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ABSTRACT

The project objective is to come out with a new system of self-cleaning air
filter system which can operate more efficient compare to the existing self cleaning
system. The old self cleaning system is only use the application of timer in boosting
of pulse air to clean the filter and this will be a problem as it will shorten the filter
lifetime. There is no term of universal filter that can stop all kind of impurities or the
air. Application of stage filtration system could be the best way to encounter this
problem. This report is about the study of self cleaning air filter system for gas
turbine. Self cleaning system is the systems that can self clean the filter at the air
intake of the gas turbine while the filter is to dirty. This new system of self cleaning
system is operating by using differential pressure transmitter that can measure the
dirty level of the filter. The study upon controller tuning method, Programmable
logic Controller (PLC), configuration of differential pressure transmitter and the real
operation of gas turbine should be done to make sure this project realizable. The
author also needs to design the controller by using either using PLC or PID
controller. By doing some empirical modelling on process reaction, the author can
get the transfer function of the system. The author also needs to choose either PLC is
applicable in this project. Some pressure sensor experimental test need to be done to
choose the best and efficient sensor that fulfil the criteria to measure the air flow in
open area. Site visit had been done at PGB, CUF for the gas turbine real operation.
Apart from that, the author also know that the air flow inside the filter house is about
4-5bar. Moreover, from this site visit, the author also gets to know that the system of
this self cleaning is a local controller system which means the controller is
independent and no access to the control room. The author also takes into
consideration to build a small distillation column in this project as it is exist in

PGB,CUF self cleaning filter system.
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CHAPTER 1

INTRODUCTION

1.1. Background of Study

Gas Turbine is a type of internal combustion engine. It has an upstream rotating

compressor coupled to a downstream turbine and a combustion chamber in between.

hot
compressed Combustion S
. Chamber
|I+ Gas '
Turbin L
Gen
gases
to the
air stack

Figure 1: Gas Turbine basic component

Gas Turbine is operate by drawn the fresh air into the compressor so that it will
increase the pressure and temperature. The high-pressure air then proceeds into the
combustion chamber, where the fuel is burned at constant pressure. The resulting
high-temperature gases then enter the turbine, where they expand to the atmospheric
pressure trough a row of nozzle vanes. This expansion cause the turbine blade to
spin, which then turn a shaft that connected to the generator to generate electrical

energy. The exhaust gases leaving the turbine in the open cycle are not re-circulated.
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Focusing to the air intake, the air coming into the compressor must be cleaned of
impurities such as dust and smoke. Those could stick at the turbine blades of the
compressor or turbine the resulting of reducing the power and efficiency of the gas

turbine.

Unlike in Malaysia, the countries with four seasons have different air impurities
depends on the weather. For example, when they (four season’s country) have
winter, the snow will be the impurities of their air. Without a properly air intake
system of the gas turbine, this will reduce the efficiency of the gas turbine. Same
goes to the countries that have gas turbine at the desert. The sand dust will be the

problem for the gas turbine operation.

Self-cleaning air filter system for the gas turbine air intake could be the best way
to improve the efficiency of gas turbine. This system also can make the gas turbine

more eligible to operate in any weather condition.

1.2. Problem Statement

1.2.1.  Air impurities

In four season’s country such as the country in Europe, they have different air
impurities depending on the season they have. This might be a big problem for the
gas turbine operation as it will reduce the power generation and also reduce the
efficiency of the gas turbine. During winter season, the snow could be the major
problem. The carbon dust produced by vehicle, factory and open burning also will
contaminate and at the same tie will be the impurities in the air. Those will block the
air for entering the gas turbine. With the implementation of Self-cleaning Air filter
system for gas turbine, this problem will be encountered easily as this system will
self clean the air filter by boosting high pressure air (5 to 12 bars) to the air filter and
resulting on having a clean filter. The filtration systems also need to be in
consideration as the impurities of the air could be in different size. Size of filter (in

micron) could be the best way to encounter this problem.
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1.2.2. Filter lifetime

Nowadays, most invented self-cleaning air filter system was design by using
timer which means the cleaning process (boosting air to the filter) will be operate by
using timer. This kind of system will later damage the filter as it will still boosting
the high pressure air to the filter although the filter did not have any impurities on it.
This might reduce the lifetime of the filter. By implementing the new system of
differential pressure sensor on the filter, the filter will only being clean if the
differential pressure between atmospheric air (before filtering) and filtered air (after

filtering) is high. This will ensure the expanded lifetime of the filter.

1.2.3. Maintenance work

Gas turbines without a proper air filter system always in a big problem with the
maintenance work. The impurities from the air will stick at the turbine blades of the
compressor or turbine the resulting of reducing the power and efficiency of the gas
turbine. This also make the gas turbine is not in a good condition to operate and need
some maintenance work. As we can see the gas turbine was not smoothly operated
because it needs to be shut down for having maintenance work. This also could make
the company will lose their profit as they need to spend more money for the
maintenance work. By considering smooth operation and high profit as the control
objectives, the self-cleaning air filter system will ensure that the turbine can operate
in a longer time. Maintenance work also can be reduced as well as the cost of

maintenance and man power will also be reduce.

