AN ADAPTIVE CONTROL APPLICATION USING SCADA

Ceylan TURKER
Master of Science Thesis
Mechatronics Engineering
Yrd. Dog. Dr. Murat TURE

2016




T.C.
BURSA TEKNIK UNIiVERSITESI
FEN BILIMLERI ENSTITUSU

SCADA UZERINDEN BIiR ADAPTIF KONTROL
UYGULAMASI

YUKSEK LiSANS TEZi

Ceylan TURKER

Mekatronik Anabilim Dah

BURSA
Ocak 2016



T.C.
BURSA TEKNIK UNIiVERSITESI
FEN BILIMLERI ENSTITUSU

AN ADAPTIVE CONTROL APPLICATION USING
SCADA

A THESIS FOR THE DEGREE OF MASTER OF
SCIENCE

Ceylan TURKER

Mechatronics Engineering

BURSA
January 2016



YUKSEK LiSANS TEZI ONAY FORMU

CEYLAN TURKER tarafindan Yard. Doc. Dr. MURAT TURE yonetiminde
hazirlanan SCADA UZERINDEN BiR ADAPTIF KONTROL UYGULAMASI
baslikli tez, kapsami1 ve niteligi agisindan incelenmis ve Yiiksek Lisans Tezi olarak
kabul edilmistir.

Smnav Jiiri Uyeleri
Yrd. Dog. Dr. Murat TURE
(Doga Bilimleri, Mimarlik ve Miihendislik Fakiiltesi, Mekatronik Miithendisligi)

Dog. Dr. Ali Riza YILDIZ
(Doga Bilimleri, Mimarlik ve Miihendislik Fakiiltesi, Makina Miihendisligi)

Yrd. Dog. Dr. Hiiseyin LEKESIZ
(Doga Bilimleri, Miimarlik ve Miihendislik Fakiiltesi, Makina Mithendisligi)

Tez Savunma Tarihi: 04/01/2016

Fen Bilimleri Enstitisti Muduri
Prof. Dr. Nurettin ACIR



INTIHAL BEYANI

Bu tezde gorsel, isitsel ve yazili bigimde sunulan tiim bilgi ve sonuglarin
akademik ve etik kurallara uyularak tarafimdan elde edildigini, tez i¢inde yer alan
ancak bu calismaya 6zgili olmayan tiim sonug ve bilgileri tezde kaynak gostererek
belgeledigimi, aksinin ortaya ¢ikmasi durumunda her tiirlii yasal sonucu kabul

ettigimi beyan ederim.



TESEKKUR

Yiiksek lisans egitimim boyunca bilgi ve tecriibelerinden yararlandigim, tez
siiresi boyunca laboratuvar calismalari i¢in imkan saglayan, ayrica bilgilerini
paylasirken gostermis oldugu hosgorii ve sabirdan dolay1 degerli hocam, saym Yrd.

Dog. Dr. Murat TURE' ye,

Calisma boyunca sorularimi cevaplayip, deneyimleriyle bana yol gdsteren

Elekt. Elektronik Miih. Onur Atasoy' a ve

Egitim hayatim boyunca desteklerini esirgemeyen degerli iki insan annem ve

babama tesekkiirlerimi sunarim.



CONTENTS

page number

Outer Cover
Inner Cover i
Tez Onay Formu i
Intihal Beyan1 Iv
Tesekkiir v
Contents vi
Figures IX
Abbreviations Xi
Ozet Xii
Abstract Xiii
1. INTRODUCTION 1
2. ADAPTIVE CONTROL 1
2.1 Direct and Indirect Adaptive Control 2
2.2 Robust Control 3
2.3 Self-oscillating Adaptive System 4
2.4 Self-tuning Regulators 5
2.5 Gain Scheduling 5
2.6 Model Reference Adaptive Control (MRAC) 7
2.6.1. MIT and Lyapunov Rules 8
3. DC MOTOR CONTROL USING MODEL REFERENCE BASED
ADAPTIVE CONTROLLER 10
3.1 The PID Controller 11
3.1.1 Modeling the System with Equations 11
3.1.2 Building a Block Diagram Model of the System 12
3.2 Model Reference Adaptive Control System 14
3.3 Reference Model 17
3.4 Plant Model 18
3.5 Adaptive Controller 19
3.5.1 Purposed Controller 19
3.5.2 Adaptive Mechanism 20
4. GENERAL STRUCTURE OF DESIGNED AUTOMATION SYSTEM 23

vi



4.1 SCADA Interface
4.2 Siemens SIMATIC S7-200 PLC

. COMMUNICATION IN THE SYSTEM

5.1 S7-200 Network Communication
5.2 Setting the Baud Rate and Network Address
5.3 Profibus
5.4 Configuring the OPC Server with S7-200 PC Access
5.5 WiInCC Flexible
UNLOADING AND CARRYING STATION
6.1 Components Used in the System

6.1.1 Limit Switch

6.1.2 Manometer and Dryer Module

6.1.3 Selenoid Valve Group

4.1.4 Unloading Unit

4.1.5 Vacuum Generator

4.1.6 Vacuum Switch

4.1.7 Carrying Unit
PROCESSING STATION
7.1. Components Used in the System

7.1.1 Optical Sensor

7.1.2 Inductive Sensor

7.1.3 Rotary Table

7.1.4 Processing Unit

7.1.5 Carrying Unit

. TEST AND SEPERATION STATION

8.1. Components Used in the System
8.1.1 Siemens TD-200 Operator Panel
8.1.2 Optical Sensor
8.1.3 Optical Contrast Sensor

RESULTS

REFERENCES

Vii

page humber

24
25
26
26
26
28
29
31
32
33
33
33
34
35
36
37
37
38
39
39
40
41
42
43
43
44
44
45
45
45
48



page humber

APPENDIX
APPENDIX 1. SCADA SCREENS AND NOTICES o1
APPENDIX 2. PLC PROGRAMS 53

APPEMDIX 3. THE SYSTEM 55

viii



FIGURES

Figure 2.1 General Feedback system
Figure 2.2 Basic Block Diagram of a Gain Scheduling System

Figure 2.3 Basic Block Diagram of a Model Reference Adaptive System

Figure 3.1 PID Controller

Figure 3.2 PI Controller in Simulink

Figure 3.3 First Simulink Model

Figure 3.4 Generator Pulse Wave

Figure 3.5 Block Diagram of Model Reference Adaptive System
Figure 3.6 DC Motor Output and Comparison with reference Model
Figure 3.7 DC Motor Output and Comparison with reference Model
Figure 3.8 DC Motor Output and Comparison with reference Model
Figure 3.9 Simulink Model

Figure 3.10 Bode Diagram of Proposed reference Transfer Function
Figure 3.11 Plant Model

Figure 3.12 Purposed Controller in Simulink

Figure 3.13 Adaptive Mechanism

Figure 3.14 Output DC Motor and Comparison with Reference
Figure 3.15 Input of the Proposed Adaptive Control Model

Figure 3.16 Input in Simulink

Figure 3.17 Closed-loop DC Motor Control System

Figure 4.1 Components and General Structure of the Designed System
Figure 4.2 Main SCADA Screen

Figure 4.3 S7-200 Working Principle

Figure 5.1 STEP 7-Micro/WIN Communication Block

Figure 5.2 STEP 7-Micro/WIN Communication Ports

Figure 5.3 Profibus Cable

Figure 5.4 Profibus Cable Connections

Figure 5.5 OPC Server Relations

Figure 5.6 Adding New PLC to PC Access

Figure 5.7 PC Access Communication Settings

Figure 5.8 Adding Items to the PLCs

page number

11

13

14
14
15

16
16
16
17
18
19

19
20
21
22

22
23
23
24
25
27

28
28
29
29
30
30
31



page humber

Figure 5.9 WinCC Flexible 2008 Communication 31
Figure 6.1 Unloading and Carriying Station 32
Figure 6.2 Manometer and Dryer Module 34
Figure 6.3 Unloading Unit 35
Figure 6.4 Cross-section of Vacuum Generator 36
Figure 6.5 Vacuum Process 36
Figure 6.6 Vacuum Switch 37
Figure 6.7 Carrying Unit 38
Figure 7.1 Processing Station 39
Figure 7.2 Optical Sensor Working Principle 40
Figure 7.3 Electirical Wiring Diagram of the Optical Sensor 40
Figure 7.4 Inductive Sensor Working Principle 41
Figure 7.5 Electirical Wiring Diagram of the Inductive Sensor 41
Figure 7.6 Rotary Table 42
Figure 7.7 Processing Unit 42
Figure 8.1 Test and Seperation Station 44

Figure 8.2 TD 200 44



ABBRIVIATIONS

CPU
DC
HMI
LED
MIT
MRAC
MRAS
OLE
OPC
PC
PLC
SCADA
STC

Central Processing Unit

Direct Current

Human Machine Interface

Light Emitting Diod

Massachusetts Institute of Technology
Model Reference Adaptive Control
Model Reference Adaptive System
Object Linking and Embedding

OLE for Process Control

Personal Computer

Programmable Logic Controller
Supervisory Control and Data Acquisition

Self-tuning Controller

Xi



OZET

SCADA UZERINDEN BiR ADAPTIF KONTROL UYGULAMASI

Ceylan TURKER

Bursa Teknik Universitesi
Fen Bilmleri Enstitiisii
Mekatronik Miihendisligi Anabilim Dali
Yiiksek Lisans Tezi
Yrd. Dog. Dr. Murat TURE
04.01.2016, 55

Bu tez calismasinda, adaptif kontrol ¢esitleri incelenmis ve bant hiz kontrolii
saglanmistir. Matlab {izerinden bir motorun konum kontrolii adaptif sekilde
modellenmistir. Ug adet istasyona ait otomasyon sistemi i¢in bir SCADA yazilim
arayiizinlin WinCC Flexible nesne tabanli programlama yazilimi ile tasarimi ve

kontrolii, sistem elemanlart ile birlikte ayrintili olarak anlatilmistir.

