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ABSTRACT

This paper presents the approach to design the Auto-Tuning PID controller for interactive
Water Level Process using integral step response. The Integral Step Response (ISR) is the method
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1. Root loci : root loci WumaAuvessniie K luaums.1) wlsmeglusa o fs
o 0]
2. Complementary root loci : V1ASIT8NN Inverse root loci HUMAURUYDITINID K
Tuaums(e-1) usmeglusie — o fa0
v ]
dnimmadueesnne 2 uuulude 1 uaz 9o 2 WITIWAUIZSUAIN root loci N

o uu‘iﬂf (complete root loci)

3. Root contours : root contours HIUNMAUYDITINLBNIT MBI WINAT 1 Aul3a

i

63631
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4.1.1 dou e adiuued ROOT LOCI

" ¥
WO UITZVUAIUNUIFUTUNI Transfer function A1

i) 6s)
R(s) 1+G(s)H(s)

(4.2)

AUMIAUANYAUE Open loop vo3IszuuM IATasmsimualimenvesdiuluay

M3(4.2) SAwriifu 0 viude
1+G(s)H(s)=0 (4.3)

auMs (4.2) (HuauN15v91 closed-loop transfer function ¥9IszVURTIMITIOUNTY

Wumstloundunuuay (negative feedback) Taul

C(s) = Ayanauoiyn

R(s) = Bunnd1ada

G(s) = forward-path transfer function
H (s) = feedback-path transfer function

G(s)H(s) = loop transfer function

diagdaums @.1) Weglugdaums 4.3) 1218

1, KG" +bs"" +....+b,_s+b,)
s"+as"" +...+a, s5+b,

0 (4.4)

t
NNAUNIT (4.3) Hazauns (4.4) vz 1viwaaail

_K(s" +bs"" ... +b, 5+b,)

n n-1
s"+as" +...+a,_s+b,

G(s)H (s)

(4.5)

A A = . - o a - a ~
INONANYIDA root loci NauV3al launsnasandamuauvessinluszuy STash K s

" = 3 = "
AN —c0 D3 +c0 DUTUVOUAUNT (4.5)“1ﬂmi'lu

G(s)H (s)=KG,(s)H,(5) (4.6)
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¥
W G, (s)H,(s) hildlsznoudiowiniines K duiuswsdouaums 4.3) nild

AU

G, (s)H,(s)= ‘}IE 4.7)

3
=

¥ v »
199910 S Wuswausidou aniuninaums (4.7) vz iy luaeil

1
|Gl (S)Hl (3)| _m —ao(K (w0 (4.8)
G (s)H (s)=(2K+1)x K>0 (4.9)
G,(s)H, (s)=2K= K <0 (4.10)

Taon K =0,41,42,......

Tumal§iia 15130319 root loci Aaruysel 1A launsnigannyauuszuy S A
v
APANADINVANNIT (4.9) LazAUMST (4.10) MMTUANTAMUINAIVEL K 18 lagldaums

(4.11)

M3314 root loci TUITMINTIHAILITUAUINMIAMUAR WML poles 1Az

L ¥
zeros U014 loop transfer function G(s)H(s) Aoy AsuduLINIzdBdBUANMS (4.5) vy

LT

111;1]116\1 poles LD zeros w2 1an

_ K(s+z)s+z;)...(s+z,)
(s+pXs+p,)...(s+p,)

G(s)H(s)

=BS540 4.11)

~ 1 n‘: P A A o a g
jﬂﬂ‘ﬂ Poles Li0% zeros 11Jf'mﬂ']i (4.11) ﬁi]'liﬂl“ﬂuvlﬂ‘ﬂ\‘!ﬂ'lﬂiﬂﬂiﬂﬂ']ulumﬂ"ﬂﬂu

¥
s

AUMT (6-8) AUMT (6-9) LAz auns (6-10) ansowou vy ldaai
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G, H == _
' ,(s) ,(s)| |K| o K (w0 @.12)

Loz

IG, (s)H, (s)= §|s+ z, +2M

=(2K+)7 0<K<w (4.13)

G (s)H,(s)=§|s+z,+§|ﬂ

=2Kn —0<K<0 (4.14)

Tae K =0,+1,42,......

9 ' o a0 1 &4 = ﬂ S -
aums (4.13) szuenlimaud dmsuamlaamilaves K mtluuon ya 5 (gan

auud) luszny s azilugafioduumudneesIndInnuuANA 19NN S IYD I

vectors igNAINDIN zeros 1Az poles V09 G(s)H (s) Tdaga $) Hiauwudtia1 180 sam (3o
180" X Lm?ﬁmamﬁn) MusafeRudMSUMaVYY K auns (4.14) szuenlvismsiu
71991A9 U4 complementary root loci Foamoandpstuideu luiihnnuuandiesyniema
JINYDIYY vectors  AIAINIIN zeros UAZ poles YOI G(s)H (s) 'lﬂ&'aquuﬁﬁuﬁﬁu

0,360°,720',...... (W50 180 X 1aufs1uamiiy)

moludetanzuaasnims aums 4.13) uazaums @.14) Tumsad root
loci TnI50N loop transfer function G(s)H(s) (M50 forward-path transfer function) i

H(s)=1 aoluii

G(S)H(S)=&
s(s+p,)s+p;) (4.15)
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c‘ 2 o 1] :l t:cg u‘: 1 =)
E‘!JVI 4.1 CUTAAIDIA N UIVDI zeros LA poles NETTHAUUAVUUIDY “IJ'LIG]E]ul‘iJ aon

J ol
99 S1 TuseuIu S YU a1n vectors 910 zeros 1AL poles Y8 G(s)H(s) Tdaga S ga

v

= 1 . = o 4
S) vzilugafiogun root loci (0< K <w) lonvzdesaeandesnuitonlyluaums (6-12)

Ha AuN3 (6-13) U

|s,+zi| :L (4.16)
[si[ls, + pallsi + 25| |K] '
o
tsl+z, —(I_s_1+|s,+p2+isl+p]):(2K+l)7r ;o K =0,x1,22,...... (4.17)

0]
AJ
s — plane
B
9P1
e O
9173
X
—P

gﬂ‘ﬁ 4.1 Poles, zeros Y93 G(s)=[K(s+2z)]/[s(s+ p,)s + p,)]
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o = s 4 1 o <
vueuAuanu g8 5 vziiluganeguu complementary root loci (—o0 < K <0) 1AM

aoiioraanananuou v luaums (4.14) 1une

st+z,—(lﬁ+|sl+pz+s|+p,)=2K7r i K =0FL 2 (4.18)

1ngY 6-1 3 0., ,‘gpl ,gpz uay 0,3 ihuyuuea vectors 13 18 TaoTinnu real

WS ouu eIt U998 AuM3T (4.17) 1oz qum3s (4.18) vstiou v 1an
0,-(0,+0,+6,,)=CK + ) 0<K<w (4.19)
Hae

6,-0,+6,,+0,)=2Krn —0< K <0 (4.20)

d19a ) aoandesnuidonlvuosaums (4.19) wieaums (4.20) 5NaMNINE

] e
Auraminved K iga S duldTaoldauns @.16)

