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Analog Input

Channels:
Resolution:
On-board FIFO :
Conversion Time:

Input Range

Maximum Input Over Voltage :

Maximum Sampling Rate:
DC Accuracy:
INLE:
Monotonicity:
Offset error:
Gain error:

AC Accuracy:
SNR:

ENOB:

Input Protect:
Input Impedance:

Trigger Mode:

Analog Output

Channels:
Resolution:
Accuracy:
Gain error:
Throughput:
Slew Rate:
Drift:

Output Impedance:

16 Single-Ended
12-bit

1K Samples
10us

10V, £5V, £2.5V, £1.25V, £0.625V

+15V

100 kHZ

0.5 .SB

12 bits

Adjustable to Zero
0.005% FSR (Gain = 1)

68 dB

11 bits

30 Vpp

2M ohm, 5pF

Software, on-board Programmable Pacer or

External

2

12-bit

+1/2 LSB
Adjustable to Zero
38 kHz (min.)

17 V/us

40 ppm/°C

0.81 Ohms



Settling Time:
Output Range:
Internal reference:
External reference:

Driving Capability:

Digital Input
Channels:
Input voltage: Low:
High:

Digital Output
Channels:
Output Voltage:
High:
Programmable Timer/Counter
Channels:
Counters:
Compatibility:
Base Clock:
Max. Input Frequency:
General
1/O Connector:
Operating Temperature:
Storage Temperature:
Humidity:

Power:

Dimensions:

Compliances:

26 #5 (to Y2 LSB of FSR)
Software Programmable
0~5Vand0~10V
0~+xV@-xV (-10=<x<10)
3mA

16
0.8 V max.
2.0V min.

16
Low: 0.8 V max. @ 8.0 mA (sink)
2.0 V min. @ -0.4 mA (source)

1

16 bits
TTL level
10 MHz
10 MHz

68-pin SCSI-II female connector
32 to 140 °F (0 to 60 °C)

-4 to 158 °F (-20 to 70 °C)

5 to 95% (RH non-condensing)
5V @ 850 mA (typical)

5V@ 1 A (max.)

6.9x3.9in (17.5x 10 cm)

CE
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518021980 AMaNTA
Max. Flow rate 2200 ml/min (Vde)
Max. Suction 10 ft. H20 wet, 4” dry
Max. Pressure 20 psig (46 ft. H20)
Port Size (OD) 4.8 mm (0.18”) hose barb
Power Require (Vdc) 24 Vdc (up to 28 W)

Max. Operating Temp

93 oC (200 oF)

Ambient Fluid Temp

0 to 93 oC (32 to 200 oF)

Max. Viscosity

200 cps

Dimensions

88 x 81 x92mm (4 x 1.75 x 2.63)

Weight

1.4kg (3 1b)
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Library: Simulink/Sinks Luﬁﬁm"n"ﬁ“‘

Floating Scope

Clock

| Counter Free-Running

Stop Simulation

Elaly=]E]

Counter Limited Terminator

4 < 1 Lg a o 1w
31U 2.10 waaavAenA1Y) vosurAIA AT I (Sources) LA AIT Y (Sinks)

] d‘ Jal ﬁ.
- 32UVUMBIHDY (Continuous) Haz sz UL ooy (Discrete)
' g — 18 B4
NAUUADAVBISYVUADLHDY (Continuous System) #3832 vU liidBIl0Y (Discrete
g a ' % Ao ° ' s =
System) Hudnnguniliiiiims g lumstasalapiios szuymameninnssuy dusanezgn
a J @ 1 A ) L] A %
UNTIZH IUAN YU ZUDITLVUADLHB (Continuous System) b B PAT S I (Discrete System)
% 3 1 %
Falinszvszgnitaesludnvagla TUsunsy Simulink ~ HUAIWITH ABUAUBIADANH UL
siuvveeszuy 181 umatoan g 19U Transfer Function 138 Integration Blocks 130 Delay
A A ~ o =] = Y o [ 1 H,
Blocks %300uq 317 211 uemednvazuaoaildlumsmiua szuvludnyaizaieg vaand

5¥UVUABIHBY (Continuous System) H30352UV liAeiiloy (Discrete System) U8 Simulink V. 7.6

2-

> p—

Pt —e———

| i
,q K?%_-Ep b Discrete Derivative

b "
VA R R i L A R R
)B Integrator

1

| % = Ax+Bu e B Discrete Filter
| y=cxspu [ SteteSpece 140 51
1
L b TrensterFon o 230U | piccrete FIR Filter
51 1

e P Discrete State-Space

%3

| Transport Delay
I ; ‘
| l& b Variable Time Delay > b Discrete Transfer Fen
T 2+0.5 a
=

4 1 1 < 1 4 .
14 2.11 ugasudenn1eg nelunguudenvesszuuaeiled (Continuous System)

nazszuy luaeLilos (Discrete System)
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) d
- MIANHUMIMIAAAMAAS (Math Operations)

' < o a a J I A 1 & Aa Y °
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1 1 < dy < 1 { = a o o Aa 1
Tyriesnquudentiazilsznenlidreudeadoss niinhiineadesnumsauiunsaiesg ni

o v !

a Jd 1 o o @ = 4 =
AUAMAAT LFU NMITUITYYIUNIVINAU (Sum) MIUTAYYIUAIYATIAIN (Gain) w%é‘uq jlﬂ’ﬂ

g g

[ < ' ' ] o a a
2.12 uamaﬂymzuaaﬂ&e&“lunquuaaﬂmimmumswNﬂmmmﬁm{ U84 Simulink V. 7.6

Library: Simulink/Math Operations Resutts: (none) ]

J Z > Sum of Elements

A sin p | Trigonometric Function

i
| H ‘ector Concatenste

- 7 ]
| =
NutTsp | Weighted Sample Time Math E

Y < 1 ' < o Aa a .
gﬂﬁ 2.12 A ANUADAHN NG ﬂ181ﬂﬂ§ﬂﬂﬁ6ﬂﬂ1iﬂ11uumi‘ﬂNﬂﬂmﬁ‘l’dﬂ§ (Math Operatlons)

- anhideriies (iscontinuities)

To'ldnfToudenitaoaTUsunsy Simulink -fenueinsalumssiassszuy
uupliifhuFady (Nonlinear System Simulation). FalumsiimasuAasilie 13en1311 Closed
Form Solutionlagiia lvziflumsenifedduniesnvazveadi luidudaduiinutosie
Saturation, Signum, Limited Slew Rate ‘H%EJSW] 3‘1]171 2.13 meﬂa;uuﬁeﬂ Discontinuities “dl'ﬁ LEAN
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14 Saturation waeminezldunudesidanmamenimsuiasitavessdumadiuemes i
wioszdusafugagaluszuyleasednd uien Switches ifudn vioanilsildios Wuvdenil
19unssraeatfaynt IE-THEN wuifvaduiinulumsidou TsunsuTaoial) udon Slew Rates
1 umssisasasinsalaouulasesaimanionin sy anusveawomes Iflnszumass