1.3. Objectives

The following are the main objectives to be achieved in this project:

1. To build a new self-cleaning air filter system (SCAFS) by using differential
pressure concept.
2. To choose the best controller for SCAFS.
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3. To design ladder diagram for the PLC to control SCAFS.

4. To interface PLC control system with the SCAFS machine hardware.

5. To design a prototype to run the SCAFS.

6. To indentify the relevancy of the product in the power generation and air craft

area.

1.4. Scope of Project

1.4.1. Scope of Study
I. Do research and literature review on Self-cleaning Air Filter
System for Gas Turbine which focus more on the control
objectives and problem encountered.
ii. Study on PID and PLC controller.
iii. Study on PLC and ladder diagram.

\2 Hardware development.

V. Study on differential pressure transmitter configuration.
Vi. Do the sensor testing experimentation.

vii.  Study on flow measurement.

1.4.2. Relevancy of the Project

Studies made on the title of the project shows that the Self-cleaning Air Filter
System for Gas Turbine is invented by engineers due to encounter the problem on the
air intake of the gas turbine. It also uses to improve the efficiency of the gas turbine.
Furthermore, it can reduce the maintenance cost. Through the time, this system also
can be implemented inside the vehicle and also for the daily equipment such as air

conditioner.
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1.4.3. Feasibility of the Project.

Earlier on before this project was started, discussions have been made on how
to make the project feasible within the time frame. Since this project is individual
project, the author needs to work smart. However, appropriate planning and schedule
must be obeyed in order to complete this project during this two semesters. In

addition, some tools and software are already available to be used.
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CHAPTER 2

LITERATURE REVIEW

2.1.  Consequences for poor inlet filtration

2.1.1. Erosion

Erosion is one of the causing or reducing turbine performance. Due to poor
inlet filtration system, this will lead the turbine blades to face the erosion problem.
Erosion will occur when some particles of the air impurities with the size of 10 um or
lager impact the rotating or stationary compressor blade surface inside the
compressor [2]. These particles then will lead the changing of the shape or geometry
of the surface of the blades. This is because of the impact of tiny particles from the
air impurities. This may cause in removing of tiny particles of the turbine blades.
Those will affect the turbine efficiency. Erosion is non-reversible process and thus

will make the blades had to change to the new one to make sure it operate originally

2].

2.1.2. Fouling

Fouling of compressor blades also will lead to reducing of turbine efficiency.
We can relate that with our ceiling fan at home. If the fouling of the fan blades
increases the fan speed will be slower. Usually some particles from the air impurities
with the size of 2 to 10 um always are the cause of fouling of compressor blades for
example such as smoke, oil mist, carbon and sea salts [2]. By introducing of self
cleaning air filter system, the filtration system will be more effective and also help in

preventing of fouling.

In addition, a problem in the turbine blade fouling also occurs when the filter
failed to stop some submicron particles from entering the gas turbine. Compressor
washing is the best solution to solve this problem. Although this solution give the big
impact to the compressor performance but it cannot make the compressor to operate

back to the original condition.
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2.2.  Self-cleaning Air filter system

All of the filters are required to be replaced once they reach the end of their
lifetime. In some environments, the amount of contaminants can be excessive to the
point where the filters would have to be replaced frequently to meet the quality of the
filtration. An example is a desert with sand storms. In the 1970s, the self-cleaning
filtration system was developed for the Middle East where gas turbines are
frequently facing with sand storms problem [2]. Since then, this system has been

continually developed and utilized for gas turbine inlet air filtration.

1]

Filtered air

Pulsed air

N
0L X

v

2
I

A
JRrr N o

s
NN TN N

e
/

Filter cartridge

v

_Hﬁ

Unfiltered
ambient air

Figure 2: operation of an updraft self-cleaning filters

Common of self-cleaning air filter system nowadays operates by boosting
pulse air rages from 5.5 to 6.9 barg to the filter by following timer [2]. In this project,
the author had introduced the implementation of differential pressure (dP) transmitter
into the system. This dP transmitter then will cooperates with timer to clean the air
filter. When the system receive the error (high dP) which is means the filter is too
dirty, the controller then will send the solution signal to the solenoid valve as it will

release the pulse air to the filter to clean it. This action will follow the timer to
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synchronous the boosting of the pulse air from top level to the low level of the filter
stage. The boosting of the air (or pulse) occurs for a length of time between 100 and
200 ms. With this type of cleaning, the filter can be brought approximately like the
original condition. This kind of solution also make the filter lifetime become longer
than before. It is because when the old self-cleaning system that use timer only will
boost the air to the filter even though the filter is not dirty. This will break the filter

medium and also lead to the poor air filtration system.

2.3.  Stage filtration

Even though the filter technology nowadays is great, there is no term of
universal filter that can stop all kind of impurities or the air [2]. Thus, the author
came out with the idea of multistage filtration system. This stage filtration system
has two or more filter that connect in series depending on the impurities of the air.
The filter order of the filter is from the low efficiency filter to the higher efficiency
filter. In these design, the first stage filtration or we usually call it as pre-filter is a
weather lover which means it can stand all the impurities that come from the
changing in weather such as snow during the winter season. The second stage filter
may be medium performance filter that can stop the smaller particles with size of 2-5
microns. In this stage also have coalescer that is use for removing water particles.
The third stage filtration usually the high efficiency filter which is use to remove
smaller particles with the size of lower than 2 microns [2]. Figure 3 shows a

generalize view of multistage filtration arrangement.