_ |3|||S| +P2”5t "’Pll

K
| | |s,+z,|

(4.21)

¥ "
t31 4.1 Wldanaigndeanivenudd vunnves |s, +z ], |s|, |s +p,|uo |s, + py|

3 Vv = v ow w o
nozunu 1AAIUANE1IVBS vectors NANIN zeros LA poles LLﬂﬁ:ﬂ’J‘lﬂUWﬂ S Aalu

i
3 o _ o ' [
51 SuMUAE1I084 vectors 20 AB.C uaz D awd1nund’ vz 1dmves K dail

BCD
|K| = == (4.22)

Qs

o & & > T AN . i
diunTomuioves K dussiuegiudiga S; Wueguu root loci M3i0 oguu
complementary root loci

@ H 1 =1 " o ) ¥

Aan 1ANA1IIVLIHU A UTMI VA WNMUIAI ¥BY poles UAL zeros YD loop

v ¥
transfer function G(s)H(s) a3 mmmmﬂxﬁ%’wn1amummsmwauyimﬁlﬁ’muﬁumu

aoluil
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1. vga S nnq yaluszuiu S Naeandpanuauns (4.9) uag (4.10)

2. #9199 U89 K 1Y root loci AZUY complementary root loci #1118 laun1s 19auns

(6-8) Tavh K sziihunonidiogn S) eguu root loci uaziluawiiogn S eguu

complementary root loci

4.2 ANMJIVBIAUVDIANINIVAUILY Proportional Integral Derivative (PID)

1 n’: i § o v o ar
1131 4.2 udlugduuuiug il lunsienudh lenshauvesdanugy

#i 1o aun3ve3dInIUANU s-Domain nana lddwaunITN (4.23)

SV(s)  E(s) - MV(s)
(KP+T‘+ Kgs)—»  Plant »

PV(s)

1 4.2 plwvesdinuguuuuiled

MV =[Kp+£+de)*e(t) (4.23)
§

Tauii

SV(s) = i]ﬂﬂ“flléﬂ(Set Point Y139 Set Value)

PV(s) = dayq el snszuauns (Process Variable)

E(s) = waiNizu’J'NQﬂﬂ%’ﬂ?fum:ﬁtymmﬂaunﬁv HAUNINY SV(s) - PV(s)
MV(s) = dayayrmau1ls1liunazuiums (Manipulated Signal)

Kp = Proportional Gain

Ki = Integral Gain

Kd = Derivative Gain

v N
Tumanmismuaunueaamnssuiu Taona lldnaaaniuauineg lusenuunld
a ] gH a
1/51 Kp, Ki, Kd Tauasa uavziioulean Gonn Proportional band (PB ),Integral time,

o 4
Ti a2 Derivative time, Td A91UauM3 (4.23) nsoonludngluuuminge



24

MV :(@]*(I+L_+Tds]*e(t) (4.24)
PB Tis

lay

Proportional band, PB = 100/ Kp
Integral time, Ti = Kp / Ki
Derivative time, Td = Kd /Kp

42.1  HAYRIMNTIIADIUBINIAIVANIVY PID AUNTZUIUMS

4.2.1.1 Havd4 Proportional Band (PB) NUNTZUIUNS
Wavd4 Proportional Band (PB) AUNIAIVANATZUIUNT Proportional Band ity
FaduRnRuAUmSATveeYeInIEUINMS  TasAnuduRUTIzImMsasIveeium

Proportional Band nsouaadlddwaumsmandiamaninmaumsi (4.25)

GAIN = L (4.25)
PB

dIMIUNAVDY Proportional Band ﬁ‘l%'f“fnmsmuqmmu P-Control 1:I¥ufh Proportional Band
szsinafuuaveINanouaues iaiemm s (Sensitivity) tazeowimn  (Offset)
nioAAanaIA luaN1IZ0gA7 (Steady State Error) HAUDY Proportional Band fnaiu ez
Hnavi linenAawa1A (Error) Tugnmznadanniuiazizi e lveswaneuaues
TumandufiuA1v4 Proportional Band fivtouAuhiy szt l¥nszyIumsIAamsundety

vso1ndga15iafivsnIn (Unstable) 110

4.2.1.2 Wave4 Integral Time NUNTZUIUMS
v
& W31 Integral Action VusiinafunanouAuBIveImIazay uAse Lilinaduna

o @ A " . - o v b= ' a

aovaunsludnuaziuiivule Minan Integral Time vziinav I¥iDairANIOAIHANAIA
» ¥ . .
Tuan1zegdIunanszIUNITAAR Natililod91nI309 Integral Action wiludadiulaoass
¥ v
o a 1 _ - o v o
FUULIAYDINUAANAIATL AUVBIHANBLTUDA LART Integral Time NAIVNTZUIUNIIIIY
a0y a . a = o 1 a 1
fantoonuTy (ntegral Action wnmfull) Az lvinansuveInszuIUMIINANITINII
3 ] = J ci L 9/ [l ar .5 v o ar o

wniu (Msvaiuna) nanlflunsdhganzasdiumanaiula Twimendunu

AT Integral Time 9zinalumaassfudiwiuiinaiuds Aesiiuadanainly
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ADTUZAINIVDINANDVUDINTZUIUNS Hrameuausveanszuumnuiiunaney
quesiiimAanmaluaniueasiaeg udluvazi@saiu fzdlumsaanisunds niodms
AUYDINIIABUEUDIVEINTEUINMS TunsETinszuIums T Integral Time LANYI0Y
dula flefimasmAunie ot adn 1uiid (Automatic Starting) F1UMIAIVANYDITIAIL
AW PID Integral Action winlding Integral Windup Lﬁmmmmzﬁmﬁum?m ANUAANAIA

= ‘é’ o = 1 o
wmmmﬂunmmu T‘lﬂﬁ’m%ljﬂ]ﬂﬁ Integral UAUNU 100%

4.2.1.3 WAUd3 Derivative Time NUNANBLAUBIVBINIZLIUNST

HAUDd  Derivative Action iludadiulavassnumonsimsulaounlasues
o = 4~ o £y = ¥ :g o [V
ganuduwn  Falinaih Idnszurumsasuausinmsnasunlad @iy dmsudni

A A Aa e & 1 L. . =
ﬂmmuw"laﬂ NI UMNaNMIN (4.23) Az (4.24) UAIUDY Derivative Action 9ZUHD
fuman/asunlasvesdlsiineanunszuiums Tavseildnszuaumsimsnevaues
' o < g ' " . ; 1t ' o . '
aemaavuntaai1WuiA Derivative Action 92 lilinanamanlasui)aves Set Point 1A
' ' =] - = i o
p6n91a 0619157A W Derivative Action sziimardelunmisaivguaszuumsnildyg sy

