx,t] = step (a,b,c,d) % ﬁ’\ﬁ%’ﬂ'ﬁzuuﬁag‘lugﬂ state-model gy
MATLAB 9zldantgiainan t

lyxt] = step (a,b,c,d,iu) % dmsumultivariable system%ﬂgﬂ‘?j’

a5t Out putﬁ%uﬁu Input &1dufl iu

lyxtl = step (ab,cdiut) % dldiionia t o

dwiu Inputidu impulse function lu MatlAB fasiiiSnas
Wudeany step tTde [y xt]l = impulse (wilouves step)

uenanil dldeansBunmilinein step function way impulse
function Aawnsadenldfleidu LsIM %aﬁgﬂuwumﬂ%’ﬁaﬁﬁa fy,x] = sim(num,den,u,t) T4
dwussuuileglugy polynomial eq. wag matrix u fiduuseduivhAUTWIUE Y
yaBung uimmevesreduvas u desdlvunaReaiufuredinine’ t deiluusas
ApdutiYed u AeAYBIBUN M nanflegluniaes t

123050
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2.4.2.3 N15%1 Root-Locus Analysis
Root-locus-method  #A® 330131 closed-loop ploes @1n zero
wag pole w3 loop transfer function MuAT gain k fdeuluves loop transfer
function @3 Function fianunsaldlalu MatLAB fi8 rlocus
finsanszuulaenialy 209 feedback system

. — y
U(s) , K &) (s)
| —
f—_—h—]i F(S) {4 i

gﬂ‘?& 2.11 19395 Closed loop transfer funtion

Closed loop tranfer funtion A8

His)=T ) KGES) (2.20)
R(s) 1+KG(s)F(s)
auley Characteristic equation 1+KG(s)F(s) ‘lﬁaq‘lugﬂ
LAKG(s)F(s) =14 K 24mLS) (2.21)

den(s)

dlevia num(s) uag den(s) safidiu polynomial function Tuweames
s 15@nsald function rlocus Tu MatLAB waalunmswisiunusaes closed-loop-poles
Ya9352UUl U gain K way rlocus 9 plot locus ¥ee H(s) Wisewduiu guiuunisly rlocus
Tu MatLAB Iiden weil

[r,kl = rlocus(num,den) % dwwiu G(s)F(s) ﬁag‘lugﬂpolynomial
function InaMATLAB az18en gain k v

[r,k] = rlocus(num,den,K) % 1dnsdiidona gain K 189

2.5 Wsunsa LabVIEW
Tusunsu LabVIEW (Laboratory virtual instrument engineering workbench)
vangarwdn  Labview  (ulusunsuiaiietesinaiiousiduiaal fiRnismdimnssu

Tnedflgauszasavanveamsvinnu fs dansdunisiauanaiedieoalaegndivsy@vsaim
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T,UiLm'smzﬂszﬂaué’aaﬁaﬁ%’uﬁ‘h’fﬁaU‘lumii’mmﬂma?gﬂﬂsLLﬂ'smﬁ%ﬁUidwﬁashaquﬁa
Whniuedsaietamadnnssusiug

Tusunsy LabVIEW wansinaanalusunsudusthaiiulddaianfedulusunsaussiny
(Graphic user interface : GUI) Tagauysal lnediuunfauuy Dataflow sadufiuwuifnues
TsunsuUsELny Text base programming é‘fwﬁmuﬂwﬂmiﬁmuulﬂngﬁﬁ'ﬂd’mmmmL%u
Wuaunniseneg Adudeuldiviion Text base programming Wy nwnd aglditeidu
Formula node msvnussiufnsetuindaslavie gunsal Data acquisition (DAQ)
soidaudfunesfiumefifielfiuteyauardsislufulimismdweineufinmed  vie
Wuegluguvedidteyaiodilusanadneds  uenaniddiigunsaiunsdruanansodeinn
Joyalufinanianes Tngrtunia Parallel port, Serial port %58 USB port {Wusu n1sifiv
dayavngunialindgaeuiimesanisaisundnetnein PC-Based DAQ System [12]

Tuissatuilldondemmansovodlsunsy LabVIEW lunsiiuduasuanana
Tneifiofuagamgiiann IC LM 35DZ Analog Transformer sunidn National Instrument
PCl 6014 axnswlasdyias AD Wilasdu DAQ Assistant vadlusunsy LabvIEW Tag
FuAan IC LM 3507 sraasadhaiulusunsy seanniu flefdu Split sienals agsinisuen
Fuanfidanan Weddu DAQ Assistant Lﬁauammamaumaz@iﬂugﬂLL‘U‘U Waveform
graph and chart wagazgnisendoyalasiladdu Like to text file uasifutayalu Data bate
fisradaly

LabViEw 1Hugeridiasiiiauniulag 13 wiuwuadungaund $1v (National
Instruments) w3 NI Sudugfanngunsaiuassenduniildmutaagmuaussluiiduh
UStnie LabVIEW dadusensiuisussinn Graphical Programming Langrage Aanufiu
Co+ ustreiunsadl LabVIEW Wunsadalusunsulaeldnmungunm feszliudentladduds
unufegulersuunumaBeonlusunsy  uaslfifudensywinudenilaiduuinunisinaves
Foyasywidlsunsmiug asfledetutumadeuliardavioudenlnesunsuvedusunsy
ﬁwmaiftaamsv’v”mmiﬂstmsuﬁm LabVIEW Fsheasnatasegranniddadisuiumsidou
Wsunsudhenmuitldnusuuuiuusznn ¢ wh 81 10 wh Sefivilid LabvIEw singaan
gavnsuiluBnegmils Ao mmwannsolunmsiaunnumafunisiauagauauwuy
Sluf® Faduthwmneddoyues Labview Tnefiedosfteftatuayunisldoumedwilly
BUNUINUNE ‘lﬁmaé’wéaaﬂmlugﬂsuaqLﬂ%"aaﬁmaﬁauﬁq vanaNIBSFUR IS LabVIEW
6 Tulu SafiuanuannsaneiunsatuayunsieueieteuasmeluladBumasiun

tulusunsuAwunse LabVIEW ylilusunsuwaniinisidauiiazninundsdiu
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LabVIEW 92d] Front Panel duBsuiaiioufudsiigliaussiiusasamuny Front
Panel Usenausedniifudds (Control) Wy msteudeya Uu and wazdruuanwua
(Indicator) Wu msuanmafefiay fwed vidana waznswl dusneg warbawnsa
\denlsiann Controls Palette udiumUsenauiu dlynuannianuaunisiinuees
Tusunsuftadrstiurnu Front Panel dsnsnady douwavdladvietioudeyansddueda

v & v va v
wisuvuanwatayalidneioe

MAORF TNFM..