Weather protection Prefilter
Snow, rain, birds, large

2 icles 2-5 microns v 2
s debris Particles 2-5 microns ) High-efficiency filter

Inertial separator Coalescer Particles < 2 microns

Particles > 10 microns Remove moisture

Figure 3: Multistage filtration system
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2.4.

Pressure sensor

Criteria or the pressure sensor that need by the author for his project is
the sensor that can measure the air flow pressure in the open area (not in the
pipeline) to connect it to the differential pressure transmitter. The

measurement efficiency of the sensor also had been taken to be consideration.

By consulting Mr. Azhar, Lab technician, the author had two choices
either to use diaphragm sensor or barometer as the pressure sensor. The
author not yet decides which sensor the he might use in his project as the
sensor needs to be order from the supplier. Apart from that, the author cannot
test both of the sensors as the sensor is not available in UTP. The author had
planned to do this sensor testing experiment during next semester when the

equipment assembly is complete.

Barometer is a sensor that uses the atmospheric air pressure as the
reference to measure the air pressure [7]. The standard atmospheric air

pressure is usually 14.7psi.

Arnasphenc
pressure

| W !

Figure 4: Mercury Barometer

Standard pressure calculation of a barometer is by using P = pgh +
14.7psi  (atmospheric pressure) and (p = density of the medium, g =

gravitational acceleration, h = high of the column)[8]. But, in this project, the
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author will use the electronic barometer sensor that mostly available in

market.

Figure 5: Electronic barometer

Furthermore, the diaphragm type pressure sensor is also need to
take into consideration. This type of sensor operates by measuring the
pressure that hit the diaphragm. It does not to do calibration because it

has been factory calibrated [8].

Figure 6: Diaphragm type pressure sensor.

10
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2.5.  Controller Tuning Method.

2.5.1. Ziegler-Nichols

Ziegler —Nichols controller tuning method can be gain by increasing the
proportional gain Ky until it reach ultimate gain Hu, which means the output or
measured variable, MV, is oscillating. The K. is then use in calculating the

controller parameters by using below formula. P, is time for 1 oscillation period [6].

Control Modes K. 1; Ip

P only 0.5K, 9999 0

P+l 0.45K, P,/12 0
P+I1+D 0.6K, P,/2 P,/8

After get all the parameters, the author need to test the controller performance by
using all those 3 control modes which are P, Pl or PID. The best result can be seen in

the trend produce.

2.5.2. Cohen-Coon

The Cohen-Coon method is easier as it only use the process reaction curve to
calculate the controller parameters. Controller parameter can be calculated by using
below formula [6]. R is the apparent dead time which is equal to dead time over

apparent time constant.

11
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Control Modes Parameters
i 1§, R
P onl K =|—1{1+—
Y ‘ [RK r 3 _.|
»)
. 1 Yo RY
E.= —,I—+—,|
RE, 10 12
P+l
(30+3R)
,.=I9
(9+20R)
i 1 {4 R
K= _.-r_+_|
RE, 3 4]
Bel+D _,(32+6R)
T (13+8R)
4
T,=0—0-
{(11+2R)
1 Vs
K, - l—+—|
RE, fi4 6
F+D
6-2R
J=9{ q]
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Measurement

Change in perturbation / MV, o

Change in output / PV, A

Maximum slope, 5§

Apparent dead time, &

Calculations

Steady State Process Gain, K =A /g

Apparent time constant, r=E./5%

ar = 15{[-‘. g - by EQI-J

*Fraction dead time, K= &/7

Equation 1: Cohen-coon Equation
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2.5.3. Empirical Modelling

Empirical modelling is the analysing of the process reaction curve to get the transfer
function of the system [6]. Empirical modelling is important in generating a process
block diagram for the simulation testing. All the data can be extracted from the

process reaction curve by this method.

A !
Process
Output, Y
»Time, t
A
Process T
Input, X
! o
y »Time, t

Fig. A-5: First-Order Process Reaction Curve

Figure 7: Example of Process reaction curve and method how to analyze

The data then will be calculated by using below formula.

Measurement

Change in perurbation / MV, o

Change in output 7 PV, A

Maximum slope, 5

Apparent dead time, &

Calculations

Steady State Process Gain, K =A /g

Apparent time constant, r=L,/5

of 7= 1.5k s34 - to1aa)

*Fraction dead time, K = &/1

Equation 2: Empirical Equation Formula
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2.6. Flow Measurement

2.6.1. Pressure Differential Meters

Differential Pressure (dP) operates on the principle that a restriction placed in
a flow line produces a pressure drop proportional to the flow rate squared. A dP
transmitter is used to measure the pressure drop, h, produced by the restriction. The
flow rate, g, is proportional to the square root of the measured pressure drop.