Bu sistem, bosaltim ve tasima, isleme, test ve ayirma olmak iizere iig¢
istasyondan olusmaktadir. Bilgisayar ile sistem arasindaki veri aligverisi, seri
haberlesme portu iizerinden PLC ile saglanmaktadir. Sistemin ana PLC yazilimina
gore tasarlanan SCADA arayiiziinde, islem yapilan malzemenin istasyonlardaki

durumlar gercek zamanli olarak gosterilmektedir.

Anahtar Sozciikler: Adaptif Kontrol, SCADA

Xii



ABSTRACT

AN ADAPTIVE CONTROL APPLICATION USING SCADA

Ceylan TURKER

Bursa Technical University
Graduate School of Natural and Applied Science
Mechatronics Engineering
Master of Science Thesis
Assist. Prof. Dr. Murat TURE
04.01.2016, 55

In this study, adaptive control types are studied and speed control of the band
is achieved. Position control of a motor is modeled in adaptive way by using Matlab.
Designing and controlling of a SCADA software interface for an automation system
belonging to three different stations are described in detail by using WinCC Flexible

object oriented programming software.

This system is composed of three stations of unloading and carrying,
processing, test and separation. Data transferring between the computer and the
system was carried out by PLC (Programmable Logic Controller) via serial
communication port. On the designed SCADA interface, conditions of processing

material at the stations are shown at real time according to basic PLC program.

Key words: Adaptive Control, SCADA
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1. INTRODUCTION

In operate and control of the systems, accurately and quickly reaching of the
available data and information to the required centers are important. It is possible
with the application of the real-time controlling and monitoring systems.
Furthermore, continuous monitoring and control of the system as a whole from a
single center can only be done with real-time supervisory control and data
acquisition (SCADA) systems. In order to meet these objectives, there are packages

SCADA software for simple systems.

In this study, firstly an adaptive controller for a dc motor is examined in two
similar ways and simulated, secondly an application of monitoring, controlling and
running the desired adaptive algorithms to control more than one system with a
single SCADA interface is shown. Necessary communication methods are also given
in detail for controlling and monitoring of multiple systems through a single
interface. Object-oriented programming software is used for SCADA interface. As
the monitored system three station of the university's mechatronics laboratory are
chosen, monitoring and controlling of the station are provided from a single center.

2. ADAPTIVE CONTROL

In everyday language, to adapt means to change a behavior to conform to new
circumstances. Intuitively, an adaptive regulator is a regulator that can modify its
behavior in response to changes in the dynamics of the process and the disturbances
[1]. Different adaptive control types are classified according to their adaptation
mechanism and form, chosen behavior criteria and adjusted parametres. The cases
which adaptive control need to be used can be sorted as changes in equipment
features, work and environment conditions, expected product features. These
changes can be detect by sensors that controls the process parametres [2]. If the
system in this study is considered, the function of the adaptive control is to provide
suitable working conditions for the product.

In the early 1950s there was extensive research on adaptive control, in

connection with the design of autopilots for high performance aircraft. The early

1



experiments, which used analog implementations, were plagued by hardware
problems. A great number of industrial control loops are today under adaptive
control. These include a wide range of applications in aerospace, process control,

ship steeringi robotics and others industrial control systems [1].

We say the design of control algorithms for a class of plant models described
by the liear differential function.
x = Ax + Bu, x(0) = x,
y= CTx+ Du (2.1)
In (2.1) x € R"is the state of the model, u € R" the plant input, and y € R' the
plant model output. The matrices A € R™, B € R™, C € R™ and D € R could be
constant or time varying. This class of plant models is quite general because it can
serve as an approximation of nonlinear plants around operating points. For an
operating point i, where A;, B;, C;j ve D; are functions of that operating point. As the
operating point changes leading to different values for A;, B;, C; ve D;. Because the

output response y(t) carries information about the x as well as the parameters [3].

Adaptive systems are inherently nonlinear. Their behavior is therefore quite
complex, which makes them difficult to analyze. Progress in theory has been slow,
and much work remains before a reasonably complete, coherent theory is available.
Because of the complex behavior of adaptive systems, it is necessary to consider
them from several points of view. Theories of nonlinear systems, stability, system
identification, recursive parameter estimation, optimal control and stochastic control
all contribute towards the understanding of adaptive systems. Many adaptive
algorithms are based on the assumption that parameters change more slowly than the
state variables of the system. The rate of change of the parameters can be controlled

by the designer's choice of the adaptation rate [1].
2.1. Direct and Indirect Adaptive Control

Consider the basic philosophy for designing a controller, one of the key
points is the specification of the desired control loop performance. In many cases, the
desired performance of the feedback control system can be specified in terms of the
characteristics of a dynamic system which is a realization of the desired behavior of

2



the closed loop system. For example, a tracking objective specified in terms of
risetime, and overshoot, for a step change command can be alternatively expressed as
the input-output behavior of a transfer function (for example a second order with a
certain resonance frequency and certain damping). A regulation objective in a
deterministic environment can be specified in terms of the evolution of the output
starting from an initial disturbed value by specifying the desired location of the
closed loop poles. In these cases, the controller is designed such that for a given plant
model, the closed loop system has the characteristics of the desired dynamic system

[4]. In the direct algorithm the controller parameters are updated directly.

In the indirect control the basic idea is that a suitable controller can be
designed online if a model of the plant is estimated online from the available input-
output measurements. The scheme is termed indirect because the adaptation of the
controller parameters is done in two stages. First is online estimation of the plant
parameters and the second is online computation of the controller parameters based
on the current estimated plant model. The indirect adaptive control scheme offers a
large variety of combinations of control laws and parameter estimation techniques.
To better understand how these indirect adaptive control works, it is useful to
consider in more detail the online estimation of the plant model [4].

If these two classes of controls are discussed: indirect and direct algorithms.
The indirect algorithms are a straightforward implementation in which process
parameters are estimated and controller parameters are computed by using some
design equations. In the direct algorithms the controller parameters are estimated
directly [1].

2.2. Robust Control

The ultimate goal of any control design is to meet the performance
requirements when implemented on the actual plant. In order to meet such a goal, the
controller has to be designed to be insensitive, i.e., robust with respect to the class of
plant uncertainties that are likely to be encountered in real life. In other words, the
robust controller should guarantee closed loop stability and acceptable performance
not only for the nominal plant model but also for a family of plants, which most

likely, include the actual plant.
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Figure 2.1 General Feedback System [3]

Let us consider the feedback system of Figure 2.1 where C, F are designed to
stabilize the nominal part of the plant model whose transfer function is Go(s). The
transfer function of the actual plant is G(s) and d, d, d,, ym are external bounded
inputs. The difference between G(s) ve Go(s) is the plant uncertainty. Thus G(s) may
represent a family of plants with the same nominal transfer function Go(s) and plant
uncertainty characterized by some upper bound in the frequency domain. We say that
the controller (C, F) is robust with respect to the plant uncertainties in G(s) if, in
addition to Go(s), it also stabilizes G(s). The property of C, F to stabilize G(s) is
referred to as robust stability [3].

The robust design method will generally give systems that respond faster
when the parameters change, but it is important that the range of parameter variation
be known. The adaptive regulator responds more slowly but can generally handle

larger parameter variations [1].

2.3. Self-oscillating Adaptive System

An interesting approach for compensation of variations in the process gain
was used in an autopilot proposed by Honeywell. The self-oscillating adaptive
system has the same structure as the high-gain system. The basic idea is to have a
feedback loop whose gain is as high as possible combined with a feedforward
compensation to give the desired response to command signals. The high loop gain is
maintained by introducing a relay in the feedback loop. This will create a limit cycle
oscillation. Thus system with relay feedback automatically adjusts itself to give a

reasonable amplitude margin [5].



