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ABSTRACT

Rolling stock or train is one of the primary transportation in most of the country
especially in Malaysia. Therefore, maintenance is needed for train in order to make sure that it
can run smoothly without any failure occurred. The purpose of this study are to analyze the
railway vehicle transformer, to analyze the transformer oil in the sampling duration is beyond
the reference point or not and to make the recommendations for maintenance strategy if any
error occurred in the oil sampling result. The research only focus on train transformer oil in the
duration of five years. There were seven rolling stock are analyzed. Overall data for oil sampling
in past five years were gain from the ERL Maintenance Support Sdn. Bhd, Sepang for all aspects
that have been analyzed. The analysis consists of four main aspects which are dielectric strength,
water content, acid number and interfacial tension and stated also the date of oil sampling. Next,
the data gain is presented and analyzed by using bar graph so it will more easy to analyzed and
present the data. Finally, the most critical maintenance issues can be analyzed using the bar

graph.



ABSTRAK

Kereta api merupakan salah satu kemudahan pengangkutan dalam kebanyakkan negara terutama
Malaysia. Oleh itu, penyelenggaraan adalah diperlukan untuk kereta api untuk memastikan ia
dapat berfungsi dengan baiknya tanpa berlaku apa-apa masalah yang tidak diingini. Tujuan
pembelajaran ini dibuat adalah untuk kenal pasti jenis pengubah yang digunakan pada kereta
api, kenal pasti samada minyak pengubah melebihi nilai rujukan ataupun tidak di dalam tempoh
jangka masa pengambilan minyak dan membuat cadangan untuk strategi penyelenggaraan
sekiranya berlaku apa-apa kegagalan yang berlaku terhadap minyak. Terdapat empat aspek
kereta api telah dianalisa. Keseluruhan data untuk pengambilan minyak selama lima tahun lepas
diperolehi daripada ERL Maintenance Support Sdn. Bhd, Sepang. Analisa terhadap minyak
terbahagi kepada empat aspek utama iaitu kekuatan dielektrik, kandungan air, nombor acid dan
ketegangan antara muka, di samping itu tarikh pengambilan minyak juga dicatat. Kemudian,
nilai yang diperoleh telah dibentangkan dan dianalisa menggunakan graf bar supaya ia senang
untuk dianalisa dan membentangkan data tersebut. Akhir sekali, isu penyelenggaraan boleh

dianalisa menggunakan graf bar.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Railway vehicle is one of the pioneers of modern mechanical transportation around the
world including Malaysia. The movement of the railway vehicle is using track and monitored
by the railway maintenance workers to make sure that all the moves are smooth. In Malaysia,
the railway transport is owned by the Malaysian government and is operated by the Keretapi
Tanah Melayu Berhad (KTMB). Therefore, the railway played its significant role in the
economic, social and political development. It also can reduce traffic congestion and not wasting
time in traffic jams. In Malaysia have several types of railway vehicle such as KTM, Light-Rail
Transit (LRT), Mass Rapid Transit (MRT) and Electric Train Service.

Next, maintenance is one of the important parts to make sure that the railway vehicle is
in good condition and can reduce the operating cost for transportation companies. Therefore,
the preventive maintenance scheduling is very important in maintaining the reliability for the
railway vehicle maintenance. The aim is focusing on the medium-term planning, to identify the
preventive maintenance that will be performed within the periods (month/week/hours) that have
been scheduled (Budai et al., 2006). Moreover, this preventive maintenance can be divided into
small routine works and projects that consist of inspection and repairs for example inspection

of rails, level crossing, switch, signaling system and switch lubricating.



Besides that, the transformer also important for all railway vehicle, and it is located
below the railway vehicles. The transformer is used to transfer electric power from the catenary
to the motor by lowering the network’s high voltage to low voltage for use by the converters
(Ho et al., 2006). For the transformer oil, it has several types of oil are used as insulators such
as mineral, ester and silicon oils. The insulator is very important to maintain the reliability of
the transformer because its function as a conductor for the electricity. Therefore, the insulating
liquids contain their own dielectric constant, particle counts and viscosity reading. On the other
hand, it is important to do preventive maintenance for the insulating liquid to get the best

performance transformer.

1.2 Problem Statement

Power transformers are one of the most costly and critical electrical power system
components (Murugan & Ramasamy, 2019). A better maintenance planning allows for higher
utilization of railway infrastructure and improved services and customer quality (Shift2Rail,
2015). According to D’Ariano et al. (2017) during the growing demand for railway
transportation, the safety, punctuality, reliability of the freight and passenger service are
important. Therefore, the scheduling maintenance or Preventive Maintenance (PM) will
increase the availability of rail transportation and also reduce the maintenance cost during the
breakdown. The study of the transformer oil analysis issues for the railway vehicle can improve
the performance of the railway vehicle because the transformer oil is one of the important liquid

functions as an insulator.



1.3 Objectives

This study has three main objectives that must be accomplished in order to complete the
study. The first objective is to analyze the railway vehicle transformer oil. Second objective is
to study the trend for the transformer oil. Lastly, the third objective is to make the
recommendations for transformer oil whether the oil still can be used, need to replace or need

to filter.

1.4 Scopes of study

To achieve this aims of the research, the study has been done in local commuter rail
transit company. This study is focusing on the railway transformer oil analysis between the new
and used oil. Then, it focused on general transformer oil analysis which investigate the different
between general transformer and railway transformer. Lastly to achieve this aims, comparison
between the used transformer oil and new transformer oil is needed to investigate the reliability

of the oil.



1.5 General Methodology

In order to realize the objectives in this study the explanation and details for

methodology will be show. The flow of this project experiment also be shown in this section.

1.

Literature review
Collecting data from previous journals, websites, articles and any related material for
the project.

Monitoring
The monitoring will focus more on transformer oil analysis issues for local railway

vehicle.

Data collection of oil analysis
Determine and tabulate data from local railway vehicle based on their previous analysis

for transformer oil.

Interview
To investigate and determine the problems occurred for the local railway vehicle

transformer oil.

Analysis
The analysis is obtained from their previous oil analysis data and for the new oil
analysis is obtained from the experiment that be made.

Writing report

All the information and data for this study will be write at the end of this project.



The methodology of this study is simplified in the flow chart as shown in Figure 1.1.

Start

Literature Review

Monitoring

Data collection of
transformer oil analysis

Interview

Analysis

End

Figure 1.1: General methodology for the overall study



CHAPTER 2

LITERATURE REVIEW

2.1  Railway Maintenance

Railway maintenance is one of the main importance to be a well-functioning
transportation system. Electrical rail networks are widely regarded as an important alternative
for public transport to minimize energy consumption and pollution in urban areas (Santiyanon
et al., 2016). Maintenance of the real work need a large number of different activities that
required significant resources and large budgets. A careful maintenance plan is therefore
necessary and very successful trains frequently go under maintenance when requested for
regular service operations (Mira et al., 2020). The goal of successful preventive maintenance is
to eliminate unplanned failures, in example to reduce long and expensive failures saving the
maintenance and loading costs (Mijailovic, 2008) . The maintenance is important things in order
to pursue the highest level of safety and reliability. The maintenance required a lot of parts to
be check in order to be sure that all the components are in good condition. Dennis et al (2012)
stated that the specific tools also needed to track down the premature failure or behavior in order

to prevent from multiples failure at the later stage.



Condition based maintenance (CBM) can be one of the initiatives to be merged or
combine to the daily operations (Lee et al., 2012). Other than that, CBM measurements that can
be used such as vibration, oil contamination, temperature, electric current and voltage are
sampled in order to monitor and confirm whether the equipment in electrical or mechanical is
operating normally. The CBM can be used as proactive maintenance which optimizing the
maintenance frequency and thus minimizing the overall total life cycle. Moreover, with this
method it can increase the reliability of the equipment, the less breakdown cost and capital spare

utilization.

In this chapter, will discuss about the railway maintenance for transformer, maintenance of
the transformer oil, the transformer oil analysis and the comparison of the dielectric in the oil.
There have variety type of maintenance practices that can be apply in this research, the practices
that used in the commuter rail will be verified and the advantages of the practice could be done

will be discussed and analyzed.