¥ ¥ v [l

AU 19IHB49IN Derivative Action 3¢ Tademsulasunlasvesdyanaindhunedis
170 A9TY NITUIUMINNTURIUTUNIU AIDHIFU ATZUIUMIAIUANBATINS Tna 3o
NTEUIUMIAIVAUANNAY Derivative Control  ®10iima IdnszuIMMs lifiafusnn
(Unstable)

o @ ' = d’n’: v A Y kY q’: =

dmSumavessmniwesnimudain ldnanudniu snilumsinsawaney

" (7= @ o o’é s ar - S)ﬂ = =
AuRIVRINTTUIUMI0o1 lutianuduiusdenuuaziy - wielduminnssnmangug
v e’: ] a wa a o e = n’u’: [
winiu walumal§iidess q udwnuduiusveansiinesnanuiunaneuauodves
v ' ' 9

nszuauMIsuReur w9 B wu gluuuveamsaauguiin szldmsaiuguiy

@ o o o e [ P 3ar
Snvazla uazfaunomiuduammwinadon dayapasuniuiinszuiums 1diusndae

4.3 InsaaeszuumuaudmiumseeniuufINILANAILIT Root Locus

4.3.1 MI0ONUVUMINIVANAILIBINANAMAAUIIN
g t:htll‘ 1 k) B a Y Y] g a =Y o
nniugwi ldnamdeduluiade 4.1 lumsesnuvudniuguniuluinoidnus
y -] o n’/ ' 1 L d} = e 3
fisngimsfmuananuausvesanzinguaziannzadadmusoeiue 1ddad
1) auAnyazusIHanoUauesinges e ldluguesmuniu  (Percent Overshoot
P.O.)
@ P w = b4 ' Y N
2) AUANYUTVBINANBUAUBINANIZAIAIBEINY 1A TUgUVBIAIA NI (Settling

time ¢ )
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R(s) E(s) U(s) C(s)

Ge(s) |—» Gpb) —>

Controller Plant

1 4.3 Tnseadhaszvunugu

'
g

" ¥
nnveRmuavewaneuausaluanziva Aemmuiulaznandsanmsiuey g
TUMIAUIUMIAIUDITATINITNYIN  (Damping ratio:d) ANWATITUHIAN LTNITHIUW
(Undamped natural frequency: o,) uazﬁumﬁwmﬂﬂﬁﬁwﬁm (Dominant closed-loop poles:

¥
5,) ¥eeszIUnIURUIULINTa vnaumseae 114

P.O.=100%5 157 o (4.26)
(s = 4/ ¢, (4.27)
s, =—¢w, jmﬂ}l—gz (4.28)

fwee ¢ o unz s, AMldnnaumsi@.26), @.27) uaz (4.28) wl¥lumseen
wuudanuae g 43 uazlowlvveayuluiimadusin sinvesaumsauauify

Vet Y Y @ é =)
agiign s, ¢ lAdvsdeandoefuiuen luveayy Ao
£G,(s5,)G,(s,)=x(2k+1) 7k =0,1,2,.... (4.29)
sy Tasi hidmiunszuumsannsofidimualddaaumsi 4.30)

G (5) =Aﬁ
B N (YD (439)

i=1
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v 0 3
wazgtiunTaoia ldvesinauguanusadion ey lugduuum I dwuiulasaz e
¥ ¥ Ed
Tnai hidhdag luduseuveamsesnuuuannsadadumsdniuguldaal
K, H (s+z;) 431
G.(s)=——— @30
§
o = da 1 Yo &
MNAUNIN 4.30 uag 431 musadiouilanduaie Teunuuauilalddsi

4.4 M3venUULMMIUANT lo dmFunszIuMsIzALINeIdILIIHaAD Y

k4
it 4.3 iluitugumseenuuudimugudleimaiamadusinaniunly

¥ ¥
[ o @ as ' YA o
1uﬂﬁﬂﬂﬂu‘1}‘lﬁ$‘uUﬂ?UﬂMﬂiSU’JuﬂﬁSZWUuWﬁﬂQENH‘LI LSWLiWBﬂﬂLLUUiHNﬂ’Jﬂ’JUﬂN 2

r = e { A ar
&1 fia a1l Forward controller 11ag controller #3317 4.4 Funannsnilivljeszuuniy

9 =] 3 o 2 a S Y [
auldraneuaussesszuuilu lamdedmua Famaiansdiih Mdlsvesinungu

1o oA ' 3 o o Y -g k4
pyA MM Mg ey rannsaliusanmsvnovesszuu Inuniula

R(s)

R_(S)

S

G ()

Forward Controller

R(s)

_—’

di a A:id
gil‘n 4.4 uﬁﬂﬂi:‘uvﬂ'JUf}iJLL‘]J‘LIﬂE)‘Hﬂf’I‘]J‘FIlI forward controller

zC

(s+2z,)

Forward Controller

E(s)

U(s)

Ge(s) |—» Gp®

Controller

U(s)

K (s+z,)s+z2,) —

s

Controller

C(s)
ES
Plant
C(s)
Gp(s)
Plant

t&;. ot 9 o = =t
g1 4.5 urasszvumunuuuiloundunuylddniuguiiled
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4.4.1 TUABUMIDBNUVUAIAILAN
o A Yy ¥ a o " as éy o Vv
33m1s lunmsesnuuie W ldnaneuaussianzdinjuosnsianunAsan i lé
¥ 3
AMUYUADUAIL
JuppuN 1 HINMIHIOATINTHUN (damping ratio: ¢ ), ANUNTITUHIA (umdamped
natural frequency: o,) UAEN1YA s, TAURIITNUININAVANHULATNNITAIAWALANIZBYAD

AdeIMIINAuNIN (4.32)

P.O.= 100%™ oy 15 — 4700,

5, =—Cw, * jo1-¢*

(4.32)

FuABUN 2 MIHATINVBIYNNYA s, YOIV LLULRUAA G.(5)G, (5) #2833 M19n319N

A 5 A 2 do A& 4 v ﬂ
HIDNIIATUIN mﬂuuwmsmmynmnﬂuﬂlmz(sd+zc)mamzﬂﬂﬂwaﬂwmqm U

auEou lvvesaunsh (4.32)

>0, +6,)+.0,=-(2k+)7, k=0,,...,n (4.33)

v
r

Fumoudi 3 BRIV K, ¥e3dInuguInteu luruareaITMINIIALYBIIN

K.=K l

=Ky =m (4.34)

3 { o o a s
FUADUA 4 UNUWITNNBINNA TUAUMTVDIRINILAY

¥

Juseuil 5 MAMARUTINYBIG.(5)G, (s) e IR TaImaAu ALY s, T
MU
o S A q 9 "y o o Py A
Funeudi 6 e lmaneumussdedyanaiuiulacwisn lananouaussaum
Zoams wmstindanuguuunfloulinih luaunsit 4.35) Awaasluglveslasaaiis

FEUVAIVAY

Z(

G.f (s)= (S+77)

(4.35)

4.4.2 fhethamsveniuumnuguamuitenluiidimun
¥ ¥
F1pe1emIveniLURINIUANAINITE 4.4.1 iWeueTwaziDea TundazduAeY

1. NTHUA Percent Overshoot r‘flu % LBU 5
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2 A1MUA Setting Time 19U 200 sec
3. W ASRTIMINLae ¢ Aawaumsi (4.45) i ldannisfigalvesaunish (4.36)