[F5]

gﬂﬁ 2.12 Front Panel

o w - = | . o v
TWsunsunwauulae LabVIEW 2e5enq VI (Virtual Instrument) f4@1u1508579

Fuiedldiognamin waeildiulsznousaeg Aldeanuuu Front Panel Tidenunung

aunsainein weARYEYY (Data Acquisition)
o & ¢ a ¢ oy o o v ¢ a v o
danwuzllunsndumasansauvuni@eunanenasm  USB  vimvui
- Voas = ¢ o ' ' ar v ] e = =4 o
Wensefumauiiameiiiesudnmitaumdieyalinureuiimeivielunanduiuee
° v do v nl\lv - ¢ v v d  w s 9w ¢
mhniuteyanlinnaeuitames wiaialudygrumuauineldmuaugunsalnieuen
) ’ a o a < - -
1A59a379983 DAQ enauansinaiulutmudnuurvesnunagly Jesauludis
Msvieuees DAQ MezAiumasiadyguuasiisidunsyien wu Suaudesdynyiu
Bun WA ORINSEY (Sampling Rate) sgaumsuenuerdygas  (Resolution)
i e ' a oo a Q
AuwivdazEreBuwansuld (Range) Tneldgunsnivesuitvm National Instruments

U PC-6014 4@ 2 Output 24 bits 1Tudu
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fathu e wafaddu Wugdnsalfldlunisfudeyaluguuuureseyaiinea

o B LY

Fatgusanuduin DAQ



unii 3
N1599NLWUUAAIUANKAZIUTUNTY M-file

uwénénﬁaﬂ'ﬁaanuuuﬁamuan'qmﬁwamqmmqﬁﬂuﬁqmsmﬁumsamé’nvmzua:
Awimimeiansiiaddiduiuuslunsmusulasazusduseunsmamiiines  ledt
Toglemadusnlunmsnsdoulusunsy Mfile wasldlusunsy Mat Lab 1ulusunsu
ShapsdmiiveslaafiensivasuAmiinasvaslusunsy  Tasldlusunsy  LabvIEw
mUANNSEUIUNSIR Lagldmnsiimedildn

3.1 nMIMAENNTIANANENTYAI1ABQMUH [15]
o a < a o Yl
Pngaaeuuiiluzun 210 Whumaunsauansuslaensleisnig Open
o - vad o w oy o & v 3 a
loop dagun 3.1 legaglyitimuauseiulipamamissngliygedasigumgil Tneseu
a v i o e P o i o
gaumplidndanizaa  (steady state) Ainmilaasieilaluuansualagldlusunsu
v a - - ) <
MatLab lagasrawuuinaaieiUiauiisunadagun 3.2

R(t) Ct)

Input Temperature

Simmulation Model | Output

JUN 3.1 uansiBn1s Open loop aMauMsAMEN WY

Format  Tools Help

DISH® a8 2z af s I HEBED REABE S

Foum File Sutsytem

Ready Lfnix | [ fades 7 |

= o ' W
:);'L"VI 3.2 La@mIn1I AIMIANANNTIAANHUSYBITZUY
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o . o A U N 1
MnuuUTEeuY Simulink Mat lab Tugun 3.2 agld#endu Unit Step wen
o ° A s o .
aunsaudnuazlagding Open Loop lugul 3.1 udusudSeudioy Teeezvinsusu
& 4 o ' Y Y] Y |
aun1siiuiien Transfer Fun ielinsidayaiianlndlaseiunsm Open Loop lagusueni
& o o o as 2. a
aun1snshumsuvsiAvazIavasduiNaUunsiaasgudnenelniinulndifaiu
P a <
Nganagun 3.3

55 T R

501 N

ol S o ’
g
£
g sor
5
s

a5 /

[ == Open Loop Transfer Function
30 j — ~ Simulation Open Loop Transfer Function
25 s c : r x :
0 200 400 600 800 1000 1200 1400
Time (sec)

A Qs 1 o
3U# 3.3 HansuFumAaun SR N BayIasEUU

< as Py o :
MNFUT 3.3 waanmsuiuaunsiielisuiisuiunaves Open Loop agazifiuin
ns1nauntsiadialndifesiu vinldaunsaussuuaunisaudnwae (Characteristic
. o e o . . © 1 e e}
equation) 9aesvUUMNANNTTIVFUTUlUTUATUT@D4 Simulink azldAtdeasnisd 3.1

G(S)= 14.5 (3.1)

1700s” +135s+1

3.2 ¥ANN1798NUUUTUTUATALAZNTEUIUNTTNINY M-file

Tunsseenuuulusunsuilaslinguiimaiiusin Root Locus Theory) Tngldiamnas
TuunitgeaduugnilunsGudsulusunsulasBunssuiunsaalnadanda (Flow chart
diagram) Fessurunnsdaguil 3.4 Tnsasiilusunsudaniarion n

nnlusunsy Mfile Tunasuan a FesimsldAndusuresaunisinefiudui
drdguedlusunsy szuvwenluamudife aunspuinvue Wesidulenasdn uaz Audn
favmdu WunistwunAEufuredusunsy lunsesnuuulusunsuiasuseanfugesdiu
k)

1) senuuudmuguuuy @il ilevaureranauAUBtATian AN
aun1sayusnsAIUANLLY Alo wuusuiden fie
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K t
MV(t)=K e(t)+—[elt) (3.2)

T %
dledudinsmuemedyg afandaiiandu — dsludmuauuuy dle asliuuudiass

1-Z
Faaunasil 3.3
M(z)=[KP+K,- 1 ]E(z) (3.3)
-z

o o/ d 1 b d
imsdnguiuvannist 3.3 lwdagld

Kz (K +K)z-K,

z-1 B z-1

G, (2) = K, (3.4)

d o ' < o <
Tnafidunisadnafiusinguesiamuauiuy Wle lussuiu z avdsing? +1 uavdl

K K

d [} 4 A A ! é 1

pundadlsusngn  z=—"" fiegludnue 0 uaz 1 wialurnauniamize lavay
/ P

LA 0 ) 1 /. d A o - as o
anuseuFusunisdlsvesinivquuu Ale thelvmaiifatudviudmuguuuy wle
] o ey < o o o
Anduaunialumannuvdsiaunish 3.5

a,-0,=60_ (3.5)

A a o o 4 1
logit 6, Duyuveadimuauuuu Wle uazdnasiidmunnnit &, laganuasiy
A i es 2/ Qs <
meluvessamimvisamzintiugy 180 aermvglasaaunsh 3.6

o, +(180° -6, )+$=180
¢=a,-0,=0_ (3.6)

