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ABSTRACT

This project focused on the parameter identification of Servo-Pneumatic
Position Control System (SPPCS) utilizing Least Square Estimate (LSE) approach.
The obtained mathematical is analyzed in terms of transient and steady-state
response. Presented method is based on the transfer function estimation, these were
identified in calculation of the collection of the input and output data by using the
LSE method approach. The mathematical model’s parameter is estimated from the
calculation. The mathematical model estimation is implemented using the
MATLAB’s simulation. The output performance from both MATLAB and Visual
Basic (VB) will be compared and if the result is similar and the average error, € is
smaller, then the results are accepted. The result obtained is a mathematical model
that will be used as parameter identification for SPPCS. In the future, this parameter
identification can be used to represent the whole of SPPCS in the MATLAB’s

simulation to replace the actual hardware.
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ABSTRAK

Kertas kerja ini bertujuan untuk mengenalpasti satu model matematik
(persamaan matematik) untuk Servo-Pneumatic Position Control System (SPPCS)
melalui kaedah Least Square Estimate (LSE) dan juga menganalisis bentuk graf bagi
aktiviti system ini dalam bentuk transient and steady-state response. Kaedah yang
digunakan adalah berasaskan pengiraan transfer function. Bagi melaksanakan kaedah
ini matlumat daripada input dan output sistem ini perlu direkodkan. Persamaan
matematik untuk sistem ini dapat dikenalpasti daripada kaedah LSE. Dalam
mengenalpasti persamaan matematik ini, perisian MATLAB dan perisian Visual
Basic digunakan. Keluaran output bagi sistem ini dibandingkan dengan
menggunakan MATLAB’s simulation. Berdasarkan model simulasi dan model
sebenar SPPCS, persamaan matematik dapat dibuktikan dan dapat diaplikasikan
dalam kehidupan sebenar. Diakhir projek ini, sistem ini berupaya menunjukkan
model matematik (persamaan) untuk SPPCS dengan kaedah LSE dan keluaran
output bagi system dapat ditunjukkan dalam bentuk transient and steady-state
response. Model metametik ini boleh digunakan bagi mewakili keseluruhan SPPCS

dalam bentuk simulasi MATLAB untuk masa hadapan.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

1.1.1 Parameter ldentification

There is a mathematical model for just about everything. Computer programs
have been written to describe the flow of water in channels, the flow of electricity in
conductors of strange shape, the growth of plants, the population dynamics of ants,
the distribution of stress in the hulls of ships and on and on. Modeling programs
generally require data of four main types.

These are:
» Fixed data
= Parameters
= Excitations

=  Control data

The purpose of a mathematical model is to produce numbers. These numbers
are the model’s predictions of what a natural or man-made system will do under a
certain excitation regime. It is for the sake of these numbers that the model was built,

be it a ten line program involving a few additions and subtractions, or a complex



numerical procedure for the solution of coupled sets of nonlinear partial differential

equations.

Where a model simulates reality it often happens that the model-user does not
know what reality is; in fact models are often used to obtain reality by comparing the
numbers that they produce with numbers obtained from some kind of measurement.
Thus if a model’s parameter or excitation data are “tweaked”, or adjusted, until the
model produces numbers that compare well with those yielded by measurement, then
perhaps it can be assumed that the excitations or parameters so obtained have
actually told us something which we could not obtain by direct observation.



1.1.2 Least Square Estimate (LSE)

The least square method is widely used to find or estimate the numerical
values of the parameters to fit a function to a set of data and to characterize the
statistical properties of estimates. It exists with several variations: Its simpler version
is called ordinary least squares (OLS), a more sophisticated version is called
weighted least squares (WLS), which often performs better than OLS because it can
modulate the importance of each observation in the final solution. Recent variations
of the least square method are alternating least squares (ALS) and partial least
squares (PLS).

The biggest advantage of nonlinear least squares regression over many other
techniques is the broad range of functions that can be fit. Although many scientific
and engineering processes can be described well using linear models, or other
relatively simple types of models, there are many other processes that are inherently
nonlinear. There are many types of nonlinear models, on the other hand, that describe
the asymptotic behavior of a process well. Like the asymptotic behavior of some
processes, other features of physical processes can often be expressed more easily

using nonlinear models than with simpler model types.

Being a "least squares” procedure, nonlinear least squares has some of the
same advantages (and disadvantages) that linear least squares regression has over
other methods. One common advantage is efficient use of data. Nonlinear regression
can produce good estimates of the unknown parameters in the model with relatively
small data sets. Another advantage that nonlinear least squares shares with linear
least squares is a fairly well-developed theory for computing confidence, prediction
and calibration intervals to answer scientific and engineering questions. It is perhaps
the most widely used technique in geophysical data analysis, which can be applied to
any problem. In least squares the parameters to be estimated must arise in
expressions for the means of the observations. When the parameters appear linearly
in these expressions then the least squares estimation problem can be solved in
closed form, and it is relatively straightforward to derive the statistical properties for
the resulting parameter estimates.



1.1.3 Servo -Pneumatic Position Control System

Modern servo-pneumatic positioning technology has made significant inroads
in the automated manufacturing environment. The advantages cited by end users
include the speed of motion, low cost of installation and maintenance, cleanliness,
and the simplicity of operation of these systems relative to other similar hydraulic
and electro-mechanical technologies. The robustness of servo-pneumatic technology
solutions is limited by the positioning accuracy of current system controllers. Servo-
pneumatic controllers typically rely on sophisticated control algorithms that
accommodate the highly non-linear nature of pneumatic actuator operation.

Advantages cited by end users of these systems include the speed of motion,
low cost of installation and maintenance, cleanliness, and the simplicity of operation
of these systems relative to other similar hydraulic and electro-mechanical
technologies. These characteristics have a very positive impact on the use of these
systems in the educational laboratory environment. The robustness of these servo-
pneumatic actuator systems is typically limited only by the positioning accuracy of
system controller.

The servo-pneumatic system consists of the following components:
= PLC (CJIM-CPU 12)
- A programmable logic controller (PLC) or programmable controller is a
digital computer used for automation of electromechanical processes,
such as control of machinery on factory assembly lines, amusement

rides, or lighting fixtures.

= Cylinder Positioner
- Cylinder positioner using pneumatic system is mechanical devices
which produce force, often in combination with movement, and are

powered by compressed gas.



= Electro-Pneumatic Regulator
- An electro-pneumatic regulator system for controlling a pressure and a
current that supplied from a source on the basis of a level of an input
electric signal
= LVDT Transducer
- The linear variable differential transformer (LVDT) is a type of

electrical transformer used for measuring linear displacement.


http://en.wikipedia.org/wiki/Transformer

1.2 Problem Statement

In this project, the major statement consists of Parameter Identification and
Servo-Pneumatic Position Control System. Pneumatic actuators provide solutions
through motion technology in many applications. A wide range of industries now
rely on pneumatics since pneumatic actuators have distinct advantages: clean for
environment, rapid point-to-point positioning, high load-carrying capacity-to-size
ratio, mechanical simplicity, low cost, and ease in maintenance. For Parameter
Identification, it is useful for computer simulation, mechatronic design and also for

control algorithm design.