Special passages transfer the air pressure on each side of the orifice plate to
the opposite side of a diaphragm unit in a d/p transmitter. A displacement detector
senses any motion resulting from the imbalance of the forces on a force arm (due to
pressure difference across the orifice). An amplifier converts this displacement
signal into an adjustment of the current input to the force transducer that restores the
balanced conditions. Current, I, proportional to the pressure drop across the orifice
plate, is used as the output signal of the p transmitter. However, the application of dP
concept in SCAFS is a bit different. The orifice plate that use to separate the
upstream and downstream of the air flow is replaced by the filter. The unfiltered air
will recognized as the upstream flow and the filtered air will recognized as

downstream flow.

“.“E.';’ — - & | . -
o - ey /
PATE \

LI

Figure 8: Mechanism of dP flow meter
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2.7. Programmable Logic Controller (PLC)

Proper planning and studying of the PLC system will ensure the success of
this project. PLC is solid-state system designed to perform logic function such as
sequencing, timing, counting and arithmetic to control machine and processes which

is previously done by hardwired relay system. []

Figure 9: PLC OMRON CPM1A

Figure 9 shows one example type of PLC. PLC is operated by the instruction input
from the input device such as push button, switches, sensors and others used to detect
the operation condition of the equipment, output device such as solenoid valves,

motor and so on. PLC is used in many industries and machine.

Unlike general-purpose computers, the PLC design for multiple input and output
arrangements, extended temperature range, immunity to electrical noise, and
resistance to vibration and impact. Programs to control machine operation are
typically stored in battery-backed or non-volatile memory. The PLC plays an

important role as the brain of the automated manufacturing process.
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2.7.1. Component of PLC

The typical PLC contains four major components as following:

e CPU module
e Power supply
e Rack/Bus

e Input/output modules.

2.7.2. Application of PLC

PLC can be applied in so many industries such as below:

e Product boxing in industries
e Food industries

e Automotive industries

e Product bottling

e Textile industries.

2.7.3. PLC Ladder Diagram

Ladder logic diagram is a programming language that represents a
programme by a graphical diagram based on the circuit diagrams of relay-based logic
hardware. It is primarily used to develop software for PLC used in industrial control

application.

Ladder logic is widely used to program PLCs, where sequential control of a
process or manufacturing operation is required. Ladder logic is useful for simple but
for critical control system or for reworking old hardwired relay circuits. Ladder logic

can be thought of as rule-based language rather than procedural language.

A “rung” in the ladder represents a rule. A ladder diagram consists of
horizontal rungs between two vertical rails which represent the power rails. Each

rung contains instruction elements that examine memory bits and at least one output
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element that control a memory bits. Each rung must start with an input(s) and end

with at least one output. Figure 10 shows an example of simple PLC ladder diagram.

L1 L2
PB1 PL
. RS LS1 NEZ 7
r—O O—-**—q o— )
P2 AN
LS2

Figure 10: An Example of Ladder Diagram

2.8. Literature Analysis

Table 1: Literature Analysis

Filter Block Stage Filtration System Mellissa . W (2011), Rainer .
(2011), Klaus . B (2011)

Effect upon poor filtration system Klaus . B (2011)

Self Cleaning Differential Pressure Implementation  Azhar (2012)

System Block
Gas Turbine Thermal Efficiency Bari’asyraf ( 2011)
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CHAPTER 3

METHODOLOGY

3.1. Procedure Flowchart

START . Construct the filter box
(Hardware developement)

\ 4
Performing v
Literature Construct PLC Ladder
Review diagram
\ 4 \ 4
Identification Run Simulation to test the
Hard Ware logic
Required
v
v Import the resulting PLC
SCAFS outlook ladder diagram into the PLC
design
\ 4
\ 4 .
Real time test run
Study upon
Controller
Conducted experiment by
Select the type using the prototype

Of controller
used

\ 4

Analysis of Result and
Discussion
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3.2.  Procedure ldentification

The procedure identification explains the procedure flowchart as in part 3.1.
In this project, a few steps indentified were used as a guide on completing the project
for the whole process.

Step 1: Literature review (SCAFS and Controller)
Step 2: Identified of hardware required

o Identify for suitable equipment needed for the prototype such as

solenoid valve, relays, PLC and filters.
Step 3: SCAFS outlook design

e Draft the design of SCAFS machine including the dimension and

size.
Step 4: Study upon the controller (PID and PLC)
Step 5: Select the type of controller used

e Used to choose PLC as the controller as it has fast reaction and
easy to configure compare to PID controller.

e PLC can be use as the local controller without using the
distributed control system (DCS).

Step 6: Construct the filter box
Step 7: Construct the PLC ladder diagram

e Obtain the entire SCAFS machine based on the operation path.
Step 8: Run simulation to test the logic

e Construct a ladder diagram on the Automation Studio software to
test the PLC logic.

