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ABSTRACT

The performance of various conventional control strategies was compared against the self
tuning Proportionalintegral Derivative (PID) controller which examined when been
applied in composition control @ debutanizer column.ufingof PID control $rateges

studied and analyzeidcluded Smith Predictor control, Internislode control, Cascade
control, Feedback control an@é&dforwarefeedback controlThe comparisons were done

by MATLAB Simulation using ldentification Tool (IDENT) and SIMULINK. The
comparson for each control strategy performance was studied in terms of response
towards set point cimges and disturbance rejection towards error, manipulated variable
which is valve opening antie scopeThe success of control strategies are determined by
the stability of the process model obtained from each control strategies.



CHAPTER 1: INTRODUCTION

1.1Background

Yasuki et al(2008) stated thathe PID controller is the most common form of
feedback. It was an essential element of early governors and it became the standard tool
when process control emerged in the 194@searly implementation was in pneumatic
devices, followed by vacuum and soidd at e anal og el ectronics,
digital implementation of microprocessording (2001) claimed thahiprocess control
today, more than 97% of the control loops are of PID ,typest loops are actually PI

control. PID controllers armday found in all areas where control is used.

The controllers come in many different forms. There are standalone systems in boxes
for one or a few loops, which are manufactured by the hundred thousand yearly. PID
control is an important ingredient afdistributed control system. The controllers are also
embedded in much special purpose control systems. PID control is often combined with
logic, sequential functions, selectors, and simple function blocks to build the complicated
automation systems uséal energy production, transportation, and manufacturing. Many
sophisticated control strategies, such as model predictive control, are also organized
hierarchically.The ability of PID control mode to compensate most practical industrial
process has led tiheir wide acceptance sues in pulp and paper industrigsstrom
2002).

1.2 Problem Statement

Although PID controllers are the most widely used control mechanism in the world,
they are also the most basic. Therefore, PID controllers are signifidiamitigd in their
capabilities, especially when complex processes are required to perform a task. PID
controllers are only capable of measuring varying inputs and calculating the difference
between them. Because of this, some subject specific industriesuseuarger and/or
more expensive controllerBID controllers, when used alone, can give poor performance

when the PID loop gains must be reduced so that the control system does not overshoot,
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oscillate or hunt about the control set point value. Theg akve difficulties inthe
presence of noefinearity may tradeoff regulation versus response time, do not react to

changing process behavior and have lag in responding to large disturbances.

1.3Objective

This study will be conducted to compardifferent advanced control strategias i
tuning controller method in debutanizer coluamd select the best control strategy among
them The comparisons were done by MATLAB simulation to evaluate the performance
of the controllers in terms of response togga set point cinges and disturbance

rejection, and also the opening valve which represented by Manipulated Variable.

1.4 Scope of Study

Performance of each control strategies for self tuning in debutanizer column will
be studied and analyzed. The control strategies including Smith Prextiotool, Internal
Mode control, Cascade contrplFeedback control andeEdforwardfeedback control
which will be tuned using Genetic Algorithm (GADifferent type of parameters will be
applied to measure the performance of the control strategies including flow rate, level,

temperature, pregee, error, manipulated variable which is valve openingsange.



( > Controller T

CHAPTER 2 : LITERATURE REVIEW AND THEORY

2.1 PID Controller

Hale (1995) stated that groportionalintegratderivative controller (PID
controllep is a control loop feedback mechanism widely used in industrial control
systems. A PID controller calculates amorvalue as the difference between a measured
process variable and a desired set pdihe controller attempts to minimize tkeeror by

adjusting the process through use of a manipulated variable.

A typical stucture ofa Proportional Integral DerivativeRID) control systenis:

PID Controller Disturbance d(t)

y(t)

\ 4

v
v

model

u(t)

i Plant

Figure 1. PID Structure

PID Algorithm and mathematical description of PID controller:

YO v Q0 — Qf QTOYf
Qo

(Astrom 2002)

Wherey is the measured process variabléhe reference variable,is the control signal
ande is the control errorQ  «  w .The referenceariable is oftercalled the set
point. The control signal is thus a sumtlofee terms: the-Rermwhich is proportional to
the error the Herm which is proportional to the integral of the error, and thésibn



which is proportional to the derivative of the error. Thentroller parametersare

proportional gairK, integraltime”Y, and derivativeime ™Y (Astrom 2002).

2.2Tuning of PID
Muzidah et al Q012) stated thatonventional controller design methods will

produce constant coefficient algorithrbsised upon an assumed linear timeriant
system.More systematic approaches has been studied and developed by applying various
optimization techniques such as Genetic Algorithm, Particle Swarm Optimization,
Bacterial Foraging Optimization and Stochastic Algorithms. The basis of a self tuning
system is a algorithm that will automatically change its parameter to meet a particular
requirement or situation. This is achieved by the addition of mechanism which monitors
the system and adjusts the coefficient of the corresponding controller to maintain a

required performance.

The ability to adapt with process variations such as load changes and disturbances
has made self tuning PID an excellent alternative to the conventional nistpldt sel+
tuning control (STC) use the information from model parametes must be updated
recursively in order to synthesized a new controller parameters based on specified design
requirements. In some séifning controller, the recursive process estimation was not
necessary. This type of controller is referred to as ina@elf-tuning controller. Explicit
STCs applycertainty equivalence principl@here model uncertainties during parameter
estimation weranot considered. It is assumed that these values correspdmeirtactual
values(Muzidahet al2012)

D§S|gn »  Control design < Onlineparameter | ¢
requirement

A\ 4

aniiatinn

Controller
parameter

Steam
»  PID Controller Plant temperature

Figure 2: Explicit self tuning control structures



2.3 Smith Predictor (Deadtime Compensatior)

Processes that contain a large transport lag can be difficult to control because a
disturbance in set point or load does not reach the outputuaritibf time elapsedead
time compensation or also known as Smith Predictor, atiemgpreduce the deleterious
effect of transport lag (Donalét al 2009). The Smith Predictor is a model based
controller that is effective with long dead time which has inner loop with main controller
that can be simply designed without the dead time (Hang 19%4g effects of load
disturbance and modeling error are corrected through an outer loop and this predictor also
can be used for processes with significant non minimum phase dynamics and for high

order ystems that exhibit apparent dead time.

r) + + Ge(s) i-“ G(s) Plant gls ___i c(t)
DO g g
. Model
i | Gn(s) em° i :"+

Figure 3: Smith Predictor Control Scheme

Smith Predictor as shown in Figure 4 is well knowretisctive deagime compensator

for a stable process with long tirdelays.lbrahim (2002) stated that while the Smith
predictor structure provides a potential improvement in the cllosgdperformance over
conventional controllers for stable processes, the structure cannot be used to control open

loop unstable processes.



2.4Internal Mode Control (IMC)

Donaldet al (2009 stated that Internal Mode Control (IMC), which is base@ion
accurate model of the process, leads to the design of a control system that is stable and
robust.A robust control system is one that maintains satisfactory control with changes in
dynamics of the process (Donadd al 2009. Tiertli et al (2010) statedhat Internal
modetbased control (IMC) has been shown to possess many advantages over PID
control, particularly in the presence of significant process dead kinpgementation of
IMC is simplified in a large class of industrial applications where tloegas dynamics
can be adequately characterized by a simpledind¢r model requiring only estimates of
process gain, lag time constant, and dead time for implementing the controller design
(Tientli et al 2010).