1.3 Objective

The main objectives of this project are:
= To identify and obtain the mathematical characteristic of the Servo-
Pneumatic Position Control system using a suitable parameter identification
and estimation techniques.

= To analyze the performance in terms transient and steady-state response



1.4 Scope of Project

This project is to identify a mathematical model for Servo-Pneumatic
Position Control using Least Square Estimate that can be used by implement the
parameter equation in MATLAB’s Simulation. As a machine’s performance is a
vital factor for a big production line, this project will examine the efficiency
and performance of a pneumatic cylinder by comparing the experimental model
with real model . Then, the performance of the system will show in term of transient
and steady state respond using GUI software. Thus, the focuses of this project are as
stated below:

= To set up OMRON CJ1M-CPU 12 Programmable Logic Control and the PLC
card.

» To develop the GUI that will analyze the experimental performance in terms
of graph.

» To determine a mathematical characteristic that similar with model of the
servo-pneumatic system by using parameter identification.

= To perform the simulation of this project by using MATLAB’s Simulink.

= To compare the simulation and experimental in term of the output response.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter focused on the literature review for each component in this
project. All the component is described in details based on the finding during
the completion of this project. The device and method that will be discussed about

application in this chapter are:

= Servo-Pneumatic Position Control System
= Parameter Identification

*= Programmable Logic Controller

= Least Square Estimate

= MATLAB’s Simulation

= Graphical User Interface (GUI)



2.2 Servo -Pneumatic Position Control System Application

Modern servo-pneumatic positioning technology has made significant inroads
in the automated manufacturing environment. Pneumatic actuators can move large
loads and can move those loads at rapid speeds if desired. Pneumatic drives can be a
cheaper alternative to electric and hydraulic systems, especially for relatively light
loads. Pneumatic systems are used for the applications where the required power
level is up to 3 kW and required dynamics is up to 70 Hz [1]. Pneumatic actuators
also tend to be more durable. The Positioning Cylinder operates on the same
principles as the typical valve positioner widely used in the process industries. A

precisely regulated air pressure known as "instrument air" is piped to the positioner.

The pneumatic actuator is very common in industrial application because it is
less expensive and simpler when compared with electro mechanical servo drives with
equal power density. Applications with pneumatic actuators are limited when
precision and versatility are needed. Pneumatic actuators have many control
difficulties that are caused by their highly non linear system behavior characterized
by the compressibility of air, low inherent damping, dead zone, position dependent
stiffness, time-dependent frictional effects in the actuator and non linear control
valve behavior with discontinuities, which result in instability, unsatisfactory

transient response, large positioning errors and limit cycles. [2].

This research is more on the determination of the parameter identification of
servo-pneumatic system using fuzzy logic as the controller. The method that been
use in this research is more on the parameters that depend on the cylinder being used,
and can be estimated from step input responses of the system. The Festo rodless

cylinder will be used to illustrate the estimation technique.

The disadvantages of the pneumatic servo positioning systems are that, they
are inherently nonlinear, that the compressibility of air results in very low stiffness
(compared with the hydraulic system) leading to low natural frequency, and that low
damping of the actuator system makes it difficult to control, especially with the

presence of nonlinearities, time varying effects and position dependence. The
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pneumatic servo positioning system contains several nonlinearities such as the air
flow-pressure relationship through the variable area orifice of the valve, the
compressibility of air, and the (nonlinear) friction between the contacting surfaces of
the slider-piston system. To overcome the disadvantages of a pneumatic servo
positioning system and for the purpose of control and simulation, all the
nonlinearities of the system must be modeled: this is the aim of this paper [3].

The pneumatic components as well as the mechanical components of the test
facility are described by linear and by nonlinear mathematical models. These model
equations are used as identification hypotheses in the identification process. A
comparison of time histories obtained by computer simulations of the nonlinear test
facility model and by laboratory experiments shows that this nonlinear test facility
model provides a realistic identification hypothesis for the estimation experiments.
Based on different model hypotheses the inertia parameters of the test table and of

the payload have been successfully identified from laboratory experiments [4].

This article/journal is about the servo-pneumatic that apply on a robot and
this research is based on developing the servo-pneumatic cylinder as actuator that
will be manipulating by the sensor. The performance for this system is more on the
behavior of the robot. The objective on this research is more on the application of
servo-pneumatic on a robot and sensor as manipulator then the low-cost and high-

performance as a result.
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2.3 Parameter Identification Application

A parametric dynamic model of a pneumatic servo system is useful for
computer simulation, mechatronic design and control algorithm design. Parameter
identification is known as the equation that will represent the behaviour/movement
for the system that applies. The mathematical model can be applied on many systems

such as induction machine, power system, inverted pendulum, and etc.

Parameter estimation or system identification of continuous-time systems is
an important subject which has numerous applications ranging from control and
signal processing, to astrophysics and economics. This is because most physical
systems or phenomena are continuous time in nature, for example in many control
applications in astrophysics, and in economics. Due to the advent of digital
computers, research for control and identification of these continuous-time systems
and processes has concentrated on their discretized models with samples from the
underlying continuous-time system inputs and outputs. Recently, interest in
identification of continuous-time systems and processes has arisen. One particularly
interesting and practical scenario is the identification of continuous-time systems

using discrete data [5].

Design of high-performance control and monitoring algorithms for induction
machines (IM) assumes availability of reasonably accurate mathematical models
describing their electrical and mechanical properties. Since the differential equations
governing the dynamics of the IM are well known, the modeling problem is reduced
to parameter estimation. It is recognized that parameter estimation, or identification
as it is called in Control Engineering, of the induction machine (IM) is a difficult
task.

Power system planning and operation studies rely heavily on the correctness
of power system simulation results, which, in turn, are dependent greatly on the
accuracy of the system model parameters. In many cases, the dynamic parameters
from the manufacturer are unavailable or they may be inaccurate. Thus, the
estimation and periodic verification of the synchronous machine parameters and
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control parameters are necessary for guaranteeing reliable simulations of a power

system model [6].

The ultrasonic motor is a new type of motor. In recent years, some
mathematical models for the ultrasonic motor have been reported. However, these
models are very complex to apply to control of the motor, and therefore speed or
position controllers for this type of motor have been designed based on proportional
and integral controllers or fuzzy controllers. Since these controllers cannot take
account of the motor’s dynamics, a simple and convenient mathematical model of the

ultrasonic motor is necessary in order to achieve high control performance [7].

Parameter identification is identifying the close model by analyzing the input
data and the output data. There are many method of the system identification,
including non-parameter identification, parameter identification (levy method, least
square method, accessorial variable method, NN non-linear identification). Parameter
identification is simply and the model of identification is universal, so we decide to

use the parameter identification to identify the model of the system [8].

As we can see, every machine/system has its own parameter identification.
Also it does easily can be applied on software/MATLAB as simulation that will

represent the actual system.
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2.4  Programmable Logic Controller Application

A programmable logic controller (PLC) or programmable controller is a
digital computer used for automation of electromechanical processes, such as control
of machinery on factory assembly lines, control of amusement rides, or control of
lighting fixtures. PLCs are used in many different industries and machines such as
packaging and semiconductor machines. Programmable logic controllers are widely
used in industry and process control. Programmable logic controllers are used in a
wide spectrum of applications from factory automation to waste water treatment
plant controls and from chemical process plant control to engine management
systems. PLCs are used throughout industry to control and monitor a wide range of

machines and other movable components and systems.