Step 9: Import the resulting PLC ladder diagram into the PLC
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Step 10: Real time test run
Step 11: Conduct experiment by using the prototype
e Having the experiment by test it using the different air impurities

Step 12: Analysis of result and discussion

3.3.  Research Methodology

At the early stage of the project, research on Self-cleaning System for Gas
Turbine is made trough general reading on article made by previous scholar on the
Self-cleaning System and related subjects on the topic itself. Throughout this
reading, a couple techniques should be utilised. Some of the common techniques
mention in the past and recent studies are by using timer, weather protection for Gas
Turbine, Anti-icing protection, high efficiency filters and using differential pressure
transmitter for the new system. Out of these five techniques, timer has widely used
for this self-cleaning system, but differential pressure is better as it will longer the
lifetime of the filter itself. Later, the author also needs to do some research for
choosing the type of pressure sensor that will be used in this project.

Apart from that, the author also needs to focus more on the controller
performance test and choosing the controller part. Thus, a study is also made with the
help of project supervisor to understand the basic of PLC configuration and ladder
diagram construction. In addition, the author also must also study on how to use the

Automation Studio software to make the simulation test of the controller logic.

3.4. Gas Turbine Air Filter House Site Visit

The author had done site visit to the real gas turbine air filter house at
PETRONAS GAS BERHAD, CUF KERTEH. During the site visit, the author can

see the activity of changing solenoid valve in the filter house. This activity only can
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be done during the shutdown which is will be held once in 2 years or 18000 of

running hour. This shut down called Hot Gas Path Inspection (HGPI).

The result of this site visit is the author gets to know the real operation of the
gas turbine especially for the self-cleaning air filter system. In this PGB, CUF plant,
they only use timer type self-cleaning system. One of the Instrument Engineer there
told the author that the timer type self cleaning filter system is not really efficient as

it will damage the filter as the author had describe in the problem statement before.

Other than that, the author also know that the air flow inside the filter house.
This is one of the important findings for the author as to design the new self-cleaning
system, the author need to know the real air flow inside the filter house. This can
make the controller performance test and the configuration of differential pressure
transmitter will be easy to be done. By knowing the air flow inside the air filter
house, the author then need to calculate the normal running pressure drop inside

through the filter that will be design by the author.

Moreover, from this site visit, the author also gets to know that the system of
this self cleaning is a local distribution system which means the controller is
independent and no access to the control room. It designed like this to make sure the

fast reaction compare to the distribution control system (DCS).

The author also take into consideration to build a small distillation column in
this project as it is exist in PGB,CUF self cleaning filter system. This small
distillation column use to reuse small amount of the air from the compressor to be the
pulse air for use in boosting of air to clean the filter in this self cleaning filter system.
This distillation column use to separate water vapour from the air to make sure the
pulse air is dry air. The use of dry air is more efficient for the pulse air as it will
prevent the filter to get wet and some dust will stuck permanently at the filter thus
will shorten the lifetime of the filter. This distillation column also makes the self
cleaning system to be more efficient as it does not need to use the plant/instrument

air to become the pulse air.
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Figure 11: Solenoid valve uninstall work

Figure 13: cable socket repairing

3.5.  Tools and Equipment Required.
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To be mentioned on this section are hardware and software being used in this
project. These software and hardware are the most commonly used application. The

tools and component required to build an SCAFS machine are as follows:

1. Programmable Logic Controller (PLC)
. Output: 24 V-dc
. Purpose: Control the automation system of SCAFS

2. Power supply 24 V-dc
. Figure 14 shows the OMRON Power Supply 24 V-dc
e Purpose: Supply 24V-dc power to the output of PLC such as solenoid

valve and indicator light.

Figure 14: OMRON Power Supply 24 V-dc
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3. Indicator equipment
o START and STOP button switch, valve indicator light and transmitter
light indicator.
o Output: 24 V-dc

4. Solenoid Valve (x4)
o Figure XX shows the solenoid valve that being used in this project.
The solenoid converts electrical energy into mechanical energy which,
in turn, opens or closes the valve mechanically. []

o Purpose: Control the boosting air to the filter.

Figure 15: Solenoid Valve

5. Transformer

o Purpose: step-down 240 V-ac to 24 V-ac

6. Relays

J Purpose: Act as switching mechanism
7. Air Filter

o Purpose: to filter the air and at the same time act such orifice plate in

the flow measurement system.
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8. Differential Pressure Transmitter

o Purpose: Measure the air flow inside the filter box

Figure 16: Differential Pressure Transmitter

9. Filter Box
o Purpose: Act as the filter house to test the validity of SCAFS.

10. Vacuum Cleaner
. Act as the air intake compressor to make sure there is air flow inside
the filter box.

Other tools:

- PVC pipe 1%~

- Fitting 4” to '4”
- Colourless tube
- Wire

- Air regulator
Software:

1. CX-Programmer version 3.1

2. Automation Studio
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3.6.  Filter Box construction

The filter box to test the SCAFS is made from metal and had been sealed to
make sure there is no incoming air intake except from the intake windows. The filter
box had been air sealed by using the silicon gum. The dimension of this filter box is
150cm x 50cm x 50cm. Its look like a cube but it comes with the air suction tube,
intake windows and the dust outlet. The construction of the filter box as shown

below:

150cm

A
N

50cm

oo .’""'E A

o Filter Filter

50cm 50cm 50cm

[—
A
v

N\

N\
v

Suction Tube

Intake windows

Dust Outlet

Figure 17: Filter Box Construction
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CHAPTER 4