Audu



25

- MUAUAYYY I (Signal Routing)
o da v 9 g’/ = o o o 9 = 9 1
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Signal Routing

Library: Simulink/Discontinutties l Search Results: | none) |

e AR

Library: Simulink/Signal Routing l SWN\M(MM)J

| 1 - -
| (8 (A Goto Tag Visibili

‘ ># Bacdash i W o v

j ™ P Index Vect
ndex Vector
A ;F p Coulomb & Viscous Friction J | »--1/‘
Z | >-°\o-> Manual Switch
Dead Zone | o
/ b

™ {
A
v 7-'-‘ s} Dead Zone Dynamic | Mene p Merge
= S 4
1 ' : "
b Hit Crossing { E Multiport Switch
g
Quantizer } Mux

, ! < 1
gﬂﬁ 2.13 U@RINNVADA Discontinuities AT NAN Signal Routing

- Mamruamasilunssiaesifyn (Parameters Configuration)
nstaesdfaymuunsuinnefzdosnrdumatinvedszifisuiTizeday
. o a w & o o
(Numerical ~ Method) Tun1sudiaymutaznidiaouvosaunsideeywus d1viuldsunsy
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Simulink 11U 52UV TuzduDDA1e masafisgdiasaneluiyuYeesUUABLHBY (Continuous
v 4 : X "o oW '
System) 13035211 l1if011104 (Discrete System) VUOYAVTNYUL DAY TZNOUVOITLUVLDY N3
Sraesansnivzgnimualiizy uiongaigiuiar niediuniwesnar Idawimua o
@ Ay =2 o A =t o o Hq ¥ o
Fungiidesiiese Nfeszoznmaulilumseesdym Auszoznanly lumstass dym
A a a 6 Y 0 a 1 o ] a 4
wioszoznaineuiuaed 19 lumsmmasvuesfymiiaule: luaseiu wuneuiiunes
y ° ' = = = a a8
pvzldszeznarlumstiassmsaeuauesluyie 10 i vesszuviaule Wi 1 i i
' )
#u lumssraovuaymlanldszdoniTiFednavilszmnni Step Size fifnlinafiuY (Variable
{ { ~ ° 1 < = | ad a o
Step Size) Step Size Mnfigauaziiesiigaamisadivuald edrelsnamszidioyInzaduay

~ 3 aad o 3’: dy A
15219M Step Size A7 (Fixed Step Size) 1WuiTMinvztouldlumsiasafaym natliieann

] A ~ Yy 1 ' ) . A ° Y
TINITNISYFIIA ‘Hi’aigﬂ‘umnamﬂu%%%mmutn Step Size 1’11‘],)"(1Uﬂ’]5‘0']ﬁ6\3ﬂﬂ1u141%3ﬂ@\1
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a ° a1 3 ' W 7 1
imsmvuauazeziimivegiudnyuzvesszuuwasnaasnaule iwu luszuuninnuiou
Step Size 91zRgUITNIM 2-3 I# Iwvmziiszuuneuquuemesoaduiiufiazdesld step
" ~ 'Y a ) ! . 1A 1
Size NIAT08H9 0.002 - 0.003 Tdi Taowa li) ng# 14y msiden Step Size 9zogiszunodiy

ou 4 - 20 11 voaszUURIMIABUAUBIRIET A

=] Configuration Parameters: untitled/Configuration

Select: | 1~ Simulation time 2
B Statttime: [0.0 Stop time: [10.0
. Data Import/E xport % lo 10
-~ Optimization T e o o e i - B BESTE 3R %
B Diagnostics ( Solver options
.. Sample Time ‘ Type: l Variable-step _V_] Solver: ; oded5 [Dormand-Prince) _'_I
~Data Intggrlty | Max step size: [aulo Relative tolerance: |1e-3
- Conversion e ; .
.. Connectivity | Min step size: auto Absolute tolerance: laulo
- Compatibility | Initial step size: {auto
--Model Referencing | & & % .
-- Hardware Implementation J Zer“c“& gt contiol l Useecalsettinge -'J / : X
- Model Referencing s e St
[=-Real-Time Workshop
- Comments
- Symbols
. Custom Code
... Debug
- |nterface g _:J

«| _t) | 2
4 OK l Lericel l A f Sy |

51 2.14 uaaanihaen1Flunissmuamiasiilumssiae sl (Configuration Parameters)

2.4.6 MIANUVUHIAVITLUVAIVAN
v
msadrunudiaesvesszyunvgyly Simulink vudesiimsadianiiag
9 v o g ' : g’} ° -] v dv
dmfvafauvuiassiianneudiuaeulumsaiuuuusiassszuunauguih Idaal
A ) ) g 1 A Yo i
- 1@9n WY File > New - Model 3n1iuazdsnguiiansyumuansldasgyn

: & s 3 N .
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5] untitled1

Fle Edit View Simulation Format Tools Help
0 i = ] 4 B2 R { & = 4 l LB i b = h0.0 INormaI LII 3
Ready 100% [ [a loded5 3
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2.y Editifumdaunoanunisud luiusiaesiia 1w
. & o & ) A A s Y] o
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o ° °
5. 1wy Format lumhdufoamuginumsuaaswununiinesiaes

= o A

3| o W E) A A 1
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< o & a @ [
7.y Help ilumdunoidunmsvennumomie

4 ° 1 ) [ o o < . . .
- deimsademihaed msuadanuudiaewdiviiuaenly Simulink  Library
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Fle Edt View Simulation Format Tools Hep

denominator coefficient must be a vector. The output width equals the number of rows in the
numerator coefficient. You should specify the coefficients in descending order of powers of s

=W Simuink - | -
2] commonly Used Blocks A Destechie ]
2 Continuous E [
3 Discontinuities 1 E‘ Integrator
] Discrete

2 Model-Wide Utiities
Tr Delay
2 Ports & Subsystems [ [@ fanpork Ueoy
# signal Attributes
3 signal Routing Varizble Time Delay
2 Sinks %
DA | [Py| Ve Torwot D
Ready M Read|100% |ode45

2 Logic and Bit Operations : State-Space 3.
2 Lookup Tables 3 5ol
2 Math Operations Trasabar Fon Transter Fon
] Model Verification ;

DSE&S s 4|23 » = foo

. & 4
U 2.16 M3donuAeANABIN13910 Simulink Library Browser

<3

A v oy Y o —ehY —= Y o )
L'lJ'E]"lﬂ‘ljﬁ?)ﬂ‘l’lﬁﬂ\]ﬂ'liLm')li']ﬁ'lll'ﬁﬂu'lﬂﬁﬂﬂﬂuc] NT?TQU“WN’W\’N&’]W?‘U RN
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Ve lamuny ao losuaaIudo AU SUUAIBE14

5] untitled1 *
Fle Edit View Simulation Format Tools Help

O &

B8 aniGs 7 00 e fed HDED S

Ready

1 \\ % A~ A2 H

Step Gsin Transfer Fen Soope

[100% Poaree ~ lode4s

511 2.17 vienvesszuuAIDII

4' @ Y 1 < a o 9 [ v [
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=] untitled1 *