The uses of programmable logic controllers are equipment status, process
control, chemical processing, equipment interlocks, machine protection, smoke
detection, envelope monitoring, gas monitoring, and personnel safety. As a part of
process control, a PLC is used to monitor input signals from a variety of input points
(input sensors) which report events and conditions occurring in a controlled process.
PLCs are well-adapted to a range of automation tasks. These are typically industrial
processes in manufacturing where the cost of developing and maintaining the
automation system is high relative to the total cost of the automation, and where
changes to the system would be expected during its operational life. PLCs contain
input and output devices compatible with industrial pilot devices and controls, then
need a little electrical design and the design problem centers on expressing the

desired sequence of operations in ladder logic notation.

For example, a PLC can monitor such input conditions as motor speed,
positioning, temperature, pressure and volumetric flow. Its associated peripherals are
designed so that they can be easily integrated into an industrial control system and
easily used in all their functions. The functions of PLC are same at difference
operation system, by changing the electrical design and the sequence of operation in

term of ladder diagram.
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2.5 Least Square Estimate (LSE)

The least square methods (LSM) are probably the most popular technique in
statistics. This is due to several factors. First, most common estimators can be casted
within this framework. For example, the mean of a distribution is the value that
minimizes the sum of squared deviations of the scores. Second, using squares makes
LSM mathematically very tractable because the Pythagorean Theorem indicates that,
when the error is independent of an estimated quantity, one can add the squared error
and the squared estimated quantity. Third, the mathematical tools and algorithms
involved in LSM have been well studied for a relatively long time.

LSM is one of the oldest techniques of modern statistics, and even though
ancestors of LSM can be traced up to Greek mathematics, the first modern precursor
is probably Galileo. The modern approach was first exposed in 1805 by the French
mathematician Legendre in a now classic memoir, but this method is somewhat older
because it turned out that, after the publication of Legendre’s memoir, Gauss (the
famous German mathematician) contested Legendre’s priority. Gauss often did not
publish ideas when he thought that they could be controversial or not yet ripe, but
would mention his discoveries when others would publish them (the way he did, for
example for the discovery of Non-Euclidean geometry). And in 1809, Gauss
published another memoir in which he mentioned that he had previously discovered
LSM and used it as early as 1795 in estimating the orbit of an asteroid.

A dynamic model and a design method for an accurate self-tuning pressure
regulator for pneumatic-pressure—load systems have some special characteristics
such as being nonlinear and time-varying. A mathematical model is derived, which
consists of a chamber continuity equation, an orifice flow equation and a force
balance equation of the spool. Based on a theoretical analysis of the system
dynamics, a three-order controlled auto-regressive moving average (CARMA) model
is used to describe the practical pressure—load systems. Then a linear quadratic
Gaussian self-tuning pressure regulator is designed to realize an adaptive control of
pressure in the chamber. Because the system parameters are time-varying and the
system states are difficult to detect, the recursive forgetting factor least-squares
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algorithm and the Kalman filtering method are adopted to estimate the system
parameters and the system states [9].

A somewhat bitter anteriority dispute followed (a bit reminiscent of the
Leibniz-Newton controversy about the invention of Calculus), which, however, did
not diminish the popularity of this technique. The use of LSM in a modern statistical
framework can be traced to Galton who used it in his work on the heritability of size
which laid down the foundations of correlation and (also gave the name to)
regression analysis. The two antagonistic giants of statistics Pearson and Fisher, who
did so much in the early development of statistics, used and developed it in different

contexts (factor analysis for Pearson and experimental design for Fisher).

The quantization of LS estimates and tracking the loss of performance due to
quantization is a generic problem which can be encountered in all areas of
engineering and science. We consider the application of least squares linear
prediction for asymmetrical lossless audio compression, where the prediction
coefficients are transmitted as side information, making decoding very fast. The
study of quantization of linear prediction coefficients (LPC) has a long history and
we can distinguish two distinct areas of applications: the first is lossy compression
(including the important application to speech coding) and second is frame-wise (or

forward) lossless compression [10].



CHAPTER 3

METHODOLOGY

3.1 Introduction

This project is to identify the parameter identification of Servo-Pneumatic
Position Control System utilizing Least Square Estimate (LSE) approach and also

analyzed the performance in terms of transient and steady-state response.

This project can be separated into 2 main parts there is:
e Hardware Development

e Software Development



3.2 Flow Chart

Figure 3.1 below shows structure flow chart of the overall project.

UNDERSTANDING THE PROJECT
REQUIREMENT

v

SET UP THE HARDWARE

!

DATA COLLECTION

v
— SIMULATION
> DEVELOPE GUI VIA VB
v
NO

COMPARE SIMULATION &
EXPERIMENTAL

REPORT WRITING

Figure 3.1: Flow chart of overall project
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3.3  Hardware Development

3.3.1 CJ1M CPU12 Programmable Logic Controller (PLC)

In this chapter, the PLC has been set up by following the instruction from
development done by previous researcher. CJ1IM CPU12 is the type of PLC that used
in this project. The CJ1IM extends the CJ1 series to meet reduces requirements of
more compact machine design; greater functional, less memory and build-in 1/0. The
CJIM provides a low- cost solution for applications with lower I/O counts and
shorter programs compared to the more powerful CJ1G/H CPUs. A common
memory area and powerful serial link among nine CJ1IM CPUs can help integrate

processes or coordinate activities.

The components that have used to set up the PLC including the PLC card
(input and output unit) are listed below:
1. OMRON CJ1M-CPU12
Digital Input Card (ID211)
Digital Output Card (OC211)
Analog Input Card (AD081-V1)
Analog Output Card ( DA08C)
Power supply (24 Volt, 2A)
Fuse
Cable
Selected switch
. PLC panel box
. Trunking

© 0o N o g bk~ w DN

e
N P O

. Terminal lock

=
w

. Power indicator lamp ( 240V)
. 2 Light (Yellow and Red-24V)
. 2 Push button (Normally Close and Normally Open)

el
[S2 I SN
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Following a few steps during the construction of this PLC, the first step is
calculating the current consumption of the system. This is important in choosing the
suitable power supply for the system. It is to make sure that the current of the power
supply can support the current that was desired by the system. In this project, the
classification of the power supply that use is 24V and 2A because the current desired
by the system is less than 2A. Figure 3.2 below shows the total power consumption

of the whole system.