2.4. Self-tuning Regulators

For the two approaches, one is the design of an adaptive controller did not
require detailed knowledge of the dynamic behaviour of the controlled system.
Another approach to adaptive control is based on the recursive estimation of the
characteristics of the system and disturbancez ans updating the estimates, so
monitoring possible changes. Using this knowledge appropriate methods can be
employed to design the optimal controller. This kind of controller, which identifies
unknown processes and then synthesizes control (adaptive control with recursive

identification) is referred to in the literature as self-tuning controller (STC) [6].

2.5. Gain Scheduling

Adaptive control is not the solution to all control problems. It is therefore
appropriate to include a discussioon of alternatives to adaptive control. A special
kind of open loop adaptation or change of regulator parameters can be discussed. In
many situations it is known how the dynamics of a process change with the operating
conditions of the process. One source for the change in dynamics may be
nonlinearities that are known. It is then possible to change the parameters of the
controller by monitoring the operating conditions of the process. This idea is called
gain scheduling since the scheme was originally used to accomodate changes in

process gain only [1].

Let us consider a model where for each operating point i (i= 1, 2,..., N), the
parameters A;, Bi, C; ve D; are known. For a given operating point i, a feedback
controller with constant gains, say 60;, can be designed to meet the performance
requirements for the corresponding linear model. This leads to a controller, say C(0),
with a set of gains (01, 02, 6;,...0y) covering N operating points. Once operating point,
say I, is detected the controller gains can be change to the appropriate value of 6;
obtained from the precomputed gain set. Transitions between different operating
points that lead to significant parameter changes may be handled by interpolation or
by increasing the number of operating points. The two elements that are essential in

implementing this approach is a look-up table to store the values of 6; and the plant



auxiliary measurements that correlate well with changes in the operating points. The
approach is called gain scheduling [3].

This is an open loop adaptive control system because the modifications of the
system performance resulting from the change in controller parameters are not
measured and feedback to a comparison-decision block in order to check the
efficiency of the parameter adaptation. The system can fail if for some reason or
another the rigid relationship between the environment measurements and plant

model parameters changes [4].

Measurements

Gain . Conditions
Scheduling
Control
parameters
Output
—— Controller Process/Plant |
Control signal
Command g
signal

Figure 2.2 Basic Block Diagram of a Gain Scheduling System

In some systems there are auxiliary variables that well to the characteristics of
the process dynamics. If these variables can be measured, they can be used to change
the regulator parameters. This approach is called gain scheduling because the scheme

was originally used to accommodate changes in process gain [1].

The advantage of gain scheduling is that the controller gains can be changes
as quickly as the auxiliary measurements respond to parameter changes. However,
frequent and rapid changes of the controller gain, may leads to instability. One of the
disadvantages of gain scheduling is that the adjustment mechanism of the controller
gain is precomputed offline and therefore provides no feedback to compensate for
incorrect schedules. Unpredictable changes in the plant dynamics may lead to
deterioration of performance. Despite its limitations, gain scheduling is a popular

method for handling parameter variations in systems [3].



2.6. Model Reference Adaptive Control (MRAC)

Model reference adaptive systems design is theoretically well elaborated and
widely disscused in scientific literature. MRAC is one of the main approaches to
adaptive control [1, 3]. It was originally proposed by Whitaker at MIT to solve a
problem in which the specifications are given in terms of a reference model that tells

how the process outputnideally should respond to the command signal [5].

iDisTurbcnccs

—r] Reference model

—_— lDis‘turbuncos
=7

b@l »] Adjustable system

- _ Adaptation using
Adaptafion using i 4 parametic setfting
signal seffing™ &1 L

] Adaptation
mechanism

Figure 2.3 Basic Block Diagram of a Model Reference Adaptive System [6]

According the basic block diagram of the MRAS, the reference model gives
requested response yn, or requested state vector Xy, to reference input signal u, (Figure
2.3).

This approach is based on observation of the difference between the output of
the adjustable system ys and the output of the reference model y,. The aim of the
adaptation is convergence of the static and dynamic characteristics of the adjustable
system, i.e., the closed loop, to the characteristics of the reference model. This, in
fact, is an adaptive system with forced behaviour where the comparison between this
forced behaviour and the behaviour (response) of the adjustable system ys (control
loop), provides the error €. The task of the appropriate control mechanism is to
reduce error € or errors in the state vector x between the reference model and the

adjustable system to a minimum for the given criteria. This is done either by



adjusting the parameters of the adjustable system or by generating a suitable input
signal (Figure 2.3). The dual character of this adaptive system is important since it
can be used both for control and to identify the parameters of the model process or

estimate the state of the system [6].

2.6.1. MIT and Lyapunov Rules

Adaptive control techniques allow to control systems where certain system
parameters are not known or change ove time i.e. due to changing operating
environment. The following example deals with a first order system with one
unknown parameter, the system gain value b. The second parameter, the time
constant a, is assumed to be known. For the plant process with unknown parameters,
a specific control law alters the reference input signal in order for the plant’s output
signal to match the reference model. This control law usually features time-variant
controller parameter 6 which reflect the algorithm’s adaptation to the given plant

system [7].

The reference model,

Yn(5) = G (5)Rm(s) = 2 R(s) (2.2)
produces a model output y,, and from the process,
Y,(s) = G,(s)U(s) = % U(s) (2.3)

Yp results. Taking the difference of these two signals yields the tracking error e. In

order to ensure that process dynamics,

Yp + ay, = bu (2.4)

match the desired reference dynamics,
Ym + ay, = bu (2.5)
u=ro6 (2.6)

the control law is an intuitive choice. Indeed, if the gain value 8 is set to, & = by, / b,
then (2.4) becomes (2.5).

MIT rule is a common used rule. This adaptation mechanism is defined by,

d
EG = —aeyn, (2.7)



and incorporates the output error e as well as the reference model’s output Y. gibi
¢ikis hatasini da kapsar. To derive this update law, a cost function is defined first:
J =e? (2.8)

Essentially, the parameter @ is set to follow the “steepest descent” i. e. move
along the negative gradient with a certain adaptation gain o.
d d
E 0=—-«a E]

= —ae%e(e) (2.9)

In order to calculate the sensitivity derivative %e(e) the system equations of model

and plant process are inserted.
d d

a@ = —(ZE(}’p — Ym)
= —ae (L HG(SU() — Gn(RE)

= _ae% (LG, ($)OR(s) — G ()R(S)})

= —ae = (L7HbG()OR(S) — Gm(S)R(S)))

= —aebL G, (s)R(s)}

= —aebyy, (2.10)
Finally merging a and b to a single gain value y = a b yields the update law.
d bm
o 0 =—ye al
= —Ye¥m (2.11)
A second option for an update law is the Lyapunov rule,
Lg= —yer (2.12)

dt
where r is the reference input signal for both systems. In order to derive this formula,

the following Lyapunov function is defined [1].

1,1 b\ ?
V—Eye +Eb( —T) (213)
The time derivative of V can be found as,
. . 2
V =yeé + bl ( — o) (2.14)

and its negative definiteness would guarantee the tracking error going to zero along

the system’s trajectories. Inserting the dynamic equations of model and plant process,



Yp = —Yp + 0br (2.15)

Ym = —Ym + bmr (2.16)
yields
) ) ) : b,
V=ye(yp — ¥m) + b0 (9 —?>
=ye(—y, + 0br + Yy + byy1) + (b0 — byy,)

= Ve(_(yp — Ym) +1(6b — bm)) + é(be — bp)
=ye? + (yer + 6)(bO — b,,) (2.17)
The last line gives the following condition for the Lyapunov function's derivative to

be negative definite and thus the update law (2.11).

This result is similar to the MIT rule in equation (2.11), with the only
difference being an additional filter operation of r with the reference model

dynamics. In both cases, the update law for the parameter 6 is defined by its
derivative %0. tarafindan tanimlanmugtir. This derivative is the product of a

adaptation gain factor -y and two of the system's signal. Regarding the MIT rule,
these two factors are the error signal e ve and the reference model’s output yp. This
relationship is derived using a cost function J(e) and varying the parameter in the
direction of the negative gradient. In contrast, the Lyapunov rule is established using
the approach of a Lyapunov function whose negative definiteness should be
maintained by a suitable update law. This results in the update law being the product
of the adaptation gain -y, the error signal e and the reference input signal r.
Therefore, the signal y, as found in the MIT rule, is exchangeed with r in the

otherwise identical Lyapunov adaptation mechanism [7].

3. DC MOTOR CONTROL USING MODEL REFERENCE BASED
ADAPTIVE CONTROLLER

In this thesis a DC motor control using model reference based adaptive
controller is implemented. The implementation of this system has three steps. The
first step is designing the reference model and second step is modelling the plant. For

plant model DC motor is used. Final step is designing the adaptive controller.

10



3.1. The PID Controller

This controller replaces the amplifier in the forward path of our closed-loop
control system. One example of PID controller is shown in Figure 3.1. "The Plant"

just means the equipment whose output is being controlled.

r PID The Plant y
Controller

h 4
L J

Transducer

Iy

Figure 3.1 PID controller

In this figure r is the reference input. Telling the system that we want the
output y to settle at a value which will make the transducer output equal to y. e is the
error. u is the controller output or controller action. y is the plant output.