¢ cas a_ a - w o
Tnsuaaguuamuaneifiidu fMlewuudaedaaeiiadsauntsd 3.7

K

P

K,+K -
G, (2) = (K, +K )————% = K(M) (3.7)

z—-1
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LY 5 o dv ° o 1 Y o 1 f=s
fatiun1sivuaNanauauesineInsiaefruaiuidwalalussuiu z faudu
. d a Y o &
o+ jB azawnsamyuiiianiudmuauiuuianiale fad

6, =tan" (U'_B_ a)—tan‘1 (;ﬂ:) (3.8)

o v W [ °
PnaunMInanTRAuIzahsaldaulsunsuaualagld M-file AnnamaLas
Avivadlnawuu #ite ua'ammﬁ‘lﬂmmmmsmmuuuuﬁlam uau‘lumuuﬂvaa”lumu
LINUYBINTEUIUMIAIWIN A Calculate Pl case 1 mmumaumsmmumuamﬂusﬂm 3.4

a o A ! < o
2)  2INKUUMIAIUANKUY FA LNeYAENanBUaLR AN sty way
Mnaummsmadeifaidu fMauauuuuiarinziiuuuiaamamisiviwalsuiitedu Ae

o & o aa o o o
1-z ﬂﬂuum’lﬂ')ﬂﬂnuﬂu Nl "\]SNEULL‘UUﬂQallﬂ'ﬁVI 3.9

M(z)=|_KP +K (-2 )J‘:(z) (3.9)

d L s s A
Ingfigumsnsmuaineifsiduvasianiuay #d avlddsaunisa 3.10

K (z-1) -
G, (2) = K, Gl (K, +K, )(Z “) (3.10)

V4 z

-4 Ofl d ¥ 1 e ol 0
nmsuaeiilaiduiiunng asiuldhwanuay @7 ssiidhumidwasgd 0 Tu

o o 1 14 o ) Ko [ 0= ' L
YUY 2 uazumuwu&ﬁiwﬂsmjlumwm ——— UVULAUAUIUINTENIN 0 NU 1

D P
Tognavasnsiiudanuen @7 wwuiaasalunadsdumidne wee Fladiluluszuuss
oy 4 A s U o/ ¥ o as
Uausllldnsiasududivustszuy Taeniseanuuudiaiuguil szaunsavildlaenisuiy
o ' ' @ A & 190 Y el ° w
samisdlsvawmunuiie ¢, way 0, \Dumvewlanulwavesiimuny W@ auiddy

x| & Y & )
Taesuiusngliuvesirmunauilasfusdaunis

o -0 =06 (3.11)

PD PD reg

o od X o » o o4t & o & °
asuFulasullasyinneldtevlvvespasiininluuinianedsiu lunisivua
A o o 4 - A
HamaUEUBITisiasn1TABNs Avuaduvs Tnalussuiu z fduliy o+ jB lnesuvasszuui
a a o «tot a o 2 <l
finanmstiusaruau #8 wuuaeiaeladaunisi 3.12
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0, = tan” (ﬁ)—tan—1 (g) (3.12)

od v 3
g Iinandiutzanansaldaulysunsumuailagld M-file Arulinimyuuas
o 1 o 2 [ 1 J 1
funisvasinauuy file wdnharitldumamsmunuuuuiiled warludutaseglud
WINYBINTEUIUNTAUIN A Calculate PD case 2 mudumaunsvinuiuansluud
3.4
LY P & ' a < al
AIINTEUNTTUMUNTEDY AzanIamAMIlieesaruasLuY Aled lalag
s Vi e o N = a 1
a1egeuAlagldr1iIuls Command window wiaasavaaulwanmiaiusininiuly
13 kg Q' U 1 o 5 g ‘4
aueivunERuvEell Audadutunsudgua 3.4

( Input Conditions

Calculate PI Figure Root
Case 1 Locus PI
Simulink Math
lab

Calculate PD
Case 2

Command Window
Parameter PID
End Program

| o
g‘lJ‘VI 3.4 uanInszuIUMsIneueslusunsy M-file

Figure Root
Locus PID

3.3 11382ALUUNTTINABINTIIAIUANUUL Wlaf (PID Control) [10], [8]

Tnenamsirasdlusiideifarlimadoulusunsudeesmsvihalagdiusunsy
Simulink Mat Lab lagazdasnszuiunsaivauuuu filed (PID) damesuan v lu
nszvaunsisldemnafvesilénnlusunsy Mfle Tumannn n ileldnsraaous
Gusuvedlusunsuinfulumudoulvwedusunandeli  Taedmnsnfinesosgnaslusi
TUsunsu Simulink (esassnszurumsuaslddanemginssuvasssuuding

Tumssransilesldilaity glnandiv Wudgygraudiasinssuiums Taeeeldsudu
Herdudandavsamedileidy Haidudldoaneslon waseelaunsandnuasvsiszuuiite
$ravsnszuauns Tasaniitandrassaglfnannlusunsy Mfile 9nmAsuINn A TagnanTs
asdezdunaliann wanauausuomiWnIaITELY
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3.4 n13@8AKUUNIAUANTTULRSIlagTdTUsUNSY LabVIEW [17]

Tuniteilinmadoulusunsumununszuuniseidlagldlusunsy LabviEw
naasuAiiwesAldnlusunsy Mfle Mnlusunsulumenuan n Tasezldlusunsailu
NMANUIN A msquunizmumw‘%m%’aqﬁv‘quamnswﬂv"\lnmimuanua:mu'saﬂ%'um“a‘w
AmsiiieeslunsmuANNIELIUNMSIRN  wazaunsoivun el waviiudeya
tiulusunsy Excel Tasasiiudoyaritunisa PCl 6014

3.4.1 Wenduniseanuuulusunsy LabView
1) ¥Wrdu While Loop Ae Widdudidmuald Code wia Tusunsulu
AszUuMSnuLuUIngsuiulusunGaulailasvusly

Measurement /O
- Tnstrument VO
Vision and Motion

| Mathernatics

Signal Processing

| Data Communication

' Connectivity

Control Design & Simulation
SignalExpress

Favorites
. User Libraries
Selecta VL.