2.2  Railway transformer maintenance

Transformer is one of the crucial part that need to be monitored in order to make the
rolling stocks get sufficient supply. A power transformer failure may also cause cascading
failure and systemic outage on the power grid (Liang & Parlikad, 2018). There are several types
of locomotives application in railway applications such as electro-locomotives with traction
train AC and DC transformers, diesel-locomotives with traction TT HEP transformers and high-
speed trains and electrical multiple unit (EMU) with traction transformer transformers. TT is
mean by traction train while HEP stand for head-end power. Figure 2.1, Figure 2.2, Figure 2.3
and Figure 2.4 shows an example of transformer that have been used in daily locomotive
transportation. Therefore, the Figure 2.5 shows a simple diagram for transformer which
function as ‘step-up’ and ‘step-down’ the voltage. The step-up transformer working principle is
the increasing of the voltage between the primary to secondary windings while the step-down

transformer is decrease voltage between primary to secondary windings (Agnihotri, 2017).



Figure 2.1: TT AC and DC transformers for electro-locomotives

Figure 2.2: TT HEP transformers for diesel-locomotives



Figure 2.3: TT transformers for high-speed trains

Figure 2.4: TT transformers for electrical multiple unit (EMU)

10



Primary Winding \ Secondary Winding
} \ - 4 |
o I
II". PR L RRELELLE S
: 1" . asmesssiciaaas . .. .. --- .. S |
Col Y
...... IS REeurSRTres S th] R weon
e L O B N A
L= - T -
L= =3 — N _:
4 > — B
-. .. l-.-.-. .
[cakage Flux Main Flux

Figure 2.5: Basic diagram for transformer

In Malaysia, many types of railway vehicle or rolling stocks are used electric
locomotives rather than other types such as diesel-hydraulic, diesel-electric and diesel-
mechanical. Sen et al. (1975) stated that, this is because the maintenance cost for diesel
locomotives is three times greater than maintain the electric counterpart, and electric
locomotives cause lower operational cost per mileage than run on diesel. Therefore, the traction
transformer contains some example that can be applied for application such as electro-

locomotives, diesel- locomotives, electrical multiple unit (EMU) and system trans.
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Figure 2.6 shows that the standard block diagram of electric locomotive that have been
used in Malaysia and other countries. Other than that, the main transformer of rolling stock is
one of the important part that need to be maintenance because it carries the electric power supply
to the train. In the transformer, it also contains oil which act as cooling agent to the transformer.
Right now, there were no dry transformers oil rail vehicle because the oil is very good in
insulating at the high voltages and also an excellent coolant (Agnihotric, 2019). Agnihotric
(2019) states that HSR team developed an air-cooled system that are effective which can avoid
any water in the ambient air from condensing in the transformer and causing a shirt circuit. Next,
by using the electric locomotive it will reduce the cost of maintenance, the cleanliness also will

be free from smoke and flue gasses and will saving in high grade coal.

QOverhead Line

Loco Cooling Fans

_ _ Circuit
Compressor Main Re{:t\ﬂer Brleik|er Pantograph
Battery | 1 b :
2@ .
Motor Blowers o 1| Main

Inverter

Auxiliary
Rectifier Auxiliary

Main Transformer Axle Brush

3-Phase AC Motors Inverter To other 3-Phase
AC Motors

3-Phase AC Motors

Figure 2.6: Block diagram of electric locomotive
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2.3 Transformer oil

Oil is lubricant that have base fluid and the base fluid usually petroleum origin, mixture
with an additive chemical that inflate the various beneficial properties for a base fluid (Gidhar
& Scheffer, 2004). Transformer oil is one of the oil that can remain safe at the high temperatures
compared to other oil although it is also the best in insulating properties, the good in
degeneration stability, low number of votality which is a substance’s propensity to evaporate at
normal temperatures, and grease formation. Next, before the oil need to be maintenance, the
Figure 2.7 shows the information provided by in-service oil analysis. Cade (2017) briefly states
that the transformer oil mainly has two functions which are it acts as liquid insulation in
electrical power transformer and secondly, it eliminates the heat produced by the transformer
and act as a coolant. Moreover, with the good insulator of oil, the performance of transformer

is increasing which can reduce the maintenance cost and also increase the distance travel.

13



Machine Wear

Change

Filter?
Change Qil?
Overhaul?

Lubricant Lubricant
Degradation Contamination

Figure 2.7: Information provided by in-service oil analysis

Solid and liquid form are an example of contamination in oil. Particle counts and sizing
techniques are some ways that can be used to monitor the solid contaminants like sand and dirt.
By less monitoring toward the oils, the number of contaminations will be increase although
reduce the useful life of the oil and machine wear. They need to be avoided proactively with
proper seals and proper filtration system and also need to be monitored regularly. By monitoring
the lubricant degradation helps to decide whether the oil is fit to use or need to be changed.
Then, the viscosity of the oil also can be monitored in order to determine whether the oil
viscosity is in good condition or the oil need to be changed. Moreover, usually the viscosity of

the oil is test by 40°C for rotating machine while 100 °C for engines (Zhao, 2017).

14



For the transformer oil, the oxidation and acidity of the oil (Total Acid Number or TAN)
and oxidation, nitration, sulfation and total alkaline additive reserve in oil (Total Base Number
or TBN) not quite important because it is only involved in rotating machine that will occurred
corrosion. In order to keep the oil is long lasting, oil conditions are to be monitored regularly to
make sure the oil is used within its performance specification. In addition, to make a well
balanced oil analysis the well monitoring on wear condition, oil contamination and oil
degradation. If one of the key parameters ore more exceeds the alarm limits or a change in the
trending rate is detected, the problems should be resolve to maintains its reliability. The test of

the oil can be run by following the flow chart in Figure 2.8.

Collect oil iptothe lab = Perfo nalysis . || Review data, generate |

samples n , repor

Review Report

. (User)
" (Lab Analysis)

Figure 2.8: Off -site oil analysis flow chart.
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2.3.1 Condition Based Maintenance (CBM) on oil analysis

Condition based maintenance (CBM) or predictive maintenance is one method to
planned the maintenance based on the knowledge of the state of equipment using condition
monitoring techniques (Raposo et al., 2019). Next, the maintenance can be planned before the
failure risk become too high. Meanwhile, the CBM have various technologies are used to
monitor the signs of problems such as wear debris and oil analysis, vibration analysis and
thermography. Furthermore, this method can be applied in order to increase the reliability of the
machine. With CBM also, it enhances the machine to run as long as possible before conducting
the maintenance and will reducing the cost by eliminating other unnecessary maintenance

actions.

2.3.2 Proactive Maintenance on oil analysis

The problem of rolling stock scheduling is a classic and critical issue in the operational
planning and implementation of rail activities (Zhong et al., 2019). Proactive maintenance is a
maintenance which action is taken ahead of time to minimize the chance of failure rather than
waiting for the machine to fail. In other words, the proactive maintenance is to predict and solve
the problems before they become a problems or worst. Proactive maintenance is different that
predictive maintenance because the proactive maintenance objective is to find the root cause of

failure and veracious the problems.

16



2.4 Oil Analysis

The main reason to perform the oil analysis is to find out the condition of the oil, but it
is also to planned to know the condition of the machine where the oil sample was taken (Fitch,
2013). Table 2.1 shows how the test are used in three main oil analysis which are fluid
properties, contamination and wear debris. In fluid properties, it is only focuses the oil’s current
physical and chemical state while the contamination is only detecting the appearance of
destructive contaminants and compact their expected sources. Therefore, the contaminants are
only focusing to determine the existence and distinguishing of particles generate as a result of

mechanical wear, corrosion or other machine surface mortification.

Table 2.1: How test is used in three main oil analysis categories

Oil Analysis Category Tests

Fluid Properties Viscosity, Acid/Base Number, FTIR,
Elemental Analysis

Contamination Particle Counting, Moisture Analysis,
Elemental Analysis

Wear Debris Ferrous density, FTIR, Elemental Analysis

17



A complex laboratory equipment is required to determine the quality of the oil such as
viscosity, refractive index, density, base number (BN), acid number (AN), water content, metal
(additives and wear metals), but the simple test that can be done on-site is dielectric constant.
Oil analysis is not solely an equipment to determine the of a lubricant (Girdhar & Scheffer,
2004). In oil analysis, the good oil can minimize the production of wear to great extent.
Therefore, it includes some techniques to evaluate the types and concentration of particles such

as viscosity, water content, total acid number (TAN) and total based number (TBN).