Our studies of such systems have began by just using an amplifier instead of
the PID controller. The PID controller (also called a Three-Term Controller) actually

incorporates what is effectively an amplifier. The output u of the PID controller is:

de

u:Pxe+|xjedt+Dxdt

(3.1)

where P, | and D are the Proportional, Integral and Derivative gains respectively. If |

and D are both zero, the controller is just an amplifier with a gain P.
3.1.1. Modeling the System with Equations

A discrete PI controller based on the following equation:
y(k) =y, (k) +y; (k) 3.2)

where

11



Yo (k) =K e(k)
y; (K) =y, (k-1 + K.Te(k) (3.3)
-1<y,(k) <1

y(k) — Controller output

e(k) — Error (difference between desired output and actual output)

Ts — Sample time

K, — Proportional gain

Ki — Integral gain

The Backward Euler method (a numerical integration approximation) is used
to solve the integrator equation from above. This is why the integrator equation goes
from yi(k-1) to yi(k).

The output of the integrator equation must fall between -1 and 1. This range
is required as an antiwindup measure, or to prevent windup in the system. Windup
refers to the condition when the controller is ineffective at reducing the system error,

and so the integral state (yi(k)) becomes very large.

3.1.2. Building a Block Diagram Model of the System

To build a block diagram model of the system,

1. Use a step function as the system input (e(k)).

2. Build the integrator equation using the method discussed earlier in this

homework.
3. Limit the output of the y; integration to fall within the limits defined below.

4. Define an initial condition of O for y; (this can be done by setting an initial
condition in the Unit Delay block).

5. View both the input and output on the same scope.
6. Use variable names to define block parameters.

7. Label the signals and annotate the diagram.

12
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Figure 3.2 PI controller in SIMULINK

In this project firstly a PID controller is tried for controlling of DC motor. In

source the pulse generator with 3 volt amplitude and 100 second period is used. The

pulse width of this generator is 50.

The output of continues PID controller is the sum of three individual

controller outputs — proportional, integral, and derivative controls:

y(K) =y, (K)+ yi(K)+ yy (k) 34)
where
Yo (k) = K e(k)
v, (K) =y, (k-1 + K T,e(k) (3.5)
Y4 = ) ~e(k D]
The parameters used in this project is as below.
Table 3.1 Parameters
Parameter Ki Kd Kp R L
Description | Integrator Derivative Proportional Ohms Henrys
Coefficient Coefficient Coefficient
Value 100 0.1 30 2 0.5
Parameter Km Kb B J Kc
Description | torque constant | emf constant Nms kg.m’
Value 0.015 0.015 0.2 0.02 1
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For PID controller 5.28 for K; and 1.32 for Ky is used, also for K, 5.28 is
selected. These values is acquired experimentally. The Simulink model that used in
the project is shown in Figure 3.3. The input generated signal for this type of

simulink is illustrated in Figure 3.4.

Scope2 Reference Model

60
' 52 155+60
Pulse External Torque y
Generator o
External_Torque “ -
05 Td Speed (rausec)

Controller

External Torque Regulator ) o) syitch

<7}
]

Gaing

Current
Gaind Integrator

Mator

Error

Speed (rad'sec)

Speed (radisec) Gainl Integrator1

Error

gamma Product Gain

Integrator2
H: [ heta [ }q—‘—l xL e
theta
Scoped

Adaptive Section

Figure 3.3 First Simulink Model

25T

15

0.5

Figure 3.4 Generator pulse wave

3.2. Model Reference Adaptive Control System

The model reference adaptive control system is an important adaptive
controller. It may be regarded as an adaptive system in which the desired
performance is expressed in terms of a reference model, which gives the desired
response to an input signal. This is a convenient way to give specifications for a

problem. A block diagram of the model reference adaptive control system is shown

14
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in Figure 3.5. Where the system has an ordinary feedback loop, which is composed
of the process and the controller, and another feedback loop that changes the
controller parameters. The parameters are changed on the basis of feedback from
error en(t), which is the difference between the output of the system y(t) and the
output of the reference model yn(t). The ordinary feedback loop is called the inner
loop, and the parameter adjustment loop is called the outer loop. The mechanism for
adjusting the parameters in a model reference adaptive control system can be
obtained in two ways: by using a gradient method or by applying Lyapunov stability
theory [1].

\ v, (1)
=| Model Reference o -
New values
For controller parameters A daptation e (f) _
- “m
) — 7
Mechanism %)
R(p) r
- J vt
_ = Controller YO 1 process o
input -
signal

Figure 3.5 Block Diagram of Model Reference Adaptive Control System [1]

Adaptive gain » will be chosen by trial and error using simulations in order

to achieve a good rate of convergence. Simulation results for the rotor angular

position are shown in Figures 5, 6 and 7 for adaptive gainsy =0.001, 0.0, 0.1

respectively. All the figures indicate satisfactory convergence of the plant output to

that of the model. But the use of a larger value of the adaptive gain » led to a faster

convergence of plant output to models. The biggest adaptive gain is chosen as

y = 0.1 because adaptive laws become stiff and difficult to solve numerically on the
computer and simulink gives application error for > 0.1. The red lines show model

output, blue lines show plant output, cyan lines if exist show error signal in all

simulations.
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Figure 3.6 DC Motor Output and Comparison with Reference Model for y =0.1

T T T T T
Reference Output
3 Plant Output T
Error Signal
25 —
2 -
15 =
= -
05— —
= . = . . =
| | | | | | | | |
o 5 10 18 20 25 30 35 40 45 50

Figure 3.7 DC Motor Output and Comparison with Reference Model for y = 0.001
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Figure 3.8 Output DC motor and comparison with Reference Model for y =0.01
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Objective of this part of the study is to demonstrate how to design and model
adaptive controller, tune and analyses its performance using Simulink. Here we have
used direct adaptive method called Model Reference Adaptive Controller (MRAC).
There are three main elements of this model: Reference Model, Plant Model and
Adaptive Controller. The final Simulink model used in this study is shown in Figure
3.9.

i Output

Reference Model

o e

n
e Adaptve Mechanism
. '
e .

X B Int

Mul

i‘T

N

Cortroller

e Qut3z.
Plart

position

s

Figure 3.9 Simulink Model

3.3. Reference Model

This section of controller models the preferred treatment of closed-loop
system. In this thesis, a transfer function for reference model is used. This transfer
function is,

60

T(S)=———"—
(s) s® +15s+ 60

(3.6)

This part of the controller captures\models the desired behavior of closed-
loop system. In other words, how you like your overall system to behave for a given
input is modelled in this subsystem. In this project, reference behavior is modelled as

a transfer function. This can also come from closed-loop system specifications
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described in below figure as desired Rise Time (0.413sec), Settling Time (0.706sec)
and Steady State Error (0). Reference Model output, Y., is desired reference

trajectory which Plant output () has to follow.

In this transfer function lowpass filter is used and the frequency responce of

this filter is as Figure 3.10.

Bode Diagram

T T

MMagnitude (dB)

Phasze (deg)

Frequency (radis)

Figure 3.10 bode diagram of proposed reference transfer function.
3.4. Plant Model

In this study, plant is a DC Motor. One of the many motor parameters, Kf —
Mechanical Damping, is considered to be varying. Initial value is assumed to be 0.2.
And PID controller is tuned to achieve desired response with this initial value of Kf.
Now as motor goes through aging and impact of other environmental conditions, Kf
changes, this will change motor behavior. Plant output is Yp. Hence controller has to
adapt\change its parameter values to achieve desired response (Y, — Ym = error (e) =

0). This is illustrated in Figure 3.11.
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Figure 3.11 Plant Model

3.5. Adaptive Controller

There are two sub components of this controller.

3.5.1. Purposed Controller

Figure 3.12 Purposed Controller in SIMULINK
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This part of controller is fixed and gains have been tuned for keeping initial
plant condition in mind and to achieve overall stability. Output of PI controller is Ue.

3.5.2. Adaptive Mechanism

The goal of this part of controller is to change its output (theta) based on error
(e) between plant output (Y,) and reference model output (Y ). How fast it can adapt
(or change its output) depends on parameter called learning rate, gamma. Higher the
value of gamma, faster it can adapt to any changes in plant. But there are some side
effects also. Controller output (U) is calculated by: U = Uc * theta. Adaptive

mechanism is illustrated in Figure 3.13.

COm

Product

Integrator5 gamma

theta 1 < x
s (2

Figure 3.13 Adaptive Mechanism

By running this model with default values of plant, PI controller and learning
rate, it can be observed that overall all closed-loop system is behaving as per
reference model. Look at the small difference between blue colored curve and red
colored curve. This small error is due to well-tuned PI controller for known plant

values (Kf and others). The result is shown in Figure 3.14.