#
Change Visible Palettes...

|
=]

R LTI W R S SRR N

sU#l 3.5 uansilaridu While Loop
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2) #aidu Format into file Aefarduiildinudayadu Buwnuas Lowinnlag
=3 @
aununaagluzUlng Excel

| Measurernent /O
! Instrument /O
| Vision and Motion

| Mathematics

Signal Processing

Date Communication
Connecﬁvity'

Control Design & Simulation

User Libraries
! Selecta VL.,

2
Change Visible Pafettes..,

31]%' 3.6 wansfendu Format into file
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€ o al ar ‘f o &

3)  #Haddumruauuuy Wled Tudandulazldnismvauszuulasazasading
[=3 1 &) d o s ' .
a‘uw'ﬂﬂ’!W'l'imma%m%nﬂuﬁmsumiﬂ‘mﬁ]u 9uilAn Gain Parameter wag
Input Parameter lagazdl Set Point \usifuwuarinisvinanu

| # ;99 g
| Measuremenit /0

! nstrumént 10

E Vision and Motion

| Sigmal Processing

i Data Communication
| Connectivity

¥ v T v ow ow W w

| Signalbxpresy
3 BV AR
| Express

| Addons

i Favorites

| User Libraries
 SelectaVL.,

&
Change Visible Palettes..

= far  av  a
UM 3.7 uamailendu Wled

¢ 9 ; : S o od o ; :
4)  #aidu Wait Until Next ms Multiple Tagazlgiwanmuanis Sampling @1
TumsmuaulagasAmuaailin 19und

EnﬂrUmm!W
. Vision mé Motion

»
%

| Signal Pmcemng

;‘dﬁ 3.8 wanadlanty Wait Until Next ms Multiple



30

nnilidumsiuidusansaiissimuanavaulaeldlusunsy Labview
Tagazldnda PC1 6012 Wugunsaldwitutaya laesvaunsadmuadmiaiiinesuas Set
2 ar -
Point lagazuannaguin 3.9

< o
JUN 3.9 UANINITVINULATATUANNTEUIUNIT



undi 4
NANITIADIUASNANTTNABBINTZUIUNNT

dwduiiemiluuninzidheSeufisafunissianuasnminaasiwanizurunis lay
131meqvﬁﬁawumﬁlﬁﬂdnmsmﬁu’am‘s’ﬂm*s‘LLawawmﬂﬁmqmﬁwmumnﬁy’u%’qﬁwms
Jranansyurunslealdlusunsy Simulink Ka¥YINISNAABIAIVANNTEUIUNTITINIY
Tusunsu LabViEw Tagldyainanigumgil Omron Temperature Model Ymsvnaauusy
WHuRan1snand

4.1 wanrsmAwiIsimaiauaNuuuilen

nguuuuialisuaTuny ataeuan n lagaglinquijmadusn Fauansluzud 4.1
Tneldansusuvasadlulusunsy M-file Faazuanamasiumisyss Pole uazdumadusiniag
fvualidianesi@uniswaiu (% Overshoot) Wiy 10%

Root Locus

0.1- "\4»

3

005+ kY
||

System p!_pid \\

“©
E GAN 114 Ly b e e
> 0 Pole: 0.973 +0.0383i |~ 1
£ Danrping: 0.592 | .~
g Overshoot (%): 9.96 |/ :
= 005 Frequency (rad/sec): 0.045 !' 1
! i
0.1 /
.’/'
-0.15 g
i t 1 - i i : ;
0.8 0.85 0.9 0.95 1 1.05 1.1
Real Axis

< v a
EU‘VL 4.1 u@amnawral Pole vulduUNIUAUIIN

4.2 HAN1II1ADINTZUIUNISUUY Proportional Integral Derivative (PID)
nsavesiuunsilunianuan o lilddmwisdinesvesssuy Tasasldailavi
nsTeemanIInaUauBaIsrUY warluntsshasinszuiunisadddlusunsy Simulink &adi
wansluniAewIn mngﬂﬁ 4.2 fi3 4.20 WAMINTITVIIADINBADUAUDIVBINITLUIUATALIUT
Pnlusunsu M-fite anusafiazmamnsiimesaunu filed daandluranissrassdresiu
u,a:gﬂﬁ 4.21 §ia 4.24 JumimuaunIEUIUNTTAH
1) wan1sinaaslagimunan Setting time=300 sec , Percent Oveshoot=10% 370
AsusueiuszlFrwnITimesmuAn Kp = 0.3486, Ki = 0.0069, Kd = 0.4671



Imaginary Axis

EUﬁ 4.2 uanasumidlwail 0.974+0.0336i Awsaiiinas Kp = 0.3486,

Root Locus
T . B :\" 1.
006 ! g
| ’!
0.04} L §
- ;
' Systent pl_pid ' = 1
0025 : Gaim 07837 N !
: Pole: 0.974 + 0.0336i : TNy
i BCamping: 0.603 ; %
okF i Overshoot (%): 9.28 ;_0 it _
| Frequency (rad/sec): 0.0432 | e
H 1 . yd
-0.02F e .
%
0.04} / .
i
y |
-0.06 - :! i
r : I : I -! i 4"1 r
0.88 0.9 092 094 096 0698 1 1.02
Real Axis

600

Ki = 0.0069, Kd = 0.4671, OS% = 10%, Ts = 300 sec
501 '/'\;" - .
i\
{ AN
{ .
s |
2 /
@ 301 | .
8 ||
a
g {
£ ook ]
20F ¢ Response
/ * ~ Percent Overshoot
i
107 " Set Point ]
0 d I d I I
0 100 200 300 400 500
Time (sec)

U 4.3 uananan1s$1anafi 40 vaei Kp = 0.3486,Ki = 0.0069,
Kd = 0.4671, 0S% = 10%, Ts = 300 sec
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60 i T T T T
/ \'\
501 ) y
el —.
aob | .
® 1
3
B
8 301+
E
O
'..-
201 Response |
——~*Percent Overshoot
10—{ © T "Set Point i
f
0 i L I I i
0 100 200 300 400 500 600

Time (sec)

gﬂﬁ 4.4 WARMANTTTIADIN 45 er Kp = 0.3086, Ki = 0.0069,
Kd = 0.4671 OS% = 10%, Ts = 300 sec

70 z r - r
60 '/’_“\ " 1
/ N
50 S By I . - - - em
e |
3 " B
& 00
g f
(o}
E 30r f .
| Response
201 / ——Percent Overshoot 1
10 _/ T Set Point |
O } 'S I I i I
0 100 200 300 400 500 600
Time (sec)

31]17'; 4.5 LARINANTIIABT 50 DA Kp = 0.3486, Ki = 0.0069,
Kd = 0.4671 0OS% = 10%, Ts = 300sec

2) nan1sdaadlauinvuad Setting time=300 sec , Percent Oveshoot=20% 30
Asusudnesuazlsrmisfinasauau Kp = 0.5424, Ki = 0.0137, Kd = 1.1713