RESULT AND DISCUSSION

4.1. SCAFS Prototype

4.1.1. SCAFS Machine Block Diagram

dP start button

|~

Time=r start button
‘_'_,.-"'

.__F._...-E‘t-:p buttan

L1

Indicators

INTAKE WiNDOW

EEIEATAT

et

&

R T

e

I

==

Figure 18: SCAFS prototype block diagram
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Figure 18 shows block diagram for SCAFS prototype in this project. The
purpose using the 24 V-dc supplies is to supply 24 V-dc to the output of the PLC
such as solenoid valve, light indicator, push button and the transmitter (TX). Shows
in figure, the air flow inside the filter box. Also shows the position of solenoid valve
(V1, V2, V3 and V4) and Transmitter (TX1 and TX2). The filter box also divided
into 3 parts which Part 1 has V3 in it act as the upstream flow of the TX2. Part 2
consist of V4 and V2 act as the upstream flow of TX1 and downstream flow of TX2.

Part 3 act as the downstream flow for TX2 consist of V1.

The measurement of the dirtiness of the filter can be determined by the
differential pressure meter. The more dirty the filter, the higher the differential
pressure between upstream and downstream flow. Still this is not the final version

which means that there are room for improvement.

4.1.2. SCAFS prototype Controller Board

Figure 20 below show the design for monitor or control board for SCAFS
prototype. The control board controls the sequence of the output of PLC such as
indicator light, solenoid valve and transmitter. The 10 interface between the PLC and

hardware will illustrate like below.

The V1 indicator light is ON when the air is boosting inside the filter. This is
to show that the solenoid valve 1 is energized/functioned. Same goes to the V2, V3,
and V4 indicator light to shows that those solenoid valves are energized. For TX1
and TX2 indicator light, it shows that the transmitter is ON and those are means the

sensor is ready.
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PLC Power Supply

24 VV-dc
PUSH BUTTON RELAY
STARTdP [~
—— | O INPUT
imer \@
T —0 OUTPUT

O O O O O O

A A A A A A

Vi V3 X1

V2 V4 TX2

Figure 19: SCAFS prototype Control Board

4.1.3. Safety Feature

In SCAFS prototype control board, the manual circuit breaker was installed
to provide safety mechanism to the prototype. This safety feature may enhance not
only the safety of the plant but also the hardware equipment. The circuit breaker is an
absolutely essential device in the modern world. Whenever the wiring has too much

current flowing through it, this simple machine cut the power.
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Figure 21 below shows the circuit breaker that being used in this SCAFS
prototype project. C60N Manual Circuit Breaker (MCB) is an all new high
performance current limiting device with the ability to disconnect short circuits of up
to 10kA which is the newest model in 21* century. []

Figure 20: C60N Mini Circuit Breaker
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4.1.4. SCAFS work flow

Fush
Sutton dF
or Timer

HD

Figure 21: SCAFS Work Flow

Figure 22 above show the work flow of the SCAFS prototype in the PLC
logic. After one of the start buttons (either dP or Timer) is pushed, the transmitter or
sensor will be ON. The indicator of the TX1 and TX2 will be ON for the entire
process until the push button stop is pushed. There are two mode in SCAFS
prototype process which are either dP mode or timer mode. Below are the

descriptions of the work flow for both modes.
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MODE 1: dP Mode

I. The push button of dP mode is pushed

ii. Transmitter TX1 and TX2 is ON (sensor is ON)

Iii. dP is high upon the filter is dirty

Iv. TX will contact the relay switch to give the signal to the PLC
V. SV1is ON for 1 second

Vi. SV1 is OFF for three seconds

vii.  Repeat step v and vi three times

viii. ~ SV2is ON for 1 second

IX. SV2 is OFF for 3 seconds

X. Repeat step vii and ix three times
Xi. Sensor detect low dP

xii.  All solenoid valve in standby mode
xiii.  Repeat step from step ii

MODE 2: Timer Mode

I. Timer mode push btton is pushed
ii. Timer for 15 min

iii. SV1is ON for 1 second

\2 SV1 is OFF for three seconds

V. Repeat step v and vi three times
Vi. SV2 is ON for 1 second

vii.  SV2is OFF for 3 seconds

viii.  Repeat step vii and ix three times

iX. Repeat step i

The operation for V3 and V4 is the same as above. V3 will do the same process
as V1 and V4 will do the same process as V2. This process will continue looping

back to the 2" step until the push button stop is pushed.
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4.2. CX-Programmer OMRON PLC

For this project, the study is focused on the use of OMRON PM 1A. Proper
planning and studying of PLC system will ensure the success of the end product. CX-
Programmer is used for programming purpose. It provides comprehensive
programming environment, testing and debugging of any automation system. Using
the CX-Programmer, the ladder diagram for the PLC program was constructed.
Online capabilities are also available such as program uploading, downloading and

multi rung editing.

4.2.1. Ladder diagram

The software used in the design on the ladder diagram in CX-Programmer
Version 3.1. The ladder diagram was developed based on the flowchart created. Once
the simulation with the PLC training kit is completed, the ladder diagram is loaded
into OMRON PLC CPM 1A with cable RS 232.