20



08 =1

o4t [ .
0z r ]

.04 1 | I 1 | 1 1 | 1
o 02 04 06 08 1 12 1.4 16 18 2

Figure 3.14 Output DC motor and comparison with Reference

In the second part of this study it is illustrated that the position control of the
DC motor can be controlled and sustained at specified performance characteristics by
using proposed method. The gradient method gives acceptable response but does not
guarantee the stability of the system [26]. Whereas proposed method can be used to
design the adaptation mechanism satisfy the desired performance and guarantee the

stability of the control system. For adaptive mechanism equation (3.7) is used.

y =y (ref *(ref -y, ))ds (3.7)
y is output of adaptive mechanism controller, y is gain of this controller, yn,

is output of DC motor and ref is output of reference model. For reference model
equation (3.8) is used.

ref =20 (38)
s“+15s+60

For input of system nonlinear squre wave is used, this wave is shown in
Figure 3.15.
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Figure 3.15 Input of the Proposed Adaptive Control Model

As seen in Figure 3.15, the maximum amplitude of this wave is 1 and
miminum value is 0.1. The time interval is between 0 and 1.8. In Simulink the used

block is as below.

Look-Up

Table1
Gl :
Clock =

Figure 3.16 Input in Simulink

3.6 A Brief Conclusion

Figure 3.17 shows the closed-loop DC motor control system with PID
controller. In this model the PID controller controls the output of DC motor with
some coeficient of adaptive mechanism. For adaptive section there is just one
coeficient [26].
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Figure 3.17 Closed-loop DC Motor Control System

In proposed method integral of the reference model and subtract of the
reference and DC motor output are used. The adaptive mechanism of porposed

model is shown in Figure 3.17.

As future work, the adaptation mechanism can be designed using different
theories for the exact model of the DC motor, also can be implemented. For this
system input lookup table and time variant are used. For real time work it can be

integrated on SCADA systems.
4. GENERAL STRUCTURE OF DESIGNED AUTOMATION SYSTEM
The system is composed of three station, three PLCs providing data exchange

and equipment control and a computer that the SCADA software is running (Figure
4.1).

| . UNLOADING AND

PC/PPI Cable CARRI¥ING SATION

PROCESSING
STATION

usB

TEET AND SEPARATING

PROFBUS = STATION

Figure 4.1 Components and General Structure of the Designed System
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4.1. SCADA Interface

The systems that collect the field data as continuously and real-time from
devices used in proces and automations such as programmable controller, provide to
the operators (users) monitoring of various factors affecting the production according
to defined criterias from a central point by evaluating this information and used in
order to ensure the possibility of remote controlling may be called supervisory
control and data acquisition (SCADA) [8]. SCADA system is a combination of data
collection and telemetry; performs data collection and sends data to the center, makes
analysis and then displays this data on the operator screen. SCADA system displays

and controls the field equipments as well with represented objects.

By using dynamic object drawing tools, monitoring the desired process can
be simulated in a way that represents the reality and warnings can be made
remarkable. SCADA softwares include features such as graphics, motions, sizing,

flashing that can provide ease of use to operators.

The screen of the stations are accessible from the button in the main screen
which stations' name on. Stations can be started and parameters of the system can be
adjusted manually from the screen when desired. The circle next to the running

station becomes green and the text 'istasyon hazir' appears.

ANA EKRAN

O

000 ano; ooo

BOSALTIM YE TASIMA TEST YE AYIRMA
ISTASYONU ISLEME ISTASYONU ISTASTONL

@ o () 1sTAsYON HAZIR ") 1sTasvoN HAZIR
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4.2. Siemens SIMATIC S7-200 PLC

Writes to the outputs > \
[

OONINSINVISININEY

Perform the CPU Diagnostics /’ \

Process any

Communications Requests K )
e R

Execute the Program

Scan Cycle
SOOI

| Reads the inputs | ﬁ ﬁj’
= s

Figure 4.3 S7-200 Working Principle [9]

Programmable logic controller is an industrial computer which collects
information about the connected system, sends this informaion to the control center
via a specific communication environment, implements the commands from the
control center. PLCs provide appropriate control environment to software programs
for on the one hand fulfill the process functions while also transmit the information
and data to SCADA system [10].

SIMATIC S7-200 family of programmable controllers are improved devices
for the realization of control circuits of small automation systems with 64 input, 64
output and feedback control circuits that require 12 analog input, 4 analog output
point [9].

In this study, S7-200 CPU224 model PLCs are used. Prototype programs
suitable with the system hardware are installed to PLCs by using SIMATIC/Step-7
program and firstly communication operations of the PLCs are provided. As PPI
address, numbers 2, 3, 4 to PLCs and number 1 to SCADA control system are

assigned.

Figure 4.2 Main SCADA Screen
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5. COMMUNICATIN IN THE AUTOMATION SYSTEM

5.1. S7-200 Network Communication

The S7-200 supports a master-slave network and can fuction as either a
master or a slave in a Profibus network, while STEP 7-Micro/WIN is always a

master.

A device that is a master on a network can initiate a request to another device
on the network. A master can also respond to requests from other masters on the
network. Typical master devices includes STEP 7-Micro/WIN, human-machine
interface (HMI) devices such as TD 200. On the other hand, a device that is
configured as a slave can only respond to requests from a master device; a slave
never initiates a request. For most networks, the S7-200 functions as a slave. As a
slave device, S7-200 responds to requests from network master device, such as an
operator panel or STEP 7-Micro/WIN [9].

5.2 Setting the Baud Rate and Network Address

The speed that data is transmitted across the network is the baud rate, which
is typically measured in units of kilobaud or megabaud. The baud rate measures how
much data can be transmitted within a given amount of time. For example, a baud

rate of 19,2 kbaud describes a transmission rate of 19200 bits per second [9].

Every device that communicates over a given network must be configured to
transmit data at the same baud rate. Therefore, the fastest baud rate for the network is
determined by the slowest device connected to the network [9]. In this study

common baud rate was adjusted as 19,2 kbps.

The network address is a unique number that it is assigned to each device on

the network. The unique network address ensures that the data is transferred to or
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retrieved from the correct device. The S7-200 supports network addresses from 0 to
126.

Typically, the network address 0 for STEP 7-Micro/WIN is not changed. If
the network includes another programming package, it might need to change the
network address for STEP 7-Micro/WIN. In the following figure adjusting the
communication settings of the STEP 7-Micro/WIN is shown (Figure 5.1).

The baud rate and network address must also configure for the S7-200. It is
also done by using STEP 7-Micro/WIN. The addresses of the three S7-200 in the
system; for unloading and carrying station is 2, for processing station is 3, for test
and seperation station is 4. Adjusting the address and baud settings of the S7-200 is
shown in the Figure 3.2. After adjusting the settings throug STEP 7-Micro/WIN, it
must be download to S7-200.

Communications

Address
PC/PF1 Cable(PFI]
Locat 1 Afdiess | e—
Femobe: 2 hd ) Double-Chick
PLC Type: L b0 Retesh

(P ]2
PPl | Local Connection| e
Stadicn Parameders
E s fud

Addvess: [ = s 3
Timeout: 1z - |
Metweauk, Pararmesters —
I Advanced PP
I Mudtiple master network
Transmission rabe: m [ Galacl_ J 4
Highest station address: 3 |

Figure 5.1 STEP 7-Micro/WIN Communication Block
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Figure 5.2 STEP 7-Micro/WIN Communication Ports

5.3. Profibus

The protocols are made for transfering information via any enviroment
between two or more devices which use different languages. For performing quick,
safe and understandable data communication in any protocol all details about

information transfer and control are specified and fixed.

Figure 5.3 Profibus Cable [11]

Profibus is an international fieldbus communications standard for linking
process control and plant automation modules, it is an open field line protokol and
independent from the producer. These are based on the international standards (EN
50170, EN 50254 ve IEC 61158). Profibus is a data way which has nearly 650

members and is supported by many research institutes. It provides communication
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between devices of different producers while doing this does not need any special
interface. This data way system is widely applied in areas such as complex
communication processes or critical applications with high speed [12]. Profibus
networks typically have one master and several slave 1/0 devices. The master device

is configured to know what type of 1/O slaves are connected and at what addresses

[9].

The profibus cables which connect three PLCs and provide communication
have connectors. These connectors have two sets of terminal screws to allow you to
attach the incoming and outgoing network cables. The connectors also have switches
to bias and terminate the network selectively. Figure 3.4 shows typical termination

for the cable connectors. Cable must be terminated at both ends.

Switch position = On Switch position = Off Switch position = On
Terminated and biased No termination or bias Terminated and biased

Figure 5.4 Profibus Cable Connections [9]

5.4. Configuring the OPC Server with S7-200 PC Access

OPC is the abbreviation of OLE (Object Linking Embedded) for Process
Control and it is a standard unit in automation technologies. This term is a method
that provides managing, reporting and observing the different brand of PLC and

industrial devices on a single source [13].