Table For Output Fart (24V)

NO | UNIT MODEL NO VOLTAGE(AY CURERENT(A) | POWERCA)
Indicator lamp
1| &L 24 0.04 16667 1
Indicator larnp
2| YLy 24 0.4 1ees7 1
Electroptiuernatic
3 | regulater ITV-2050-01N253-Q 24 012 2.88
TOTAL CURRENT 0.203
TOTAL POWER
CONSUMPTION +4.88

Table For PLC Desion (24V part)

unit maodel quantity voltage group
B 24
OMECH 37 3MAC
CFJ CIIM-CPU1Z 1 058 0
Digital
outputD/O) CITW-2C211 1 011 0.0%¢
Digital Input | CITW-ID211 1 oog 0
Di&
unt(A0) CITW-DAQEV 1 014 0
ASD unit CITW-ADOS1-V1 1 042 0
CURRENT 1.33 0.096

Power Consumption For PL.C

VOLTAGE
GROUP CURRENT(A) POWER (W)
5 1.33 .65
24 0,096 2304
TOTAL POWER
CONSUMPTION 8.954

Table For 240V Part

MODEL VOLTAGE | CURRENT
NO | UNIT NOMBER DESCRIPTION V) (A) BOWER(W)
Plc Power CITW-
1 | Supplv PA202 OMRON 240 | 0.03730833 8.954
Power
Indicator
2 | Lamp 240 0.1587 1
TOTAL 0.196 9.954

TOTAL VALUE OF CURRENT AND FOWER
Total Value Ampere/Watt
Current Consumption (24V) | 1.692A

Current Consumption (240) | 0.26684

Power Consump tion 13.834W

Figure 3.2: Table of Power and Current Consumption
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The second step in PLC wiring part is to design the layout and the circuit
connection of the PLC with all input and output. The circuit connection of power
circuit, Digital 1/O circuit and Analog /O circuit was shown Figure 3.3, Figure 3.4
and 3.5 below.

E S0 240 Volt 50 Hz 20 Amp Supply

E
1 R0
Rl
&
| B2
<0 OMRON
- L CIIMCPU-12
E |
Pk <0 FPower Supply
2 M4V
> E I
I\ E2
Power
Light
50 it
E2
] Elec trop neunmatic
S0 Rezulator

Figure 3.3: Power Circuit on the PLC



PE Start

D211 {(Input Card)

0000 |Start

1.

01 |stop

PB Stop

0002

0003

0004

000s

000G

non7

0003

0009

0010

o011

0012

0013

0014

0015

N24

COM

—

P24

Yellow Light

0OC211 (Output Card)

1000

1001

Red Light

1002

—O

1003

1004

1005

1006

1007

1003

1009

1010

1011

1012

1013

1014

1015

P24

COM

—

N4

Figure 3.4: Digital Input / Output Circuit
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ADDE1-V1

Set Point +ve

|
From
Power Suwpply Ve

+ve —ve Feadback
From Sensor

DAOSC
|
To Signal In —ve
Flectropnemma tic Fegulator
I |
+ve —ve
24V

Figure 3.5: Analog Input / output Circuit
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3.3.2 The connector RS232
Figure 3.6 below shows connection of DB9 RS232. It is used to interface the

software (CX-Programmer) with PLC using laptop. Other than using desktop, this

system can use laptop to develop program (CX-Programmer) for the system.

RS232 DB9 pinout

10O—— Dsata carrier detect
6O——— Data set ready
20— Receive data
Request to send
30—— Transmit data
gO—— Clear to send
4 O—— Data terminal ready
§O—-— Ring indicstor
50— Signal ground

Protective ground

DB9 RS232 programming cable

Figure 3.6:

.

The connection of DB9 RS232

o ﬁ ~ —o1 ™, 2
& (5o S ———o8] 2
uk} EO Il 1} 0'2

= [TO i . oF| =
£, 30 == 03 1%
1 f g o Ty 1
o 90— o ool
& . s



3.3.3 Setting the PLC

computer (software) before the Ladder Diagram can be RUN successfully without

any problem. Below are the steps that need to be considered before using this CX-

Programmer:

Step 1:

Figure 3.7 & 3.8 below shows the Start up 1 & 2 for the first step to
the user to select the appropriate term based on the PLC that use. For this
project, PLC CJIM CPU12 type was chosen to interface with CX-

There are some step and procedure needs to be followed in order to setup the

Programmer and other hardware (input & output).

]

Device Mame
|Program 1
Device Type
[CIm ~|  Settings...
Metwork Type
[ SYSMAC wiky ~|  Seftings..
Comment
QK | Cancel | Help |

Device Type Settings [CJTM]

Figure 3.7: Start up setting 1

X

General l

CPU Type

Total Program Area Size
™ Read Only
Expangion Memary
=N I
File kemary

Maone - I~

Timer ¢ Clock
I—

Make Default

QK | Cancel | Help |

Figure 3.8: Start up setting 2




Step 2:
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For this PLC type (CJ1M), each rack that use for this project need to
be initialized first in 1/O table unit setup like Figure 3.9 below. It is very
important step to make sure the software (CX-Programmer) can be
interfaced with PLC CJ1M type. The I/O table unit should consist:

a. CJ1W-DA08C

b. CJIW-AD081-V1
c. CJIW-1D211

d. CJIW-0C211

} Analog card

} Digital card

il PLC IO Table - NewPLC1
File Edit Wiew Options Help

B Siafw| el o7 B8 6] v Ele]

7 Ccim-cpuiz

+-dggy Inner Board
?I 00 [2000] C1W-DADS Analog Sukbput Unit & pointsfcurrent) (Occupancy @ D(Unik @ 0 {Ouk: 9, In: 1)
?l 01 [2010] CMW-AD0S1-Y1{Analog Input Unit & points) (Occupancy : 1{Unit ; L) (0wt 1, I 9)
5l 02 [0000] CI1W-1D211(DC Input Unit)
5l 03 [0100] CI1w-0CZ11{Relay Output Lnit)
51 04 [0101] Empty Slot
51 05 [0101] Empty Shot
5l 08 [0101] Empty Slot
5l 07 [0101] Empry Slot
71 03 [0101] Empty Slot
51 09 [0101] Empty Shot

CIIM-CPU1Z  |OFfline

Figure 3.9: 1/0O table unit setup
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Step 3: Figure 3.10 & Figure 3.11 below shows how to select digital input
and digital output. Usually digital 1/P and digital O/P control the Push
ON/OFF button and indicator light on PLC panel. The analog I/P and

analog O/P card also need to be set first before in can be recognized by CX-

Programmer.
Select Unit E| Select Lnit E|
-1 Basic 1/0 S CITWHD211(DC Input Unit) ”

CI1Ww-B7A04(B7A Interface Unit]
CI1Ww-B7414[BE7A Interface Unit)
CI1WwW-B7A22(B7A Interface Lnit]
CJ1W-CT027 [High-speed Counter Unit]
CITW-CTS21[Counter Unit)
CTw-a1 11 [AC Input Unit)
CJ1w-A201 [AC Input Unit)
CJ1wH-D201(DC Input Unit)
(C: 11(DC Input Unit]
CI1wH-D23(DC Input Unit)
CJ1wHD232(DC Input Unit)
CITWHD261(DC Input Unit)
CJ1wHD262(DC Input Unit)
CI1WwW-DPO1[High-speed Input Unit)
CITW-IMT O (Inkerpt Input Lnit]

CHWHD231[DC Input Unit)

CIWHD232(DC Input Unit)

CHWHD2ET[DC Input Unit)

CIWHD262(DC Input Unit)

CJ1wH-DPOT[High-zpeed Input Unit]

CIWHNTOT [Intermapt Input Unit)

CIW-MD231[24Y DC Input/Transistor Output Units)

CIW-MD232(24Y DC Input/Transistor Output Units)

CIW-MD233[24Y DC Input/Transistor Output Units)
]
)

CITw-MD2ET[24Y DL Input/T ransistor Qutput Units
CITW-MD2E3[24Y DC Input/Transistor Output Units
CI1w-WDBET(TTL 140 Urit)

CI1w-WDBEITTL 140 Urit)

CITW-0A201Triac Output Unit)
CITw-0C201[Relay Output Unit)

CITWw-MD 231 (24 DL Input/Trangistor Qutput Units)
CITW-MD 232244 DL Input/Tranzistor Qutput Units)
CITW-MD 23324 DL Input/Tranzistor Output Units)
CIT1Ww-MD 261 (244 DL Input/Tranzistor Qutput Units)

Spec

244 DC, 7md, 16 inpute, terminal block

.