Input disturbance

Cutput
(d) P

disturbance (¢)

l Measured
+ PV

Set point l
G(s) |—» — G(s) [—»
® o-

A +

v

Estimate disturbance
free PV

Gn(s)

+

v
Process disturbances -
and model error

Figure 4: Internal Model Control diagram
Donald (2002) proposed that in applying IMC control system design, the following
information must bepecified:
1 Process model
1 Model uncertainty
1 Type of input (step, ramp)
1

Performance objective (Integral square erooershoot)



Based on Figure Sor an IMG-based control system, an internal model of the process
is built into the controller structure. The CO that is sent to the process is also used by the
model to predict the future process output (PV). To simplifydggign implementation,
the mathematical model used is often a lewsder parametric model for example, a
first-order model where only model gain, model lag time constants, and model dead time
are needed. The difference between the measured PV and tHel motput signal
represents an estimate of the overall system disturbances including not only the actual
physical disturbances affecting the process but also the effects of model inaccuracies and

measurement erro(Fien-li et al 2010).

2.5Cascade Contrd

Jenget al(2012) stated thatascade control is one of the most successful control
structures for enhancing singl@op_control performance, and particularly when the
disturbances arassociated with the manipulated variaflberefore, cascadmntrol has
been applied extensively in chemical process industries (Jyh 2014). The standard cascade
control approach is to nest one feedback loop inside another feedback loop using two
controllers. The controller of the inner loop is called the secoratartyoller, whereas the
controller of the outer loop is the primary controller. The rationale behind this
configuration is that the fast dynamics of the inner loop will enable faster disturbance
attenuation and minimize the possible effect of the distudsmamefore they affect the
primary output, which is the controlled variable of interest (Jeng et al 2012).
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Figure 5: Configuration of Typical Cascade Control System

According to Jyh (2014),ni a cascade control schemee timtroduction of an

additionalsensor creates a secondary (inner) loopédffattively attenuates disturbances.

Figure 5 shows the configuration of a typical cascade control system, wkier¢h&

primary process and A3 the secondary process. The primary controller1@ses the

primary process variablg with setpoint r, to establish the set point for the secondary

controller G,. The secondary process variablg ig transmitted to the secondary

controller, which adjusts the manipulated variable u. Disturbances can enter at two

possble points, gand @, with disturbance émsfer functions andG,, respectively. A

cascade control scheme is effective becausdigtterbance glaffecting the inner loop is

promptly compensatedokfore it affectshe primary process variabje

2.6 Feedback and Feedforwardfeedback Control System

Accordingto Donald et al (2009), feedbackntrol is control strategy when the

manipulated variable is adjusted based on the measurement of the controlled variable

(CV). It is important to make a distinction between negative feedback and positive

feedback. Advantages of using feedback control strategy are corrective action is taken

10




regardless of the source of the disturbances and it reduces sensitivity of the controlled
variable to disturbances and changes in the proBessdes, it is simple to implement and

also requires minimal detailed information about how the process itself works. Feedback
control action is entirely empirical thus as long as an adjustment is beithg imahe

correct sense then the control system should remove the effect of an external disturbance.

G

Set point

»
8

Figure 6: Feedback Control Loop

Donald et al (2009) also stated that feedforward control strategy is control strategy
where the manipulated variabke adjusted based on the measurement of the disturbance
variable (DV). In some cases the major load disturbance to a process may be mheasure
and utilized to provide feedforward control. Advantages of using feedforward control
strategy ardt takes corrective action before the process is upsetdaad not affect
system stability The disadvantages of this control strategy are disturbance lmust
measured for example capital aoderating costsand equires more knowledge of the
process to be comtited. Feedforward control is usually used in conjunction with feedback
control to improve disturbance rejection. The strategy control called Feeadtb
feedback control.

11
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Figure 7: Feedforward-feedbackControl Loop
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CHAPTER 3: METHODOLOGY

3.1 Project Flow Chart

APreliminary study on past researched based on related topic which
focused on PID controller, conventional tuning and conventional
tuning in debutanizer column.

LITERATURE ﬁldentlfled the variables of the propct. .
REVIEW Study on the method of process simulation.

~N

AFamiliarize with the process simulation software used which is
MATLAB.

ADesign the self tuning controlle process simulation with complete
parameters and conditions.

J

~N

AConduct and run the simulation.
Aldentified and analyzed the effects of each parameter, variable and
RESULT conditions the result of the simulation.
INTERPRETATION
AND ANALYSIS )

~N

AAnalyze, justify all the result obtained and make proper conclusion
related to the simulation based on previous literature review.

J
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3.2Project Methodology (MATLAB Simulation)

MATLAB 7.7.0 (R2008b;

File Edit Debug Parallel Desktop Window Help
DE|sRR20c hefB|@ Current Directory:| C:\Users\user\Documents\MATLAB - m@
Shartcuts [#] How to Add (2] What's New

e —————————————
o Mew to MATLAB? Watch this Video, see Demas, or read Getting Started,

> ident
Opening System Identification Tool ....... done.

fr s

Figure 8: MATLAB Interface

MATLAB Simulation was used to study each control strategy performance in terms of set
point regulation, response towards set point changes and disturbance rejgftéon.

MATLAB program has been opened, in the command windB®NT this stands for

Idenification Toolsopened.

Import data - Import models: -
I Operation l
Prepr -
Working Data
Estimate > -
Deta Views Wodel Views:
To To
Workspace LTI View: ”
Time piot Model output Transient resp Nonlinear ARX
Data spectra Model resids Frequency resp Hamm-iener
Fragusncy function ] ] ] ] Zeros and poles
Ext Noise spectrum
== Validation Data
Status ine is here.

Figure 9: IDENT Interface

This is the main interface in System Identification Tools which will be used in
determining the most stable and high performance of process models for each parameter

including flowrate, level, pressure and temperature

14



Import data

- Import madels -

Data views Model View:
Time plot Model output Transient resp
et ‘ fiow1 Noise spectrum
Trash

‘alidation Data

Session open. Use Views or double-click (right mouse) on icons for more info.

Figure 10: Process Models Selection

In IDENTLt, as showed at Figure 18t Estimateoptions, Process dlels washose in

order to determine the best process model for each control strategies.

e — Parameter Know Value Initial Guess Bounds

K
Auto [nf Inf]

Kexp(-Td 5] Tt
pCTd =) " Auto [0.001 In1]
@ > 10 & [0.001 In1)
[0.001 Inf]
[inf inT]

Td

Auto [0 301
Initial Gues=
@ Auto-selected
From existing modzt
User-defined Valug—>intial Gusss ‘
Disturbance Model Hone - Initial state: Adto -
For Covariance:
Simulation - Estimats: - | Options |
Reratio Fit Improvemer it
A Display Stop lerations
Nam
PiD Estimate Close Help

After Process Models has been chosen, this is the main interface of Process Models

Figure 11: Estimation of Transfer Function

criteria selection. In this interface, there are stditdn Transfer Function and Poles

options. In Poles optionsiumber of poles has to be selected and confirmed wéaicie

15




from Oto 3 and also have to choose between All Realarder dampegroperties. Next,
for Poles properties, we have to choose betw&so order, Delay and Intedos. Next,

Estimate option ishoose

Import data - Import mocdels -

I Operations
\MA\VV\/V‘V\/_A.M < Preprocess - “

PIDIZ

Estimate > -

Deta Views Madel Vizws
To T
Worksp: mviewer | i i i
Time plot 7 i SR Transient resp Nonlinzar AR
Data specira | resils Frequency resp Hamm-Wizner
reoney oo ] ] ] ] N e i F——
Exit | flow1 Moise spectrum
D Validation Data

Click on dataimodel icons to plotiunplot curves,

Figure 12 Selectionof Most Stable Transfer Function

As we can sefom Figurel?2, the process model already been developed, which showed
in Working Data.To get the full result of stability and performance of the process model

that has been generated, Model Output opticeliscted

Measured and simulated model output
33
T T T T

Best Fits
IP1DIZ: 10.64

Figure 13: Value of Selected Process Models
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Figure 13showed that the value for the process models obtained is 10.64. The best and
high performance of process models will be approaching positive 100. These steps were

repeated until the highest value of all process models examined is obtained.