¥ Windows EEH

E Y, W

! Soo) il =
ﬂ,‘vd—ﬂ |4~ SHOPC <> FEPC

Hardware PLC ¢ OPC Server OPC Clignt
: Safbware

Figure 3.5 OPC Server Relations [14]
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Setting up a OPC server with PC Access program for Siemens S7-200 PLCs
is as follow.

A new project is created and the controller is marked (for example
MicroWin(USB)). As access point of the application it must be set 'MicroWin' with
existing communicaitons connection to the S7-200. In this study the project is
'‘MicroWin(USB) and the PLCs are PLC_Y0044A, B, C. The network addresses of
the PLCs PLC' lerin network adresleri 2, 3, 4'tiir. Communication addresses and baud
rates must be same with STEP 7-Micro/WIN and S7-200.

&= Project.pca - S7-200 PC Access

Fle B Project.pca - $7-200 PC Access
Fle Edit View Status Tools Help

Open. —
R N pcropertis

Save § © : P'O,::;at'shlew e
2 e || lewPLC
Network Addess: 2 =]  Range(1..126)

Figure 5.6 Adding New PLC to PC Access

Project.pca - S7-200 PC Access
Fle Edt View Status Tools Hep

D d BSlSet PG/PC Interface
- Project
hat's New Access Path | LLDP

B Ll Properties - PC/PPI cable(PPI)

PPl Loca Connection |
[Standaed for Micro/

Interface Parameter £

Zonnecticn to: COM3 v

BRSO Ind Etherns Properties - PC/PPI cable(PPI)
/ @BPCAdaptedMPl) | PP | Locsl Connection|
1 8 PC AdapterPROFIE

& PC/PPI cable(PPI) Station Pacameters
) Address: i :_J
2 Timeout 13 -
Network Pacameters
™ Advanced PP
™ Mubtipls master network
Transmession rate: [192kbm v

Figure 5.7 PC Access Communication Settings
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The items must be add to PC Access program according to match the tags
which will build the SCADA screen (Figure 5.8).

I Project.pca - 57-200 PC Access

File Edt Yiew Status Tools Help
D £Be X |
- é Project Name | B 4 | Data ... I Access
aw_hﬂ'mﬂ" 2 TABLA_DON £00  BOOL R
= B Microwin{use) BIMATKAR_ASAGI A0.1 BOOL R
B ruc_von4aa P o s e
H ric_vonsss TR Properties
B PLc_vooesc
Syrnbobc M
Mare: 15 CFl
1D: Microwfin PLC_ 0445 4=15_CP
Memary Location
Address A00 Resd
Diata Type: 800L -

Figure 5.8 Adding Items to the PLCs

5.5. WInCC Flexible

In SCADA system variables where data communication with PLC is done
and the tags which are expressing these variables must be defined. Elements using
on the SCADA screen such as buton, switch, motor are activated with defined tags.
For every tag it is determined to be read and written information from which data
block or address. In study, to perform the SCADA interface, SIMATIC WinCC
Flexible 2008 is used.

(?(il [ Screen_Girig | [0 Screen_YD0448 I [0 Screen_Yno4

Lw ﬂoie-ct
= pamn Device_1[WinCC flexible Runtim
=% Scresns —

4 dd Screen I_mh
1 Template ES OPC_COMNECTIONI _|opC -|on
[ Sereen_Giig £ OPC_COMMECTIONZ 0T on
] Scieen_Y00444 = ECTION
[ Screen_ Y0048 £ OPC_COMMECTION3 | OPC on
[ Screen_¥0044C
] Screen_v0044C_1 Jpanmgtm Areapointer

[ Screen_v0044C_2
= Y Communication

-5 Tage 3CC Flassable Runkime

B Connections Interface
‘ ‘ oPC v
OPC server name [ oPc server
|57200.0PCServer | | = B Local Server

J 57200 0PCServer
‘) OPC SimaticHM| HrmdR Trn

Remoke :unpu:u fafme
[ @ &k Network Nesghborhood

Figure 5.9 WIinCC Flexible 2008 Communication
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6. UNLOADING AND CARRYING STATION

The basic software of this system is providing movement of the materials one
by one from material reservoir to carrying unit with unloading piston. Then the

materials are carried to the next station by the carrying unit.

The stuffed materials in reservoir are driven forward with unloading piston
till getting signal from the limit switch. The limit switch generates signal when
material touched to the switch and the carrying piston goes down to get the material.
Unloading piston waits until the material is vacuumed. When the vacuum switch
generated signal, the unloading piston releases the material and moves back. The
carrying piston moves right after uplifts the material. When the unit came right, right
limit switch generates signal and the motor of the carrying unit is stopped, then
carrying piston begins to go down. When the material reached down, it is released by
stopping vacuum and the system returns to its initial position for another material.
When material ends, because of the limit switch cannot generate a signal from
forward position of the unloading piston, the piston moves back and the system

stops.

Figure 6.1 Unloading and Carriying Station [13]
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6.1. Components Used in the System

6.1.1. Limit Switch

The automatic operation of a machine requires to use the switches actuates
with its movement. Limit switch is a type of circuit element allowing or stopping a
new operation in movable systems, it transforms the mechanical movement into
electircal signals in order to actuate electrical circuits. The internal structure of the
limit switch includes a normally opened down contact and a normally closed up
contact. When the movable part physically touches the head of the limit switch the
contacts changes position. The contacts return to their neutral state when the pressure

is removed by an internal spring [15].

In this station, the limit switch is used to determine the forward position of

the unloading rod and whether the carrying unit is on right or left position.

6.1.2. Manometer and Dryer Module

It is important for pneumatic systems to have the supply of air clean, dry and
with a stable pressure. Conditioners are used at the entrance of the pneumatic
systems where the air is transferred through pipes from the cylinder in order to
supply the optimum pressure and volume of the air to be used in the system [16, 17].

Manometers and dryers are used together in the conditioner of this system.

Increasing and decreasing of the air requirement cause to drop of working
pressure which leads unwanted situations like power loss. Pressure regulators are
used to supply pressure at a stable level and limit the working pressure for the

accurate operation of the system.

As the fundamental parts of the process control, the measuring devices can be
classified in two categories as electronic and mechanical. Although it is possible to
control the process with electronic measuring devices in PLC and SCADA systems,
reading these values in the field accurately is important in terms of operational

safety. In this context, manometers are inevitably important for measurement [16,
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17]. They are measuring devices which measures the air pressure in the system. A

pressure of 5-6 bars is required for the accuracy of this system.

Water vapour in the air supplied to the system shortens the life of circuit
components as they wear out quickly. Therefore, dryers are used before
transportation of air to the system [16]. Water accumulates due to water vapour in the
air stored within the system. The accumulated water at the bottom of the conditioner

needs to be released by opening water evacuation valves.

Basing ayar diigmesi.
—— Yukari cekilerek
ayarlanir.

Hava —  Hava
Hava cikisi
S—— - e
basing degeri
(bar)

Nem bosaltma noktasi.
—» Cevrilerek acilir. Normalde
kapali durumdadir.

Figure 6.2 Manometer and Dryer Module [13]

6.1.3. Solenoid Valve Group

Valves are pneumatic components that evacuate or release pressured air or
control the flow of its direction, its amount and its volume. Solenoid valves help to
control the direction of the flow of the compressed air required for the operation of
the system. Thereby, it ensures the accurate movement of the pneumatic components
in the desired direction. Solenoid valves work on electrical energy and ensures the
automatic control of the air. Application of electrical signals to the desired valve

causes the compressed air to be transported from the related cylinders [18, 16].
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6.1.4. Unloading Unit

This unit, provides unload of these materials from the reservoir by pushing
the materials in the reservoir to the position which carrying piston will take. The
forward position of the unloading rod is determined when the limit switch is pressed.
Pneumatic pistons are used to perform this process.

Pneumatic pistons are used in all industrial areas to fulfil functions such as
transportation, packaging and forwarding and Industrial fields using these pistons
increase day by day. The working principle of the piston is to let compressed air to
the air chamber providing the release piston and the piston rod a linear movement.
Pneumatic pistons transform the energy of the compressed air into a movement of
linear push or pull [18]. The pneumatic pistons ensure the forward/backward
movement of the unloading rod in this system.

Matenal
Resenvoir
Side view |
Backward Speead Mihaiind
it S Forward Speed
et T i Adjustment and Air
Inlet Inlet
‘ Unloading Arm
Forward/Backward [ Forward Limit
AV \J Movement direction Switch
_J [lt ‘ - ’ -1 r~ \
; — .
, L~ — I N Y
Yo/
‘ O
| 1‘ H’ |

Figure 4.3 Unloading Unit [13]
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6.1.5. Vacuum Generator

The evacuation of the air particles from a defined space leads to pressure
difference between the atmosphere and the related space. Vacuum is produced as the
air pressure of the surrounding is lower than the atmospheric pressure. The vacuum
level depends on the amount of air evacuated from the surrounding of a defined
space. Higher evacuation leads to a more powerful vacuum [16]. The device used to

produce vacuum in this system is a vacuum generator.

(==
.