Root Locus

01-01nT C o7
0.08 08 .
0.06+~ | 09 B ——-w.-:i.\--
g 004 ; Syster pl_pk | -s
<< : 3 Gain: 1.84 | '
i Fole: 0.872 + 0.0531ii
e 0.02+ i ) Danping: 0.447I§ "‘-\
& ! Overshoot (%): 208 |
o) 0 i Frequency {rad/sec): 0.061 /& &+
«© . v
£ 002
-0.04 -
-0.06+ . ‘ - ,,'
-0.08 jGi.‘lfrf_f'l' o ' - " I' f ;
075 08 0.85 09 0.95 4 1.05

Real Axis

31]17; 4.6 uansumisiwad 0.974+0.05311 Awasfiwad Kp = 0.5424,
Ki = 0.0137, Kd = 1.1713, OS% = 20%, Ts = 300 sec

50 - T T T T T r
A
aof /1 :
! "
o {
5 30 I’ 1
©
g |
e |
¢ 20F|
e 20 —Reaspose
R Percent Overshoot
101 © "Set Point g
0 I td I I L
0 100 200 300 400 500 600
Time (sec)

U 4.7 uananansanadt 35 a3 Kp = 0.5024, Ki = 0.0137,
Kd = 1.1713, OS% = 20%, Ts = 300 sec
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Temperature

Temperature
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I I L L
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500

600

gﬂﬁ 4.8 wANLANITINABIT 40 Baen Kp = 0.5424, Ki = 0.0137,

70

60

50

40

30

20

10

Kd = 1.1713, O5% = 20%, Ts = 300 sec

“»7’,\ T - y
I
" ! | ]
j .\-._,_./”/”-_
e :' -
i
!
} Response
/ ———Percent Overshoot
—/ - - Set Point g
r E I L I
0 100 200 300 400 500

Time (sec)

600

gﬂﬁ 4.9 mewamsihaaaﬁ 45 9aA1 Kp = 0.5424, Ki = 0.0137,

Kd = 1.1713, O5% = 20%, Ts = 300 sec
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T 1 T T T
A
1
60 / \ 4
[N
v [N
E
) 40-/ -
@
a
2
1]
l.._
Response
20 b—z pO .
/ ~~ " Percent Overshoot
}- "~ Set Point
0 3 I I 4 i i
0 100 200 300 400 500 600
Time (sec)

gﬂﬁ 4.10 UAMIHANIIIABIT 50 BeA1 Kp = 0.5024, Ki = 0.0137,
Kd = 1.1713, 0S% = 20%Ts = 300 sec

3) wan13dnanlasnuumAn Setting time=700 sec , Percent Oveshoot=10% 30

Aurudwruaziddmisfiwesnivgu Kp = 01474, Ki = 0.0028, Kd =
0.9854, Ts=700 sec
Root Locus
0.5—. T T T i Y T T
06 ) i
01407 : - |
e . ) : o ‘ System pl__pludi _ ‘_
S Gain: 1.25 1
R ™ Pole: 0.988 + 0.0161i 1 !
x 0.05} : Danping: 0.605 ! ' -
< : Overshoot (%): 9.21 | ! :
& { Frequency (rad’sec): 0.0204 - | ;
m L e T V,._..". . |=
c TR
£ O Lo . e
© STk ]
£ T |
005+ - P . i
T S
! e

0.9 0.92 6.94 | 0.96 0.98 ‘ 1 1.02
Real Axis

31]171 4.11 ugnemumiinad 0.988+0.0161i Amsiimas Kp = 0.1474,
Ki = 0.0028, Kd = 0.9854, O5% = 10%, Ts = 700 sec
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50 T T T T T T T T
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4) wan1sinanalauimvunAl Setting time=700 sec , Percent Oveshoot=20% 311

Anduduiaduazldamnslimesmuay Kp = 01712, Ki = 0.0046, Kd =
0.7443, Ts=700 sec
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Bamping: 0.454 . s :

Overshoot (%): 20.1 v
0 O ' Frequency (rad/sec): 0.0245 - : ,-‘l ”
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4.3 HANTSAIVANNTEUIUNTTAIUUY Proportional Integral Derivative (PID)
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close all

clear

cle

sysc=tf(10.25,{3000 110 1]);
08=0.1;

ts_old=300;
ts_new=ts_old/1;
ts_new_d=ts_old/2.

Ts=1:%0.02;

%6%%%%%%% % Calculate PI Controller%%%%%%%%%%%
sl=-damp*wn+j*wn*sqrt(1 -damp”2);

s2=-damp*wn-j*wn*sqrt(1-damp”2);

zl=exp(s1*Ts);
22=exp(s2*Ts);

sysd=c2d(sysc,Ts);

figure
plot(z1,™"
hold on
plot(z2,"*")

rlocus(sysd)

[numPdis,denPdis]=tfdata(sysd,'v");
[z,p,k}=tf2zp(numPdis,denPdis);

thetap 1 =(180/pi)*angle(polyval([1 -p(1)],z1));
thetap2=(180/pi)*angle(polyval({1 -p(2)],z1));

thetazl=(180/pi)*angle(polyval([1 -z(1)],z1));
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thetaplant=thetaz [ -(thetap1+thetap2);

thetacon=-180-thetaplant;

alpha=-1*((imag(z1/(tan{thetacon*pi/1 80+atan(imag(z1)/real(z1)-1)))))-real(z1));

pl_pi=series(tf{({1 -alpha],{1 -1],Ts),sysd);
controller_pi=tf([1 -alphal,[1 -1],Ts);

figure
plot(z1.*")
hold on

rlocus(pl_pi)

%% % %% %% Calculate PD Controller%%6%%%%%%% % %%

damp_d=-log(OSYV/sqrt((log(QS))*2+pi~2);

wn_d=4/(damp_d*ts new_d);

s)_d=-damp_d*wn_d+j*wn_d*sqrt{1-damp_d"2};

s2_d=-damp_d*wn_d-j*wn_d*sqrt(1-damp_d"2);

zl_d=exp(si_d*Ts);
z2 d=exp(s2_d*Ts);

figure
plot{z) d."™*"
hold on
plot(z2_d,*"

rlocus(pl_pi)

{numPdis_d.denPdis_d]=tfdata(pl_pi,'v');