Fle Edt View Simulation Format Tools Help

DSHS| s 2R e 4|2 » a0 fom = DEBS |

: »l]
s+1 o
Step Gain Transfer Fon Scope
Ready [100% i | __|ode4s 4

4 4 1w 1 =]
JU7 2.18 msweNARdYINIEHIIVADA

a d

d' 1 a [4 o 0 [ Ay g &
- ﬂ'lil°LIﬁU'LlH‘LlﬁQﬂTW'IT]ﬂJm65"1]8Qﬂﬁﬂﬂﬁ'liﬂiﬂﬂ']llmﬂﬂﬂﬂlﬂﬁﬂﬂﬂﬂﬂﬁﬂﬂmﬁﬂz

Usng laezdondmiul
I W i (i 10
E] Fungtjlgnﬂo Cara "2‘
b ! e Py i

1 a 4 <]
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ol ) A
SIS IN

TransferFen -~ -

i The numerator coefficent can be a vector or matrix expression. The denominator
coeffident must be a vector. The output width eguals the number of rows in the
numerator coeffident. You should specify the coeffidents in descending order of
powers of s,

li s NN Vo AL ; Ts

|| Numerator coefficient:

Denominator coeffident:

’ {[1 - S i R |
| Absolute tolerance:

auto o }

State Name: (e.q., 'position’)

i |

4 { 1 a 4 <
31U 2.19 msnfasunlasmmsiiimesvesvden
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Block Parameters: Transfer Fcn

~ Transfer Fﬁh :

Matriv ex ression for numerator, vector expression for denominator.
Output width equals the number of rows in the numerator. Coefficients are
for desceh'ding powers of 5.

~ Parameters:
MNumeratar:

i}
Denominator:
1]

Absolute tolerance:
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PV

Sensor

511 3.1 uaaslassadvesszuumuguuunileunduTagialy
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MIAILAUATTUINNININgAaIMNIT TaevialdTenldmaiuquuuuiiled (D)
mzgUuvvesdanuguilliudnuguiiaunsaniugunszuaunsang 1fegranieas
eanndlassadunsriend iduden munsaitale1dde msldaudnuguitlediiauey
fumsdudmnaifinesvesdinrvgu PID Winuzery el 1dnane uauesvesnszuIums
AWABINTS

A7n709W PID 1J52n8URIAINIUANLIY Proportional (P) fIATLANLUY Integral (1) #2

% S o 4
ATUANUUUDerivative (D) FelWanda1e Tou (Transfer Function) #141]

m(t) =K, [e(t)+ je(t)dt+Td dz(:)] 3.1)

1
T
Tag K, =A190519818U8309AUAULVLY P (Proportional Gain)

T =a1a Integral (Integral Time)

i
7:1 = 111781 Derivative (Derivative Time)
4 < v Qs Qs { @
1ngUfl 3.1 eziuldndyanuniugu niedulslfunszuiums (mv) i laainds

(3 o o o 1 Qs o @ w
A3UAN PID ‘ﬂ&’gﬂﬂ']ﬁUﬂﬁ’JUﬂ’J']MﬁiJWH‘ﬁi&‘H’J'N i}‘lﬂlu'lm‘ll'l!,‘lsl"l@l’lﬂ')‘ljﬂNﬂﬂﬁlu'ﬂiﬂ’i%’ﬂﬁuﬂﬁ

Y a a 1

v @ 1 ! [y J o 1 3 [ d
(pv) nU numunmmww%"amﬁhwuw (sp) Tﬂﬂﬁmmauwuﬁmﬂan%ﬁuag, VAYINUNNIT

a 3 o v U 9 1 o 4 Y o a
muguidniunulfuuas Haremi smndwesvesdanaugueziiuldawnsonavguuuy

9

Qs

' 4 1 &
A9 Aafinaisie 1l
3.2.2 n3mmIsnupusULilounay

- NIMIAIVANLVY ON-OFF
I At = = 9
N15AIUANLYY ON-OFF 1Hunisaauguidieige uaztonlylunisaiugy
sy 1y P o = = o
nszuaunsh lideanisanuiisansege Tnemsaauguazyiauiies 2 ga1ug Ae iWa (100%)

nula (0%) NTEINTAIVANUUY ON-OFF AdLand 319 3.2

control output
A

P o <

| (Direct Action)

Pinin » Etror

>
L

jo——]
Dead band

P AU

517 3.2 udAINTEINIAIVANUUL ON-OFF
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{ [~ t 1 4 v =) v o
nngddl 32 fundmianuanianieunInnIAinga (+&) Ae1ARRYeIAI
a o A A 9 ) 1 o

AuIzilaeunIn 0% WU 100% WemanuamaniowiseniiAInga (—¢) Aue1Ayaves

Y 4 I~ v o { 1 [] []
danvquezilaounin 100% 1l 0% Auerdnafieglusruanuuus (Dead Band) 9% laifinas

1 3 1 3 ) { 1 1 3’1 S o o
wasuuasunegaladsmazdlunauianmadeaniui l'ldma 1ineu vieunnsnduilu
o a [] o’y g LY ] a Qs o

aowh lfiiasuanuuuady edloadu oN-oFF ey ldduaziinginssiniuqunse

Yo - Vo ) VY w R ~
AsgUUMI IdsuaNuEsme uasruanuuuauded lunuin mazszm ldaianuiiensa

=) < [y dy
YBINTAILANAAAS ATLINTAIALUY ON-OFF ewsalouiluaums (3.2) laeail

® 0% ,e<-¢ (3.2)
m(t) = .
100% ,e > +¢&

o d s
de  m(f) = TYYIUAIVUNIODIAWAYDIAINIAN

' A
e(t) =maAnuanAnaeu

1 ' d
& = — YNAUANUUVURN
2

- N3LININIVANUUL Proportional (P)
a Y v J [ Q/ o §
NFEINITAIUAN P UU ﬂ'l!ﬂ']ﬂ“l/!ﬁ511@\‘19]’JﬂTUﬂN%%LLﬂﬁNuﬂﬁﬂﬂUﬂ']ﬂTﬁJﬂﬁTﬂ

A 1 A Y A a ;g 1 o s o At g

NA9YU NA1IND 01AIANNADIARTDUUATHINUY ANUDIAWAVDIAIAIUANNISUATNINUVUATIN UnS
1 4 1 1 ) < 1 -
fmanuamamasuiiaiesas AotawaveiinluguiszlianteeasmunsensaauguILY

Y
P gnsaeuauns 3.3) laaail
m (£)=K,e(t)+m (3.3)

1 Jd (Y .
m,(f) =AUDINNAVOIAINIVULUL Proportional

K, =9ny19818U836IAIUAUUUY Proportional

v s { 1 3 1w J
m  =fneyRvesiInIuguiimanuARIAmasuIAUguE

( s 91 . 1 = =
AINIURUUVY P 1196981992 1971 Proportional Band (PB) UnUMs14A1 K, &3 PB Ao
FNUBIAIANNAMANADUTE NI HATEIAINIAUTAT 0-100% AIAHNS

100%
K

p

PB=

(3.4)