C

Figure 6.4 Cross-section of Vacuum Generator
[16]

The compressed air allowed to flow through the nozzle of a vacuum generator
produces vacuum. Compressed air is allowed to flow from the A component of the
vacuum generator shown in the picture. As the air expands from the nozzle of D
towards B the speed of the air increases to a high level and starts to produce vacuum
from C [16]. Noise reducing mufflers should be used as compressed air flow will
generate a high level of noise. The schematic principle of the operation of the system

via a vacuum generator is shown in Figure 6.4.
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Air )
N\ M Ventouse
Material |

Figure 6.5 Vacuum Process [13]
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6.1.6. Vacuum Switch

It is an electronic device measuring the reverse compressed air at the part
where air is allowed in to the vacuum switch. This device provides feedback whether
the materials are handled as a result of the vacuum. When the piston fails to handle
the material the vacuum switch will not produce any signals as the air suction will be
high. When the piston is needed to move after vacuumed the material, PLC

programme flow will be run according to the signal produced by the vacuum switch.

Comperative output 1

operation indicator Main display

Comperative output 2
operation indicator

: e Sub display
) @) &2
. I [ 4
Mode selection key Decrement key

Increment key

Figure 6.6 Vacuum Switch [19]

6.1.7. Carrying Unit

The carrying unit is a mechanism which moves both in the right and left axial
direction to deliver and take the material held by the carrying piston. The step motor

allows the left or right movement.

As can be understood from the name, the step motors move step by step,
namely they proceed one step at a time when one of the bands gets energy. The step
motor is an electro-mechanic device which transforms the electric power into
rotating movement. When there is electric power, the impeller and the shaft linked to
it start to rotate step by step. To operate the step motors in the required way with the
right speed, consecutive pulses should be applied. This process is conducted with the
driver circuits [20]. The step motor of the unit is propelled through the step motor

driver circuit located in the panel. This driver takes pulses from the PLC.
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The driver circuit of the step motor have two inputs which are moved to the
panel. These are Axial R/L and Axial CP. The axial R/L input is the one which
determines the rotating way of the motor. When the axial R/L is "0", a movement in
the left way is achieved. And when it is "1", it turns right. For the step motor to
complete its rotation, a sequence of pulse should be applied to the axial CP input.
The frequency of the applied pulse is the factor which determines the rotation speed
of the step motor.

Supply Voltage

vy
= Axis RIL >
Top View Step Motor
= Axis CP ———»  Driver Circuit

Movement Directions

Timing Belt

)
)

== |

Step motor

4
Right Limit Switch

Carrier Piston

Figure 6.7 Carrying Unit [13]

7. PROCESSING STATION

The basic software of this station is to transport the material transferred to
rotary table to the following station via a carrying unit after going through a carrying

unit.

As the material transferred from the previous unit is placed at the entrance of
the rotary table, optical sensor produces a signal and the rod starts its movement after
a short period. The table stops when the material arrives at the process unit. The
materials are compressed by the piston. The drill starts to work and move
downwards. When the drill arrives at the bottom limit, it continues to carry out the
process for a while and then moves upwards. When it reaches the top limit it stops
and the piston releases the material. At the end of the process, the table rotates and

stops at the point where the material will be received by the carrying unit. At this
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point, the signal from the inductive sensor propels the piston to move downwards to
vacuum the material. Then, it starts to rotate towards its right. When signal is
received from the right limit switch at the carrying unit piston moves down, shuts off
the vacuum and transports the material to the following station. After the material is

transported system is restored and on stand by for the new material.

Figure 7.1 Processing Station [13]

7.1. Components Used in the System
7.1.1. Optical Sensor

With a source of light falling on an optical sensor is produces visible or
infrared light. This light is directed towards the object needed to be perceived [21]. If

the optical sensor is reflected from the object as in this system, perception occurs

when the level of reflected light reaches the defined threshold value.
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Transmitter |

Receiver

Figure 7.2 Optical Sensor Working Principle [22]

The start of the system is propelled through the perception of the object left at
the rotary actuator via the optical sensor. Light emitted from the sensor hits the
object, thus it will be reflected at a certain rate and the presence of an object in front
of the sensor will be perceived. The diagram related to the electrical wiring of the
optical sensor is shown in the Figure 5.3. BN (+), BU (-) supply pins work at 10-30
DC voltage and requires current of approximately 100 mA. BK is normally open,
WH is normally closed probes and the BK probe of the sensor is used in the system.
The setting for the sensitivity of the system can be adjusted according to the

reflective characteristics of the objects.

T+ BN (Kahverengi)

@ _ - BK (Siyah)

A
WH (Beyaz)

Cl— BU (Mavi)
Figure 7.3 Electirical Wiring Diagram of the Optical Sensor [13]

7.1.2. Inductive Sensor

Inductive sensor detects metallic or conductive objects without touching them
whether they move or not. Inductive sensor is composed of coil, oscillator, trigger
and output. The current applied to the sensor causes the oscillator to rise and fall and
the sensor creates an electromagnetic field in the close surrounding of its sensing
surface [21]. The presence of a metallic object in the operating area affects this
magnetic field. This change is processed in the electric circuit of the sensor and the

sensor changes the output signal. Therefore, the presence of a metallic object
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entering the sensing area of the sensor is detected. The changing output signal is
evaluated by PLC.

<< Bobin
Cisim <<
Sensdr Osilatér Tetikleyici Cikis

Figure 7.4 Inductive Sensor Working Principle

4
v
v

M

LED indicator of the inductive sensor which is placed on the processing
station will give out light when metallic objects are detected. The position of the
rotary actuator is controlled in that station. with the inductive sensor. These sensors
produce the required signals to stop the engine of the rotary table by detecting the
metallic objects fastened under the arms of the table.

+ BN (Kahverengi)

[

I | Sinyal ucu
= l

© BK (Siyah)

- BU (Mavi)

Figure 7.5 Electirical Wiring Diagram of the Inductive Sensor [13]

7.1.3. Rotary Table

A rotary table is a device used to process materials and works sensitively in
terms of positioning. It provides the working of the processing unit in specific times
around a fixed axis. The actuator directs the incoming material to the operation point
by turning right, secondly, it rotates the material towards the following station to
receive the material. The position where the table is expected to stop is detected by
inductive sensors fastened on arms of the table.
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Figure 7.6 Rotary Table [13]

The rotation of the table is ensured via DC motor with a reductor. Reductor is

a closed gearing mechanism designed for adjusting the high speed rotation of the

electrical motors to the level required for the related machines [23].

7.1.4. Processing Unit

The processing unit consists of a drilling mechanism which conducts drilling,

grinding and sweeping operations according to the tools attached to the pin of the

processing unit.

DC Motors ————» Drill Upward

Limit Switch

Upward/Downward
Movement Direction ¢

v

Drill Downward
Limit Switch

Drill Adjustment
of Height and
Clamping Screw

Drill Chuck ——»

Figure 7.7 Processing Unit [13]
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The drilling machine is mounted to a threaded mechanism which allows it to
move up and down. The DC motor makes the movement and rotation of the machine
possible. The on/off switch should be turned on for the drilling machine to start when

the signal comes from PLC.

7.1.5. Carrying Unit

This unit has the same working principle as the carrying unit at the unloading
and carrying station. The difference of this station is that the rotation towards left or
right is provided by a DC motor. The DC motor of the unit is propelled through the
direction driver circuit of the DC motor located in the panel. The driver circuit of the
DC motor have two inputs which are moved to the panel. These are Axial Left and
Axial Right. When the Axial Left is "1", a movement in the left way is achieved.
And when the Axial Right is "1", it turns right.

8. TEST AND SEPERATION STATION

The basic software of this station distinguishes the materials by their type
(metal, white, black). When the material delivered on the starting point of the band is
detected by the optical sensor, the band starts to move after a little while. This
duration can be control from the monitoring screen. When the object is passing by
the inductive sensor, the sensor produces a signal and metal distinguisher closes so
that the material falls down to the metal section. If the material is not metal, the
signal received from optical contrast sensor is evaluated to determine the colour of
the material. If the material produces a signal at the optical contrast sensor, it is
concluded to be white, if it does not produce a signal it is concluded to be black.
Gain scheduling algorithm is used in this station to control the band speed. If other
sersor fastened to this unit for recognization of the material type, the band speed can

adjust itself according the sensitivity of this materials.
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Figure 8.1 Test and Seperation Station [13]

8.1. Components Used in the System

8.1.1. Siemens TD-200 Operator Panel

TD 200 is a text display unit which can only be mounted to the S7-200 device
and has a space for 2 lines and 20 characters for each line. This device can be
programmed to display the the text messages coming to S7-200 and the variants of
the application [2]. In the system, TD 200 is connected to the Port 0 of the last station

(testing and separating).

Figure 8.2 TD 200 [9]
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8.1.2. Optical Sensor

The optical sensors of this station have a reflector. This optical sensor
determines whether there is any object on the band. If an object appears between the
sensor and the reflector, the sensor signals as the detection of the reflecting light is
interrupted.