Cancel |

1(Frelay Output Unit)
CIIW-0D201(Transistor Output Unit)
CIW-0D202(T ransistor Output Unit)
CIW-0D203(T ransistor Output Unit)

Spec

2600 AC/28 DC max., 28, 16 outputs, terminal block

o]

Cancel |

Figure 3.10: Digital input select unit Figure 3.11: Digital output select unit
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Step 4: Figure 3.12 below shows the analog I/P setting procedure, also almost
same with analog O/P setting procedure. The setting is depend on the

input/output that been used at the analog card.

CJ1W-ADOB1-V1 [Edit Parameters] El

Displayed Parameter |

| ltemn | SetValue | unit | ~
Input! Input signal use setting Enahle

Input? Input signal use setting Enahle

Input3 Input signal use setting Disahle

Inputd Input signal use setting Digahle —
Inputs Input signal use setting Disahle

Inputs Input signal use setting Disable

Input? Input signal use setting Disahle

Inputd Input signal use setting Digahle

Input! Input range setting 1-8404-20mA

Input2 Input range setting 1-5414-20mA

Input3 Input range setting 1-5W4-20m#A

Inputd Input range setting +i=1 0%

Inputs Input range setting +=10%

Inputt Input range setting +=10% .

Help

Transfer|Unit to PC] ‘ Transfer[PC to Unit] Compaie ‘ Restart
Set Defaults Cancel

Figure 3.12: Analog I/P setting

Figure 3.13 below shows the setting of the memory in PLC. The address for
I/0 memory in D and CIO need to be setup first.

o A= D =

Start Address: 2000 | | | Start Address 20000 | | |
ChangeOider | | ‘ Changerdsr | [ [ ‘

15[1a[13[12[m w09 [s[7[s[s[a]s]2] 1[0 Hex & 15[1a[sez[nre[a|a[7[e[s[a[s[2]1[o0[Hex| =~
Cio1985 o @ [0 [0 [0 o o [0 [@ @ |0 [0 |[@ 0 [0 [0 [oooo 019386
CIo19%6 0 [0 o (o [@ @ [0 (0 |o |o [0 [0 [@ [0 [0 |0 |ooo0 018837
CIO19S7 o [0 o (o [@ @ [0 (0 |o |o [0 [0 [@ [0 [0 |0 |ooo0 018935
CIO199E 0 [0 o (o [@ @ [0 (0 |o o [0 [0 [@ [0 [0 |0 |ooo0 018993
Q01993 |0 [0 0 o |0 [0 [0 [0 |0 [0 [0 [0 [0 o (o [0 |oood 020000 |0 |8 @ 0 |0 |0 0 0 o jo |0 o o 1 1 1 foao?
coz000 |0 o o o o @ o 0o fo o o |o [r o 1 |1 |oooB D20001 |0 |0 |0 0 |@ |0 0 0 |0 0 |1 [0 [1 |0 |1 |0 |O02A
CI02001 o (0 o0 0 [0 o (o 0 [0 [0 [0 [0 [0 0 [0 0 [oooo 020002 0 @ |0 |0 o |0 0 |0 |8 @ |0 [0 |0 |0 |0 0 0000
cio2002 0 0 o o o o o 0 |0 o |0 |0 |0 |0 |0 |0 |ooo0 020003 |0 |0 |0 0 |0 @ 0 |0 [0 o @ (0 |0 |0 |0 0 |0000
Cio2008 |0 0 o0 [0 [0 o [0 [0 |0 o [0 o o 0 [0 [0 |oooo 020004 |0 |0 @ 0 [0 0 0 @ |0 0 (@ |0 |0 (@ |0 0 |0000
ciozood [o o (o [o [0 o o [o [0 o o [o [o o |0 |o |oooo D2000S Jo |0 |0 0 o jo |0 |0 jo |0 |0 |0 |0 |0 |0 |0 60000
ciozo0s |o o (o [o [0 o o [o [0 o o [o [o o |o |o |oooo D20006 JO |0 |0 0 o jo |0 |0 jo |0 |0 |0 |0 |0 |0 |0 60000
ciozoos o o o (o |0 o o o jo o o o o 0o |o [0 |oooo 020007 |0 |0 @ 0 [0 0 0 0 |0 0 @ |0 |0 @ |0 0 |000d
ciozoo7 |o o (o [o [0 o o [o [0 o o [o [o o |o |o |oooo D20008 Jo |0 |0 0 jo j0 |0 0 Jo |0 |0 |0 |0 |0 |0 |0 60000
ciozoos o o o (o |0 o o o jo o o o o 0o |o [0 |oooo 020008 |0 |0 0 0 (0 0 0 0 |0 0 @ |0 |0 @ |0 0 |0000 =
ciozoog o 0 o (o jo @ o o jo o o o |0 0 |o [0 |oooo 020010 |0 |0 0 0 [0 0 0 @ |0 0 @ |0 |0 @ |0 0 |0000
Ciozo1o o [0 o (o [@ @ o (o |o o (o (o |@ o o |0 |oooo D20011 Jo |0 |0 0 o jo |0 0 Jo |0 |0 |0 |0 |0 |0 |0 0000
Ciozoil o [0 o (o [@ @ o (o |o o (o (o |@ o o |0 |oooo 020012 |0 0 |0 0 |@ 0 0 |0 (@ 0 |0 |0 |0 |0 |0 |0 [0000
Ciozo1z o [0 o (1 |@ @ |o (o jo 1 1 jo 4 o o (o |[1088 020013 |0 0 |0 0 |@ 0 0 |0 (@ 0 |0 |0 |0 |0 |0 |0 [0000
CIC2013 |0 [0 0 0 |0 (o [0 [0 |0 (o (o [0 [@ @ (o [0 [oood 020014 0 @ |0 |0 0 |0 0 |0 |6 0 |0 0 0 |0 |0 0 6000
CIc20is |0 [0 0 0 |0 (o |0 [0 |0 (o (o [0 [@ @ (o [0 [oood 020015 [0 @ |0 [0 |o |0 0 |0 |0 o |0 [0 |0 |0 |0 0 |0000
Cio2015 |o (g o [a [@ o |8 |8 fo Jo |8 [o |o o o (o |oodao 020016 [0 @ |0 [0 |o @ 0 |0 |0 o |0 [0 |0 |0 |0 0 |0000
T T S S W W P P S - - oW T D20017 [0 [0 (o 0 |o (o [0 |o [@ o jo jo |0 |0 |0 o [oooo0
< | E pzooie 1o o lo o o fo o o lo o Jo lo [0 o Jo o loooo |

Figure 3.13: Setting on CIO and D memory
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Analog input card (CJ1W-ADO081-V1):

Set the unit number switch to (0) and (1) like Figure 3.14 below. The Special
I/0 Unit Area and Special 1/0 Unit DM Area word addresses that each Analog Input
Unit occupies are set by the unit number switch on the front panel of the PLC Unit.

s ™

MACH 733
No. [winm)

10! ¥/
STA
(§§“&w
10082/

AN J

Figure 3.14: Unit Number Switch

Then set the memory for D(m) and CIO. First, determine the input that been
used in this system. Two inputs are used in this project and the input signal range is
1-5V/4-20mA. So the memory should been set at D(20100) = 000Fg, D(20101) =
00AAg and CIO(2010) = 00FFs. Figure 3.15 below shows the table of the allocation
of DM words and set values for the analog card. The allocation of words and bits in

the CI1O Area is shown in Figure 3.16 below.