{z_d.p_d.k_d}=tf2zp(numPdis_d,denPdis_d);

thetapl d=(180/pi)*angle(polyval({i -p_d(1)],z1_d)):
thetap2_d=(180/pi)*angle(polyval([1 -p_d(2)],z1_d));
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thetap3_d=(180/pi)*angle(polyval([1 -p_d(3)),z1_d));

thetazl d=(180/pi)*angle(polyval([t -z_d(1)],z1_d));

thetaz2_d=(180/pi)*angle(polyval([1 -z_d(2)],z1_d));
thetaplant_d=(thetazl_d+thetaz2_d)-(thetapl_d+thetap2_d+thetap3_d);
thetacon_pid=-180-thetaplant_d;
alpha_pid=-1*((imag(z]_d)/(tan(theracon_pid*pi/180+atan(imag(zl_d)/(real(zl_d))))-real(zl_d));

pl_pid=series(tf{{1 -alpha_pid],{1 01,Ts),pl_pi);
controller_pd=tf{[1 -alpha_pid],[1 0], Ts);

figure
plot(z}_d.*"
hold on

rlocus(p!_pid})

[num_pid,den_pid}=tfdata(pl_pid,'v");
K=abs(polyval(den_pid,z1 d))/abs(polyval{num_pid,z1 d));

controller_pid=K*senes(controller_pi,controfler_pd);

Inum_pid.den_pid]=ttdata(controller_pid,'v");

Kd=num_pid(3});

Kp=-num_pid(2)-2*Kd;
Ki=num_pid(1)-Kd-Kp;
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NI 6013/6014 Family
Specifications

This dovament Bsis the 41 iermiod summary and specificstions Sor the NTA013607 S family of devices. This lamily mchoden
the foilowing devios:

= BEKLA0IZ

. NEACESD1S

[/0 Terminal Summary

& Hote Witk N1-DACo, Kational Insrumenss mised io iwrmensd nsmes xo they wre mucier oo undersuans and moes
E aosang N hard anf softwan prisduces. The revised wrmina! nomes weed in this documant are wmslly
sharibar b the cames they replace. For s phene B of Tradie KEDAG (Legacys wrmiaa] names and thea
NEDACmx eguivalents, veler o Fominal Nawer Sgunasteats of the £ Seers Helpr.

Table §. 0 Termmisals

Terminal impedance Hbse
Type mud Ropst! Protection Sowrce Hiwk Tine:
Ferminaf Name fMrection {vatput {93 OniMY dmA at Vi | imA a4 A Hhas
Al <fh} o A3 R INE - - 200 pA
paarafiel
wafh 1053 pl’
Af BINEE Al G0 in o . 2248 nA
pursfiel

wits 100 pl

A GND .- -
AD g A3 gl Showeotrmul | In 0 Ra 0
w grownd
Aany Ay 40 Shortobmad | Sa 10 2w 10
s grossad
AQGRD . po— - p— - - e
B GRDY — - - . . -
~3 % — 410 Bhorrcireuts | 1A fase . - e
it groamadd




Tabla 1. 90 Terommals (Coabnusd)

Terminsl tmpedance Hise
Type and {oputf Protection Bource Sink Time
Termsinal Name Direction Shstpuad (WICuAH | mAmY) | fmAa¥) {ns) Bias

AL LY ey o Yo 783 1Gar Wardld 11 SR kD pu
L R LS 1)

ALHOLD COMp X3 - - X5 Fmld 18 RMkQpe
(Vo . 47

XY STROAE DO - - 13 h¥ 1347 i3 Sk pe
P¥pe - 048

1 O e Yep + 103 1w FarQld 15 Skl

{81 START TRIG, Yo - O3

PR Do - Ve tHS 15 fm04 15 S kD pe

1A REF TRIGH Woy - @l

MY Do . Yer v 8.3 1&m Smdrd 18 kD pe

(Al COMY CLE™ (V¥ - 0143

P13 [l 1] - Vs 8.9 KA Satdg 1.5 526D pe

CTR £ 3OURCY W ~ 3§

PR ACTR 1 GATE | DID Ve v 003 kY Fardd 15 WD pa
Vo ~ B}

CIRIOUT no - N 13a Sutild 15 SeQpe
Ve - G0

MRS fried - Viy = 2.3 35 Smfrd 1.5 SkD pe

(A SAMPCLE (¥ - 002

PHIS DI Voo B3 13 a Fardd LS kD

$ A0 RTART TRIG) T¥py - (110

M M - Vo +HE A FuQd 1.5 Sk pe

(A SAMP LD Vo -~ 043

PRIRS 0 - Ve ¢ B8 EAFH Surda 15 58 k12 pe

TR B SOURCE o - D43

MINCTR GGATE | DI Vi 2 BE I3 Satfg 13 S0k pe
R

CTTRNQLT DN - - 1iax Satlg 15 S0 kD pu
g (42

R OUT Do . - i a4 15 kD pe
Voo - Gl

* Indicates acthbn Low.

* N6 4 oaly

Al Analiog Inpes 00 « Digical [nputDurpatt pis o patlonp
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Specifications
The followiag specifications are {ypical ot 25 °C unless athersrise noted
Analeg Input
Input Characieristies
Numaber of chanmeds o 6 single-cnded or
§ ditferentinl
software-selectable
per channel)
Type of ADC o Sucessive
approvimation
ResolBHIN . oo i6hits. 63,336
Max samspliog safc . 200 kS/s guamntoed
nput signal ranpes
Device Galn
{Software-Selectable) Range
vE ESLAY
i ESR Y
i = my
o +5emV
fopot coupling ..o o DO
Maximuam working voltage............. Each mput should remain
withun =1} V of ground
Overviliage protection
Signal Name Powered OFf Powered On
AT <O 15> =l5Y £25 )
Al SENSE EILRY *25V
FIFO bUTer 8120 v v 512 samples
I3 ranRers o s o DMAL Intormapes.
programmed O
IMA MOdES i i MCAHCE-gather { Stagle
transfer, demand trapsfery
Number of DMA channels.......oe. i3
Configuration meman SUC ... 512 wonds

! The NI 6043/6014 has one DMA channel to be shared by alf resaurces on the device.

© Nafional instruments Corporation 3 NI 601376614 Family Specifications
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Accuracy Information
Absolite Aceuracy
Nolse + Absolute Rejative Aceuracy

Nominal % of Reading Quantzaiion () Acouracy Resohstion (V)

Range at at Full Temp

Full Seale 4 Offset Singie Seale Drigt Snghe

(V) Heours | 1 ¥ear {uv) Pt Averaged (mV) {RFC) Pt Averaged

ﬁi HY GU63E | Q0700 | 18975 9334 82.40 §.984 00 1084.9 108.%

*5 GOS8 | Q0200 | 9548 4645 41 10 REL XY LALLM 3424 542

3.5 G0658 | 606706 | FI5R 56.2 5038 0474 Q0010 663 6.6
—

105 Q0638 | 0700 | 314 3L 3067 G406 G001 404 4.0

isfo cxde rdspec for example calculations.