Another facet that can be used in oil analysis maintenance program is oil sampling.
Reliable of oil analysis can be done by this method and it is vital that the collected sample is
allowed to designate the true condition of machine. Viscosity in one of the important test that
need to be analyze because the critical oil’s analysis will cause to other problems such as
oxidation, glycol ingression or thermal stressors. The reading of viscosity that too high or low
might cause from the existence of incorrect lubricant, oil oxidation or solvent contamination.
Furthermore, at low temperature, the chain of molecules is contracts and does not give impact
to the viscosity, but at the high temperature the chain is relaxes and indirectly increase the
viscosity. Oil has its limits for viscosity changes and the average of the limit is within 10 percent

is marginal limit to 20 percent which is critical limit.

Therefore, in circulating oil systems the best methods to collect the sample oil in live
location is in live zone of the system, upstream of filters where the particle is entrance and wear
debris is concentrated. Moreover, the new oil must be checked same as used oil, because the
new oil is not necessarily clean due to internal and external sources such that the ISO grade
quality for cleanliness of oil that acceptable for applications (Girdhar & Scheffer, 2004). Figure

2.9 shows the standards of the ISO cleanliness code for oil analysis.
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By referring to this fluid cleanliness 1SO 4406:99 standards, a code number that usually
used in the particle count values that acquire at three different micron levels which are greater

than 4 microns, greater than 6 microns and greater than 14 microns.

UP TO AND
MORE THAN INCLUDING 180 CODE

In this example, you can see how the particles

measured at the given micron levels are assigned 20,000 40,000 22
the specific code based on where that value falls 1§ 1IJ[][il] """""" E IJU[]U """"" 21 """""
in the table. For this example, the IS0 code would .. .C sl S A e A
be 20/17/13.
Table 1
I PARTICLES/ML ! IS0 CODE
=4 microns 9,721
>6 microns 1,254
>10microns 326
=14 microns 73
=21 microns 12

~ >100microns. 0

Figure 2.9: 1SO Cleanliness Code

2.5 Dielectric Comparison

Dielectric constant is a quantity that test a substance’s ability to store electrical energy
in an electrical field. This is important because it allows the materials to hold their specific
amount of electric charge for long periods of time. Carey (2019) briefly explained that the
function of dielectric constant is to calculate the capabilities to transfer electrical potential
energy. The presence of the contaminants such as water or particle or chemical changes of the
oil can be compared between the new oil and used oil in the dielectric test. The temperature also

affects the value dielectric constant although the effects are small for lubrication oils.
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Table 2.2 shows the dielectric constant common materials while Table 2.3 shows the
dielectric constant for lubrication oils. This result can be measured by using common technology
which is Fourier-transform infrared spectroscopy (FTIR), but it need an expensive instrument
and expert diagnosis. By using FTIR also it promotes the faster, simple, low-cost alternative to

permit the divergence between different classes of oil.

Table 2.2: Dielectric Constant common materials

Types of materials

Dielectric constant value

Vacuum 1.0

Metals Infinite

Water 87.9 (0°C) to 55.5 (100°C)
Hexane 1.8865 (20°C)

Cyclohexane

2.0243 (20°C)

Benzene

2.285 (20°C)

Hydrocarbon lubricating oils

2.1 to 2.4 (room temperature)
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Table 2.3: Dielectric Constant of Lubrication Oils

Types of oil class

Dielectric constant value

Hydrocarbon 2.1-2.4
PAO 21-2.4

PAG 6.6-7.3
Polyol Ester PAG 4.6-4.8
Diester 3.4-4.3
Phosphate Ester 6.0-7.1

The difference of dielectric between the new oil and used oil also can give crucial data
on oil quality. The increasing of bulk dielectric constant is unpleasant and stipulate the presence
of some types of contaminant or changes the chemistry for oil, such as oxidation. Furthermore,
the factors that will affect the dielectric constant are increasing the viscosity changes in acid
number or base number and additive depletion. Other than that, the dielectric constant can
reduce by losing or shear down the viscosity-index (V1) improver in example during runs, the
VI improvers can shear down and break apart. Moreover, the multi-grades oils cannot stand with
high heat. If the oil is runs at extreme high temperature it can begin to crack thermally. The

effect of the high temperature will cause the crack or shear of the oil molecules, which affect

the viscosity reading.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

In this chapter will describes the methodology used in this study to gain the data for
transformer oil analysis. The general methodology for this study have been shown in Chapter 1.
This chapter will describe the flow and details for each method that involved in order to
complete the study from the beginning to the end of this project. This study is start by studying
the type of transformer and the specification for the transformer before know the type of oils
that used for the transformer. There are several methods used with the ends goals to achieve the
objectives of the study. The data for railway vehicle maintenance based on the transformer oils’

analysis also will be analyzed and study.

3.2 Literature Review

The first important method before started this study is literature review. The important
to start this study by literature review because from reviewing the articles and journals from the
previous research about the transformer oils’ analysis on the railway vehicle maintenance a lot
of information and understanding will be gain in order to increase the knowledge and achieve
the objectives for this study. From the information collected, the main important in this study
that need to be highlight is the quality and performance of the transformer oils’ based on the

result gain after the experiment have being done.
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3.3 General Experimental Setup

Figure 3.1 and Figure 3.2 show the experimental setup for transformer oils’ analysis.
For Figure 3.1 can be used for three experiment which are chemistry test for dielectric, wear
and contamination and count contamination. While for Figure 3.2 is 52DV digital viscometer
uses a rotating ball to measure the viscosity if the sample oil. The result will be display in the
desktop and it will be analyzing when the test is fully done and can be compared with the
reference and other samples. After each of the experiment is done on Figure 3.1, the pump is
function as flush out the sample oil from chamber to the oil tank in order to remain the
cleanliness of the chamber. For the Figure 3.2 the cleaning process is did manually by take out

the ball magnet using magnet pen and dry up the equipment by using tissue paper.

/7 WDA o _
Trivector status patch pot  Vacuum LED indicator for info

LED indicators control valve  on PC display

Figure 3.1: Front view of model 5200
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Figure 3.2: 52DV model for viscosity test

3.4  Procedure and Result for Oil Analysis

In this stage, the result is collected from the test experiments that have been done, before
the real transformer oils’ is used for this study. The test is make from several types of sample
oil such as engine oil and gearbox oil. Therefore, for the actual test for this experiment should
be the sample transformer oil from the local commuter rail transit company that located at
Sepang, Malaysia. In this data, it will display the values for the dielectric, wear or contamination,
particle count contamination and viscosity test. From the data gain, the analysis will be
performing by observing the collecting data to determine the critical parts in the oils’ and its

maintenance strategy. The result will be discussed on the next chapter.
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35 Procedure for the Test

This Spectro 5200 Trivector minilab model consist of three experiment while 52DV

contain one experiment which are:
1. Chemistry test
a. The empty sample bottle is weighted at the electronic weighing scale.
b. The sample is weighted bottle with the 10 ml new oil NASA DEXRON lIII.
c. The sample bottle with mixture of 10 ml of new oil and 10 ml of diluted is weighted.
d. Bottle sample of oil is shake to get an equal mixture.
e. The mixture is poured into test 1 chamber.
f. The next button is press on the flashing Test 1 LED. This will take about 5 seconds.