CJ1W-ADO081-V1

DM word Bits
151181211 [10] 9 [8[7[6]5]4][3][2]1]0
D(m) Not used. (Settings are ignored.) Input use sefting
Input] Input [ Input | Input [ Input [ Input | Input | Input
8 |7 (6 |5 |4 2 1

D(m+1) |Input signal range setting

Input 8 Input 7 Input 6 Input 5 [input 4 [input3 [1nput 2 [input 1
D(m+2) |Input 1: Mean value processing setting

D(m+3) | Input 2: Mean value pracessing setiing

D(m+4) | Input 3: Mean value pracessing sefiing

D(m+5) | Input 4: Mean value processing setting

D(m+6) | Input 5: Mean value pracessing setiing

D(m+7) | Input 6: Mean value processing setting

D(m+8) |Input 7: Mean value processing setting

D(m+0) | Input 8: Mean value pracessing sefiing

D(m+10) |Not used. (Sattings are ignorad.)

to (m+17)

D(m+18) |Conversion time/resolution sefting Operation mode setting

00: Conversion time of 1 ms and resolution of 4,000 00: Normal mode
C1: Conversion time of 250 ps and resolution of 8,000 | C1: Adjustment mode

Note Forthe DM word addresses, m = D20000 + (unit number x 100).

Figure 3.15: Table of the allocation of DM words

CJ1W-ADO081-V1

9 Word Bits
15‘14'13|12‘11‘1D‘9|876‘5|4|3|2‘1‘0

Qutput n Not used. Peak value hold
CPU to
(um) Ignput I7r|put ‘ \Snput | \Enpul |l{\pul | IBnpUI ‘Iznpul ‘I{mut
Input n+1 Input 1 conversion value
i 16° 162 16" [16°

n+2 Input 2 conversion value

n+3 Input 3 conversion value

n+4 Input 4 conversion value

n+5 Input 5 conversion value

n+6 Input 6 conversion value

n+7 Input 7 conversion value

n+8 Input 8 conversion value

n+9 Alarm Flags \ Disconnection detection

‘ | | ‘ ‘ ‘ | ‘Ienput ‘ I7r|put ‘ \Snput | \Enpul |l{\pul | Ignpul ‘Iznpul ‘I{mut

Note For the CIO word addresses, n = CIO 2000 + (unit number x 10).

Figure 3.16: Table of the allocation of CIO words
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Analog output card (CJ1W-DAO08C):

Set the unit number switch to (0) and (0) like Figure 3.17 below. The Special
I/0 Unit Area and Special I/0 Unit DM Area word addresses that each Analog Input
Unit occupies are set by the unit number switch on the front panel of the PLC Unit.

r N

MACH/ 73
No. -}i’ ?‘age
10'\& 7>
1
f2
10°\82
7/

0°
.

Figure 3.17: Unit Number Switch

Then set the memory for D(m) and CIO. First, determine the input that been
used in this system. Two inputs are used in this project and the input signal range is
1-5V/4-20mA. So the memory should been set at D(20000) = 000Fg D(20001) =
00AAg and CIO(2000) = 000Fg. Figure 3.18 and 3.19 below shows the table of the
allocation of DM words and set values for the analog card. The allocation of words
and bits in the CIO Area is shown in Figure 3.20. Figure 3.21 below shows the set

values for CIO Area.

CJ1W-DAosViosC
DM word Bits
5[] [12]n]Jw0]oe[e[7[6]5][a]aJ2af1]o
Dim) Not used. Output use satting
Out- | Out- | Out- |Out- | Out- | Out- (Out- | Out-
put8|put 7 |put& |put5 (put4 |put3 |put 2 | put 1

Di{m+1) Output signal range setting

Qutput & Output 7 Output & Qutput & Output 4 | Output 3 | Output 2 |0ulpu'. 1
Dim+2) Mot used. Output 1: Qutput status when conversion stopped
D{m+3) Mot used. Output 2: Qutput status when conversion stopped
Dim+4) Not used. Output 3: Output status when conversion stopped
D{m+5) Mot used. Output 4: Qutput status when conversion stopped
D{m+&) Mot used. Output 5: Qutput status when conversion stopped
Di{m+7) Mot used. Output & Output status when conversion stopped
Dim+8) Not used. QOutput 7: Qutput status when conversion stopped
D{m+8) Mot used. Output 8: Qutput status when conversion stopped
Dim+10to  [MNot used.
m+17)
D{m+18) Conversion time/resolution satting Operation mode setfing
Di{m+18) QOutput 1 scaling lower limit
Dim+20) Qutput 1 scaling upper limit
Dim+21) QOutput 2 scaling lower limit
D{m+22) Output 2 scaling upper limit
Di{m+23) QOutput 2 scaling lower limit
Dim+24) QOutput 3 scaling upper limit
D{m+25) Output 4 scaling lower limit
Di{m+28) Qutput 4 scaling upper limit
Dim+27) Qutput & scaling lowear limit
D{m+28) QOutput 5 scaling upper limit
Dim+29) Qutput 6 scaling lower limit
Di{m+30) QOutput & scaling upper limit
D{m+31) QOutput 7 scaling lower limit
D{m+32) QOutput 7 scaling upper limit
Di{m+33) Qutput 8 scaling lowar limit
Dim+34) Qutput & scaling upper limit

Note For the DM word addresses, m = D20000 + (unit number x 100).