A Y o o’: =
ﬂ1ﬂlﬂﬂuvlﬁ}ilﬂﬂ1ﬁuﬂ 114‘!]1.!1’] 1uag 2

P.O.=100%e ¢ (4.36)

[In P.0.~In100]
¢ == - (4.37)
7% +[In P.O.—~In100]
4, waamniusmmsasnmiaglduda mansomanudsisumann 14 sy
! 4 o
M5 (4.39) Famnmsdednavesaumsi 4.38) 11d
- (4.38)
a, =iz (4.39)
5. dlesnm sanmsmibuaranudsisunaldudd mannsonga s, Away
759 (4.40)
s, ==, * jo,\J1-¢* (4.40)
1INNIZUIUMTUDLAINILAY
G =GpeG, = Kc(s+zd)(s+zc2)‘ K
s (s+p)(s+p2)
K K(s+z,)(s+z,
_KK(srza)(s+2a) (4.41)
s(s+p)(s+p,)
g ! o z o z =) z T A 3
6. Funeudellimsmiyuves % lasfmua % wie % Idegmdiovesina

( Pruaz P2) fegmedudnogaldiia lndifesiu ( 2 uaz P2)

LRIHTRTR IR
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tan' (s, +z,)+tan "' (s, +z,,)—tan"' (s, ) —tan"' (s, + p,) —tan"' (s, + p,) = 180

(4.42)

tan”' (s, +z,)=—tan"' (s, +2z,,)+tan"'(s,)+tan”' (s, + p,) +tan "' (s, + p,) - 180

tan”' (s, +z,)

A gy y_ ¥ z
1o 14 yuuea uAIRDIM @ law

tan™ (s, +2,) =0z,

A Y z 3 u’: a a
7. @ie'ld %o udrnimiumisasvnsvesniniugylae
KK |s+z,||s+z,
GG,|=1=
|S| s+ p |s+p2

= lslls + pills + pa]
K|s+zﬂ||s+zc2

¢

¥ v
dioduazlg X

¥ v
8. naammiuegld A tines vodsa PID Aail

G, = K, (s+zc,)(s+zcz)
s

c“cl

2
K5 +K (2,+2,)5+K 2,2,
A
2
K"+ K s+ K,

5

oy
K,=K
Kp = K&' (Z{‘I =t Zcz)

Kr = KL‘ZL'lzCZ

(4.43)

(4.44)

(4.45)

(4.46)

(4.47)
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Fy
9. INTTUATHUA Forward Controller 1A®

Gy == (4.48)

Tao % @afmmualumsm Zuag Z2) Aemdwmisd s ldmnnnmsmyudald

aTveuavadu Tdnaunisi (4.49)

z, = -1 (4.49)



a
Unns

mseenuuuiInIUgNilszynaldluszuy DCS

\ ]
5.1 A
= ' 3 = [~ & o o
Adned (DCS 8911910 Distributed Control System) nJuLﬂsaaﬁammummuﬂi:mu
= o Var s as a
mswanlulsanugaamnsy amed lATUMIUTulTasWaIIUMINZ AUAUAN NG
o @ a
douvealsenugammnssunazaniuzmsaiiligiu - ninravesnnuimhimsdInn
o = a d a o a '3 a s
mansuaznaluladlumndiannseting aeunwuaes uazInsauuian  HmMiuAILY
AszuuMsHaANNgATMnsuRdy e Tanas dyanuntugud i Inapiiudyaaaia
oA
ABIDY
ademduszuumuauda lulfadmiunszuaumsnaamelulssnugammnisy wu
3 o = : [ @ . . ) : a
wusuazndeiiia lethweslsains Indh vendu (Distillation column) voalssnduriiiu
[ a o o o n’
faulfnsnl (reactor tank) vealsanugaamassmal uagszumhiainduveslsenugn
amnssuaman svuuaIunusa uidlu lssnugammnssunuuumisesniily 2 dau fie
mM3AAuILLTEUNEY (feedback control) LAZMIAIVAUHVUAMIAZAL
msnavauuuuloundy uie minunuatiadwygImAoiiad (Continuous control) 11U
“a v a a’: 4 a a a 4 ad a o =
TuTssnugaamassuuuiy fnAadunissniuguetaiimanduiediannsetdnduuui
= &
Toaihunsoaniugy
MIAILANUVUAANAZAY M58 MIAIWANIVUBUAY (Sequence control) MuluTsaan
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K 5.03

=446.41

a, = =5,055.61

0

5.03
[1+446.415+5,055.61s]

G(s)=G,(s) =

== o 0.9949x10”°

Gain .
! 5,055.61
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K
)=y
T (s+p)(s+p)
p, = ~0.0086
p, =-0.0023

0.994x10""

G (s)=
9 = (550.0086)(s + 0.0023) (6.2)

6.3.2 M3mMNINeIveIINILANIAETS Root Locus
nalenuaznguluunh 4 MIPENUUUAINIVAWITMUAUTIN  INBHIATNIT

= n‘c: d.
UADIN MUAUNITN (4.47)

K,s*+K s+K
Gc=—“#=f(p(|+i+ﬁ
s Kps Kp

5)

Tauh

K, =K,
K,=K (z,+2z,)
K =K.z,z

e“cl®c2

= 9 [ = L3 Y Y Ay Yo ;
wazsemsadou ey lugduuumsiimesvesiiniunuuouaadd 1Adatl

Gain = K, = D3 19010Y09A A IAY

KP ' a d . = ' ﬂ a =
Re set =? =AWINTLHA (Reset timer) UHUIWIUU 1UIN

Rate = % - AwaaaIn (Derivative timer) ﬁﬁﬁ‘]ﬂl‘ﬂu N

P

3 " "
nndupsumssenuuumAIayluiden 4.4 Tausititoulvlunmseenuuudiniu
Yo o 4 1k a P oA

AUl FATIVEAMUANAADUALDIVDIANIZHINIHI05110 1A Tuglueamwuiu  (Percent
- v ad a ' = 7 5
Overshoot P.0.) tiaziianzasiindiesuinldlugilvesaiandin (Settling time ) i
wioiluiui
@ n’: dy o ' Y
lumseanuuudiniugulumsnaasnsstimimuamlulysunsulim Percent

Overshoot 114 5 % 1az Mvua Setting Time i1 300 A
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PO.=5
ts =300

wid i svedIwalaaiAy (Dominant closed-loop poles) s, 910 P.O.=5% N IAW Mld3¢

MUNITON 4.4.2 1AZINAUNTN (4.37) N1 MBATINTHUN ¢

| [mPo.-m100] | [In5-In100] | [1.6094-4.6051]
: 7 +[InP.O.~In100]  \7* +[In5—In100] ~ \3.14% +[1.6094 - 4.6051]