Figure XX and Table XX below shows the ladder diagram of SCAFS
prototype and the list of input and output used in PLC ladder diagram. Using the CX-
Programmer, the ladder diagram was being constructed. The program can be further
improved for future purpose. Basically, the ladder diagram attached is a working
system. The PLC ladder diagram was uploaded into CPM 1A ONRON PLC modules

and tested for verification of the program.

The ladder diagram for SCAFS prototype in Figure XX has been developed

by follow the workflow that been design before.
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Figure 22: Ladder Diagram for SCAFS
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Table 2: List of Inputs and Outputs

0.01 START_dP 10.01 SV1
0.02 START_TIM 10.02 SV2
0.03 STOP 10.03 SV3
0.04 RELAY1 10.04 SVv4
0.05 RELAY?2
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1. Conclusion

This Self-Cleaning Ait Filter System (SCAFS) prototype using PLC as
project that provides student a good learning and practical experience in working
with hardware and software. It provide student with the opportunity to interfacing the
device as well as working with protocol. The construction of the prototype starts
from the filter box construction, hardware assembly and wiring interfacing between
input/output devices with PLC. The operation of SCAFS is controlled by the PLC
through the designed ladder diagram. Changes of the ladder diagram or modification

of the hardware and path were done accordingly to obtain optimum performance.

The main objectives of this project had been successfully achieved. The

main contribution of this work as follows:

e Develop a controller for SCAFS prototype
e Interface all the component of the project
e Handle important task in proposing a project up until the completion

process.

This SCAFS had been successfully designed to improve the filtration
system of the air intake of a gas turbine. This SCAFS also can improve the
performance of the gas turbine also longer the running time of the gas turbine. This
system also can be applied in other internal combustion engine such as car engine,
aircraft engine and others in future development. This new system also very useful

for the power generation industries to optimizes the power production.
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5.2.

Recommendation

This section presents recommendation for future improvement of this

project. Although this project has achieved its objectives including choosing and

constructing the best controller for the system, it still have a bright future. There a lot

of improvement can be made on this system.

Combine both of dP and timer mode for more better result of the self cleaning
of the filter. By combining both of those modes, the filter can be always in a
clean condition. The filter lifetime will not affected as the filter is been

monitored by using the dP sensor.

Use the dP transmitter to indicate the lifetime of the filter. Put the lower and
upper range of the differential pressure during the new installation of the
filter. If the differential pressure between the filtered air and unfiltered air is
lower that the low range stated earlier, it means the filter is not in good
condition and need to change the filter. This system is very useful to monitor
the filter condition.

For future development, this system can be applied to other internal
combustion engine such as car engine, aircraft engine and others. In future
development, this system can be made in small scale and can be applied in
the car engine air intake. The boosting air can be gained from the waste gate
of the turbo compressor. In the future, the can not only can go faster with the
turbo compressor, but also can clean their own filter and longer its filter

lifetime. This also can save the cost of the filter service.
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dIR
®

No

Detail / Week

Hardware
developement

Choosing of the
controller

Developing of the
ladder diagram

Submission of
Progress Report

Test Run

Electrex

Viva

| N o O

Submission of
Final Report

Mid Semester Break

10

11

12

13

14

Processes

Milestones
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4. UNIT SPECIFICATIONS AND COMPONENTS

o General Specifications of CPMI1A CPUs Unit

e mn Bt L0Ch | 20 oot LAY | Bdqsdnd L) | 0. pesimt 1)
Supply voltge AL e 100 1o 240 W AL, S0A0 H
DC oype 24 VI
peracing, voluage AL o B3 o i WAL
| ramgie DX oype A0 4 oo 28 4V
Powe T condampion | AC fpe 30 WA mu. B0 WA .
L e 5W max 20 W .
Innish Quere 30 A Doy, S0 A, e
Exxsmmil power Poser sauppdy 4 VI
sugply | A Tgpe siinage
cay) Power mpply | 200 mA 300 mA
DCARPUL C Py
Iechu Lo ekt & 20 WD mnin {ur 300 VI berwesn e evemal AL nerminmly
amd parcasre v e emminals
[¥eshec i srengiy 2300 WAL 30060 He dor | min berwesn de ennsnmal AC and
prcescrive e emminads, leaiuge e 10mA @y
Noes immamicy 1,500 ¥pp, puliee widdy: 000 oo | s, rieecimes: 1 ns {via o
il
Wibramion NEhm e 10 8o 37 He, 0.073—mam amplionde, 57 oo 130 He, accelsrarion:

9.8 s {1G) in X, Y and ¥ direcrions: fior 50 minmes saci
e gwepd for © ouinunes, 10 Cimess)

Shooks nes mee 147 mb" QOG) dree times echin X Y and ¥ direr oo
Agnibient b g o Operaing: 0" o 33°C
Sonrage: 20w TAEC
Amniviesn H sl ¥ { o rasing | 10% oo S0 % {widh m oo o Thoa
AZnin b &I IR I (OPeTaning | WL o conTes e i
Termim) sorew sie M3
Forwe T Suppily Bl ding rime AC ype: 0 oo min; D rppe: 2 o min,

| A poweT IMETTIpCion cooars if power il balow R of the

rated wiitage for bonger than due powe T iMMSTURCon Cime. |
TPU wegh AL o I g mn. | MDgman | Sigmav | W0 g man,
IC e A0 gman. | 400g man 00z max | 400 g man.