Figure 3.18: Table of the allocation of DM words
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Item Contents Page
Output | Use setting 0: Mot used. 182, 198
i: Usad.
Output signal range 00 10w 10V 182, 198
(See note 1.) 01: QOtofdV
10: 1t 5Vid to 20 mA (See nota 2.)
i1: OtobsV
Output status when stoppad (00:  GLR Oufputs 0 or minimum value of each ranga. 20
(Sea note 3.)
01: HOLD Holds output just bafore stopping.
02: MAX  Quiputs maximum value of range.
Conversion tima/resolution 00: Convarsion time: 1 ms; resolution: 4,000 201
setting 01:  Conversion tima: 250 ps: resclution: 8,000
Operation mode setting 00: MNormal mode 185
01:  Adjustmant moda
Scaling sattings Any value other than 0 within range of 32,000 (8300 hex to 7000 hax) | 203
as long as the upper limit is not equal to the lower imit.
Note 1. Whenusing a CJAW-DA0BC, these output signal range settings are invalid
and the contents will be ignored. The output signal range for the CJ1W-
DADBC 1= fixed at 4 to 20 mA.
Figure 3.19: Set Values and Stored Values for DM
CJ1W-DAoaV/osC
Vo Word Bits
Bl ]Jwo]e]s]7]6][s5]afz]lz]1]o0
Du‘.th n Mot used. Comversion anable
[CPU to — out- [Out- [Out- [out- [out- [ou- [out [ o
Unit) putB |put 7 (put & | put & [put 4 | put 3 | put 2 | put 1
n+1 Output 1 set valus
167 182 | 16° [ 16"
n+2 Output 2 set value
n+3 Output 3 set valus
n+4 Output 4 set value
n+5 Output 5 set valus
n+6 Output 6 set value
n+7 Output 7 set valus
n+8 Output 8 set valus
|_I1p|._‘t n+9 Alarm Flags Output setting error
{Unit to Out- | Out- [Out- [Out- [Out- [Out- [Out- | Out-
CPU) put B (put 7 |put & | put 5 | put 4 | put 3 [ put 2 | put 1

Mote For the CIO word addresses, n = CIO 2000 + unit number x 10.

Figure 3.20: Table of the allocation of C1O words

Set Values and Stored Values

Hem Contents Page
Conversion enabla 0: Comversion output stopped. 201
1: Comversion output begun.
Satvalug 16-bit binary data 200
Ouiput setting ermor 0: Mo error 205
1: Output satting error
Alarm Flags Bits 00 to 03: Qutput satting arror 105, 219

Bits 04 to O7: Mot used.

Bit 08: Scaling data setting error

Bit 10: Output hold sefting arror

Bit11: Mot used.

Bit 12: Conversion timefrasolution or opera-

tion mode satting arror
Bit15: Operating in adjustmant moda
(Always 0 in nomal mode.)

Figure 3.21: Set Values and Stored Values for CIO
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Figure 3.22 below show the memory will be compared and transfer the memory to
PLC after comparing process such as in Figure 3.23 below.

ClO Compare
Cancel

Select All

Compare Range
o Al

" Visible area only
-~

Figure 3.22: Comparing the data in memory

Transferring From PLC r5__<|
11l rontot
Transferred 7.79k of 12.00k [B5%]
NNNENENNNENNNNNEER
Transfering From PLC Area 1 of 2 [C10]
NNARNRANENEEE

Figure 3.23: Transfer data after comparing to PLC

Step 5 : Finally, after designing the ladder diagram, the program need to be
downloaded to the PLC like Figure 3.24 below.

Download r5__<|
Frogram Download to PLC MewPLCT
Transfering programs
Byte 1584 of 2752
Downloading...
ARNNNNNNNNNNNNNNEED

Figure 3.24: Program download to PLC

After the installation of the hardware is completed, the work on the software

part continues. For the software part, it consists of CX-Programmer, Visual Basic
(VB) and MATLAB.
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3.4  Software Development

3.4.1 Ladder Diagram for CX-Programmer

Figure 3.25 and 3.26 below shows the ladder diagram of the overall SPPCS.
The flow of SPPCS is when push start button, timerl on for 5 second. After 5
second, the system is running and the timer2 also on. It is run for 5 second. This

system will keep looping until stop button is pushed.

o Lo L 00D @ 100,03
o f—i | { |
F Go100.03
-
7T topo G 100,00
4| ——4
2 ] Toooz
g I I
— | F ™ Timer
0001 Timer numbes
250 St walle
3 Too
g I
! ™ Timet
0002 Timet niumbes
#50 Set value
4 @ 100,03
[t |
MOV ) Mive
k2m1
Source waord
@ 2001
Deastinaion
| -9
13— | b
) Moz | e
a0
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Figure 3.25: Ladder Diagram 1
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3.4.2 GUI via Visual Basic Software (GUI)

This part is the part that the development for the performance in terms
transient and steady-state response using the GUI via Visual Basic software. GUI
must consist of 2 channels for input and output and 2 graphs to represent the
performance of input and output. DAQ’s card device used to obtain data from the
system. DAQ's card is used to read the analog voltage from hardware (plant) and
then the voltage reading converted into digital signal which will be used as data
collection in GUI. DAQ’s card must interface with laptop to get the real time data
collecting using GUI in Visual Basic.

Figure 3.27 below shows the basic GUI that consists of two channel of output
from DAQ’s card.

.-.Tldihu-lr = ._H.

Lratn

harvw - [ gt [ Sdiad Hep

I, s i I ol

Figure 3.27: GUI’s development
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Figure 3.28 below shows the graph of performance of input and output, for
the x-axis represent time response (second) and y-axis represent current output

response (MA).
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Figure 3.28: Graph’s Performance of 1/O signals
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3.4.3 MATLAB?’s Software

The MATLAB program has been chosen to simulate the controller design to
get the output response in a graphical form. Some of the advantages of using
MATLAB are wide variety of modeling method available such as control, system ID,
fuzzy logic, neural network, digital signal processing and so on. It is also easy to
write and incorporated program as well as can be linked to develop custom

applications.

By getting the input and output data from the hardware (plant) the calculation
to determine the mathematical model. The mathematical equation that has been
determined by the calculation using the Least Square Estimate (LSE) technique will
be load in the MATLAB for simulation.

Then, by using the simulation result compares it with the real model from the
plant. If the average error, e is small, then the work will proceed to the part where the
transfer function will be calculated. The calculation is use the LSE approach to get
the value of the transfer function.

Least Square Estimate:

Assume the transfer function model for the system to be identified which is through

to be governed by a second order linear difference equation;

a
bz72 +cz71+d

Gzy =
(3.1)

Expand equation 3.1 yields to,

Yoy _ a
U bz72+czt+d

Y(k)(bZ_Z + CZ_1 + d) = aU(k)



This problem can be expressed in the form of linear regression
model by writing the difference equation of the system as

dy(k) = =by(k —2) —cy(k — 1) + au(k)

b c a (3.2)
y(k) = ——y(k=2) =2y — 1) + Julk)
y(k) = —Ay(k — 2) — By(k — 1) + Cu(k)
Ao b
“d
B - c
T d
o a
T d
Form a linear regression model:
(3.3)
Y=Mp+E
A
y(k) =[-y(k=2) —y(k—=1) u(k)]|B|+e(k)
C
M=[-y(k=2) —y(k—1) u(k)]
A
p=|B
C
p=M"M)MTY (3.4)

The parameter vector p obtained from (3.4) will satisfy (3.3)
only if the system is indeed exactly governed by linear
difference equation of the assumed order and if there are no

measurement errors.
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Introduction

In order to identify and obtain the mathematical characteristic of the Servo-
Pneumatic Position Control system, Least Square Estimate (LSE) approach was
utilized. The data from the system was captured using DAQ card and stored in Excel.
This chapter also discusses all the result obtained from the simulation, data collection
from hardware and the performance in terms transient and steady-state response. The
result is based on the experimental and transfer function for the servo-pneumatic
system. Also the comparison between the experimental and the modeling (transfer
function) result. Table 4.1 shows that the assumption of the relation between current

and the position of the piston.