¢ =0.6902

210 Aandi (Settling time 7 ) MY 300 TU1H 1IENNTONINNWDTITVHIADIN 1A 910

AunSN (4.39) Laz (4.38) 12 14

o, =4/gts
4

0, =—————=0.0193
0.6902x300

v v [
NNAUNTN (4.40) MNMINIAA 5, NITDIYANNIUAUIINAIY

s, =—~Co, + jo,\J1-¢* =-0.6902x0.0193 % 0.0193v1-0.6902"

s, =-0.0133- j0.014
=-0.0133+ j0.014

Sa2

MNABY &0 unz s, nmldezlFlumsesnuuudimugy waznnideulvues
yulAimaduan snvesrumsnuauifszegiias, zlddosnoandeaiuiudeuly

YOIUIINANMTN (4.29)
£G,(5,)G,(s,)=x(2k+1) 73k =0,1,2,....

i]’lﬂﬂ'liﬂﬂﬂtmUﬁ’lﬂ']‘lji)'lﬂﬂi.lﬂ'l‘iﬁ (4.41) llazﬁ‘hﬂﬁ'ﬁ (4.29)

K, (s+:‘_,)(s+zl,2)‘ K
s (5+P|)(S+Pz)
_ KK(s+z,)(s+2z,)
s(s+p)(s+p,)
=+180 ﬁ k=0

G =GpeG, =
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'
a

= 9 oA b as : [ dy @ o
AaNADIMINAD 15198ADI13 (Place) B3 (zeros) NIABINIUVDIAINIVAY
- o [ a s e 2 ™
way o asedumi iy vuszu s (S-Plane) Tavldimainlanauessin dusiezins

(3 1 o z [3 z = z Y YV
MIRILMUIUD Zeros Taoiimavmues % Taodmua % wie %2 liegmisdoveslna
5 1 i o a (] ] J =
(Pruaz P2) fiegmaddnoga i lndifeady (7 uaz #2) Taoumidwmisiulian
Viouh 0.005 vz 14

2, = p, +(~0.005)
=-0.091

Y "
NS INTURINITHIR UM UIUDT Zeros DNAINNANMITN (4.42), (4.43) L (4.44)

aman[ Im(s,) J; {180 _— [ im(s,) ])_180}
Re(s, +2,,) 4 Re(s, +z,;)
+{@(arctan M})—180}»
7 Re(s,)

(arctan _ImM )—180
\ Re(s, + p,)

{@(arctan ... ])—180}
n )

Re(s, + p,

+180

arctan (ﬂ)—} =-— {@ (arctan( Iin(0.014) ]) - 180}
Re(s, +z,,) /4 Re(-0.0133-0.091)

{— (arctan M]) -1 80}
Re(—0.0133)

(arctan gL} )—180
Re(—0.0133-0.086)

{—(arctan Im(@.014) ]) -1 80}

Re(~0.0133-0.0023)

+180

92 19

6, =826
z, =-0.0151
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KK(s+z,)(s+z.,)
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1+G.(5)G,(s) = =0=F(s)
e .S‘(S+p|)(s+p2)
Ki(s s
,,(S)| | (d (4 |_| l|
| (Sd+pa)(3d+P |
wld
_ |3.1||Sd + plllsd + pz|
© Klsy +zallss + 2
. JRe(s, )" +Im(s, )’ |JRe(sd v o)+ IG5, |ReCs, + p,)* + I,
’ K|JRe(sd +2,) +Im(s,)’ NRe(sd +2,,) +Im(s,)’
JRe(o.m 33)? + Im(0.014)* |Jﬁe(0.0133 +0.086)* + Im(0.014) |JRe(0.0133 +0.0023)” + Im(0.014)*
K -
0.9949x10 [\/Re(0.0133+0.0151)" + Im(0.014)’ |JRe(0.0133 +0.091)* + Im(0.014)
K, =212197

£ '
naamiuez 14 AW 1A03 Y09R7 PID :INANNITN (4.47)

K. (s+z,)(s+2,)

A

G. =

c

2z
K +K (2,+2,)5+ K 2.2,

5
_ K;s"+K,s+K,

K, =K =212197

Kp = KL' (zcl

K, =K, z,z,, =21.2197x0.0151x0.091

+2,,)=212197x(0.0151+0.091) = 2.2525

=0.0293

¥
@ W ! = o o
Faiu AN imesveaiInIUguYBuAaA1IguIL 1A

Gain=K, = 22525
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K 2.2525
Reset=—£ =

K, 0.0293

_K, 212197
K, 22525

~76.88 UM

-9.42 UM

o o '
aanaugu lldhamhvesszuumad dannsadoulugluuuieiduni Touee 18

dll =) =1 ¥ = =]
6= We 7 Aonatmiedly Juii

C Tis+1

HAZIINAUMIN (4.48) 151150 7, voedanugu ldhaihluszueadin1é

1 1

- - 6622 UM
0.0151

2 e n; é =
IAWITONANIUAUTIN TAAFUN 6.16 FIAAINMUAUTINVOITZVY

Root Locus Editor (C)
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0972 0.945 0.89 08
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0.015 |-

0.01

0.005

0.06. 0.04

Imag Axis
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-0.015 -
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0.89 08

1 —
-0.06 -0.04
Real Axis

a a
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alludy madusin Adhulaumgud nanfe yaiianu wiega S, aguumudu
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510 1NN NMUAUVDININ FUAUAINAUBI G(s)H(s) uazAUgAN §13 VI G(s)H(s)
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i
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Step Tune & Find Model Select Result ISR Controller Current
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3. Find PD By Rost Locus | S fim : oo |

i s Result Root Locus
I Find PID finished I
Gain:[226 | Gain:
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Casecade Mode Control M:E Rate : @
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Un-u‘n-' PID Faceplete I
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E!F:EE HEHAN R

Step Tune & Find Model Select Result ISR Controller Current
L | || oupu: o0 ]
2. AW u-uuil o PV: jooo |
3 mmmmml K2 = | 976,958.0 - E
Current Mode
THAPSRE P che Result Root Locus
| Find PID finished |
| = - e |
‘ Feedforward Setpoint Control (| S
Casecade Mode Control M:E] Rate : E
Feedforward Setpoint

51 6.19 U5vAnthwinglinin 0 7 2 W nuadanuguILL CASCADE

o = ' Yo o vy ¥ £ 1w o
mmanaasalasmsilasuauthmuelinudniugy lldemhasmdygraem
g ¥ £ ' o o = '
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¥ [
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] ¥
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¥ v ) ¥
New SP = fifnalsuas nieauthvune vesvesdansuguldranhinduamindfudalmi
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2o | swazideanisnanes PreviousSP | New | nawdhdi | naddt | gl
SP ihvane 39
(W) (1)
1| vimsdeus e 0 2 5 330 | 620
> | vmsnfAous dhmane 2 4 5 335 |6.21
3 | vimsnlasus e 4 6 5 335 | 6.22
4 | damsuldous e 6 4 5 230 | 623
s | nsnlaous e 10 5 350 | 6.24
6 | mnmsulaousm ifhmine 4 6 3 280 | 6.26
7 | vmsalaoum dhnine 6 4 3 240 | 627