Then it will change to red solid red color and the results will automatically read and

saved to the database.

g. When LED turns to yellow color, the test place need to be clean Test 1. This may
occur immediately after Test 1, if it is the only test in sequence, or at some later time
if other tests are being run.

h. Test 1 is flushed. Foot pedal is used to removed out the liquid form the Test 1 to the

waste tank.
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i. Test 1 is cleaned. Pour lamp oil to the chambers to remove out the oil. This process
will occurred around 5 to 10 seconds and the vacuum air will use through the chamber
to dry it.
J. Check the chamber by clicking the yellow color button in order to check the chamber
cleanliness. It will give result for the cleanliness of the chamber.

k. Next test can be proceed if the first chamber is clean enough.
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2. Wear and Contamination

a. The empty sample bottle is weighted at the electronic weighing scale.

b. The sample bottle is weighted with the 10 ml new oil NASA DEXRON III.

c. The sample bottle with mixture of 10 ml of new oil and 10 ml of diluted is weighted.

d. Dilute the sample approximately 1:1 in its original sample bottle, using the

appropriate solvent.

e. The lid is replaced on the sample bottle and vigorously shake until the LED turns to

green color that will indicate the sample may be added.

f. The diluted oil sample is poured into the chamber of Test 2 up to the top of the

tapered cone- this takes about 20 ml. The sensor senses the fluid automatically,

begins the check by itself and finishes blinking the Light.

g. This test takes approximately four minutes to complete.

h. When the test is finished, the yellow LED will flash and the chamber can be clean.

I. Test 2 is cleaned by pouring the lamp oil to the Test 2 chamber in order to flush out

flush out the sample. This will take around 5 to 10 seconds to clean it up.

J. The chamber is checked by pressing the Test 2 button. Then it will give result towards

the chamber cleanliness.
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3. Particle Counts
a. Visually inspect the undiluted sample to determine whether additional dilution is
required, using the same solvent as for Test 2 when diluting for high contamination
or dark oils. If diluting is caused by water pollution because the sample is cloudy or
milky, instead using water-masking solvent. Decision must be made before the test
started.
b. When using the scale, the software will prompt you for re-weighing after filling Test

2 if additional dilution has been selected. If not using the scale, you must type in the

relatives volumes to give the correct dilution ratios.

c. The diluted oil sample is shake with mix the solvent and re-suspend
the particles.

d. New syringe package is opened and 30 ml is extract of diluted sample from the
bottle.

e. Fully extend the syringe plunger to create an air gap, until the plunger hits the
built-in stop.

f. The syringe is inserted at the spacer to hold the plunger out and place the tip of the
syringe into degassing port.

g. The valve is turned on the 5200 on the degas position pointing up.
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h. The foot pedal is used to run the vacuum pump so that any air bubbles in the oil can

be removed by the syringe. This will take from 15 seconds up to a minute depends
upon the viscosity of the dilution. For thicker dilutions, you will see a wave bubbles
rise to the top.
i. Button for Test 3 is pushed in order to give information the degassing is complete.
After a few seconds the LED start flashing green.
J. The syringe is removed into Test 3 test port and clip the body in place.
k. The Test 3 button is pushed next to the flashing green LED. The LED should stop

flashing and the stepper motor arm will come down and drive the syringe plunger at
a constant rate. The first 10 ml pushed through the syringe is flush volume, the next
15 ml are Counted as the fluids goes through the laser sensor and approximately 5

ml are left in the syringe at the end and can be discarded.

I. At the end of the test, the Test 3 LED will change from the green to red indicating that
the data has been automatically saved to the database. The motor will reverse and
return the arm to the top, home position.

m. Removed used syringe. The syringe cannot be used because has been

contaminated.

29



4. Viscosity

a. 20 ml of the new oil of NASA DEXRON Il11 oil is poured to the 52DV model.

b. The button start for Test 4 is pushed at the software.

c. This test will take around 10 to 20 seconds to get the reading.

d. The step a, b and c is repeated for the used oil.

e. The viscosity reading will appear in the software for new and used oil.
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3.6 Preliminary Result for Oil Analysis

NASA automatic transmission Dexron oil is shown in Figure 3.3. Four test is done by
using NASA automatic transmission Dexron oil such as chemistry test, wear and contamination
test, particle count test and viscosity test. The objective of this test to analyze and compare the

new and use oil result.

Figure 3.3: NASA automatic transmission Dexron oil
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Experiment 1: Chemistry test result
Table 3.1 shows the chemistry test result for Dexron oil. The chemistry test shows the

new oil data and also used oil data in order to make comparison between the oil

Table 3.1: Result for chemistry test (Dexron oil)

Test Unused Oil Used Oil Unit

Dielectric 2.13 1.12

Experiment 2: Wear and Contamination Test
Table 3.2 shows the wear and contamination test result for Dexron oil. The objective for

this test is to determine the contamination and non-ferrous index for both Dexron oil.

Table 3.2: Result for wear and contamination test (Dexron oil)

Test Unused Oil Used Qil Unit
Contamination Index 1 0
Non-Ferrous Index 1 0
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Experiment 3: Contamination (Particle Count) Test

Particle count test result for used and new oil for Dexron oil is shown in Table 3.3.

This result is used to know the quantity of particle counts/ml contained in the oil. Therefore,

new and used oil is test to compare the result.

Table 3.3: Result for particle count test (Dexron oil)

Test Unused Oil Used Oil Unit
NIST Size pm(c)

>4 1024 7901 Counts/mi
>6 249 868 Counts/mi
>10 53.5 82.9 Counts/mi
> 14 21.9 19.6 Counts/mi
> 18 12.0 10.2 Counts/mi
> 22 8.1 6.7 Counts/mi
> 26 7.5 6.3 Counts/mi
> 32 6.7 5.7 Counts/mi
> 38 6.0 5.1 Counts/mi
> 56 n/a n/a Counts/mi
> 70 ad 4.0 Counts/mi




Experiment 4: 1ISO Cleanliness Data Test

Table 3.4 shows the ISO cleanliness data test for Dexron oil. The test is done by

comparing two oil which are used and new oil for Dexron oil. Result is used to make comparison

for both oil.
Table 3.4: 1SO cleanliness data test (Dexron oil)
Test Unused Oil Used Oil Unit
NIST Size pm(c)
ISO >4 17 20 -
ISO > 6 15 17 -
ISO > 14 12 11 -

Experiment 5: Viscometer Test

Viscosity test is used to check the lubricant’s resistance to flow in specific temperature.

Therefore, Table 3.5 shows the viscometer test in Dexron oil for new and used oil.

Table 3.5: Result for viscometer test (Dexron oil)

Test Unused Oil Used Oil Unit

Viscosity at 40C 13.5 13.5 cSt
Viscosity at 100C 4.8 4.8 cSt
Viscosity index 335 335 cSt
Specific gravity 0.87 0.87 -
Final Result :

-Viscosity at 40C 50.3 51.0 cSt

- % Viscosity change 272.9 277.6 -
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Figure 3.4 shows the Motul oil Technosynthese 4T. The Motul oil Technosynthese 4T
is used to make some test toward it such as chemistry test, wear and contamination test, particle
count test and viscosity test. The result from new and used oil is compared and has being

analyzed.

S100

MA2

TECHNOSYNTHESE }

Figure 3.4: Motul oil Technosynthese 4T

Experiment 1: Chemistry Test
Table 3.6 shows the chemistry test result for Motul oil. The dielectric strength result is

compared between new and used oil.

Table 3.6: Result for chemistry test (Motul oil)

Test Unused Oil Used Qil Unit

Dielectric 1.12 1.12
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Experiment 2: Wear and Contamination Test
Table 3.7 shows the comparison between new and used oil for Motul oil. The objective

for thus test to check the contamination index and non-ferrous index in the oil.

Table 3.7: Result for contamination test (Motul oil)

Test Unused Oil Used Oil Unit
Contamination Index 1.2 15 -
Non-Ferrous Index 0 0 -

Experiment 3: Contamination (Particle Count) Test
Table 3.8 shows the particle count test result. This test is used to know the most particle

count test in the oil.

Table 3.8: Result for particle count test (Motul oil)

Test Unused Oil Used Oil Unit
NIST Size um(c)

>4 1024 7901 Counts/mi
>6 249 868 Counts/mi
> 10 53.5 82.9 Counts/mi
> 14 21.9 19.6 Counts/ml
>18 12.0 10.2 Counts/ml
> 22 8.1 6.7 Counts/mi
> 26 7.5 6.3 Counts/mi
> 32 6.7 5.7 Counts/ml
> 38 6.0 5.1 Counts/ml
> 56 n/a n/a Counts/mi
> 70 5.1 4.0 Counts/mi
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Experiment 4: 1ISO Cleanliness Code Test

ISO cleanliness code is used to check the cleanliness of the oil. Therefore, the test is

done for both oil and the result is shown in Table 3.9.