AT B L ) 3 e
DS 4 BR9 o &l 2| @ | curentDirectory: C\Users\user\Documents\MATLAB - B@
Shortcuts 2] Howto Add (2] What's New

New to MATLAB? Watch this Video, see Demas, or read Getting Started.

»» simulink

i »>

Figure 14: SIMULINK Interface

After the best process modelabtained from simulation of IDENT, SIMULINKvas
used to determine the best self tuning control strategy usimydabess models obtained.
As can be seen in Figure,lis thecommand windowSIMULINK function was inserted
and opened.

fle Edit View Help
[ & +=  Entersearchterm BH @'

praries Library: Simulink | Search Results: (none)
- B Simulink o .
| Commonly N\ Logic and Bit
Commonly Used BI... Used Blocks Ig Continuous l‘ Discontinuities !g Discrete Operations El Lookup Tables
- Continuous
- Discontinuities +=| Math @ Model H Model-Wide M F|  Ports & Signal ) }
Discrate Operations Verification . Utilities & Subsystems Attributes Signal Routing
- Logic and Bit Opera... ¢ }i" Sink S{“ s X User-Defined Additional Math
Lookup Tables 2% s “¥ ources " Functions & Discrete

- Math Operations
- Model Verification
Model-Wide Utilities
-~ Ports & Subsystems
Signal Attributes
- Signal Routing
- Sinks
Sources
- User-Defined Functi...
- Additional Math & ...
B Acrospace Blockset
- B Communications Bl
& Control System Too...
- | Data Acquisition To...
- EDA Simulator Link
- | EDA Simulator Link...
- EDA Simulator Link
|- B Embedded IDE Link... .

Figure 15: Startup of Block Diagram in SIMULINK
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This is the main interface of Simulirfiinction. In this section, block diagram of different
control strategy will be developed to determine the most efficient and high performance in

terms response towards set point charaged disturbance rejection.

le Edit View Simulation Format Tools Help

OEEE } WNoma\ V@ ﬁﬁ@

5 —f

Soopel

Scope2 : |—b time

Clox

o

B e

To Werkspace2

— _
b
L -
78.13=+10 41541

Trensport
Transter Fen Delay

To Worspaced

Scope

P feedback

To Worspace!

Figure 16: Example of Block Diagram

This is one of the examples of block diagram generated from process models obtained. In
Figure 16, the block diagram been developed isFeedback Control strategies Thus,

this step will be repeated for all stated control styiate which includedsmith Predictor
control, Internal Mode control, Cascade contralj &eedforwarefeedback control.
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3.3 Gantt Chart and Key Milestone

No

Detail Work

10

11

12

13

14

Project Work

continue.

Simulation of
Stability of
Transfer

Function

Selection of
suitable
Transfer
Function For

Each Parametel

Developing
block diagram
in SIMULINK.

Analyze and
investigated the
effect of step
input and
disturbance
input towards

the result.

Submission of

Progress Repori

Project Work

Continues

Analyze the
result which

covered error,
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manipulated
variable (MV)

and scope.
9 Pre-SEDEX
10 | Submission of
Draft Report
11 | Submission of
Dissertation
(soft bound)
12 | Submission of
technical paper
13 | Oral
Presentation
14 | Submission of

Project
Dissertation
(Hard Bound)
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CHAPTER 4: RESULTS AND DISCUSSION

m3/hr % KPa Af
CONTROLLERS FLOW 1 ELOW I:[EVEL ;EVEL ERESSURE TEMP 5
TAG NUMBER FIC123 | FIC126| LC 111 | LC 112 PC 109 TC 110
PB 100 200 45 250 50 135.7
Kc 1.00 0.50 2.22 0.40 2.00 0.74
Ti (seconds) 30 12 660 550 42 250
Td (seconds) 0 0 0 0 0 80
Set Point, SP (m3/hr) 44.64 7.55 - - - -
Set Point, SP (%) - - 45.88 7.6 - -
Set Point, SP (KPa) - - - - 823.8 -
Set Point, SP Ap - - - - - 20

Table 1: Parametersinvolved for simulation

Using Identification Tools (IDENT) in MATHLAB, stable transfer function have been
selected for each parameter considering the highest valued obtained approaching 100 units
value.

4.1 Simulation of stability of Transfer Function

PARAMETER TRANSFER FUNCTION
FLOW 1 ,
O T@EY oHXQ
o] viv L8 Yip OB i p
FLOW 2
v P MPouvuvw
CX& o xiw p
LEVEL 1
Oi TBIng Yt
! TPodC PXPT p Tt oBo@ig i
LEVEL 2
o XPpuig togo
l ygooix p8 1T p
PRESSURE 1
o L p TV P TIE
l X &0 1@ p
TEMEPERATURE 5 ,
Oi P Yip p @ W
i - -
o1 D giX D

Table 2: Selected Transfer Function
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4.2 Simulation of Block Diagram in SIMULINK for Selected Transfer Function

In the simulation, theonfiguration for each PID controller for each parameter is varied as

showed below, referring to theckalue, T valued and Jvalue.

CONTROLLERS ELOW ELOW IiEVEL IiEVEL ERESSURE TEMP5
Kc 1.00 0.50 2.22 0.40 2.00 0.74
Ti (seconds) 30 12 660 550 42 250
Td (seconds) 0 0 0 0 0 80

Table 3: Configuration for PID Controller

Function Block Parameters: PID Controlle

PID Controller

This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as
anti-windup, external reset, and signal tracking. You can tune the PID gains automatically using the "Tune...' button
(requires Simulink Control Design).

Controller: | PID v] Form: [Parallel

Time domain:
@ Continuous-time

) Discrete-time

Main | PID Advanced | Data Types
Controller parameters

State Attributes

Proportional (FP): 0.74 = Compensator formula

Integral (I):

Derivative (D): perl.p N

Filter coefficient : 1+ Ni

Initial conditions

Source: [internal v]
< | T | ¥
‘)- [ OK ] [ Cancel ] [ Help ] Apply

Figure 17: Interface for Configuration for PID Controller
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4.2.1Feedback control strategy

Soope? Scogen W time
o Chk

| Emr To Workspace2

T Worksgeeed
0 H—p PIDE > uﬁam1 r—’|ﬂy p Teedback
- 78138104150 Tt R —

=i =) lonkEpace
Sep PID Comtrolier r——— - !
1

Figure 18: Step andDisturbance Input Simulation for Feedback Control Strategy

4.2.2Feedforward feedback Control Strategy

-
s+1

Step2 Transfer Fon2

I - 13810s+12.89 o
* 348 8s2+137s+1
Stepl FID Contraliert Transfer Font Trarspart Scope
- Delay
J |:|| To Workspace1
I Scopel
Scope2
n
To Workspace? To Workspaoe3

Figure 19: Step and Disturbance Input Simulation for Feedforward feedback
Control Strategy
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4.2.3Smith Control Strategy

Stepl

=P | =t |
To Works pace2 To Works paced To Workspace3

-

Seope2 E —
Scoped
* FIDis) ‘i >

FID Controller 1

Step2
0.3001 N D%(
781252410 41541 *
Trarsfes Font Transpart
Delay!
+
N 0.6001 N D%( ?
80.12:2+15. 4151
Trarsfes For2 Transpart
Delay2

=

Scoped

4’

To Workspace!