Y a2 . A ' o 1 < Y
VDIFYYDINTEINITAIVAULUDY Proportional AiD 'lnmminmfmmaawwmhlﬂ
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Control output
A4
!
I
100% L :
Kp2>Kp I\L
Kpl
0% >
0 Error
l«—PB—
[ PE »|

511 3.3 uaaegaENIiRveINTEIN1SAIUANILL Proportional

- NIINIIAIVANLVY Integral (T)
a A =) 1 &L a o
NTYINITATVAVLUU I ¥I0ITUNBNDININVUII MTAIUGUUUVDILTH (Reset
1 g o ¥ 1 £ 4P ¥ ' A
Control) Iﬂﬂﬂm’JWIWGI‘UG\WI'Jﬂ’J‘UﬂM Wﬂﬂ%’lﬂﬂ'lwu'i/lﬂQﬂiJﬂﬂWU‘lﬂﬂ'u"W\l‘UENﬂ']ﬂ’N%Jﬂﬂ’lﬂLﬂﬁﬂu

L] ¥
AsnagaiuaneifiBonil 5aT910v89AIAURNLTY T (Integral Gain) A3ANNT (3.5) Ao Tl

m, (f) = K,je(t)dt +m,(0) (3.5)

1 o o
o  m,(f) =aueIANAvRIAINIUANIYY Integral

K, =8a319818909090UANNYY Integral

t

oy : 4
J.e(t)lt = NuinanuaveenInUAAIANRDY

4

v o o { 1
10) = ﬂ']Lﬂ'lﬂWﬁ‘Uﬂ\?ﬂ'Jﬂ'J‘UﬂﬂJﬁL’JﬂT tIMNUHUY

0
m
a g o Yy 1 a <3 43! 1 r a
paveenIoImsaruguuun 1 Hezild ldifeceddaduluszuy uazaaniuiy
(Overshoot) U843z uUAY 14 uadnTernsaruquilaiguin’ll ssvildwaneuauesuss

ATZUIUMTTIAY HARDUAUBIVBINEINITAILANUYY I Aduaaalugli 3.4
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Pw
Ar l
Error
Control cutput T
A
o 3
] ]
1 [}
H ! Error
1 ]
[] [}
[ L
[] 1
— Ti —>

T:

JUI1 3.4 LAAINDADUANBIVDINTEINTAIUAUULY Integral

- N3LINIAIVANULY Derivative (D)

ATEINIAIWANUUY D 8nBn%eniladn 115AUANHLUTATIAIY (Rate Action)

o o o

é’ LY s { 1 4 J
Tnsfyaaunanavesdiningueziuegiusasimsalasunlasvessnnunainmaoudena
S 1 4 H4 g ; . P o ' ,
witunmanuaandeuii lemmilugud]s uazauerdyefmunsanfoundasliiisgs
g d‘ d‘ d' é = o o 1 J o [ . o
Tu WeanuaaARas U asuLYal HEENMINTZIAINGT1291 8AT1N15NTZM (Rate Action) A9

¥
aums (3.6) Ao 1Tl
de(t)
dt

(3.6)

mpy(t) =K,

1 d Q .
@ mpy(f) =AUDIAYAVIIRIAIUANLVY Derivative

K, =90a719018v0IAIUANUUY Derivative
de
dt

= MANYAAIAAADUAIAT t

m | > Time
/U

Zero effor

¥ Large slope

311 3.5 UEAIAIBE1IHARBUAUBIVEINTYINITAIVANUUY Derivative
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- N3ILNIAIVANUVY Proportional- Integral (PI)
- 1 Y 1 a 3‘.& =) o a 20’ = o w 1
AINANAINILEITINTEINMIAIVNULY P HU zloovidniiatu an1smaaa

] 1 [ A o @ ' F
poEnil dwnsoviild lnemsunsomsauguuuy 1l dsaunsae Ui

t
My, () = M+ K pe(£) + KoK, j e(t)dt 3.7
0
YL
_ K
my (£)=m+ K,e(t)+ T [e(rydr (3.8)
i 0
A 1
Wwe  K.=K, uae K, =

I,= A11381 Integral

Fv
set point l
BError
Control output T
\
/ : /g
]
--f ............. -t
K¢ +Etrur

§UN 3.6 uansdro1IHAnO T UBIYDINTMIAIUANILY PI (Direct action)

- N3MIAIVANLVY Proportional-Derivative (PD)
’q Y a 1 Y] a d' ] Y
M51Us52gnA lFnTe1nsAILQUIUL P $2uAUATIINITAIUANULY D el
< -3 1 (=Y 1 = JRipe
NARDUANBIUBITSUUTIATIVY udeg lufina lnensanonanaUaneIUeeseUUREN1IZAIN

Jd a o § £
AUMSIOMRAVDINTTINTAIVANLUY PD LEAIAITUNTS (3.9) sio 11i]

My () = 7+ Kpe(t)+ K, K, dz(tt ) (3.9)
30
o (6) = i+ K e(t) + K.T, F0 (3.10)
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N9 K D= T d
T, = fWI81 Derivative
Py
A l
setpoint 1 i X
Error
r
= !
Control output !
- 3
A
Long
Rate action
fost (Dedvative)
Propostional
] —»t

317 3.7 (AAIDINHAADUTUBIVBINTEINITAILANUYY PD

- n‘%mmimuqmmn Proportional — Integral- Derivative (PID)
A Y a o Y =2 q9 a
L‘Wﬂsl'ﬂW'ﬁ@‘lf)‘ﬂﬁu’EN"U6\158'1]'”?]'JUﬂiJiJﬁ&J’i’iﬂuZLﬂuulllGnﬂJﬁﬂﬂﬂ"li ‘ﬂ\‘lcl‘lfﬂiﬂ'lﬂ'li

E4 v H ' Y
ATUANA 3 LU 5N Fazh I ldnsomsaiuguuuy PID Rligunisas (3.11) aa lalil

de(t)

t
My (0) =+ Kpe(t) + KK, [e()dt + K, K, (3.11)
0

de(t)

e(t)dt +K.T, (3.12)

A l
set point

Control cutput T

A D

0 » t

ﬂﬁ 3.8 LLﬁﬂWl’Ji‘)fJNNﬁ9’]’E)‘U’s’fu’ﬂQ‘II'ENﬂ'iEJ'Iﬂ'Iiﬂ’J'UﬂM!.!.‘]J‘U PI (Direct action)



40

3.3 nguvesnnuilag

a w q” g 1A ) 1 - 9 1 1 1 g ag a

ﬂﬂ‘lJ‘lJﬂQvlilﬂl‘lf’l‘ﬁﬂ']i’f)’ﬂﬂmJ‘Uﬂ’Jﬂ’J‘Uﬁ]ll’t)EJ']\WIW@WEJﬂNL‘Uﬂi]LLﬂﬂU'N“lﬂ Llﬁﬂztﬂuﬁ‘ﬁﬂ'ﬁ‘l’l
1 1 a 4 o o { a
freldmseonuuummmnimesvesnruguimsunszuiumsilnanusudouldamse

g 4 & [ Aa a I3 é’ a
aammu‘lmwmumfuzmm:nuﬂszmumimﬁmauwmmtmmwﬂsuu'l'ﬂ #1MTUNITUIY

LY 1

o Aa = = & o a a s a o
ig.:'ﬂuu']ﬁﬂ\']n\jﬂuWﬁﬁﬂﬂulﬂuﬂﬂﬂu\iﬂigU’Jufniﬂuﬂ‘ﬂ\j@uVQﬁﬁan@']ﬁw‘ﬁuﬁ3531]1]11ﬂ']5ﬂ‘1]