Table 3.9: Result for ISO cleanliness code test (Motul oil)

Test Unused Oil Used QOil Unit
NIST Size pm(c)
ISO >4 22 23 -
ISO > 6 21 21 -
ISO > 14 15 15 -

Experiment 5: Viscometer Test

Table 3.10 shows the viscometer test result for Motul oil. The new and used oil are

tested and the result is compared for both oil.

Table 3.10: Result for viscometer test (Motul oil)

Test Unused Oil Used Qil Unit
Final Result :
-Viscosity at 40C 155.5 89.6 cSt
- % Viscosity change 546.0 1051.7 -
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CHAPTER 4

RESULT and DISCUSSION

4.1 Introduction

Chapter 4 are discussed on the findings towards the data that obtained from the
transformer oil analysis report towards the maintenance railway vehicle issues that only focused
on express and transit train. Bar graph method is used in order to analyze the result obtained that
causes the decreasing of quality of transformer oil such as increasing and decreasing dielectric
strength. Every of the transit and express train transformer have their own maintenance issues
that need to be focus on in order to increase the reliability of the transformer oil. The example
of the maintenance issues that focused are dielectric strength of the transformer oil, water
content in the oil, the interfacial tension in the oil, the quantity of methane in the oil and the acid
amount. This maintenance issues also need to monitor in order to reduce the maintenance and
labor cost. In this part, each of transit and express train transformer maintenance issues that
found are being discussed by using bar graph. The name of train is labelled with capital T and
capital X that shows T for transit while X is for express. As example the T101 Al, T101 B1,
X101 Al and X101 B1 is function as ID number for the train. Furthermore, each of train consist

a couple of transformer that labelled as Al and B1.
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4.2  Result for Oil Analysis

In this part the oil analysis for transit and express train has been analyzed. Therefore, it
consists four main aspects such as dielectric strength, water content, acid number and interfacial
tension. This part also important to make discussion whether the transformer oil for all train still

can be used, need to be filter or changed the oil.

4.2.1 Transit Train T101 Al and T101 B1

The dielectric strength of oil is function as an electrical insulator towards transformer
devices in the high electrical fields (Aberoumand et al., 2018) or in order words is the oil ability
to transmit electrical potential energy. Table 4.1 shows the dielectric strength result for transit
train T101 Al and T101 B1. The highest value than reference point means that the oil still

reliable to use.

Table 4.1: Dielectric strength result for transit train T101 Al and T101 B1

Dielectric Strength (kV)
Type of Train
Transformer T101 Al T101B1
Sampling Date

08.4.15 31 54
17.11.15 31 50

09.5.16 40 57
23.11.16 40 42

24.5.17 40 48
22.11.17 35 36

15.5.18 45 53
13.11.18 33 38
08.07.19 40 32

Reference Point >30
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Dielectric Strength (kv)

From the Figure 4.1 shows that, the lowest reading value for dielectric strength for T101
Alis 22 kV at 15" May 2018 while for the T101 B1 also at 15" May 2018 which is 21 kV. The
highest value for the T101 Al is 34 kV while for T101 B1 is 32 kV. The average value of
dielectric strength for T101 Al is 34 kV while for T101 B1 is 31 kV. The decreasing value of
dielectric strength as the density decrease, because of the temperature increase. Other than that,
dielectric strength is an important part need to be measure because it acts as insulator in
transformer devices that worked under high electrical fields (Aberoumand & Jafarimoghaddam,

2018). The reference point or minimum value for the dielectric strength is 30 kV.

34 53
48
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mT101 81

08415 171115 09516 231116 24517 221117 15518 131118  0B.07.18

sampling Date

Figure 4.1: Dielectric Strength for transit train T101 Al and T101 B1
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Table 4.2 shows the water content result for transit train T101 Al and T101 B1. The

water content can cause oxidation and reduce dilution for oil that may affect the quality of oil.

Table 4.2: Water content result for transit train T101 Al and T101 B1

Water Content (ppm)
Type of Train
Transformer T101 Al T101 B1
Sampling Date
08.4.15 34 22
17.11.15 30 25
09.5.16 30 28
23 1i=lb 34 32
24.5.17 34 31
22.11.17 34 31
15.5.18 22 21
13.11.18 35 31
08.07.19 26 B
Reference Point <50
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Water Content{ppm)
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The water content is one of the important part need to be avoided and removed from the
oil because the water content will cause the oil viscosity reduced. Other than that, the water
content also is one of the oxidation root cause. The maximum point or reference point for water
content can be in transformer oil is 50 ppm. For T101 A1, at 15" May 2018 got the lowest
reading than the others while the highest reading is 35 ppm at 13" November 2018. From the
Figure 4.2 shows that the average, 34 ppm of water content for T101 Al is still under the
maximum limit. So, the water content at T101 Al not at the critical point. Therefore, for T101
B1 the lowest value for the water content at 14" May 2018 which is 21 ppm. While the highest

reading at 23 November 2016 which is 32 ppm.

NTI01 AL
ET101B1

0415 171115 09516 231116 24517 221117 15518 131118 (80719
Sampling Date

Figure 4.2: Water Content for Transit Train T101 Al and T101 B1
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Table 4.3 shows the acid number for transit train T101 A1 and T101 B1. The exceeding

number for acid number can cause oxidation, reduce the quality of oil and its performance.

Table 4.3: Acid number in transformer for transit train T101 Al and T101 B1

Interfacial Tension (mN/m)
Type of Train
Transformer T101 Al T101B1
Sampling Date

08.4.15 0.1 0.1
17.11.15 0.1 0.1
09.5.16 0.1 0.1
23.11.16 0.1 0.1
24517 0.1 0.1
22.11.17 0.1 0.1

15.5.18 0.1 0.1
13.11.18 0.1 0.1
08.07.19 0.1 0.1

Reference Point >0.2
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Figure 4.3 shows the acid number for both T101 ERL transformers for Al and B1 are
constant. Therefore, it is still safe to use because still under the reference value which is 0.2. If
the value for acid number is exceeding the reference value it will cause secondary damage not
only on the oil but also the component in the transformer. So, the acid number is one of the

important part need to be monitored and controlled in order to reduce the maintenance cost.
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Figure 4.3: Acid Number for T101A1 and T101 B1
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Table 4.4 shows the interfacial tension number in transformer train for T101 Al and
T101 B1. The decreasing number for interfacial tension might reduce the quality of oil.

Therefore, by reducing the number it will cause the water more diluted.

Table 4.4: Interfacial Tension in transit train for T101 Al and T101 B1

Interfacial Tension (mN/m)
Type of Train
Transformer T101 Al T101 B1
Sampling Date
08.4.15 27.43 20.48
17:4148 26.49 20.47
09.5.16 26.00 20.81
23.11.16 25.41 18.46
24.5.17 23.78 19.46
22.11.17 24.5 19.7
T 515 25.25 21.12
13.11.18 23.06 19.52
08.07.19 22.57 21.65
Reference Point 520
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The interfacial tension minimum reference point is 20 mMN/m. The interfacial tension is
attraction force between molecules at the interface of two fluids. From Figure 4.4 shows that
the highest value of interfacial tension is 27.43 mN/m for T101 Al while for the T101 B1 is
21.65 mN/m. For the T101 B1 shows that the interfacial tension value for the transformer oil
need to be monitored because the reading is low. Moreover, the lowest value for interfacial

tension of T101 Al is 22.57 mN/m while T101 B1 is 18.46 mN/m.
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Figure 4.4: Interfacial Tension for T101 Al and T101 B1
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4.2.2 Transit Train T102 A1 and T102 B1

Table 4.5 shows the dielectric strength for transit train for T102 Al and T101 B1.
Dielectric strength is an important part to monitor in order to maintain its insulation and coolant

for the transformer.