Table 4.1: Table of relation between current and position

% Current (mA) | Position (mm)
0 4.00 0.00
25 8.00 70.0
50 12.00 140.0
75 16.00 210.0
100 20.00 280.0
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4.2 VB Software

The GUI’s form contains the place to store and display the data from the
system. It also contain the graph from both signals, the button for the data to save in
term of Excel format, auto save button and button ‘start’ and ‘stop’. The channel 0
column is for input (mv), channel 1 column is for output (cv), ID column is for

number of sample and time column is for time.

The function for each buttons of the Data logger form;

e Scan button is to scan voltage value in channel 0 and channel 1 of DAQ Card.

e In data group box, it will display the sampling time and total of sample had
taken.

e In auto saved group box, the ON and OFF selection button is for auto save
setting. If it is OFF, the collected data will be manually saved by using the
Save button.

e Export Data box used to save the data collection based on the selected place in
Excel format.

e The data grid view is divided into 4 column which is ID, Time 1, Channel 0
and Channel 1. All data collecting is uploaded into this data grid view.

e Channel 0 button consist a graph of Position Vs Time for mv while Channel 1
button consist a graph of Position Vs Time for cv.

e These two graph display real-time data collecting while the SPPCS behaviour

is observed.
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The GUI’s form is shown in Figure 4.1. This GUI shows how data collection
Is done. Data is sampled every second and the performance is shown in graph. The
Figure 4.2 is for an injected current while Figure 4.3 shows how much distance the

piston can extend with injected current but in signal performance.

rﬂf Data logger g@*

Cata
in} Tirme1 Chatneld Channel1 [a] Data
b 378027 0.0 3144836 3198852 Time:  Time
a7a028 0.047 3168028 3196412
Sample:  Sample
37H029 0.063 315918 319702
378030 0141 3146668 320282
375031 0,156 315216 3191224 BEmE
378032 0172 3143416 3213196
378033 0.25 315338 3.204652 e ey
. 375034 0.266 3145448 31 88852. 3 Con & 0F TEs
£ >
Scan Graph Control
Chanrel 0 g e, v Channel 0 [ Start ] [ Stop
Charnel 111 mé [mh) Channel 1 Export Cata
A
Expart to Excell

Figure 4.1: GUI VB Form
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Figure 4.2 and 4.3 below shows the signals that produce by DAQ’s card for
input Data and output Data from the system. For the input Data, it represented the
injection current that can be adjusted based on the distance required. In this
experiment, the values current that been injected was 12mA. Output Data represented

the values of current after running the system.

a5 Current to Pressure Regulator g@
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Figure 4.2: Signal response from input (mv)
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Figure 4.3: Signal response from output (cv)
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4.3 MATLAB Simulation

By using MATLAB editor, the result can be determined from the data have
been captured from DAQ card. The Figure 4.4 show the input signal (mv) and output
signal (cv) from data collection and display using MATLAB graphical form.

u Figure 1 E]@

File Edit “iew Insert Tools Desktop Window Help ~

Ded&E K R0 € 0E a0

13 T T T T T T T

12+ ‘f& o o .Inm Tw Vigns H

M

v
v

10F .

oL m

a 10 20 30 40 50 B0 70 a0

Figure 4.4: 1/0 signal from data collection
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The calculation of parameter identification for the system was completed in
MATLAB workspace. Then the result from the calculation was used as the values for
the transfer function of the system. Figure 4.5 shows the programming of LSE

approach.

load datafinal.txt
t = datafinal(:,1);
mv = datafinal(:,2);
cv = datafinal(:,3);

Y=cv(660:925);
M=[-cv(658:923) -cv(659:924) mv(660:925)];
p=(inv(M™*M))*M"*Y;

d=0.8;

b=p(1) *d;
c=p(2)*d;
a=p(3)*d;

input=[t,mv];
actOutput = [t,cv];

plot(t,mv,-K't,cv,r')

legend('mv','cv")

Figure 4.5: MATLAB calculation
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Figure 4.6 below shows the block diagram for the servo-pneumatic system.
The input block is function to get the data from the experimental input (mv) result.
cvOut diagram is for get the data modeling to send at workspace. actOutput is the

place to recalled the output (cv) from the experimental result.

. cvOut
To Workspace
a
input F———p R
d.+c.z-lhz2 I:l
From
Workspace Discrete Filter Scope
actOutput
Actual Plant

Figure 4.6: Block diagram

The result from both experimental and modeling was shown in Figure 4.7.
The signal comparison shows that the signals from both result nearly or similar to

each other. The modeling signal result was followed the experimental signal result.

I ——————
SsB|LcLp AER 2AR ~

14 . ! T !

0 10 20 0 a0 50 60 7o a0

Time offset. 0

Figure 4.7: Comparison between experimental and modeling
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Figure 4.8 shows the identification of a transfer function model in term of block
diagram.

A 4

SYSTEM

e(k) — | §+§—> e(k)

G(2)

Y

Figure 4.8: Identification of a transfer function model

The transfer function for the servo-pneumatic position control is:

0.1819 4.1)

G(2) =
(%) = 1707739, 7 = 0.036122

The data collected which was then saved in Excel form, to calculate for its
average error and mean square error. The values for average error and mean square

error (MSE) are summarized in Table 4.2 below.

Table 4.2: Average error and Mean square error

Type of error Values

Average 0.004894946

MSE 6.859214456




CHAPTER 5

CONCLUSION

5.1 Conclusion

In order to analyze the performances of the system, the signal that had been
taken was run in VB software and DAQ is the tool for storing input and output data
of the SPPCS. This project also aims to determine the performance and reliability of
the designed mathematical model especially in order to get the ideal transfer function
of the servo-pneumatic position control system. It is expected that experimental
result should tally with the simulation result and this project should come with more
research to make sure that the parameter identification of SPPCS can be determined

with the exact value that required.

The important part of this project is to truly understand about the project and
also its process flow. It is important to study and understand the manual of hardware
before work on it. Students gain a new knowledge and can be familiar by working
with new hardware and software in finishing this project. By doing this project also,
it can develop the critical thinking and problem solving skills and this is the most
important criteria for the fresh graduates to grab before enter the work fields. This
project also trains the student to work under pressure and prepared them to deal with

industrial world.
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5.2 Future Recommendation

This project have some weakness, and one of them is the system are not user
friendly because their noise from the air compressor and also from the pneumatic
cylinder positioner when the system is working. So, the mechanism on how to reduce
the noise from the pneumatic cylinder each time their move is needed to solve by

doing some kind of research on it.

Introduce the new software such as PLC CJ1M by giving the practical and
training class for students and lecturers and so on. It is very important to make sure
the student can finish their project without any disturbance that can delay their
schedule to finish the project at the due date. Improve the transfer function by using

other approach (e.g. PSO).
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5.3  Costing & Commercialization

This project come out with the total costing RM 15 000 for all equipment
used which are consists of Positioner Cylinder, CJIM PLC, Air-Pneumatic
Regulator, Filter and LVDT Sensor.

The mathematical model of SPPSC can be commercialized and used for

future development of the system work and ability of performance.
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