Y
9 a asda o

A [V ) o 2 = v A dyc.‘.’ 1 A acg
Wanuinlmnanmsniunuveszuy ’J‘Hﬂﬂ‘l]llﬂ\iNmiﬂzﬂ‘lJ’J‘ﬁﬂ'liu!,‘llu?JEH\HﬂﬂLu‘E]\'imﬂ’Jﬁﬂ’]i

1 1 J o ’o‘ a’/
AINAIVSFIYAANAATENUTEHINOIUINIADY

[

o [ 1 [ ] [ e 1 (Y 4
(] ﬂﬂ']i‘i’l'l\ﬂu‘llﬂﬂﬁ%ﬂ'liﬂﬂﬂﬁ'l’ﬁ]zl‘l]uﬂ'liu'1?1ﬂ‘]J‘]JﬂQNTﬂﬂiﬂuﬂUﬂigﬂiuﬂTiLﬁﬂﬁﬂ

LY

Ry J o %’ 2‘.1 o 9 o Y 4 o o o
NANTYNVNUNDNUTEVUINTEADUIUBIVNT DI mmwuﬂalwmmmﬂaiﬂﬂﬂ"]fu‘umﬂi:mumi
A " woA ¢ @ aw (& A an o
szauhrosdaniinansenudenufe 6(s) sazniudilesfinduvesanudasfe p(s) TTMIN

] [ a [ 4 o o ug
AevhAsulas ldgadunszuaumsudane lansudideSfanduvaanszuauns Inaivuufe

X a’ ) { a 3 )
G, (s) FanrudidedMsdFuvesnszurumslniifadudndoultedluglves nawd

n

J o [ a o w {
wosnmindudrnedeuilunmindnusaym [1] uaasldasaunsii 3.14

D(s)G(s)=G,(s) A (3.13)

nnaumsi 3.13 @euldeglugdnsmdilefumindez1a

I:Dn (S) D12 (S)iH:Gu (S) G]z (S):l } G,,“ (s) 0 (3.14)
D, (s) Dy(s)] Gy (s) Gy, (s) 0 G, (s)
R (s) + U
! R G > - > Gy = e
— + 1
| DlZ G]Z
‘T DZl GZ]
Ry(s) Xy Y L H ()
—> F C, 5. 2 » G, -
o  Decoupling | Plant

5111 3.9 uaaslaseadnuenssuIumsiiedesIAUAIRILAY
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210317 3.9 uTassadreveanssuaunmsszduihaessafiiinadenu (Coupled-Tank
Process) finogausylnseadreveadsualae Tnedt R uaz & AeAudlmune (Set Point) vos
NSEUIUNT, ¢ UDE ¢, ADAIAIVAY (Controller) VYBINTIUIUMS, = UBY u, AD Manipulate
Variable :MV, /4 U8y &, ABANUOIANA (Process Variable) YBINTLUIUATT [T1AWITOMIAUNS
vosmanugulugvounm ndnzusay (Diagonal Matrix) ‘Iddaerunisdi 3.15

C(s)=|:Cl (s) 0 } (3.15)

0 Gfs)
UNUANNSN 3.14 aluaunsn 3.13 a2 ld

D(s)=G(s)" G, (s)
_ 1 { Gy ()G, (5) =Gia(5)G, (5) (3.16)
) G\ (5)Gp, (£) =G (5) Gy (s)| G (S)G,,” (£Y /G, (S)G,,z2 (s)

deMeuBn G, (s),G, (s), Gy (s) 182 G,y (s) Tuaunisdi 3.16 Ausdausiden iiosnnidly
Aesdlsdildninnszuiuns uadifis ludmnfenidindnues 6, (s) uaz G, (s) o

n.

£y asw £ A 1 v o '
i]::ﬂEN’OE)ﬂLL‘]J‘Uﬂﬂ'U‘]J’dGLWEJ‘H1ﬂ1‘llﬂ\‘1ﬂ’l¢l’JLL‘]Jiﬂ\1ﬂm’J

3.3.1 aﬁﬂﬂa\‘l‘luﬂNQﬂNﬂa (Ideal Decoupling)
9 a o o £ 4 @ P v
ngtousnlumsinsanmsesnuuuddulasiidinsunszuiumsidsznenlldqe
¢ ‘o o 4 ¢ A o T4
nsudlesadduves G, (s) uae G, (s) Wensudeswminduesfdudasfe p(s) Tas
#130019108uM5T 3.16 MEBNveIRIAIVGU C (s) L2 C,(s) ITADILNBATZINAUIALIL
o o w ! 4 ]
gnihldaaugunszuaums 6, (s) uaz G, (s) mudey dauideullunisidien G,(s) ffe
A J & Aas & d’l o Y v d‘
@enf1 G, (s)=G,(s) 4ag G, (5)=G,(s) ¥eITMsaenuuuiiegrivdiniuguitesnuuy
Y % 1 o
ANIMILAUNTEUINMS IanarresgdmindigdlagunilagauSuliegluTvualnd (Manual
a =4 ' o Qy a a g
Mode) innilatignisendt “Aauiaslun1agaunfl (fdeal Decoupling)” {nAnUIAY Luyben [1]

] < o a  w v a 3’, Y =
ag lsnamumsiumatiadenann llldauss watensuwinezifadymiaiun

3.3.2 anvddsuuuae (Simplified Decoupling)

y 1 U Qy I
nnvef 2 dmfumseenuuuAfuYaIed guu (Luyben) [1] Sond1 “@AuUAwuVOY

[l Y] .
(Simplified Decoupling)” Fa333Msdendfuldeansaih ldauaunismuais

D, (s)= Dy (s) =1 (3.17)

Dlz(s)z_g:—g; (3.18)
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D,, (s)=—GL(s) (3.19)

G,, (s)

MnaunIsh 3.17, 3.18 uazaunsi 3.19 doulfeglugivemsmdiesmmindes 18

L _Gals)
D(s)= 609) G‘l‘(s) (3.20)
G,, (s)

o a A oo Qy 9 0 Y S o A o
ngennasuiyaduyaud ldlunssurunisszi ldnssuiumsisnyuivilouny

F¥UBLUDY SISO ﬁﬂ\iﬂi&"ﬂ?ﬂﬂﬁllﬂﬂﬁﬂﬁﬂﬁﬂ
H,(s)=C,(5)G, (5)E (s) (3.21)
H,(s)=C, (5)G,, (5) E, (s) (3.22)