Table 4.5: Dielectric strength reading for transit train T102 Al and T102 B1

Dielectric Strength (kV)

Type of Train
Transformer T102 Al T102 B1
Sampling Date
06.4.15 37 34
16.11.15 45 33
09.5.16 34 32
22.11.16 37 24
228117 35 39
22.11.17 46 39
15.5.18 32 32
PEERL 34 34
08.7.19 36 40
Reference Point >30
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From Figure 4.5 shows that the value for dielectric strength for both transformers in T102. The
lowest value for the T102 B1 is 24 kV. At this point, the transformer oil has done the filtering process in
order to increase back the dielectric value more than 30 kV. Next, the lowest point for T102 Al is 32

kV. The point or data that reach or near the minimum point need to be monitored in order to maintain or

50

sustain the reliability of the transformer oil.
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Figure 4.5: Dielectric Strength for T102 Al and T102 B1
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Table 4.6 shows the water content in the oil for both type of transformer. Therefore, the

water content in the oil cannot exceed the reference point which is 50 ppm.

Table 4.6: Water content in transit train for T102 Al and T102 B1

Water Content (ppm)
Type of Train
Transformer T102 Al T102B1
Sampling Date
06.4.15 31 28
16.11.15 25 21
09.5.16 40 40
22.11.16 37 39
e 33 36
22 ==l 37 39
15.5.18 39 42
12.11.18 40 46
08.7.19 41 34
Reference Point <50
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Figure 4.6 shows that the water content vs sampling date for both transformers in T102.
It shows that the highest value for water content is 41 ppm for T102 Al while the lowest is 25
ppm. Therefore, for T102 B1 the highest value is 46 ppm and the lowest is 21 ppm. For the
highest data in T102 B1 need to be monitored because it near to the maximum point which is
50 ppm. Beyond the maximum point, it will cause the oxidation in the oil that cause more effect

such as rusting and foaming of bubble.
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Figure 4.6: Water Content for T102 Al and T102 B1
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Table 4.7 shows the acid number in the transformer oil in transit train T102. The lower

the acid number, the lower the oxidation number occurred.

Table 4.7: Acid number in transformer oil for transit train T102

Acid Number
Type of Train
Transformer T102 Al T102 B1
Sampling Date
06.4.15 0.1 0.1
16.11.15 0.1 0.1
09.5.16 0.1 0.1
22.11.16 0.1 0.1
22.5.17 0.1 0.1
22.11.17 0.1 0.1
15.5.18 0.1 0.1
12.11.18 0.1 0.1
08.7.19 0.1 0.1
Reference Point <0.2
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The reference point for acid number in the transformer oil is 0.2. Figure 4.7 shows that
all the value in the sampling oil is below than 0.2 which are 0.1. So, this oil can be used and will
not affect more on the oil properties. The increasing acid number can make the components on
the transformer damage such as corrosion and leakage. So, the acid number is one of the

important part need to be monitored to ensure the reliability of the oil and the components.
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Figure 4.7: Acid Number for T102 Al and T102 B1
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Interfacial tension data for transit train transformer, TL102A1 and T102 B1 is shown in
Table 4.8. Interfacial tension data is used to check the quality of the oil. The higher value for

interfacial tension is the best.

Table 4.8: Interfacial tension for transit train oil T102

Interfacial Tension (mN/m)
Type of Train
Transformer T102 Al T102 B1
Sampling Date
06.4.15 23.35 20.2
16,4145 24.15 20.53
09.5.16 22.75 20.13
22.11.16 22.64 21.43
22.5.17 20.17 19.86
22.11.17 22.78 20.66
15:5:18 P 21.75
12.11.18 21.07 23.3
08.7.19 19.5 21.59
Reference Point 520
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This Figure 4.8 shows the data obtained based on the interfacial tension vs same
sampling date for both transformers. Other than that, for T102 Al the highest value for
interfacial tension is 24.15 mN/m on 16" November 2015 and the lowest value is 19.7 mN/m
on 81" July 2019 which is lower than reference point. Next, for T102 B1 the highest value is
21.75 mN/m on 15" May 2018 and the lowest value is 19.86 mN/m on 22" May 2017 also
lower than the reference point. The value that lowest than reference point need to monitored in

order to avoid from other foreign particle enter the oil that can cause contaminated.
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Figure 4.8: Interfacial Tension for T102 Al and T102 B1
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4.2.3 Transit Train T103 A1 and T103 B1

This part is analyzed for transit train T103 transformer, which are Al and B1 in four
major aspects, such as dielectric strength, water content, acid number and interfacial tension.
Table 4.9 shows the dielectric strength for T103 transit train. Dielectric has two function which

are as insulator and coolant.

Table 4.9: Dielectric Strength for transit train T103

Dielectric Strength (kV)

Type of Train
Transformer T103 Al T103 B1
Sampling Date
06.4.15 44.6 37
18.11.15 40 31
09.5.16 43 32
23.11.16 40 39
A35L 36 36
20.11.17 41 41
16.5.18 34 33
14.11.18 34 38
08.07.19 31 36
Reference Point 530
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Figure 4.9 shows the data for dielectric strength for train T103 Al and T103 B1. At 20"
May 2018 and 23 November 2016 shows that the same value of dielectric strength for both
transformers which is 41 kV and 36 kV. Therefore, the lowest value for both transformers is 31
kV at 8" July 2019 for T103 B1 while 31 kV for T103 A1 at 18" November 2015. Moreover,
the highest dielectric strength for both transformer is 44.6 kV, it shows that the transformer oil
is at good performance in order to act as insulator for the transformer device. So, the dielectric
strength data obtain in the Figure 4.9 shows that the transformer oil can be used and do not to

perform any filtration process.
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Figure 4.9: Dielectric Strength for T103 Al and T103 B1
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Table 4.10 shows the water content in the transit train for both transformers Al and B1
for T103. The water must below the 50 ppm to ensure no oxidation and dilution of the oil can

occur.

Table 4.10: Water content in transformer oil for T103

Water Content (ppm)
Type of Train
Transformer T103 Al T103 B1
Sampling Date

06.4.15 27 35
18.11.15 38 41
09.5.16 37 39
23.11.16 37 33
23.5.17 34 31
20.11.17 30 30

16.5.18 29 30
14.11.18 31 31
08.07.19 37 32

Reference Point <50
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Water content is one of the important part need to be maintenance in transformer
because, the water content will cause an oxidation and produce foam in the oil. So it will cause
the corrosion hence increase the acidic number in the oil. The data shows in Figure 4.10 shows
that the water content for both transformers still under control because not reach the maximum
point, 50 ppm. Therefore, every 6-month oil sampling need to be done in order to make the
transformer oil in good condition and reliable. The lower the water content is good, because can
avoid the viscosity more diluted and decrease the additive in the transformer oils. The highest
value for T103 Al is 38 ppm while the lowest value is 27 ppm. Next, for T103 B1 the lowest
value is 30 ppm on 20" November 2017 and 16" May 2018 while the highest value is 41 ppm

on 18™ November 2015.
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Figure 4.10: Water Content for T103 Al and T103 B1
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Table 4.11 shows the acid number for transit train T103. The oxidation can cause

secondary damage towards the transformer parts and winding such as leakage and corrosion.

Table 4.11: Acid number for T103 Al and T103 B1

Acid Number
Type of Train
Transformer T103 Al T103 B1
Sampling Date

06.4.15 0.1 0.1
18.11.15 0.2 0.1
09.5.16 0.1 01
23.11.16 0.1 0.1
23.5.17 0.1 0.1
20.11.17 0.1 0.1

16.5.18 0.1 0.1
14.11.18 0.1 0.1
08.07.19 0.1 0.1

Reference Point <0.2
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The Figure 4.11 shows that the value for acid number for T103 Al and T103 B1. From
the graph shows that, the value for 18" November 2015 for T103 A1 much higher than T103
B1 and also higher than others sampling data. This shows that, the sampling oil might have
some contaminants that make the acid number value increase such as air contaminants.
Although the value is higher than the others, the oil still safe and can be used because it not
exceeding the reference point which is 0.2. Therefore, for the other data the values are remain

same which is 0.1.
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Figure 4.11: Acid Number for T103 Al and T103 B1
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Table 4.12 shows an interfacial tension value for transit train transformer Al and B1.

The interfacial result need exceed the reference point which is 20 mN/m.