{ o & ’
Taoiinsmluaasmsiauves Tsunsy madigu densmnsazidulsznoudan

¥
ATUNE/SETPOINT.CV = Agatlfuasvasdinungu ludhamih uansTaodumae

] ¥
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¥
fnugu uaa laorduindu

ATUNE/PIDI/PV.CV = midayanadaulsnszuiums uanslaodudua

' _ o Y a oA £ vt ¥
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das [ :
.2 qﬁﬂimummum (Differential Pressure Transmitter)
ol Y ar s :’ oA Y o Y dy A 9 o ar
ginsainlFiaszanihmidenlddmivnszuumsiivzienly  ginsaidauseau
HUUANUAULANAT (Differential Pressure Transmitter) Y94 Rosemount 'g':‘u 3051CD Range 0-
" [} o o a o
250 inH20 MANVIUENAD + 0.065% of Span 1dW1IIBTdWNAIY 0-24 VDC naz Triom

@ e an o o ar : [
W 4/20 mA wioufudayaIuAsAeA HART gulvesgunsaifaszduiuaaslddagyl n.s

] ¥
% & ey v o . . .
mswﬁ .1 ‘;1&1az:mtmmwlﬂuﬂmmqﬂﬂsm'mszﬂum (Differential Pressure Transmitter)

Reference Accuracy 0.065% of Span

Installed Stability 0.125% URL/ 5yr
Response Time 100ms

Max Working Pressure (MWP) 420Bar (6ksi)

Differential Pressure Range -250 to 250 inH20

Sensor Technology Capacitance (DP)
Communication Protocol 4-20mA & HART, Fieldbus
Rangeability 100 to 1

! P a 3 . . )
g‘ﬂﬁ .5 Qﬂﬂi alIAT2AUUN (Differential Pressure Transmitter)
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b
=

u
AP = thgh - P!nw
=(pgh+Fy)—Fom
AP = pgh
Tay
p o ATIMLIILYENT 1000 kg/cm’
g fousaldlunlsveslan  9.81 m/s?
B foszéniiia m

AP Ao ANuAuuange  KPa

Tumsnaaesimua amsinegiiszos 0 uANAIH 17 UAAT

AP =(1000x9.81x0.17)/1000
=1.667 KPa

EY
aariuee 1029 NUAULANAIUNINY

AP =0-1.667 KPa

ot muagrnnusuianaatadu il ug9ms Iaseay 0% D4 100% Yoe5AL

:) o o o ar s " . . . Y

vludeiiz - gunsaliauseiunuuauAuIAnNA1e (Differential Pressure Transmitter) 3314
¥
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wiwyadluanszualiih 420 ma Aduiuiduszauihludei 2 fnnuge o 89 17
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Max Flow rate

2200 ml/min (Vdc)

Max. Suction

10 ft. H,0 wet, 4 dry

Max. Pressure

20 psig (46 ft. H,0)

Port Size (OD)

4.8 mm (0.1 8") hose barb

Power Require (Vdc)

24 Vdc (up to 28W)

Max Operating Temp

93°C (200°F)

Ambient Fluid Temp

0 t0 93°C (32 to 200°F)

Particulates No
Run dry No
Max. Viscosity 200 cps

Dimensions

88x 81x92 mm (4x1.75%2.63)

Weight

1.4kg (3 1b.)




94

n. 4 1303001lu03i) (Operation Amplifier) m'l?'if‘lmﬂmﬂé (Drive Motor)

aaﬂuau‘ﬂmmmﬁ1"!.1]':1%’1«‘1‘1111«15uuuﬁuna%é& (Inverting), HULLBUDIIBIN
29 (Non-inverting) wieaviveiSudoa uow/dwaiuiees (Differential Amplifier) 1aTauly
mstlounduuuuay (Negative Feedback) el1dsas imsvonoiiadusuaziiugens 19
1 (Bandwidth) 4992393 vinpaiduiianegauaaveseetueni] Aearmdmmmdusy
WA andumugnueninad sanmsvoisgaazenldnuni udlumsineese
oo 1 amese0109 1dka lins siuquauiamegaund  Tavervaziioninaood
i T7aian (Output Offset Voltage) Aonmusredndmed o ninadiesunana 2 11 (uan

' s & ¥ A q ﬂd wag Ya a
LAZAY) MDNNNI 1IN “]Nﬁ1ﬁ11]'Iﬁﬂl‘ﬂ']\ﬁli'ﬁﬂl‘umﬂﬂql'ﬂﬂﬂﬂlmll Uﬂﬂlﬁn'ﬂﬂ%\ﬁiﬂf}ﬁ]ﬂﬂﬂﬂ

zay

e » » n
€1 U uF

B
G7 9 uk

¥

0k

A
R1
0 Vour

4 "o . 4 a o
g1 0.7 29vseerueniliuyhindume (Noninverting) nldduvones

BRTINITVYIVVDINIDT

Vo R2
S — 1+ -
Vin R1
13k

= 1+ —

10k

2.4 191
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51/ 0.9 gAszLUAILAUYEUADAT

L maﬁ'ﬁmvﬁm%’cﬁ'wwmu (System Power Supply)

a o o ar " dv Y Yo d a
ganinesanwawaz s Iidoalduddniugu (Controller) AZNMTADUNALDS

' ar = o 14 o as
1'0']1'?;7!7’] W14 Backplate ﬂy'l‘Hﬂﬁfl SUAZDUANTUNAUAVDANIIIDITFWNAY (System Power

Supply) HAAIAINITIIN 1.3
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Description AC/DC System Power Supply Specifications -
Input 100 VAC 1o 2684 VAC, 47 Hz to 63 Hz, single-phase
Inrush (soft start) 35 A peak maximum for one cycle or less at 230 VAC input
Output powel 25 W total at 60 °C
Qutput voltages +12 VDC at 2.1 A maximum
+5VDC at 2.0 A maximum
+3.3 VDC at 0.5 A maximum
Combined 5 VDC and 3.3 VDC output = 10 W maximum
input protection Internally fused, non-replaceable

Overvoltage protection

Output protected at 110 to 120%

Held-up time

Output: remains within 5% of nominal af full load and 1 55 VAC input for 20 ms

Operating temperature

0to 60° C (32 to 140 °F) without derating

Storage temperature

-40 to 70 °C (40 to 158 °F)

Relative humidity

5 to 95%, non-condensing

Airborne conlaminants

ISA-871.04 - 1985 Airborne Contaminants Class G2

Hazardous areas

Class |, D. Il approval

Shock 10 g Ve-$ine wave for 11 ms
Vibration 1 mm peak-to-peak from 5 Hz to 16 Hz. 0.5 g from 16 Hz to 160 Hz
Mounting On either slot of 2-wide power/controller carrier
_LED indicators.

Green—AC power Input AC power is applied and internal fuse is sound
Red—EfTor Outputs are not within +4% of nominal (normal conditions).