Figure 20: Step and Disturbance Input Simulation for Smith Control Strategy

4.2.4Cascade Control Strategy

gl

s .
T .
| Saapet St
To Wartgzse?
To Wotgpee3
. PIDg [t :|:| 1 P 1 138102+13.89
f 345 5624137541
PID Conmert PDCoNmER presr—

o]

e

) N 135101139 ]
- 32.81H5T5H :

Terskrfog

To Wokspacel

Figure 21: Step and Disturbance Input Simulation for Cascade Control

Strategy
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4.2.5Internal Mode Control (IMC) Control Strategy

v -
W = o]
—>|

Scoped

il lF

E - Lol rios - | 128105+12.89
= i 348.85241375+1 *

Stepl PID Controller1 Trarster Foni Seopel

To Workspacel

*
Step2
¥

135105+11.89

328 857+167s+1

Transfer Fon2

Figure 22: Step and Disturbance Input Simulation for IMC Control Strategy

4. 3RESULTS AND DISCUSSION FOR SIMULATION IN SIMULINK

In determining and selecting the besintroller for each pameter, there are 3 main
criteriato be considered. The firgtriteria is the valve opening which represented by
Manipulated Variable (MV) graph. For the best and stable condition in MV vs. Time
graph, the valued should be in a ran§@ to 100 and the value also should not fluctuated
much as it will reduces the performance of the valve. The next criteria are the area of
error, represented by Error vs. Time graph. In the block diagram developed, error is
measure before controllerk& place, so the value of area of error should as small as
possible. The last criteria is scope which represent the overall performance of the

parameter itself, which represented by Scope vs. Time graph.

The simulation was conducted in 2 modes which ti&t fone is in Step, where only Step

1 has the value for set point which Step 2 and Step 3 are 0. For second mode which is
Disturbance, the situation is different where Step 2 and Step 3 have the value for set point,
while for Step 1 the value is zeAdl the simulation for each control strategies for each
parameter using selected stable transfer function has been successfully conducted. The

full resultfor each control strategy is Chapter 7 which is in appendices section.
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4.3.1 Best Control Strategy forStep

PARAMETER | CONTROL DESCRIPTION
STRATEGY
FLOW1 Internal .
Mode MV vs Time
Control 60
40
g 20
E O T T T 1
20 100 200 300 400
-40
TIME (second)
Area of error = 367.392
Valuefluctuatedat the beginning and thenaintained
stable until the end of process.
FLOW?2 Internal
Mode .
Control MV vs Time
20
15 4
S 10 e
sl
s 5
0 T T T 1
5 100 200 300 400
TIME
Area of error = 2.58E+03
Valuefluctuated at the beginning and then maintained
stable until the end of process.
LEVEL1 Internal .
Mode MV vs Time
Control 200
g 150 \
< 100
>
> 50 \
0 T T T 1
0 50 100 150 200
TIME (second)
Area of error = 5.52E+03
Stable

26




LEVEL2

Internal

Mode MV vs Time
Control 10
5
3
S0 ; , . .
= 100 200 300 400
-5 '
-10
TIME (second)
Area of error = 2.8824
Fluctuating at the beginning and then maintaistadble.
PRESSUREL1 | Smith .
Predictor MV vs Time
Control 3000000
2000000
= 1000000
X
N 0 . - .
= 1000000 100 200 0 400
-2000000
-3000000
TIME (second)
Area of error = 2.8824
Stable
TEMP5 Internal .
Mode MV vs Time
Control 20
25
= 20 -
>
S 15
= 10
> T
0 100 200 300 400
TIME (second)

Area of error #458.01

Fluctuating at the beginning and then maintained stab
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4.3.2 Best Control Strategy for Disturbance

PARAMETE | CONTROL | DESCRIPTION
R STRATEG
Y
FLOW1 Internal .
Mode MV vs Time
Control 80
~ 60 —
E\O, A
> 40
20
O 1 T T T 1
0 100 200 300 400
TIME (second)
Area of error = 1.71E+03
Fluctuating at the beginning and then maintained stal
until the end of process.
FLOW?2 Internal
Mode )
Control MV vs Time
40
< 30 - /
< 20
= 10 r
)
O T T T 1
0 100 200 300 400
TIME (second)
Area of error = 97.865
Fluctuating at the beginning and then ntained stable
until the end of process.
LEVEL1 Cascade .
Control MV vs Time
250
_. 200 e
£ 150 e
Z 100
50
0 T T T 1
0 50 100 150 200
TIME (second)

Area of error = 5.52E+03
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Stable
LEVEL2 Internal .
Mode MV vs Time
Control -
15 -
2 10
1
O T T T T
0 100 200 300 400
TIME (second)
Area of error = 1.03E+04
Fluctuating at the beginning and then maintained stal
PRESSURE1 Smlth MV vs Time
Predictor
Control 2000
1500
;\o‘
< 1000
=
500 N
0 T T T 1
0 100 200 300 400
TIME (second)
Area of error =10241.79
Fluctuating and stable at positive value.
TEMP5 Internal .
Mode MV vs Time
Control 40
—~ 30 e
S
§ 20 4
10
0 T T T 1
0 100 200 300 400
TIME (second)
Area of error 55753
Stable.
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CHAPTER 5: CONCLUSION

This simulation project has successfully achieved the main objective which is to
compare differentadvanced control strategiassed in tuning controller method in
debutanizer column and select the la@hktance control among theithe comparisonkas
been successfully conducted usM@TLAB simulation to evaluate the performance of
the controllers in tens of response towards set point changes and disturbance rejection,
and also the opening valve which represented by Manipulated Variatdeal Mode
Control (IMC) control strategy has been selected as the best control strategy for both Step
and Disturbace mode, considered the stability and minimum value of error obtained after
the complete simulation. For further action plans, more parameter and other control of
strategy should be consider and study to increase the efficiency for control strategy in

delutanizer column.
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7.1 Disturbance

7.1.1 FLOW1

i Cascadeontrol

CHAPTER 7: APPENDICES

MV vs Time Area of error=
4E+93
3E+93 9.59E+91
S 2E+93
S 1E+93 Maintained stable at th
= 0 . . . beginning at the value
1E+93 100 200 0 400 ||~ of 0andbegan
oE+03 increasing drastically a|
TIME (second) short time.
Scope vs Time
2E+93
£ Maintained stable at th
2 0 \ \ \ \ : . beginning at the value
o ) 50 100 150 200 250 300 350 of 0 and began
o 2E+93 decreasing drastically &
3 short time.
-4E+93
TIME (second)
Error vs Time
4E+93
T 3E+93 Maintained stable at th
g 2E+93 beginning at the value
= of 0 and began
x 1E+93 : : .
o) increasing drastically &
2 0 ' ' ' ' ' ' short time.
W _1E+930 50 100 150 200 250 3p0 350
-2E+93
TIME (second)
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9 Feedback Control
Error vs Time

6E+15 Area of error:
__ AE+15 1.36E+16
=
g 2E+15
x 0 , . . . ~All . Maintained stable al
2 50 100 150 200 250 WBoo 350 || the beginning at the
@ -2E+15 value of 0 and bega

4AE+15 fluctuating at the

end.
-6E+15
TIME (second)
MV vs Time

6E+15

4E+15 Maintained stable af
. 2E+15 the beginning at the
S value of 0 and bega
= ° 50 100 150 200 253' 00 350 fluctuating at the

-2E+15 end.