8.1.3. Optical Contrast Sensor

This sensor detects black and white objects. The sensing area of these type of
sensors are affected by the colour and brightness of the objects. The sensing distance
is affected by the colour of the objects at the opaque surfaces. Bright colours provide
maximum sensitivity. The sensor on test and separation station is calibrated to be
insensitive to black objects and to detect white objects within the shortest distance
[13].

9. RESULTS

In this study, firstly a second order plant is examined and simulated in
MATLAB by using model reference adaptive mechanism. Two type of trials are
made and results are shown graphically. Secondly the monitoring and controlling of
three different stations has been successfully achieved from a single centre.

Model reference adaptive control is one of the various techniques of solving
the control problem when parameters of the controlled process are poorly known or
vary during normal operation. To understand the dynamic behaviour of a DC motor
it is required to know its parameters. Motor parameters change during the operation
according to several conditions. Therefore, the performance of the controller, which
has been designed considering constant motor parameters, becomes poorer due to
parameter variations. For this reason, a model adaptive control method is proposed to
control the position of a DC motor without requiring any fixed motor parameter.
Experimental results show this method controls the position of the motor [25]. In
proposed method integral of the reference model and subtract of the reference and

DC motor output are used. As future work, the adaptation mechanism can be
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designed using Lyapunov theory for the exact model of the DC motor. Also, the PID
adaptive controller based on Lyapunov theory can be implemented. For system input
lookup table and time variant are used. For real time work it can be integrated on
SCADA systems.

The behaviour and characteristics of the system that will be controlled must
be clearly laid out in order to design the control system. The stable control
parameters must be suitable to all environmental and facility conditions. In spite of
this, most systems are not suitable in terms of determining their characteristics under
environmental and facility conditions due to undetectable components existing in the
system. Therefore, an adjusting and calibration mechanism is required [24]. Adaptive
control is not the solution to all control problems. When the process dynamic is
variable, a controller with a variable parameter is used accordingly. In the context of
unpredictable variables adaptive control must be preferred. As a pre-set system is
used in this work gain scheduling algorithm is employed since an external sensor and

control unit is impossible to be added.

On the monitoring screen prepared with WIinCC Flexible programme,
addresses and blocks that could be changed from the monitor must be supplemented
to PLC programmes in order to control the desired parameters of the system.
Additional changes have been made to the programme to be able to interfere with the
operating time and band speed of the processing and test stations. Furthermore, the

control of the system is also ensured along with monitoring of the system.

Gain scheduling schemes are also used in connection with adaptive control
schemes where gain scheduling takes care of rough changes of parameters when
conditions of operation change and the adaptive control takes care of the fine tuning
of the controller. Gain scheduling systems are not fully adaptive, they are widely
used in a variety of situations with satisfactory results [4]. However that in certain
cases, the use of this simple principle can be very costly because, it may require
additional expensive equipments like in this study. It may take a long time and
numerous experiments in order to establish the desired relationship between

environment measurements and controller parameters. An adaptive regulator is more
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complex than a stable gain scheduling regulator. It is important to research control
problems with a stable gain scheduling before attempting to use adaptive controls.
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APPENDIX 1. SCADA SCREENS AND NOTICES

BOSALTIM VE TASIMA ISTASYONU

ISTASYON DURDU! BASLAT ANA EKRAN
BLOK DIAGRAM DURDUR

TASIYICI SOLDA TASIYICI SAGDA
TASIMA UNITESI

MALZEME BITTI
MALZEME MALZEME ¥AKUMLANDI
HaZMEST
ECOSALTIM SIMIR
PISTONU ] ANBHTART
BOSALTIM KOLU MALZEME GELDT
ILERIDE
BOSALTIM KOLU MALZEME SIRADAKT
GERIDE ISTASYOMNDA

ISLEMVE ISTASYONU KOTROL PARAMETRELERT

MBS MALZEME GELDIGINDE BEKLEME ZAMANI 000

BASLAT [SLEME BASLAMA ZAMANI [alua]

DURDUR ISLEME BASLAMADAN OMCE BEKLEME ZAMANI ooo
MATKAP ISLEMINIMN ZAMANT ooo

ANA EKRAN
ISLEM BITTIKTEN SOMNRA BEKLEME ZAMANI ooo

BLOK DIAGRAM SURELER x100ms

MATKAP YUKARI CIKIYOR
MATKAP ASAGL INIYOR

TASIYICI SOLA GIDIYOR TASIYICI SAGA GIDIYOR
MALZEME
SIKISTIRIMA TASIMA UNITES]
MALZEME |'|T|'|
ISLENI¥OR
O MATKAP MALZEME ALINIYOR
CALISTYOR

TASIYICI SOLDA TASIYICI SAGDA
MALZEME
o LSO MALZEME SIRADAKI
TABLA DONUYOR ISTASYONDA
TEST VE AYIRMA ISTASYONU KOTROL PARAMETRELERT

ST D10 I MALZEME GELDIGINDE BERKLEME ZAMANL 000

BASLAT BANDIN DONME ZAMANI 000
DURDUR NORMAL HIZDAN YAV AS HIZA GECME ZAMANT 000

ANA EKRAN NORMAL HIZ DEGERT 000 9,
ELOK DIAGRAN WAVAS HIZ DEGERI 000 O

SURELER %100ms

EMDUKTIF

a R SILINDIRLER
OPTIK
SEMSOR
o] e

MALZEME GELDI

BANT
DONUYOR

BANT HIZT
000 % METAL BEYAZ SIYAH

000 000 000
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APPENDIX 2. PLC PROGRAMS

Metwork 4 SYSTEMY DURDLR

Stop dudmesi e sistem durdurlur ve Set_Reset alt programy ile dedibkenler Set/Reset ed
wazdyrglyr. Stop ile sistem bablange durumuna geger.

Stop_Button:ED Sistem_0On_~:M0.0
| | | | {
1 /1 1 P {r)
1
Stop_BitMO.E Set_Rezet
| | EN

Scada Stop:M251 Alarm0_04E T
T 5
1

Alarmi_1W46.6
()
1

Alarmi_2W4E6.5
")

Scada_Stop:M25.1
R

Network 3 SYSTEM HAZIR

Start_Butan, siztemni calibraya hazir hale getirr. Start butonuna basilinca Sistern
Siztern_Hazjrla alt programy devreye girecekbr. Alarmil_D ile panele meza) yazdprl

Start_Buttor:ED.Q Sigtern_On_~M0O.0
| l | l r
1 1 F I (s
1
Start_Bit:+0.5 Siztern_Ha™:mM10.0
| | | | T
1 1 P I (s)
1
Scada StartbM25.0 Alarm0_0\4E6.7
| | | P | { R
| | 1 | LS
]
Scada StartM25.0

—(j)

Network 5

Burada sistem ardjbiik olarak Sisterni_Hazjrla, Yhlem_ap, Malzerne_alimi, Malzeme_Birak alt programlaring sira ile
calpbtjracaktyr. Sistem_On_Off ON iken Material Arive Sensoiline M alzeme geldidinde Malzeme_Geldi Zmn zamanlapyicis)
calibtjriljr. Siire bitmeden malzeme cekiirze zamanlawic) spfilanin ve iblem sana erdiilr. Belidenen siire zonunda malzeme hala
yerinde duruporsa sistern calibmasyna devam edecektin. Bu iblemler stop duimesine basilincaya veya malzeme gelmeyinceye
kadar devam edecekbr.

Sistern_On_~:M0.0 Material_Amive:ED.2 Malzeme_G~:T102
| | |
I | I 1M TOW
T102_MAL~ Vw04 PT 100 s

Malzeme_G~T102 Malzeme_~:M12.3
)

Sistern_Ha™k10.0 Sistemi_Hazirla
EM
Sistern™ - Sistern_Ha™:t10.1

Sistern_Ha™M10.1 Malzeme_~:M12.3 Malzeme_¥~:M12.0 Y'blem_vap
| ] | ] |
I 1 1 EN
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Metwork 7

T109 MOV
] |
|} EN eno——)
Pals_Ge~wi1104-10 OUT | Pals_Ge~w/1100
Symbal Address Carment
Palz_Geniplisi Wid1100 Falz Geniphii
Palz_Gerniplisi2 Wh1104 Falz Genibhi
Metwork 8
|
Band_Fotate:k1.0 MOW
|
' EN ENof——)
Palz_Ge~\wi11021M OUT | Pals_Ge™w1100
Network &
Band_Rotate:M1.0 A
|
! EN ENo——)
Pals_Ge~ w1102 10 OUT | Pals_Ge™ w1100
Symbol Address Comment
Batd_Ratate k1.0
Pals_Geniplidi W 1100 Palz: Geniblifi
Pals_Genipligil Wi 1102 Palz Geniblifi
Network 9
Band_Rotate:M1.0 7109
} N TON
T109_Zak~ W wBI4FT 100 ms
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APPENDIX 3. THE SYSTEM
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