External connectors:
Primaty power AG input: 3-wire
Alarm contact 2-wire normally open relay: relay is closed when outputs are within 4% of

nominal; 2.0 A at 30 VDC, 2.0 A at 250 VAC

2. fIAUAUYBAAAAI (Controller)

fnunuYBuAATI 1 ﬁ"m’mﬂummsm'm%’vﬁ'ﬂgapmﬁuummzmmw"lf’fqmﬂﬁ

750 doyanas uazansailszuudssdndilunsinia (Redundant) mind lalimsideon

o o ¥ A A =) 1 = = cf; Y @ o
ANTMHUUINUNUNUN Tﬂu'lnuﬂaﬂiznumns:mumi 1‘14')71011]'“111‘111511‘&“04%11?\01

SaBIANIMATIAYBIRIAIUA (Controller) HAAIAIAITIAH N.4
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Spacifications for the MD Controller

Powes requirement Supplied by System Pawer Supply theough 2-wide
PoweriConlbrolles Camriar
Fuse proteclion 3.0 A, nonrreplaceshle fuses
Power dissipation 5.0 W lypical, 7.0 W maximum
Ervironmergal specifications:
Cperaling lemperature 00 80 °C {32 to 140 °F)
Storage lemperalure ~40% 85° C (-0t 185°F)
Relative humidity 5o 85%, non~condensing
Airbteme contaminans *+  ISA-ST1.04-1985 Arborne Contaminanis
Chass G3

»  Canformal coaling

Shack (rormal aperaling condilions)

10 g %-sine wave for 11 ms

Hazardows area/lacatian

»  Refer io Zone 2 nstallation instruclions (12P2048) andfor
Ciags 1 Division 2 inslallation nsiructions (12P1263) for
information an nslaling in hazardous areas.

ATEX EEx nA IIC T4
Chss 1,Dir 2, Groups A, B,C, D, T4

Vibrafion (operative imi) 1 mm pe fram 5 Hz fo 16 Hz,
0.5 g framn 16 Hz to 150 Hz
User Memary
MD Conlroller 14 MB
LED Indicatorns: ON Stalus
Green ~ Power Indicates DC power is applied.
Red - Enor Indicates an emor condifion.
Green = Aclive Indicates ihat the conlraller is operating as the
primary confraller.
Green = Standby Indicates that (e conlraller is operating a5 a
backup canfrolier (reserved for fulure wee).

Yellow fiashing = Pri. CN

Indicates valid primary control network

Yellow, Nashing ~ Sec. CN

Indicales valid secondary cantral nelvwark

commurication.
All except Power flashing Visusal idenlification of controler inifiated from user
inlerface saftware by ping command.
All except Power flashing, allermaling even and odd Fenmware upgrade in progress.

Mouvling On fight slot of pawer/cornaller camier.
Extemal conneclions:
Primary Conbrod Network B-pin RJ-45 conneclor
Redundant Coniral Metwork B-pin R34S canneclor

3. BUNANDUNNAIFA (Analog Input Card)
owranduymmda Tumsiudyanusunmiuy 4-20 ma seaiudygald 8 gee

fwana Tuinnimuiatuiis ifivaesdyganforlumsivdygaun gilnseida

¥
o L]

= =Y d a o
AU (Differential Pressure Transmitter) 100ZDUANTUNAUAVDIDUIANDUNNNIGTA

LAAIAIN15 19N .5 TasmsAedyanudadazli n.1o
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Specifications for Al-Card, 8 channel, 4 to 20 mA

Number of channels 8

Isolation Each channel is optically isolated from the system at field to system
isolation = 100 VAC (verified by 1700 VDC factory test)

Nominal signal range (span) 4t0 20 mA

Full signal range 1 to 23 mA, with overrange checking

LocalBus current (12 VDC nominal) | 120 mA typical, 150 mA maximum

per card

Field circuit power per card 300 mA maximum at 24 VDC (+10%)

Accuracy over temperature range 0.1% of span

Resolution 16 bits

Repeatability 0.05% of span

Rolloff frequency -3dB at 2.7 Hz;
-20.5 dB at ¥ the sampling frequency

Calibration None required

Optional fuse 20A

Hazardous area/location Class 1, Div 2, Groups A, B, C, D, T4 hazardous locations
ATEX3GICT4

Field wiring Class 1, Div 2, Groups A, B, C, D, T4

2-wire—non-incendive
4-wire—non-arcing

2-wire— ATEX 3G lIC T4 -nL
4-wire— ATEX 3 G IIC T4 -nA

| Carder 24VDC Bussed |
| field powar connection I
Ce o ——*r 1 —___
| Torminatian | /0 Card :
I |
lanal f Common
Sononshes i | connection |
©dd ) | 1 for 8 channeis |
+ r | | Curranl l
2 Wi analog fimnitar |
andior HART |
field transmithar
AD ystar
Conwverlar " n :
w !
|
|
|
|
———————————————— e |

VO Tarminal block

3 a 4 ' 4 a
51/ n.10 SwaziBraMaaiinlazunsumsisoudevesoUIANTURY
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o 4 4
3. DUIANIDINNNNIIA (Analog Output Card)
=1 s 4 [ = 3 ar o o 9/
DUIANIDINWNNITA Tumsdadyudunniuy 4-20 mA 1Hnnqﬂﬂimﬂaqﬂn1u
@ e 9 ] s =y =Y d o d’ 3 A ] LY -
uazamsuﬁtqu% 8 YoYU “lu:l'ﬂmuwu'vm1Jmu,sﬂ‘mwuwmﬁmuq_nmmm“lumi

dedayana Iy 2seseotiont] (Operation Amplifier) N1F¥unoIAD3 (Drive Motor) 510

) o J o o 4 1w o
QLB UANIAMATIAYBIBUIANIDIMYNNITA UTAIAINTIN N6 TasMIADdyInLdAIAY

gﬂ"ﬁ .11
Specifications for AO Card, 8 channel, 4 to 20 mA

Number of channels 8

Isolation Each channel is optically isolated from the system at field to system
isolation = 100 VAC (verified by 1700 VDC factory test)

Nominal signal range (span) 410 20 mA

Full signal range 1to 23 mA

LocalBus current (12 VDC nominal) 100 mA typical, 150 mA maximum

per card

Field circuit power per card 300 mA maximum

Accuracy over temperature range 0.25% of span

Resolution 12 bits

Qutput compliance 20 mA at 21.6 VDC supply into 700 Q load

Calibration Information stored on card.

Optional fuse 20A

Hazardous area/location Class 1, Div 2, Groups A, B, C, D T4 hazardous locations
ATEX3GICT4

Field wiring Class |, Div 2, Groups A, B, C, D T4 non-incendive

ATEX3GIICT4-nL

3 = o o
M99 0.6 Sr0AZBIAMANATIAYEIBINIANIDIHNNIIA
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Specifications for AO Card, 8 channel, 4 to 20 mA

Number of channels

8

Isolation

Each channel is optically isolated from the system at field to system
isolation = 100 VAC (verified by 1700 VDC factory test)

Nominal signal range (span)

4 to 20 mA

Full signal range

1to 23 mA

LocalBus current (12 VDC nominal)
per card

100 mA typical, 150 mA maximum

Field circuit power per card 300 mA maximum
Accuracy over temperature range 0.25% of span
Resolution 12 bits

Qutput compliance

20 mA at 21.6 VDC supply into 700 Q load

Calibration

Information stored on card.