4E+15

-6E+15

TIME (second)
Scope vs Time

6E+15
. 4E+15
< Maintained stable aj
T 2E+1S thebeginning at the
w0 , , , , || value of 0 and bega
o 50 100 150 200 250 |BOO 350 fluctuating at the
O -2E+15 end
0 .

-4E+15

-6E+15

TIME (second)

34



i Feedforwarefeedback Control

Error vs Time

Area of error =

3E+14
2E+14
£ 1E+14 3.10E+14
> 0 ———————— A | | vaintained stabl
o | aintained stable
O -1E+14 50 100 150 200 250 {300 350 at the beginning at
X 2E+14 the value of 0 and
3E+14 began fluctuating a
the end.
-4E+14
TIME (second)
MV vs Time
4E+14
3E+14
2E+14 Maintained stable
__ 1E+14 at the beginning at
S 0 : . . . ~AH: . thevalue of 0 and
§ -1E+14 50 100 150 200 250 3 0 began fluctuating a
2E+14 the end.
-3E+14
-4E+14
-5E+14
TIME (second)
Scope vs Time
4E+14
3E+14 —
= Maintained stable
2 2E+14 at the beginning at
N 1E+14 the value of 0 and
o 0 : : : : -~ : began fluctuating a
O 1E+14 50 100 150 200 250 [oo 350 | |the end.
2E+14
-3E+14

TIME (second)

35



T IMC Control
Error vs Time

20 Area of error =

10
~ 0 . . . 1.71E+03
S -10 0 .

E 2o Fluctuating at the

L 30 beginning and ther|

[ 40 maintained stable
until the end of

-50 process.

-60

TIME (second)
MV vs Time

80

70 :

60 o Fluctuating at the
S beginning and ther]
> 40 maintained stable
= 30 until the end of

20 process.

10

O T T T T T T 1
0 50 100 150 200 250 300 350
TIME (second)
Scope vs Time

400
w300 Fluctuating at the
g beginning and ther
o 200 n AA maintained stable
o A until the end of

100 - \AWAr~
o vvv process.
0 0 -
) 5 100 150 200 250 300 350
-100

TIME (second)
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1 Smith Control
Error vs Time
4E+12 Area of error =
3E+12 I
T 2E+12 1.74E+12
2 1E+12
,I 0 . . . ‘ . . . Maintained stable
£ ,Es120 50 100 150 200 250 Moo 3so | | At thebeginning at
@ the value of 0 and
-2E+12 began fluctuating a
-3E+12 the end.
-4E+12
TIME (second)
MV vs Time
1.5E+13
1E+13 .
Maintained stable
__ BE+12 at the beginning at
> the value of 0 and
2 0 ' ' ' ) : began fluctuating a
= ) 50 100 150 200 250 0 350
-5E+12 the end.
-1E+13 |
-1.5E+13
TIME (second)
Scope vs Time
4E+12
3E+12
= 2E+12 Maintained stable
% 1E+12 at the beginning at
= 0 the value of 0 and
o ' ' ' ' _ : began fluctuating a
) 50 100 150 200 250 0 350
§ -1E+12 the end.
2E+12
-3E+12 !
-4E+12

TIME (second)
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7.1.2 FLOW?2
i Cascade Control

Error vs Time
5 Area of error =
J 0 T T 1 1
£ 5 0 1.03E+03
E 10 |
x 15 - F|UCtl.JatI.ng at the
% -20 - be_:gln_nlng and
T o5 maintained stable
30 until the end
-35 process.
TIME (second)
MV vs Time
0 T T T T T 1
50 100 150 200 250 350
10 1 Fluctuating at the
= 20 beginning and the
< -
S value keep
S 3 decreasing until
\ negative value.
-40 e —
-50
TIME (second)
Scope vs Time
35
30
=25 Fluctuating at the
g 20 - beginning and
o 15 | maintainedstable
g o N\ until the end
8! \ process.
50 100 150 200 250 350
TIME (second)
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i Feedback Control

Error vs Time

500000000 Area of error =
= 0 y y y —V T 1 1.55E+10
< ) 50 100 150 200 250 {300 350
m - -
E  -5E+08 Maintained stable &
x 0 value at the
X -1E+09 beginning of _
w process and begin {
-1.5E+09 fluctuate to negative
value at the end.
-2E+09
TIME (second)
MV vs Time
500000000
0 Maintained stable a
' ' ' L ' : 0 value at the
s ) 50 100 150 200 250 {300 350 beginning of
S -5E+08 process anbtlegin to
= fluctuate to negative
1E+09 \ value at the end.
-1.5E+09
TIME (second)
- Scope vs Time
e
® 2E+09
E
L . .
o 1.5E+09 Maintained stable a
2 0 value at the
1E+09 beginning of
process and begin t
500000000 fluctuate to positive
value at the end.
0 . . . —\ ; .
) 50 100 150 200 25 300 350
-5E+08

TIME (second)
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i Feedforwarefeedback Control

Error vs Time

Area of error =

1E+09
800000000 8.29E+09
"= 600000000
OEO 400000000 Maintained stablg
oy 200000000 at 0 value athe
e . ] beginning of
o ' ' ' ' : process and begi
i 1 1 2 2 50
-2E+08 7 to fluctuate to
-4E+08 positive value at
-6E+08 the end.
TIME (second)
MV vs Time
800000000
500000000 Maintained stablg
at O value at the
beginning of
& 400000000 g 9 .
S process and begi
§2oooooooo to fluctuate to
positive value at
0 Py the end.
) 50 100 150 200 25 300 350
-2E+08
TIME (second)
Scope vs Time
600000000
400000000 Maintained stable
"=’ 200000000 at 0 value at the
g 0 . . : _ . beginning of_
o -2E+080 50 100 150 200 250 \ 300 350 process aniegin
a ‘ to fluctuate to
o -4E+08 negative value at
-6E+08 the end.
-8E+08
-1E+09

TIME (second)
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T IMC Control

Error vs Time

0 - - I - - Area of error =
. 50 0 150 200 250 300 350
£ 0 / 97.865
o™ -
£ / Fluctuating at the
x -15 S
S I beginning and
@ -20 maintained stable
- until the end
25 1 process
-30
TIME (second)
MV vs Time
40
35
30 Fluctuating at the
$ 25 // beginning and
> 20 maintained stablg
=15 until the end
10 process
5
O T T T T T T 1
0 50 100 150 200 250 300 350
TIME (second)
Scope vs Time
120
100
£ 80 Fluctl_Jati.ngat the
2 beginning and
= 60 maintained stablg
AT ofocess
? 20 \ l \~
0 v T T T T T T 1
0 9 50 100 150 200 250 300 350

TIME (second)
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SmithControl

ERROR (m3/hr)

Error vs Time

50

100

150 200 250 300

350

1:'

TIME (second)

Area of error =

6.37E+03

Fluctuating and
unstable

MV (%)

MV vs Time

50

100

150 200 250 300

350

W,

WM,

M A V="V

TIME (second)

Fluctuating and
unstable

SCOPE (m3/hr.

40
35
30
25
20
15
10

Scope Vs Time

50

100

150 200 250 300
TIME (second)

350

Fluctuating and
unstable
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7.1.3 LEVEL1

i Cascade Control

Error vs Time
0 T T T 1
10 50 100 150 200
20 Area of error =
N
- 30
O 40 2.10E+04
T R
w -50 Unstable
-60
-70 ——
-80
TIME (second)
MV vs Time
250
7 200 E—
2 150
> 100 Stable
= 50
0 T T T 1
0 50 100 150 200
TIME (second)
Scope vs Time
80
70 — —
S’\i 60
w 50
& 40
O 30 Stable
[9)]
20
10
O T T T 1
0 50 100 150 200
TIME (second)
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l

Feedback Control

ERROR (%

-20
-30
-40
50
-60
-70
-80

10

Error vs Time

4

-10

350

) 50 100 150 200 }O/qnn

pd

e

P

-~

_/

TIME (second)

Area of error =

1.16E+04

Unstable and has
negative value.