Table 4.12: Interfacial tension value for transit train transformer oil, Al and B1

Interfacial Tension (mN/m)
Type of Train
Transformer T103 Al T103 B1
Sampling Date
06.4.15 20.94 24.13
18.11.15 23.54 24.59
09.5.16 20.7 24.83
23.11.16 21.56 24.36
23.5.17 20.8 23.42
20.11.17 20.71 23.78
16.5.18 20.1 23.39
14.11.18 18.11 20.85
08.07.19 20.55 23.44
Reference Point 520
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Figure 4.12 shows that the fluctuate data for the oil sampling point for both
transformers. The fluctuation value occurred due to some contaminants that affected the
interfacial tension such as moisture and particle contaminants. The reference value for this
interfacial tension is 20 mN/m, so the data from the oil sampling that have less than reference
point need to be monitored and analyzed in order to know the decreasing value of interfacial
tension. Moreover, from Figure 4.12 shows the lowest value is 18.11 mN/m on 14" November
2018 and the highest value is 23.54 mN/m on 18" November 2015 for T103 A1 while for the
T103 B1, lowest value is 20.85 mN/m on 14" November 2018 and the highest value is 24.59

mN/m on 18™ November 2015.

30

]

23. . b |
20. 20. 21 20. 20, 70 2085 7.
20 18.
’ mT103 Al
0

0e4.15 181115 08516 231116 23517 201117 16518 141118 (0B07.19

Interfacial Tension (mM/m)
=5 I

Ln

Sampling Date

Figure 4.12: Interfacial Tension for T103 Al and T103 B1
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4.2.4 Express Train T104 Al and T104 B1

This part is analyzed transit train T104. T104 train also has two transformers which are
Al and B1. The transformers are analyzed by using bar graph. Table 4.13 shows the dielectric

strength reading in transformer oil for both transformers.

Table 4.13: Dielectric strength for T104 Al and T104 B1

Dielectric Strength (kV)

Type of Train
Transformer T102 Al T102 B1
Sampling Date
06.4.15 37 34
16.11.15 45 B8
09.5.16 34 32
22.11.16 3 24
22.5.17 35 39
22.11.17 46 39
15.5.18 32 32
12.11.18 34 34
08.7.19 36 40
Reference Point 530
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Both transformers have increasing linearly and decreasing linearly for dielectric strength. The
decreasing data for dielectric strength for both customers due to low dielectric strength because of oil
are diluted and have other contaminants that give effect. At 8" July 2019, the data for T104 B1 is less
than the minimum reference which is 24 kV. So, the action that can be take is filtration process or cook
the oil process which can increase the dielectric strength back. Figure 4.13 data should be monitor more

because the decreasing value of dielectric strength.
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Figure 4.13: Dielectric Strength for T104 Al and T104 B1
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Table 4.14 shows the water content in transformer oil for A1 and B1 in T104. The water

content in the oil need to be less than 50 ppm.

Table 4.14: Water content in T104 Al and T104 B1

Water Content (ppm)
Type of Train
Transformer T104 Al T104 B1
Sampling Date
17.11.15 27 29
11.05.16 28 24
23.11.16 31 32
23.05.17 31 31
21.11.17 31 31
14.05.18 33 33
13.11.18 37 36
08.07.19 32 40
Reference Point <50
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From the overall data in Figure 4.14, shows that the water content in the both
transformers are under control because below the reference point. The highest value for water
content is 40 ppm and the lowest value for water content is 24 ppm. From the graph shows that
the average data for water content is 31 ppm for both transformers. Next, the less number of
water shows that the oil is in good quality and give the better performance. Water content maybe
came from manufacturer itself and also from the environment. Furthermore, the water content
in transformer oil need to monitor in order to avoid other failure occurred during operation. This
will reduce the unplanned downtime and maintenance cost. However, the transformer oil still
safe to use because the reference point is 50 ppm while overall sampling point data is lower than

50 ppm.
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Table 4.15 shows the acid number for T104 Al and T104 B1 transit train. The lowest
the value for acid number is the best, in order to reduce the oxidation and increase the reliability

of the oil.

Table 4.15: Acid number for T104 Al and T104 B1

Acid Number
Type of Train
Transformer T104 Al T104 B1
Sampling Date
17:11.15 0.1 0.1
11.05.16 0.1 0.1
9 41603 0.1 0.1
23.05.17 0.1 0.1
21.11.17 0.1 0.1
14.05.18 0.1 0.1
13.11.18 0.1 0.1
08.07.19 0.1 0.1
Reference Point <0.2
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Based on Figure 4.15 shows that the data for acid number is constant from the first
sampling date, 7" April 2015 to the last sampling date, 8" July 2019. The acid number in the oil
is still safe and the oil still reliable to use because it not exceeds the maximum reference point
which us 0.2. Other than that, acid number that exceed the reference point will affect the oil
properties hence also affect towards the components of the transformer. So, it need to be

monitored to make the condition of the oil still reliable and safe to use.

01 01
01 | u_1ﬂ;1 0.1 1

07.0415 1712135 110516 931116 230517 211117 140518 1531118 08.07.19

01
01

U_] :}-1 ﬂl

01 |

=
=

=1
=

=]
S

mT104 Al

Acid Number

=1
=

mT104 B1

=
(=

=]

Sampling Date

Figure 4.15: Acid Number for T104 Al and T104 B1

68



Table 4.16 shows the interfacial tension for T104 Al and T104 B1. The value for

interfacial tension need greater than reference point, 20 mN/m.

Table 4.16: Interfacial Tension for T104 Al and T104 B1

Interfacial Tension (mMN/m)

Type of Train
Transformer T104 Al T104 B1
Sampling Date

17.11.15 22.98 20.33
11.05.16 24.35 23.22
23.11.16 24.35 20.57
23.05.17 22.51 21.04
21.11.17 24.05 P2I53
14.05.18 22.14 20.43
13.11.18 21.27 20.21
08.07.19 22.29 24.6

Reference Point
>20
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The reference point for interfacial tension is 20 mN/m. From the Figure 4.16 shows that
overall data for both transformers is upper than the references point so the transformer oil still
reliable to use. T104 Al shows the lowest value for interfacial tension is 21.27 mN/m while the
highest value is 24.35 mN/m. Therefore, for the T104 B1 transformer the highest value for
interfacial tension is 24.6 mN/m and the lowest value is 20.21 mN/m. Moreover, if the interfacial
tension for sampling oil is lower than the reference point, it might easily contaminate with others

particle.
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Figure 4.16: Interfacial Tension for T104 Al and T104 B1
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4.2.5 Express Train X102 Al and X102 B1

Express train is used for far destination and the number of stops is less. Express
train is difference from transit train because transit train usually stop at most of the station along

the routes. Table 4.17 shows the dielectric strength for X102 Al and X102 B1.

Table 4.17: Dielectric strength for express train X102 for transformer Al and B1

Dielectric Strength (kV)

Type of Train
Transformer X102 Al X102 B1
Sampling Date
07.4.15 32 49
oINS 38 41
12.5.16 30 41
22.11.16 46 42
PBREH 46 36
21.11.17 35 43
15.5.18 31 32
12.11.18 33 36
10.7.19 29 29
Reference Point 530
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Figure 4.17 shows that the data for the dielectric strength vs sampling date for X102 Al
and X102 B1. From the graph that have been analyzed shows the average value for all dielectric
strength still above the reference point which is 30 kV except for the last sampling date on 10"
July 2019 shows that for both transformers the value is 29 kV. For the last sampling point, an
action must be taken in order to increase back the dielectric strength value for the oil, this is
because to ensure that the oil have capability to reach its performance. If the value is lower than

reference point, an action such as filtration process need to be done to increase back the

dielectric strength value.
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Table 4.18 shows the water content in express train X102 for both transformers Al and

B1. The transformer oil can only hold the water content below the reference point which is 50

ppm.

Table 4.18: Water content in express train for X102 Al and X102 B1

Water Content (ppm)
Type of Train
Transformer X102 Al X102 B1
Sampling Date
07.4.15 27 21
16 -1l 25 14
12.5.16 36 29
22.11.16 33 30
23.5.17 31 26
2TA LA 37 31
15.5.18 43 49
12.11.18 39 42
10.7.19 5 E 59
Reference Point <50
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The maximum reference point for the water content is 50 ppm. Therefore, the
transformer oil that have value below than the reference point still safe to used and the oxidation
number can be neglected except the oil shows the value for water content beyond the reference
point. So, for Figure 4.18 shows that most of the value still below the reference point except on
the 15" May 2018 for X102 B1 show the reading beyond the reference point which is 56ppm.
At this sampling point, the oil need to filter in order to reduce back the water content in the
transformer oil. Water could affect the transformer oil and also components or secondary

damage.
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Table 4.19 shows the acid number for express train for both transformers A1 and B1. In

order to remain the reliability of the oil , the acid number must below than 0.2.