Note: Acorracies dane valid for messurcmeats follawing an mternal E Serles calibrabion. Averaged aumbers assume dithening
and avemging of 100 single-chanaet readings. Measuremend accuracies are listed for operational temperstsres within =1 °C
of tatomal cabbration temperature and 210 °C of exiemal of factory-calibration empeniture. N recomenends a one-yosr
caltbration interval. The Absclute Accuracy at Full Scale caleutations were portosmed fof 2 maximum fange mpul vollage
tFor example, 10V forthe =10 V range) afler ane vear, assuming 10 points of aversged datn. Gotans | cosv info and enter

Transier Characteristics
ENL o e =1 SLYB typ
+340 L3R max

Nerssany oodes. o FE DIS, pusranteed

ikt ernar
Progata eovor after catibration ...22.0 gV max
Progam ereor hefore
Calibralion o =288 'V max

Postpain vrror afler calibration 3305 p¥ max
Postgan ¢rmor before

calbralton e D HET WY

Gan error (reiatiy e 1o calibration refereacsy
Adtter calibration {gam = F1......274 ppm of reading max

Before calibration .. +18,900 ppm of readug
aax

Gamn = | with gain oreog
adjusted o Badymin =1 2300 ppm of reading max

Amplifier Characleristics

Inpul impedance
Normul powered Of e, 100 GO i paratiel with
100 pF
Powened Off e e B 2
Overdoad. i . 820 €)
fnput bigy current..... e K PA
Input affsetourent.... .. . 2HOpA

N1 60136014 Family Specifications

CRERR DO 1o 60 HA

Gain 43, 10 ... . e B3R
Guin 10, 100 .. ... . ... 96dR
Dynamic Characteristies
Bandwidih
Slpnal Bandwidth
Small -3 dB» 425 kHz
Large (1% THIH 50 kHz

Settbing tune for tuil-scale step
Chain () ...
Gain L, 10

w2 LSB. B us Iyp

22 LEB, 5 pus max

Gaa &5 PRV 523 . N 1IN 37
System aoise (LSB,,. including quangization}
Galn 1SB
05 10 IR
10 £l
6] &7
Crosstalk (DC o (0 kizy
Adjacent chaanels .. .. . ~-754B
Ouhes chaancls.. . o SS90 UB

BLEOm
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Stabifity

Recommended wam-up dme ... 15 min

OMfsct tempernture coefficient

PLEQAMY .. resseenscoramansimsinesnensonan 20 pVIC
POSIERIN e e L TR QST
Gan wmperature cocfliclent.......... =32 pp~°C
Analog Output (NI 5014 Only)
QOutput Characteristics
Number of chapaels o 2 Voltage
RESOILON s iascnimans 16 bits, 1 in 65,336

Miax updule wate

DMAL s HEKHZ
system dependoent
IBIROEUPES e e e vnenn t k¥Hz, svstem dependent
Type o DAC ot e Doohle-huffered,
multipiying
FIPO bufter §i20 e o OB
T¥aa ansiory e s i o BAAL Indegrupts,

priyerammed 10

DIMA BOdes. i s Bcalter-gather (Siagle
tragster, demasnd Lransfer;

Number of DMA chaaaels.. ... 1P

Accuracy lnfarmation

Neminal Range (V} Absojute Accuracy
% of Reading Absolute
Temp Drift Accuracy at
Positive §S Negathe FS 24 Hours i Year Offset (1V) (%Il C) Fulf Scale (V3
10 ~i6 (0252 0.0337 l46t 0005 5827

Note: Accuractes are valid for measurements following an isternal E Senes calibration. Averaged nombers assume ditheriag
and averaging of 100 single-channel roadiags. Measurement accuracies are listed for eperational wmperstures withia =1 °C
of mnbennsl calibration tempenalure and %10 °C of extemal or factory-calibration temperatare. NI rocommends 2 one-year
calibration interval. The Absolute Accuracy al Full Scale calrulations were performed for a maximum range input voliage
dlor example. 10V for the 10 V range) afler ooe year, assaming {00 polats uf sveraped dats Gotoani | com/ info and enler
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Figure 2. NI 6014 Pinout
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Analysis Parameter PID with the Root Locus
Theory by used M-file Mat Lab

A. Kraisuntronlertphop , S.

Abstract—This paper presents the program M-file with Mat
lab for PID parameter by roat locus technique. The program
can be used with other transfer function of any plant. The
characteristics of the M-file can be defined for transfer
function, percent overshoot and seitling time to study the
responding of this theory, the simulink Mat lab will be used to
simulate the parameter set by M-file.

Index—MAT LAB, Root locus, Transfer function, Percent
overshoot, Simulink, Settling time.

I. INTRODUCTION

here are various control theories that are being used

significantly. However PID control system is still widely

used and accepted in the process industries. Especially,
the section that requires temperature control, which is the
typical application of PID controller.

The root locus plot was introduced for the design of
feedback control systems by Evans in 1948 [1] and since
then has become a standard and commonly used 1ool in
control system education and practice.

Undergraduate control systems textbooks still give
emphasis to root locus plotting{2]-{3], and research papers
present computational methods, computer implementations
{41, [5], and new approaches [8},[9]for the root locus
method. The method is an essential design and analysis tool
in most of the control system software [6], [7].

Several methods can be used to study parameters of PID
controller. However. this paper presents root locus theory
that requires m-file MAT LAB program to determine the
parameters’ control. M-file program can be configured to
transfer functions of system, percent over shoot and settling
time. Furthermore, PID parameters that receive from m-file
program can be checked from by examining results of the
Pole on the top of Z-Plane. Moreover, the simulation of
simulink mat lab’s response system can be checked PID
parameters as well.
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In finding control parameters, the obtained results can be

controlled in various systems according to programmers.
Consequently, M-file program is one of many methods that
can show parameters and response system for study PID
control theories.

I1. PID METHOD WITH M-FILE MAT LAB PROCEDURE

In order to design the M-file program, PID control is the
main theory that needs to be apply first in this paper. Finally,
the Root locus method is required to determine various
parameters close loop pole and location of the system in z-
plane. The following figure is the designed program
procedures.

Input Conditions |

3

! w /
Figure Root /

? Locus PI

Calculate PI
Case l

Calculate PD
Casel

Simulink Math
lab

Figure Root
Locus PID

Command Window /
Parameter PID

/

End Program |

Figl M-file Flow Chart Calculate System

Fig 1, Shows the process of the m-file. There are three
Input conditions. Firstly, it is the value of the transfer
function. Secondly, the percentage of overshoot which can
be configured to start at 0% to 100% according to designer’
desires. The final parameter is the settling time which is the
identification of a time period. These three parameters will
determine the response of the procedure. Moreover, it can
find controlled parameter which are Kp, Ki, Kd. This
calculation process devides in twoprodedures which are Pl
calculation and then use the result form the PI to calculate
PD as follow.