MV (%)

-20
-40
-60
-80

-100
-120
-140
-160
-180

MV vs Time

)] 50 100 150 200 250 300

350

P

P

pd

pd

P

e

\/

TIME (second)

Unstable and has
negative value.

SCOPE (%

Scope vs Time

T T T T T ~
)] 50 100 150 200 250 300

350

TIME (second)

Stable at the
beginning and then
begin decreased
constantly.
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l

Feedforwarefeedback

Error vs Time

0 . .
(IJ 50 100

10 150 200 250 300 350
i Area of error =
© 20
x -30 ~ 1.48E+04
O /
& 40
1] / Unstable and has
-50 / negative value.
-60
-70
TIME (second)
MV vs Time
O T T T T T T 1
J) 50 100 150 200 250 300 350
-50
S Unstable and has
< -100 negative value.
= /
-150 - L
-200
TIME (second)
Scope vs Time
70
60
< 50 .
= \ Stable at the
a 40 _ beginning and then
O 30 y begin decreased
n
20 constantly.
10
O T T T T T T 1
0 50 100 150 200 250 300 350

TIME (second)
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T IMC Control
Error vs Time
O T T T 1
) 50 100 150 200 Area of error =
o -20 -
Q\/
@ / 8.53E+03
Q -40
i / Unstable and ha:
60 H———— negative value.
-80
TIME (second)
MV vs Time
0 T T T 1
20 50 100 150 200
-40
$ -60 P Unstable and haj
< -80 negativevalue.
>
= 100 //
-120 /
-140 S
-160
TIME (second)
Scope vs Time
80
70
w 50 —
o 40 Stable
S 30
20
10
0 T T T 1
0 50 100 150 200

TIME (second)
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1 Smith Control

Error vs Time

O T T T 1
10 50 100 150 200

ERROR (%
A
o

TIME (second)

Area of error =

1.84E+04

Unstable and ha
negative value

MV vs Time

0 T T T 1
20 0 50 100 150 200

MV (%)
&
o

-100 =
-120 //
-140

e

TIME (second)

Unstable and ha
negative value

Scope vs Time

80
70
60 —
50
40
30
20
10
0 . . . .
0 50 100 150 200

TIME (second)

SCOPE (%

Stable
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7.1.4 LEVEL2

1 Cascade
Error vs Time
Area of erro =
HETEes 1.9FE+285
5E+282
S 0 : : : , , , Stable at the
ré: SE+080 ) 200 40 60 80 100 1RO 140 beginning and begil
@
W _1E+283 to fluctuate to
-1.5E+283 negativevalue at
2E+283 the end.
TIME (second)
MV vs Time
AE+282
2E+282 Stable at the
0 beginning and begit
S 0 20 40 60 80 100 120 140
S 24282 to fluctuate to
= .
4E+282 negative value at
the end.
-6E+282
-8E+282
TIME (second)
Scope vs Time
2E+283
1.5E+283 Stable at the
S 1E+283 beginning and begi
L
& 5E+282 to fluctuate to
? 0 : . . negative value at
) 50 100 150
-5E+282 the end.
-1E+283
TIME (second)
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1 Feedback Control
Error vs Time Area of effor
1E+39 =
O T T T T T T 1
1E+39 0 50 100 150 200 250 00 350 1.23E+40
N
o 2E+39 Stabl ]
table at the
Q -3E+39 beginni
o ginning and
K -4E+39 beai
gin to
SE+39 fluctuate to
-6E+39 negative value a|
-7TE+39
TIME (second) the end
MV vs Time
5E+38
0 ' ' ' ' ' ' ' Stable at the
o 5E+38 50 100 150 200 250 00 350 beginning and
X -1E+39 begin to
Q fluctuate to
& -1.5E+39 negative value a|
-2E+39 the end
-2.5E+39
-3E+39
TIME (second)
Scope vs Time
7E+39
6E+39
EE+39 Stable at the
< beginning and
o 4E*39 begin to
& BE+39 fluctuate to
@ 2E+39 positive value in
1E+39 short time
0 T T T T T e T 1
1E+390 50 100 150 200 250 300 350

TIME (second)
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i Feedforwarefeedback Control

Error vs Time

7E+39 Area of error=
6E+39
o DOE+39 1.27E+40
E:’ 4E+39
© 3E+39 Sta}ble_ at the
X 2E+39 be.glnmng and
1E439 begin to fluctuate
to positive value
0 ' ' ' ' s ' in short time
1E+390 50 100 150 200 250 300 350
TIME (second)
MV vs Time
3E+39
2.5E+39
2E+39 Stable at the
. beginning and
S 1.5E+39 begin to fluctuate
2 1E+39 to positive value
in short tim
5E4+38 short time
0 T T T T | 1
5e+38 0 50 100 150 200 300 350
TIME (second)
Scope vs Time
0 T T T T — T 1
1E+39 50 100 150 200 00 350 Stable at the
§ 2E+39 beginning and
0 _3E+39 begin to fluctuate
Q to negative value
B -4E+39 . .
2 in short time
-5E+39
-6E+39
-7TE+39

TIME (second)
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T IMC Control

Error vs Time

100 150 200 250 300

350

ERROR (%

TIME (second)

Area of error =

-1.03E+04

Fluctuated and
has negative
value

MV vs Time

25

15

3;/ Fluctuated and
S 10 stable
5
0 T T T T T T 1
0 100 150 200 250 300 350
TIME (second)
Scope vs Time
50000
S 40000 Fluctuated at the
W 30000 beginning and
o) begin stable unti
3 20000 the end of
10000 process
O T T T T T T 1
50 100 150 200 250 300 350

TIME (second)

51



1 Smith Control

Error vs Time
1.5E+18
1E+18 | Area of error =
S  5E+17
r 8.02E+16
8 0 : : : : ; .
a4 )} 50 100 150 200 250 0 350 F|uctuated and
W 5E+17
unstable
-1E+18 \
-1.5E+18
TIME (second)
MV vs Time
6E+18
4E+18 |
2E+18
9 Fluctuated and
N 0 . . . . . unstable
= ) 50 100 150 200 250 0 350
-2E+18
-4E+18 !
-6E+18
TIME (second)
Scope vs Time
1.5E+18
1E+18 i
X BE+17
o Fluctuated and
% 0 . . . . . . unstable
Q ) 50 100 150 200 250 0 350
-5E+17
-1E+18 |
-1.5E+18
TIME (second)
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7.1.5 PRESSURHE

i Cascade
Error vs Time
200
0 Area of error =
< 0 50 100 150 200 250 300 350
Q -200
& 1.354
x -400
o Unstable as the
L -600 value stayed only|
-800 at zero
-1000
TIME (second)
MV vs Time
500
0 : . : . : : .
= 0 50 100 150 200 250 300 350 Unstable as the
. -500 value stayed only
§ -1000 at zero
-1500
-2000
TIME (second)
Scope vs Time
1000
800
<
% 600 Unstable as the
W 400 value stayed only
@) at zero
? 200
0 - : = . : . .
2001: 50 100 150 200 250 300 350
TIME (second)
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1 Feedback Control
Error vs Time
Area of error =
0 T T T T T T 1
< ) 50 100 150 200 250 300 350 1.31E+36
e -1E+35
x 2E+35 Stable at beginning
e at value of 0 and
w -3E+35 begin to decrease
AE+35 at negative value i
short time
-5E+35
TIME (second)
MV vs Time
2E+35
0 T T T T T T 1
-2E+35 50—100-—150—200—250 0 || stable at beginning
= -4E+35 at value of 0 and
3 -6E+35 begin to decrease
> -8E+35 at negative value ir
= -1E+36 short time
-1.2E+36
-1.4E+36
-1.6E+36
TIME (second)
Scope vs Time
4.5E+35
4E+35
3.5E+35 o
5 3E+35 Stable at beginning
< 2 BE435 bat\_/aluel of 0 and |
% JE+35 egmfto |ncr|ea§e g
3 e postive vaue i
1E+35
5E+34
0 T T T T T T 1
5E+34 50100 150 200 250 300350