4 1 al tgj [ ] 1 Y Qsl
naun1si 320 w1ldis ldaAsulauazvilfisanisoaaivesfisuyd ety

o [ 4 o ) m Yo g
Aurnmamsudledansuveanszuaums Iny lasedl

G, (5)=Gu (s)+ Dy (5)Gis (5) =G\ (s) _g—:qz (s) (3.23)
G, (5)= Gy ()4 D ()G ()= G (5) _g—:@, (s) (3.24)

i { 1 4 a 3
NnaumMIi 3.23 uazaumsh 3.24 Soulfeglugdvemnsmdiesinindaz 1@

G, (5)G, (s)
G,y (5)
S bl

G, (s)- 0

G,(s)= (3.25)

= Y ug =)

vinawnsh 3.25 1519z Idnszuaums Ivivuineesnsguiumsae G, (s) uag G, (s)
é %’/ =y 1w o 9 ] = [ 9
Fanszuaumsnegeendaszaeny i lwisannsarhaunsi ld lesnuuudiningyla

o ru 9 d' o [ S o Qy zg o Vv 1

dmfungdefl 2 dmsumseenuuuAdulaaves g (Luyben) I ldamnsomsives
o W Qy v ] o o 1A ) Y
anudseldde uaaumsveamnsiudiestensulnia ldues Sanududeunsauninilesini

1Y) o 1 1 I 3 A o [
MsuInfuveanIudestendu [2] uded1elsfmuitasidion lUiFeudmeunuisnisusn

9 o 1 A w A” a’; 1 1 o 9) a 9 o c’x’z dyslnu =1
udamssnamaaaulaaiudeniuazannses ldidauesadd aeiuluauideiditeas

9 H
Iéinenglumsesnuuuddiniadei 2 voe quuu Luyben) w114
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33.3 fheghamssanuuunnuylas

[ o Y zg Y i} 1 a4 o g aq Y d J By 4
ﬁTHi‘UGlu‘H’J‘U?J‘Ni]zﬂﬂﬁ’l’e]EJNﬂ’liﬂ1ﬂ'lﬂﬂ‘1]‘lj’s’1\iﬂ'lllm1ﬂﬂ’]‘l’liluﬁlﬂﬂiluﬂiﬂ“ﬁ‘u@\i

Wansunilaiiy
4 3
1+10s 1+10s
G =
(s)=| "5 4 (3.26)

1+10s 1+10s

< P a o o 91 I v & a @
%']ﬂ‘ﬂi'mfﬂw@5L3J1’I'iﬂ°1$%$tﬂuhlﬂ'3'lﬂ‘§$‘U’J‘Llﬂ'lil‘l]uﬂi%i]')uﬂ'lilmUﬂuﬂﬂﬂu\‘liﬂﬂﬁuvﬁﬂnﬂﬂﬁ

g a Y rasg =) oy 14 o 1 A w A
YN NS nd 1 TF 1suaz i Iwalesouida (Open-Loop Pole) BENAMUHUUAYINUAD

U4

v
[

mo (2 ' o :
= _01 gusamAtasuYadldnnanmsh 3.17 qumsdl 3.18 uazaunish 3.19 9z ldn
D, (s)= Dy (s)=1 (3.27)

me D, (s) Mnawnsh 3.18 aed

Dlz(S)=—&=—( 2 -1+10s]=—3 (3.28)
G, \U+10s 4 4
v A y
M Dy, (s) nauMsi 3.19 9ld
G 3 1+10s). 3
D = 21 = i =—= 3.29
2 () G,, (1+10s 4 ) 4 (3.29)

Feulieglugivomamudmefumsndez1d

33
: A (3.30)

% 1
» 1 Y

] (Y a2 A S 9/

p ? J w 1a & 2 & i i
winsudmleSlaniulndiinadunasnnfimyddudaadi 1 1dvnaunsi 3.23 HazaunIsh

D(s)= )

e

3.24 829z G, (s) 1Adai]

_ G,Gy
Gp

1+10s \1+10s 1+10s 3 '

I
3(1+105)

G (s) =Gy,

My

v
oz G, (s) lAAail
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G12G21
GZZ

__ 3 (4 4 1+10s) (3.32)
1+10s \1+10s 1+10s )\ 3

_7
3(1+10s)

G, (s)=G

9
Fouaums ndldeglugdunuvemsudiesumind Idaail

7

~3(1+10s) 0
G,(s)= (3.33)
0 1T
3(1+10s)

i 6, (s) Tmift g s idesnuuumniugudmuniuguaely

(Y] n: a d
3.3.4 AnUURaUUBUIIOIE (Inverse Decoupling)

o o & a PR 1 o 4 Y &
wannsesnupuyafsulfuusunesdiumsmAImnlinesvosgandulal

o/ T a 2 g &‘ 1 4 1 o g’/
waﬂmiwmﬁmﬂumiaamm‘u?m‘uﬂaamJuwugmLmnm%umm’fmumzmumi TITO U

o

wilisnuazmaFounsnaas lalugla 3.10

R(s) + U
! F o ! : » G,
e + Hl(s)
T_ +
Dl2 - - (;12
DZl — G21
+ = +
R,(s) U + H,(s)
' £ G, > Inverse ; » O
+ Plant
Decoupling

Ui 3.10 Iﬂ‘N’diNiu‘U'Uﬂ’J‘]Jﬂllf?’l‘ﬂ‘i‘uﬂiuU’Juﬂﬁiuﬂ‘Uu']LL'U‘U 499

y
=

a 4 o
fiszneudisgadunesadsuli
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(-4 % .
34 szunmugmmuﬂi UAUDY (Adaptive Control System)
AINIUANIUY Adaptive naedadInuguitasodfuduesldlunsneuauessanis
{ { 4 sy a
nAsunlasinemaniveanszuiumsuaz A ENIRVBIFITUNIY
ad . . A ° aan ' dq v o a 7 w =
75113904 Ziegler Nichols Aion1sMuualfsersmnsiilddumsiimesdiniuguuuudle
a4 1 1 YR o 9 =) J o
Afle K, T uAy T, waunszuuwanovaues limunsoven laseildmimisniinesvosda
v
avguuuyii lefmaril luamnsorinuldediefidsz@ns sl uadnuguuvudiuaued]a
\ 2 -
(Adaptive  Controller) #1u150%18 1¥uafesgluaznisaeuduesvesszuuinaiifn.nig
[ Pl l N
nlaemnlasduilsz@nuazdanes iuveensnIuguIUY Real time iNosaams/douuilasly
o @ & (9 o o
szuudrearvoniwed. Taena lldnruguezasisgeunsyinveesszuuiiuszezg 11an
I'4 ' <& Y] dl [ a &8 LY =1 Y = 1Y)
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clear;

clc;

K1=5.4; K2=4.8; A=66.25;
al=0.1963; a2=0.1963; ax=0.1963;
B1=0.7280; B2=0.7576; Bx=0.7668;
h1=8.3; h2=4.2; g=981;

%***************************************$***$***********

% Ti find G11(s) G12(s) G21(s) G22(s)
%******k*********‘k**********>}-***************************
Tx1=A/(B1*al); Tyl=sqrt((2*h1)/g);