Input Conditions: Enter the parameter into program with
m-file transfer function (tf), percent overshoot (%0S), and
the settling time (ts) for default in the procedure.
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Casel: From close loop transfer function of the value of
z is the close loop pole system is the characteristic equation.

I "'KGan(Z)GP(Z): 0 ()
With the condition of the magnitude criteria, by the value
of z corresponds to the equation.

|KG.p, (2)G,(2)| =1 @)

When is the condition of phase condition angle, sum of
the system.

Za:erns . ngolcs =—180 3)

Case2 : The position of the pole of a PI controller in the z
plane is shown at position + 1. With the zero appears at

Ky within the range between 0 and 1, or the unit
K, +K,
circle.

Therefore the value of the angle &, is more than «,,

which is ¢ or & that can be obtained from

request

b=ay —0p = grerwn—'ﬂ “)
Then 6, ., 1S
Brequen = t’an-l[ ﬂ ]—tan_l[LJ (5)
o—a o-1

Where g is the angle of zero that measures from the angle of
the vector which lines from zero ( z, ) to S points that is a

positive angle and an anticlockwise. Moreover, the ¢ is the
position of real axis. When included both values together, it
will make the pole PID controller appears in z- plane (The
pole has two positions at 0 and +1). The point of zero
appears in two positions at the equation.

(K, +2K,) £ [K2 4K K, ©)

AK,+K,+Kp)

-
o

From the above process, we are able to determine the
parameters Kp, K;, Kp , also check value of the pole, check
value of the and zero and the angle in z-plane. The Mat lab
command window can be used to check the all parameters.
We can exam the results by simulated process response of
the parameters by using Kp, Ki, Kd that obtains from the
process shown in Figure 1. In this paper, the parameters of
m-file is used to test the process. Simulink Mat lab is used to
simulate the response and verify the initial conditions
weather it matches with the response procedure.

III. RESULT AND SIMULATE M-FILE MAT LAB

In this research, we use a temperature model to study for
finding the transfer function. The open loop is necessary to
test the process for determining the characteristics equation.
After that mat lab program is used to analyze and compared
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the characteristic equation between the open loop result and
simulate mat lab.

Fig 2 Temperature Simulation

R(t) C()

Temperature
SimmulationModel | Output

Input ————»

Figure 3 shows the testing to find the Open Loop Transfer Function

From Fig 3 we use of the open loop result to find out the
characteristics equation process. Mat lab application is used
to figure the value of the transfer function, by using simulate
mat lab as shown in Fig 4.1(a) and 4.1(b). Simulink program
is used to determine the characteristics equation process in
fig 4.1(a). In this Fig 4.1(b) is the characteristics equation by
comparing between the open loop process and simulink
program. As a result, the characteristics of the both curves
have very similar trends and directions in fig 4.1(b).

From Fie
d22 mat
l24 ?Zsll > e
Constant
I 10.25
_. 300087 +1108+1
Step Transport
Transfer Fen1
Delay

Figure 4.1(a) procedure simulate transfer function.
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w
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n
(- -]

-

[:—Open Loop Transfer Functio—nj
.{

26 [ |- Transfer Function
24 L L £ —— —
0 100 200 300 400 500
Time (sec)
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Fig 4.1(b) result simulate transfer function.

The result that shown fig 4.1(b) is the transfer function of
system from equation 7.

G(S) = 10.25

@)
30005 +100s +110

Result procedure m-file : The transfer function of procedure
can be simulated by parameter PID. The pole is shown on z-
plane in the root locus theory. The Equation 7 is used to
initial configuration of m-file by giving the percent
overshoot equal to 0.01 and settling time equal to 320
seconds (the three parameters can be changed) in this paper.

close all

clear

cle

sysc = tf{10.25.[3000 110 1]); /ftransfer function//
0s=0.1; //percent overshoot//
ts_old = 300; //settling time//

Example Source Code mnitial condition by M-file.

This m-file default result can make the pole to place on
root locus theory as shown in fig 5.

Root Locus
¥ T 05\1.4 T
5 0
0.05
e
£
o
g 0
-0.06
0.1 i : —
0.85 0.9 0.95
Real

Fig 5. Pole posttion (0.959+0.0521i) on root locus.

The results of pole (pole position=0.959+0.0521i) on root

locus can find out parameters of PID control. The math lab
work space presents the parameters Kp=0.6367, Ki=0.0093,
Kd=5.1969.
Result Simulink Math lab: In Figure 1, the m-file program
will send parameters Kp, Ki and Kd to simulink math lab by
increasing the transfer function in equations 7 as shown Fig
6.
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Fig 6. Process PID control Simulink.

In Fig 6, the simulated response of process by using M-file
initial value program as follow, set point =1, overshoot=1%,
settling time= 300 sec. As a result, we will receive the
response of the procedure as shown in Fig 7(a), (b).

1.4 : v r :
1.2} .
1 - f
T Overshoot
€ 0.8 ‘ .
E PID Response
«w 0.6~ - .
@O
wn
0.4+ —PID Response | |
"""" Overshoot
0.2 : : : 1
o P Ed r r
0 100 200 300 400 500
Time (sec)
Fig. 7(a).Processes responds PID Set Point = 1.
1 2 T f T T
10b f N
o 8 OverShoot  \ |
n PID Response
c
S 6 : ]
o ,
z ]
0 4 - e - 4
2f------ r~~-«-~_:'~—v——PlDResponse y
f -—--0vershoot
8 100 200 300 400 500
Time (sec)

Fig. 7(b).Processes responds PID Set Point = 10.

IV. CONCLUSION

The results that obtained from experiment, the m-file Math
lab program is another method that can be used to study the
response of PID control. The root locus theory is necessary
to observe the pole position of in the z-plane. Moreover, the
pole value is needed to find out the parameters PID control.
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The simulink math lab can be used to simulate the response
weather it follows the initial condition. We can adjust
transfer function, percent overshoot and settling time to
study and observe procedure responding.

The m-file is also another technique to determine the
parameters Kp, Ki, and Kd. As a result, based on the initial
conditions specified in the m-file, the response of the
process is shown in Fig 7.

Consequently, the users can used the m-file program to
determine the response system. By configuring percent
overshoot, settling time and the transfer function, we can
figure the parameters that can be used to control actions.
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