TIME (second)
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{1 Feedforwarefeedback Control
Error vs Time
Area of error =
0 T T T T T T 1
+
T 50 100 150 200 250 300 350 6.99E+35
g -5E+34
© Stable at
S -1E+35 beginning at value
i 1 5E435 of 0 and begin to
decrease at
-2E+35 negative value in
> 5E435 short time
TIME (second)
MV vs Time
0 - - - - - ﬁ} - - Stable at
) 50 100 150 200 250 300 350 inni
_ AE+35 beginning at_value
i of 0 andbegin to
';‘/ -2E+35 decrease at
= 3E+35 negative value in
i short time
-4E+35
-5E+35
TIME (second)
Scope vs Time
2.5E+35
2E+35 Stable at
< beginning at value
Q 1.5E+35 ;
i/ of 0 and begin to
o 1E+35 increase at
3 EE+34 positive value in
@ short time
0 T T T T T T 1
) 50 100 150 200 250 300 350
-5E+34

TIME (second)
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T IMC Control

Error vs Time
200

-200

350

-400

ERROR (kPa

-600

-800

-1000
TIME (second)

Area of error:
10241.79

Fluctuated at
negative value

MV vs Time

2000

1500

MV (Kpa)
|_\
o
o
o

0 50 100 150 200 250
TIME (second)

Fluctuated at
positivevalue

Scope vs Time

80000

70000

Vil
60000
/4

< 50000

0 T T T T T
0 50 100 150 200 250

TIME (second)

300

350

Stablebut at a
very high value

M Smith Control
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Error vs Time

10000000
Area of error =
5000000
Q
< 0 . — . 1.24E+06
% ) 50 100 150 200 250 350
% -5000000 Stable but
w fluctuated at a
-10000000 very high value
-15000000
TIME (second)
MV vs Time
3000000
2000000
- 1000000 Stable but
% 0 fluctuated at a
2 ) 50 100 150 200 250 350 || Vvery highvalue
-1000000
-2000000
3000000
TIME (second)
Scope vs Time
15000000
10000000
©
2 Stable but
4
L 5000000 fluctuated at a
5 very high value
S 0 . . : .
o ) 50 100 150 200 2 350
-5000000
-10000000

TIME (second)
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7.1.6 TEMPERATURES
i Cascade Control

Error vs Time

10
Area oferror:
f
0 IJ T T T T T 1 1441.73
10 0 5 100 150 200 250 300 350
g 20 / Fluctuated to
® / negative value af
& -30 the beginning ang
@ / g g
-40 began to stable
50 \./ until the end
-60
TIME (second)
MV vs Time
0 T T T T T T 1
) 50 100 150 200 250 300 350
-10 Fluctuated to
= \ / negative value at
S -20 / the beginning ang
§ 30 bega_m to stable
\/ until the end
-40
-50
TIME (second)
Scope vs Time
60
50 7
40 /\ Fluctuated at the
S \ beginning and
Bl 30 \ begin to decreas
S 20 to negative value
7 \ until the end
10 \
0 T N T L I — 1
10 0 50 100 150 200 250 300 350

Time (second)
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9 Feedback Control
Error vs Time
100
50 Area of error:
_ /\ / \ / \ 1633.74
o
& 0
8 \)o / 150 \200/ 250\ 300 Fluctuated to
& -50 negative value ang
\ unstable
-100 \/
-150
TIME (second)
MV vs Time
80
60 ~
40 A [\
20 //\\ / \\ / \\ Fluctuated to
S 0 ; ; . . . . . negative value ang
< 20 'bl@%‘;#&—\w;#@—\—:‘g@%o unstable
-40
-80
-100
TIME (second)
Scope vs Time
150
100 ~
g 50 FIu_ctuated to
o r\ / \ / \ / negative value anc
§) 0 unstable
\{/100 \{50 / 200 \250/ 300 50
-50
-100

TIME (second)
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l

Feedforwarefeedback Control

Error vs Time

30
20
10 N Area of error:
0 . . . . / . 9440.15
o
& -10 0
O -20 7~ Fluctuated to
& 30 [\ / \ / negative value and
- -40 / \ / \_/ unstable
0l N/ S \J
-60 \o/
-70
TIME (second)
MV vs Time
0 T T T T T T 1
10 50 100 150 200 250 300 350
. JAY
_ 20 N\ / Fluctuated to
S 80 A\ negative value and
2 \ / \ / \ / unstable
S -40
P WA W A W
-60 \/
-70
TIME (second)
Scope vs Time
80
60 —~
S 40 / \ /\ JA Fluctuated to
& 20 \'/ \ / \ negative value and
9 \/ \ unstable
m 0 T T T h T T 1
20 50 100 150 200 250 \300 350
-40

TIME (second)
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T IMC Control

Error vs Time

0 T T T T T T 1
) 50 100 150 200 250 300 350
- e
10 / Area of error: 5753
o
o 20 Fluctuated to
T negative value and
X -30
w / unstable
-40
-50
TIME (second)
MV vs Time
35
25 ——
S 20
2 15 Stable
10
5
O T T T T T T 1
0 50 100 150 200 250 300 350
TIME (second)
Scope vs Time
250
@ /
fu 150
o /
S 100 Stable
o /
50 7
0 T T T T T T 1
0 50 100 150 200 250 300 350

TIME (second)

61




1 Smith Control

Error vs Time

0 T T T T T T 1
) 50 100 150 200 250 300 350
-10 Area of error:
c 8608.55
g _20 A
T 20 Fluctuated to
mi / T —— negative value
-40
-50
TIME (second)
MV vs Time
10
5 P—_N
0 /I \ T T T T 1
5 o || Fluctuated to
< 10 negative value at
Ny i J beginning and begin
= 1 / to stable until the
20 end
25 -
-30
-35
TIME (second)
Scope vs Time
45
40
%
&> \ /\//
& 25 \ 7/ Fluctuated but stable
S 20 \ 7/ at positive value
? 15 \_/
10
5
O T T T T T T 1
0 50 100 150 200 250 300 350

TIME (second)
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7.2 Step

7.2.1 FLOW1

i Cascade Control

Error vs Time

5E+92

0

) 50

100 150 200

250

w-:

350

-5E+92

-1E+93

ERROR (m3/hr)

-1.5E+93

-2E+93

-2.5E+93

TIME (second)

Area of error =
4.02E92

Result is unstable an
hasnegative value.

MV vs Time

5E+92

0

100 150 200

250

)0

350

-5E+92

MV (%)

-1E+93

-1.5E+93

-2E+93
-2.5E+93

TIME (second)

Result is unstable and
has negative value.