T1=Tx1*Tyl,;

Tx2=A/(B2*a2); Ty2=sqrt((2*h2)/g);

T2=Tx2*Ty2;

Txx=A/(Bx*ax); Tyx=sqrt((2*(h1-h2))/g);

Tx=Txx*Tyx;

T12=T1*¥T2; T1x=T1*Tx; T2x=T2*Tx;

z1=1/T12; z2=1/T1x; z3=1/T2x; z=z1+22+z3;

x1=Tlx; x2=T2x; x3=2*T12; x4=T12*Tx; x=(x1+x2+x3)/x4;

den=[1 x z];

QR ok G | ] ()RR R AR R
G1A=KI1/A; G1B=Tx+T2; G1C=Tx*T2; G1D=G1B/GIC;
numl=[G1A G1A*G1D];

G11=tf(num]1,den)

G12A=K2/A; T12x=1/Tx;
num2=G12A*T12x;
G12=tf(nhum?2,den)
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G21A=K1/A;

- num3=G21A*T12x;

G21=tf(num3,den)

G22A=K2/A; G22B=Tx+T1; G22C=Tx*T1; G22D=G22B/G22C,;
num4=[G22A G22A*G22D];
G22=tf(num4,den)

%f//Define Decoupling///%
D12x=(G12/G11);
D12=minreal(D12x)

D21x=(G21/G22);
D21=minreal(D21x)

% To find gl(s) and g2(s) by decoupling method;
% To find gl(s)

Gnl1=G11-(D21*G12);
Gnl=minreal(Gnl1)

Gn22=G22-(D12*G21);
Gn2=minreal(Gn22)

%bl1=1; po=10%, ts=150s
b2=0.0011;
a0=1; al=0.04; a2=0.0011;
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%%%gramma%o%%

grmp1=-0.1;

grmil=-0.0003;
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Abstract: The typical coupled-tanks process that is TITO plant has the difficulty in controller design because changing
of system dynamics and interacting of process. This paper presents design methodology of auto-adjustable PI controller
using MRAC technique. The proposed method can adjust the controller parameters in response to changes in plant and
disturbance real time by referring to the reference model that specifies properties of the desired control system.

Keywords: PI Controller, MRAC, Coupled-Tanks Process

1. INTRODUCTION

The control of liquid level in tanks and flow between
tanks is a basic problem in the process industries. In
vital industries such as Petro-chemical industries, Paper
making industries, Water treatment industries have the
coupled tanks processes of chemical or mixing
treatment in the tanks, the level of fluid in the tanks and
interacting between tanks must be controlled. It is
essential for control system engineers to understand
how coupled tanks control systems work and how the
level control problem is solved. The problem of level
control in coupled tanks processes are system dynamics
and interacting characteristic. Many control methods
such as 2-DOF PID [1], Auto tuning PID {2}, CDM [3]
and Decoupling [4] have been applied to coupled tanks
processes for solveing their problems. This paper
presents design methodology of auto-adjustable PI
controller using MRAC technique for solving the
problem of coupled tanks processes. The proposed
method can adjust the controller parameters in response
to changes in plant and disturbance real time by
referring to the reference model that specifies properties
of the desired control system. Therefore, this technique
is convenient for controller design under the
requirement of the system.

The paper is organized as follows. The next section
gives details about Coupled-tank process. Section 3
explains a MRAC technique. Section 4 explains an
implementation of PI Controller using MRAC
Technique for coupled tank process. Section 5 shows
experiment process and results. Finally, conclusions are
given in section 6.

2. COUPLED-TANKS PROCESS

Consider the coupled-tank , two-input two-output
process, in fig.1. The target is to control water level of

lower two tanks A (t), b, (1) by the inlet water flow
from two pumps Q,(¢), Q,(¢). The process inputs are
input voltage of two pumps (), u,(t). The balance
in two tanks relates with inlet

of water level

978-89-93215-02-1 98560/10/$15 ©ICROS
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flowQ,(1), Q,(#), outlet valve ratio BB, and

connected valve ratio.  f, that acts on interacting

between two tanks.
The nonlinear plant equations can be obtained by

mass balance equation and Bernoulli’s law. After
linearization process, we obtain the linearlized plant
equations as (1).

() ko Ba /i
dt —AUI(I) ¥ ZEH‘(O

Ba| g
A\ /ZIhz—hxl[ 20 H,(0)]

din(t) Ky (oo Bra [ g
dt 'AUZ(I) A 2}72H2(’)

Pa | g
) =T H —H t
= 2|h2—h,][ (0~ H, (0]

(1

Where A is the cross section area of tank 1 and tank 2
(cmz), a is the cross section area of outlet hole of tank
I, tank 2 and cross section area of jointed pipe between
tank 1 and tank 2 (cmz), B, is the valve ratio at the
outlet of tank 1, £, is the valve ratio at the outlet of

tank 2, /3, is the valve ratio between tank 1 and tank 2,

O

R
I

O,

Fig.1 The Schematic of Coupled-Tank Process.



i, hy are the steady-state water level of tank 1 and
tank 2, g is the gravity (em®/s) and k, k, are the
gain of pump 1 and pump 2 (cm3 1Ves).

From the linearized plant equations (1) can be
transformed to the equation as (2)

[hl(s>]={6u(s> Glz(s)][”l(s)]
hy(s) Gy (s) Gp(s) lua(s)

Where transfer matrix Gj;(s) has the value as following

@)

4232
G”(S)= 2x
o [TLATT+2in) (1 L ]
VLY L, NI, T
k1
A T,
Glz(s)= X
2 (BheBT+ain) (1 1 1
LhLI; nn TT. DLl
1
A T,
Gy (s)= v
sz+(nTX+T2Tx+2TIT2)H(_1_+ pnl )
TITZTx TITZ TlTx TZT\'
s
G22(S)= lx
o (LA DT2fn ) (1, 1 1
LT, nnL, LI, Dl
3
where
2|hl—hzl

A il
1131 g’

I12 are the steady-state water level of tank 1 and
tank 2, 7; is the time constant of tank 1, 7, is the

time constant of tank 2 and 7, is the time constant

between tank 1 and tank 2.

3. MRAC

The block diagram in Fig. 2 shows the structure of a
model-reference adaptive control (MRAC) system that
composed of process, controller, reference model and
adjustment mechanism block. The model reference
adaptive control (MRAC) Technique is based on

information y,,,V,4 and u, that is used for

devising a controller. The adjustment mechanism
automatically adjusts controller parameters so that the
behavior of the closed-loop control plant output

486
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Reference Model| _ Ju
G, (s)
Controller Ad-’uSImen’
Parameters mechanism
U, v ¥
Controller G,(s)

Fig. 2 Block diagram of a model-reference adaptive
control (MRAC) system.

( y) closely follows that (y,,,) of the reference model.

Parameters and structure of reference model are
specificities on base of requirements of control
performance.

The adjustment mechanism of MRAC system
constructs by adaptive control rule, called MIT rule
which performs the algorithms as following.