QOptional fuse

20A

Hazardous area/location

Class 1, Div 2, Groups A, B, C, D T4 hazardous locations
ATEX3GIIC T4

Field wiring Class |, Div 2, Groups A, B, C, D T4 non-incendive
ATEX3GIIC T4-nL
[
e 24 VDG Bussed :
flold power connaction
| | 4-20 MA Cufrent Source
e e L e — ==
d Commaon ﬁarminathn -I
connection

for 6 channels |

Optianal fuse

420 mA davice andior HART

1T

s nn swazdvamamainlaezunsumsi¥eudsyeIoUIANBINIRN
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Auto-Tuning PID Controller for Interacting Water Level Process Using Integral Step Response

nuA3 Augena' sHnd srgosssiand’ andus andiany® ety qued’

Montree Tanyakul' Thanit Trisuwannawat’ Arjin Numsomran® Tianchai Suksri'

UNARED

unanuilibiaueneaiuAiniseenuuumauAn e uuLFUATW e AR TR amiy
nrruaumMsrzaLiaetsuuuinaseiulaaliisduinfananeuauss  G935auinfananeuauas (ISR)
: ndd‘ o - o L] o | 4' d'l -l - d’ o -II
MR A IMFUN NI TUILLLAIA89289NTELUIUNN T B NINAEa AN AT AN NN FaudaannTi
TAUUUANa89T89NTELUNNTAEAT ISR udazinreanuuuiAuANi laAuuSAtR Taeldiinia
Lﬁu?'m'lum?‘afnnuuuﬁqmunu TALNIIMIULLAIAITBINTELIUNNTUAEN AR LT LAV BN W85
AILAN AxnlAtNIIAIaINITINUAaeTLTUNTN MATLAB HARALAUBIIDINITATLANNITLIUNITIZAL

uuuaasintnauniulinaneugusailulausdeinimisluanienmudsauacaniazaasa

ABSTRACT
This paper presents the approach to design the Auto-Tuning PID controller for interactive Water Level
Process using integral step response. The Integral Step Response (ISR) is the method to model a
dynamic process which can be done easily, conveniently and very efficiently. Therefore this method is
advantage for design the auto tune PID controller. Our scheme uses the root locus technique to
design PID controller. In this paper MATLAB is used for modeling and testing of the control system.
The experimental results of interacting water level process can be satisfyingly illustrated the transient

response and the steady state response.

Keywords: Coupled-Tank, Auto-Tuning PID Controller, Interacting water level process.

E-mail: knarjin@kmitl.ac.th
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Department of Instrumentation Engineering, Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang
‘mAiTamnTTunTIaAN AuLAmnsuAanf anniumatuladinuiu

Department of Instrumentation Engineering, Faculty of Engineering, Pathumwan Institute of Technology



107
AU
'lum?ﬁf-m‘m'lmuuuﬁwamﬁwi‘um‘:muma‘maqﬂmmﬁuﬁ'uﬂ’udﬂLﬂuaquﬁeﬁﬁmmﬁﬁﬁm
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iy FAduguuLy P, PID TaeAd lumsuuundtaestesnszuaunsiuiiimaiiauasAinisiuansnariy
Tuanes (1) wilaudaulunuaa?sens J.G. Ziegler uaz N.B. Nichols [2] Wa¥A3989 K.J. Astrom uas T.
Hagglund (3] azléfummuiionluniniThilregndldmuiemuuudiassseanssuaunisnndy s
asanifudsidounzisaesianinnuuudieeseanssuounig et [2, 3] Buazinnisunaug
uaLSIIENERgAINATeINItIaUNg antuidaniuenaaiiuareamseeiildiinsiansnm
WULSIABITBINTEINUNT  udteeenslsfauuuLdtaetenszuaumMIR §ands [2, 3] vufdd
ATIARAARBUANNNTZLIUNIARBgIN AN IULLS AR sELIuM T I
Fundnisaufinfananauauss (Integral System Response: ISR) [4] A3 Hay I LULANABIT8INTZLAN
N indiAeiunszuaumsaianndy WAZMIMIULLASRITRINTTUIUM I Ialae Aty B unm
wniidlatlenliiunssuounsuas innaneUALeITINTEIAUNTT A Rimefeanszuay
n"s
unaril unauaniseanuuufmuANilaAuuLUFuAT W M RIne fRTwTRmFunTzLaUNg
TeA 2 fauufinasieniy Tmﬂ'lum?'aﬂnu'uuﬁqmuquﬁiﬂfﬂ'ﬁ’mﬂﬁ'ﬁ'moL‘rﬁu:ﬂn (5] WATULLANADY

reanzzuun s i lunreenuuusaauanarlfandsaufinfananauaus (ISR) [4]

o ¥ a P e
NFEUIUNITITAVUI 2 DIWUUNNRADNY
5 . ¥, o 4. 4
AaTuINTELIIUMITEAL 2 09 wuuinaseiulugu 1. Fadhwineeeanisaiuaunszuaunig
ol u’n’ va-; v 'td‘n 2 o vd. - =4 ' o e -;u L e
fAaszAiluden 2 Arefinfidnaitudei 1 Bunwsreanssuounisie ul (Ausedudunaiiane ity
i) uazie1sinAreanszuIunTAe h2 (seiniluded 2) aunshidudadureinszuiumeainnm

v ¢ o v o -
wildanaunirangantauazngreauaiyd Jearlddaaunisi (1)

| £ Ly 1

+ h | Tank1 be Tank 2 h |
v | 1 . . i

B, R 902

8 =]

Water

7UR 1. nszuunisszau 2 dauuiinasaiy
dh (1) _ Baay,
dt A

dhl(t) ﬂ;asz,ﬂw 2 28 (W0 - (1)

2g(h (-~ (1) )+—u(t)
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-l:-:lov o 2 -l-‘l’d’v-u v-dl 2 ‘:lﬂllt‘/
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dH (1) v k
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dH (r) _ _LH (,)+ (H (t)- H, ()
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. . o i H L3 ] o - ar 4
ABANAIAIIIANTRITIN 2 UAT K uazaInannsi (2) inlieglugluuudnseadaduaslidannsi (3)

i L — @3)
U(s) T,Ts" +(T, +2T,)s +1
1l K —ki ,em/V
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H L H
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3. fmuANLLL 2 Tudar

—J Rootmms |
Specified %P.0. and t, ré Design
| Rl o
— 7. o o — - — s
[ Pulse | Model
| e .
| [ Qemersor | | qyping [ Estimetor
_ ) L
B ; < \ : S
Sp b = | PID to PV
Forwd | L™\ ‘r - . Plant ——¢——»
Controller | * Controller |
} =
\ L Manual
i
t

gﬂﬁ' 2. TansaFnreeszuuAILAN
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doulanairesiauaniuwy 2 dudssslszneuldssaruantiounduuuuiles uazsa
L -l - I n; } 4 ° 1 9 = 1 °
pruanilawliwiuuunwinawes Inenaaanfiliuuua1aea9anszuIunIAeds ISR udraziinisean

wwusaaruAnilaunduwazfauanenhnihdnlui@dedinudun (5]
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