Scope vs Time

2.5E+93

2E+93

1.5E+93

1E+93

5E+92

0

SCOPE (m3/hr,

50

-5E+92

) 50 100 150 200 250 4‘0 3

-1E+93

TIME (second)

Result is unstable.
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i Feedback Control

Error vs Time

Areaof error,

6E+15
1.3593e+16

. 4E+15
é
™
g 2E+15
o 0 ' ) ' ' A Maintained stable a
h ) 50 100 150 200 250 00 350 o .
o -2E+15 the initial and begin

AE+15 to fluctuate at

certain point.
-6E+15
TIME (second)
MV vs Time

6E+15

4E+15

2E+15 Mal_nt_a_lned stable_ a
S A theinitial and begin
N 0 . . . . A . to fluctuate at
= ) 50 100 150 200 250 00 350 certain point.

-2E+15

-4E+15

-6E+15

TIME (second)
Scope vs Time

5E+15

4E+15
~_3E+15
% 2E+15 Maintained stable a
E 1E+15 the initial and begin
L 0 -~ . to fluctuate at
g -1E+15¢ 0 certain point.
0 -2E+15 f

-3E+15 P

-4E+15

-5E+15

TIME (sccond)
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i Feedforwarefeedback Control

Error vs Time

6E+15
Areaof error=

4E+15
T 2E+15 1.36E+16
|
< 0 . . : - ~“H- - Maintained stable a
S ) 50 100 150 200 250 |B0O0 350 initi i
£ oE415 the initial and begin

to fluctuate at
-4E+15 certainpoint.
-6E+15
TIME (second)
MV vs Time

6E+15

4E+15

SE+15 Malntg!ned stable_a
9 A the initial and begin
N 0 . . . . A . to fluctuate at
= ) 50 100 150 200 250 00 350 certain point.

-2E+15

-AE+15

-6E+15

TIME (second)
Scope vs Time

6E+15
__ 4E+15
o .
S oE+1s Malntg!ned stable_a
= the initial and begin
W 0 . . . . — to fluctuate at
o) ) 50 100 150 200 250 00 350 ' int.
S LE+1s certain point
[9)]

-AE+15

-6E+15

TIME (second)
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T IMC Control
Error vs Time
60 Areaof error=
E 40 367.392
™
£ 20
x
8 0 : . . . : . . Fluctuated at the
@ 50 100 150 200 250 300 350 || Peginningand then
20 maintainedstable
until the end.
-40
TIME (seconds)
MV vs Time
60
40
Fluctuated at the
$ 20 beginning and then
N maintained stable
= 0 . . . . . . . until the end.
50 100 150 200 250 300 350
-20
-40
TIME (second)
Flow vs Time
50
40 'AI""
= 30 Fluctuated at the
5 beginning and then
E 20 maintained stable
g until the end.
T 10
0 T T T T T T 1
10 ) 50 100 150 200 250 300 350

TIME (second)
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1 Smith Control
Error vs Time
4E+12 Areaof error=
3E+12
£ 2E+12 -1.74E+12
£ 1E+12
%: 0 . . . . ” . Maintained stable af]
x -1E+120 50 100150 200 250 0350 the beginning and
T oE+12 begin to fluctuate at
3E+12 certain point.
-4E+12
TIME (second)
MV vs Time
1.5E+13

1E+13 )

EE+12 Mamtamgd _stable at
< the beginning and
Y 0 . . . . : . begin to fluctuate at
E - .

EE412 ) 50 100 150 200 250 0 350 certain point.

-1E+13

-1.5E+13
TIME (second)
Scope vs Time
2E+12
1.5E+12 |
;'% 1E+12 Maintained stable at
g O the beginning and
L 0 . begin to fluctuate at
8 certain point.
0
-1.5E+12
-2E+12

TIME (second)

67



7.2.2 FLOW2

i Cascade Control

Error vs Time
25 Area of error=
.20
£
°E° 15 1.03E+03
@ 10 -~
o \ Fluctuated at the
x5 \_ beginning and then
0 . . . : — . maintained stable
c 0 50 100 150 200 250 300 350 until the end.
TIME (second)
MV vs Time
50
40
< / Fluctuated at the
§ 30 / beginning and then
S 20 maintained stable
10 y/ until the end.
O T T T T T T T 1
0 50 100 150 200 250 300 350
TIME (ssecond)
Scope vs Time
30
25  ———
;%‘ 20 \// Fluctuated at the
E 15 beginning and then
L maintained stable
S 10 until the end.
»n 5
0 T T T T T T 1
50 50 100 150 200 250 300 350
TIME (second)
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1 FeedbaclCont

rol

2E+09

Error vs Time

1.5E+09

ERROR (m3/hr)

1E+09

500000000

0

.\

) 50

-5E+08

100 150 200 25 300 350

TIME (second)

Areaof error=

1.55E+10

Not stable

1.5E+09

MV vs Time

)

1E+09

S
>
S

500000000

o

-5E+08

) 50

100 150 200 250\/ 300 350

TIME (second)

Not stable

500000000

Scope vs Time

A\l
J

50 100 150 200 250 {300 350

-5E+08

-1E+09

SCOPE (m3/hr

-1.5E+09

-2E+09

TIME (second)

Not stable
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1 Feedfeedforwardeedback

Error vs Time
E 2509 Areaof error
m —
£ 15E+09 A =
o
O
@ 1E+09 1.55E+10
L
500000000
0 - : : : N\ : .
) 50 100 150 200 250\ / 300 350 Not stable
-5E+08
TIME (second)
MV vs Time
1.5E+09
g
> 1E+09
500000000 Not stable
0 , : : : N }. .
) 50 100 150 200 250\/ 300 350
-5E+08
TIME (second)
Scope vs Time
500000000
) 0 ! T T ™ ~ T ]
5 ) 50 100 150 200 250 {300 350
e _
o PET08 Not stable
o
) -1E+09
O
(9]
-1.5E+09
-2E+09
TIME (second)
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T IMC Control

= NN
a o O

ERROR (m3/hr)
o 5

Error vs Time

—

Areaof error

2.58E+03

Fluctuated at the
beginning and

then maintained

O T T T T 1
5 50 100 150 200 350 stable until the
TIME (second) end
MV vs Time
20
Fluctuated at the
15 _
beginning and
S 10 / then maintained
>
=5 stable until the
0 . . . . . end
50 100 150 200 350
5
TIME (second)
Scope vs Time
20
- Fluctuated at the
S 15 T
2 m beginning and
%J 10 then maintained
R 5 stable until the
O T T T T 1 end
50 100 150 200 350

TIME (second)
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1 Smith Control

Error vs Time

40
35 f Areaof error=
C
2o -
% 20 6.37E+03
8:: 15
w 10 Fluctuating and
5
0 . . . : : : , unstable
0 50 100 150 200 250 300 350
TIME (second)
MV vs Time
35
30
~ 25
S 20 Y Fluctuating and
§ 15 unstable
10 -
5 u
0 T T T T T T T 1
0 50 100 150 200 250 300 350
TIME (second)
Scope vs Time
50
40

SCOPE (m3/hr
N W
o O
i:

O T T T T T T 1
) 50 100 150 200 250 300 350
TIME (second)

Fluctuating and

unstable
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723 LEVEL1

i Cascade Control

Error vs Time

TIME (second)

80
Areaof error=
& 60 —
o L
8 40 1.80E+04
&
20 Stable
0 T T T 1
0 50 100 150 200
TIME (second)
MV vs Time
200
150 e
S
< 100
= Stable
50
0 T T T 1
0 50 100 150 200
TIME (seconds)
Scope vs Time
5
4
g 3 /
w / Stable
o 2 /
O
n o1
0 . / | |
L ) 50 100 150 200
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