Mepe @ The speeificarions of g Frpasion 10 Lind are g mme as for due CPU enceps thar dhe power b
supplied oo dee CFU and dee wed gt s 3005,

wers F AL oningl com
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APPENDIX IV
Instruction available in CPMIA and CPMIA

* Sequence Instroctions
Sequence Inpul Dnsdrctions

|55ty o2 Mt posas | Lo b e
LIVAL LD 1] o o8 M) ¢ omadlisiom oo ds e Bals B,
LIVALY M3T LI} ROT 0 U oy ML comdliziom oo e beft Bas bar,
ANL AN 1] Comese oy am M e omadlishom i sy widh de previois oondicion
ANLY NITT A MDY NITT 8] Coamese ey an ML comdiziom i ersy widh de previous ¢ andision
R R 0 Commese oy o M o omadliziom i posralbe ] woidy e previous condision.
U NI R KT 1] Coamese ey an ML comadizion o pomlbe with de previous condizion.
AN LOAD AN LD 0 ot B Pl incunborion Bdocins o asries.
R LA LD R LI 1] O B P ssenacrion Blocin in pomihs,
Moae: O lesnscrion eys allccansd oo the Programeing Comods.

Sequence Ot put Bnstroctions

L e e Minemenie | Uede Fomabsn
OUTPUT our 0 | Duspees e resl of bogie oo oo b
LT MOT LT MOTT 0 Reverass and capars the reml of kogic oo o B,
EET EET 0 horce sets {0N) o B
REEET REEET 0 b resees {OFF) a B
KEEFP KEEP 11 | Ma'inoaies doe smos of S designoned b,
[HFFERENTIATE | DMFU 13| Teres O & Bic for ape cpoke when die eeouton condicion goss
LiF troam OFF o 0N,
[MFFERENTIATE | DIFD 14 | Tares ON a Bi for one cpcle when e SREoumion oominlon goss
L troam (O w OFF.

Mons: O lmownacrmion ieys allccansd oo des Programesing Comecds,
Sequence Control Instructions
|t inoecd b Soloee st | L de Pl cfen

NOOPERATEIN | ROP o -

ENLY EMII ol Rsguirad o e ond of te pocgnam,

INTERLIWK I o Ip e ssrunion eofdition for IL{OY) & OFF, ol cupees are ormst
(FF ol all cimsr P rese Berwesn | L]0 and e mea ILCHCB).

INTERLIWK | B LN Oy imadieane s dhe end of oo inserbecd {Be ginnieg o [T

CLEAR

TSP IMP g If ehe svsucion oondicon for TWMPOE) B (N, afl oy ond
Earwssn JMWM P 0] and TR D) e oreaned oo WO 00

JUMP END IME s JTMEDS) indicanss de end of o g {Be gnning o IMP 05,
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APPENDIX V
Timer /Counter Instructions
loesty uction Moenenic | Code Functon
TIMER TIM 0 | An ON-delay (decrementiog ) times.
COUNTER CNT 0 A eaemm:in; QoI er,
REVERSIBLE CN'IR 12 | Iceaes or deceases PV by ose.
COUNTER
HIGHSPEED | TIMH 15 | A lgh-peat, ON-delay (decremencing) timer,
TIMER

Noae: O lesenecoion keys allocassd o die Programming Comkole.

Data Comparson Instructions
lnstroion Moemonde | Code Fom etion
COMPARE CMP 20 | Compares two our-dige Dexadecimal values.
DOUBLE CMPL 60 | Compares two eigix -4t & hexadecimal values,
COMPARE
BLOCK WRIBCMP & | Judges whedher de value ofa word & wiun 16 ramges (definad by
COMPARE Jower and wpper limis).
TABLE @ITCMP 2| Compares @e vake of a word © 16 comecutive words,
COMPARE
Duts Movement Instructions
Loestroe Son Mosoabie | Code Fom efion
MOVE (@MOV 0 | Copiss a congant or e comtses of 2 ward o a word
MOVE NOT (@IMVN 22 | Copiss e complement of 2 consuus or the conee of a word 0 a
word.
BLOCK R XFER T | Copis te coneent of 2 block of wp o 1,000 corsecive words o a
TRANSFER Biock of conser it e words,
BLOCK SET (@I BSET T | Copiss de comeas of 2 word o a block of comecutive wards,
DATA W@IXCHG 73 | Exchanges e conaens of two wouds,
EXCHAGE
SINGLE WORD | (@) DIST D | Copls e comemr of 2 wod 0 2 word (whose address &
DISTRIBUTE dere mainad by alding an offer o a word aldes).
DATA W@OoLL 5 | Cops the comiene of 4 word (whode aldress & decsrmimed by
COLLETT adding an offse o a word addres) 0 a word
MOVE BIT (@IMOVE Copiss e specified bk fom e word o e specifiad e of a
word,
MOVE DIGIT [ (@MOVD Copiss e specitiad digis (-t wnis) fom a word o de specifiad

dxg.nota word.
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