Tracking error

es V=W, )
Form cost function
J(6)= —12—e2 6) ©)

MIT Rule says that the time rate of change of 0 is
roportional to negative gradient of .J . That is

a6 _ aJ de
Yy ol =7 = 7
L W6~ [Llad @
Where e denotes the model error and @is the
e
controller parameter vector. The components of %are

the sensitivity derivatives of the error with respect to
@ . The parameter ¥ is known as the adaptation gain.

The MIT rule is a gradient scheme that aims to
minimize the squared model cost function [5].

4. P CONTROLLER DESIGN USING MRAC
TECHNIQUE FOR COUPLED-TANKS
PROCESS

Because of the interaction between processes, the
Couple-tank control system needs the decoupling
controllers to minimize the cross coupling effects. After
the decoupling design, [4] we get 2 SISO transfer
functions of plant g,;, and g,,, Wwhich are used for

PI controller design by MRAC technique respectively.

b.s+b ,
i 2
a8 +a,sta,,

U, K s+ K, J e R
[y a,;s+a
4

Fig. 3 structure of 1* order MRAC control system




Consider a system described by 1% order model
b/(a;s+a) . A block diagram of control system
depicts in Fig. 3.

Closed loop transfer function is

h(s) __ b(Ks+K) ;
U,(s)  as®+(a, +bK,)s+bK, @
and

b
G P9 B ®

 a,s* +(a, +bK, ) s +bK, ‘
From (7) and required performance of system, we
obtain a reference model

as (9).
Ym (S) = bmls +bm2 (9)
Um (S) amosz + amls+ amz

Apply MIT gradient rules for determining the value of
PI controller parameters K, K; in (10).

'dI<—p=—7’i]—-=— (a_‘].)é_)f i
a7k, \ae \ay | ok,

(10)
K (B_J) %) .
a "ok T e \oy N3k
Where 0J/de=¢, de/dy=1
0y, bs
—L= A=Y, 11
0K, ays’+(a+bK,)s+bK, [ ”] ()
Y b
—£= {U,-Y, 12
0K, a,s*+(a +bK,)s+bK, [ ¢ ”] R
From Eq. (11) and (12), it obtained —~ 9K as E
4 ’ ot~ ot .
(13).
|y
a,s tasta, ébﬁ-»
ull
7
Y —sVn
Ull
a,,s +a_s+a,

Fig. 4 MRAC Block Diagram for Couple-Tank
Process
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ﬁ=_7 a_J=_7/g bS |:_Y:|
dt POK, 7 as’+(q+bK,)s+bK, - "
dK. aJ b

dt ' 9K, £ as* +(a, +bK, ) s+bK, [v.-7,]

(13)
A block diagram in Fig. 4 shows how MRAC technique
is implemented.

5. EXPERIMENT AND RESULTS

Referring to the parameters and the operating points
of process in table 1 and table 2, this process can be
placed into the equation (1). It will be obtained the plant
transfer function as in equation (14).

Table 1 Process Parameters

Symbol Description Quantity
A(cmz) frzoss section area of tank 66.25
2 Cross section area of
alam) outlet hole of tank 1,2 0.1963
8, t\:rllll\(/el ratio at the outlet of 0.9015
B, t\;zrilllzez ratio at the outlet of 0.9919
Valve ratio between tank
A 1 and tank 2 0.9279

Table 2 The operating point of process

Symbol Description Quantity
u,u,(V) | Input voltage of pump 25.2
1,2 -
;, Water level of tank 1 5.25
Z Water level of tank 2 2.45
3
k(e [V Gain of pump 1 54
3
ke (em [V Gain of pump 2 4.8
(G, (s) Gy (S):| _
[Gai(s) Gan(s)
[ 0.08151s+0.006356 2.637x10°
(s? +0.1402 5 +0.003526) (s* +0.1402 5 +0.003526)
2.966x10" 0.07245s + 0.004507
(s +0.1402 5 +0.003526) (s” +0.1402 s +0.003526)
(14)

From (14) we designed decoupling controllers Dy, (s)

D,,(s)
couple-tank process as equation (15), (16).

and for decoupling the interaction in



G, (s)
__ 2.637x10*
(s +0.1402 s +0.003526)

_ 2.637x10*
0.08151s+ 0.006356

(s* +0.1402 s + 0.003526)
0.08151s+ 0.006356

(15)
_ Gy (s)
G22 (s)

Dy, (S) =

_ 2.966x10" 8
(s +0.14025 + 0.003526)

2.966x10
0.07245s + 0.004507

(s* +0.1402s + 0.003526)
0.07245s + 0.004507

(16)
From decoupling controllers , it obtained new plant
transfer functions as equation (17)

G 0
60)=|% o |
n22

(17)
where
G
Gn“ (S) =G (s)—G_ﬂGlz (s) =G, (s)_Dzl (S)Glz (s)
22
_0.08151
s+0.06221 (18)
G
Gn,, (s) =Gy (s) _6&621 (s) =Gy (s) -0, (s) Gy (S)
n
_ 007245
s+0.07797 (19)
5.1 Simulation of Tank1 Control Loop
Plant transfer function G, (s) = \WOFH
r s +0.06221

Design PI controllers by using MRAC Technique as the
control structure in Fig.2. From the specifies properties
of the desired control system P.0O.=10 % and

t, =150, a reference model is shown in (20)

Y(s) _ s+0.0011
U,(s) s*+0.045+0.0011
(20)
5.2 Simulation of Tank2 Control Loop
Plant transfer function G, (s)= _ 007245
P 5 40.07797

Design PI controllers by using MRAC Technique as the
control structure in Fig.2. From the specifies properties
of the desired control system P.0O.=10% and

t, =100, a reference model is shown in (21)
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5+0.0026
(s) s*+0.065+0.0026
The test done by control the response of tankl and

m

U,

m

L.(s) _

@n

tank2 control system (g,,“(s), g2 (s)) at the set-point
as the details in table 3.

Table 3 The operating point of process

Tank t=0s | t=1500s5 | £=3000s 1=4500 5

1 2 - 4 -

2 2 4 - -
Determining  the value of PI  controller

parameters K, K by MRAC algorithm, we defined the
value of adaptation gain ¥ as following

Tankl 7, =-0.01 and %, =-0.00003
Tank2 ¥, =-0.01 and7, =-0.00005

The simulation results are shown as Fig.5-Fig.9 .

(17)
Output Response of Tankt
4.5 T T T T
41
3.5
o 3-
(3
L
= 25
o
(2
I
Vi
3
1.5
1
0.5 ‘Ymodel |
- Yplant
0 L t : L L L I T
0 500 1000 1500 2000 2500 3000 3500 4000 4500

Time (sec)
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Fig.6 MV from PI Controller of Tank1 Control Loop
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Control System for Coupled-Tank Process
The experiment results are shown as Fig.10-Fig.14 .
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6. CONCLUSION
The design of PI controller using MRAC techniques
couple-tanks process can adjust controller

parameters in response to changes in plant and
disturbance and with specifies properties of the desired
control system. It is shown by the experiment results in
Section 5 that MRAC technique solve the dynamic
problem of the couple-tanks process and it is convenient
for controller design under the requirement of the
system.
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