Table 4.19: Acid number for Al and B1 transformers for express train X102

Acid Number
Type of Train
Transformer X102 Al X102 B1
Sampling Date

07.4.15 0.1 0.1
16.11.15 0.1 0.1

12.5.16 0.1 01
22.11.16 0.1 0.1

23517 0.1 0.1
21.11.17 0.1 0.1

15.5.18 0.1 01
12.11.18 Ll =

10.7.19 0.1 01

Reference Point 202
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Acid number one of the important part need to be monitored by do schedule maintenance

because by increasing the acid number beyond the maximum reference point which is 0.2 can

make secondary damage not only for the oil but transformer components also because the

oxidation can make corrosion and leakage towards the transformer components which increase

the maintenance cost. So, the values for Figure 4.19 shows the safe value for acid number

because below the reference point. Therefore, it will remain the performance of the oil and also

reliable to used.

012

Acid Number
= o
g B =

=1
E

=
=]
[~

0.1 0.1 01 0.1 01 01 0.1 01

0 0.1 | 01|

0.1
0.1 | .1 01 01 | 0.1 01 | 01 |

07415 " 164115 12506y 29336=235%—211117 15518, 1271118, 10.07.19

Sampling Date

Figure 4.19 Acid Number for X102 Al and X102 B1

76

m X102 Al
B X102 B1



Table 4.20 shows the interfacial tension result for both transformers in express train
X102. The interfacial tension is used to check the quality of the oil whether it is still reliable to

used or not.

Table 4.20: Interfacial tension for transformers in express train X102

Interfacial Tension (mN/m)

Type of Train
Transformer X102 Al X102 B1
Sampling Date
07.4.15 28.13 19.84
16.11.15 26.73 21.07
12.5.16 27.62 20.71
22.11.16 25.52 21.26
23.5.17 25.39 19.34
27831 26.18 21.27
15.5.18 25.72 22.77
12.11.18 24.94 22.08
10. 7459 25.84 21.74
Reference Point 520
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From Figure 4.20 shows the value for interfacial tension vs sampling date for X102 Al

and X102 B1. The blue bar chart for X102 Al while X102 B1 orange bar chart. The average

value for X102 A1 shows still reliable to use because not exceed the minimum value for

reference point which is 20 mN/m. Furthermore, for X102 B1 on 7" July 2015 and 23" May

2017 shows the value is below the reference point while the others above the reference point.

The interfacial tension function as to avoid any particle can come through the oil easily. If the

value is below the reference point it will easily mix with foreign particle so it will reduce the

performance for the oil. The filtration process need to be done to maintain or increase the

performance of the oil. The lowest value for X102 B1 is 19.34 mN/m on 23" July 2017 and the

highest value is 22.77 mN/m on 15" May 2018. Therefore, for the X102 A1 the highest value

is 28.13 mN/m on 7 April 2015 and the lowest value is 24.94 mN/m on 12" November 2018.
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4.2.6 Express Train X104 Al and X104 B1

Table 4.21 shows the dielectric strength for express train X104. Both transformers are

analyzed by using bar graph.

Table 4.21: Dielectric strength for express train X104 transformers

Dielectric Strength (kV)

Type of Train
Transformer X104 Al X104 B1
Sampling Date
08.4.15 57 46
18.11.15 60 58
11.5.16 57 37
23.11.16 40 38
2 NN 43 34
22.11.17 41 41.2
15.5.18 34 35
141118 3, 34
09.07.19 32 31
Reference Point 30
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Figure 4.21 shows the data for dielectric strength vs sampling date for X104 Al and
X104 B1 transformers. As show in the Figure 4.21, the highest value for dielectric strength is
60 kV on 18" November 2015 and the lowest value is 31 kV on 9" July 2019. Therefore, based
on the result displayed on the Figure 4.21 shows that the dielectric strength for the oil
transformer for both transformer is reliable to use because still above the minimum reference
pint which is 30 kV. Other than that, the dielectric strength function as insulator towards the
electricity. The lower value than the reference point will reduce the performance for the oil to

remains its characteristics.
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Table 4.22 shows the water content for express train X104 transformers. Therefore,

water content for express train must below than 50 ppm to make sure the oil still can be used.

Table 4.22: Water content for express train, X104

Water Content (ppm)
Type of Train
Transformer X104 A1 X104 B1
Sampling Date

07.4.15 21 22
16.11.15 23 27

12526 33 35
22.11.16 29 37
23.5.17 32 36
21.11.17 30 27

15.5.18 40 34
1244.18 37 30

10.7.19 39 33

Reference Point <50
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The maximum reference point for water content is 50 ppm. The value or data that beyond
the reference point need to do filtration process in order to reduce the number of water content
in the transformer oil. By reducing the water content in the transformer oil, it will reduce the
number of secondary damage that might occur in the transformer oil and its components. Based
on Figure 4.22 shows the overall water content value in the transformer oil still below the
reference point, hence it is safe to use. The lowest value for water content is 21 ppm on 8™ April
2015 while the highest value for the water content is 40 ppm on 15" July 2018. Moreover, the
highest value for X104 Al is 40 ppm while the lowest is 21 ppm. While for X104 B1, the lowest

value is 22 ppm on 8™ April 2015 and the highest value is 37 ppm on 23 November 2016.
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Table 4.23 shows the acid number for X104 Al and X104 B1. The reference point for

acid number is 0.2. The acid number for transformer oil need below than the reference point.

Table 4.23: Acid number for transformer Al and B1 in express train X104

Acid Number
Type of Train
Transformer X104 A1 X104 B1
Sampling Date
08.4.15 0.1 0.1
17.11.15 0.1 0.1
09.5.16 0.1 0.1
23.11.16 0.1 0.1
24.5.17 0.1 0.1
22.11.17 0.1 0.1
15.5.18 0.1 0.1
13.11.18 0.1 0.1
08.07.19 0.1 0.1
Reference Point <02
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Figure 4.23 shows the data for acid number vs sampling date for X104 Al and X104
B1. The blue bar graph represents for X104 Al transformer while orange bar graph represents
X104 B1 transformer. Other than that, the reference point for acid number for transformer oil is
0.2. Based on the value shows for all sampling oil it shows that the acid number for the
transformer oil is still safe to use and not reduce its performance. The acid number need to be
monitored such as by condition based maintenance or scheduling maintenance because to make
sure the value below the maximum value for acid number. Moreover, by do the monitoring it

will reduce the secondary damage towards the transformer oil and the transformer components.
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Figure 4.23: Acid Number for X104 Al and X104 B1
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Table 4.24 shows the interfacial tension for X104 Al and X104 B1 transformers. The

lower the interfacial tension value, lower the quality of the oil.

Table 4.24: Interfacial tension for express train X104 transformers

Interfacial Tension (mMN/m)

Type of Train
Transformer X104 Al X104 B1
Sampling Date
08.4.15 20.86 22.65
18.11.15 20.04 18.49
11.5.16 19.69 20.12
23.11.16 20.01 19.91
23.5.17 20.92 21.16
2 2 i 20.71 20.72
15.5.18 25.35 23.67
14.11.18 22.26 24.97
09.7.19 24.3 22.29
Reference Point 220
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Figure 4.24 shows the interfacial tension vs sampling date for X104 Al and X104 B1.
The minimum reference point for interfacial tension is 20. The lowest value for X014 Al is
19.69 mN/m while the highest is 25.35 mN/m. other than that, for the X104 B1 the highest value
IS 24.97 mN/m and the lowest value is 18.49 mN/m. The interfacial tension need to be monitored
although it is not the priority because the reducing number for interfacial tension can make other
particle easily to mix with the original particle, so it will reduce the transformer oil performance
hence can cause secondary damage. Filtration process can be done to increase back the value

beyond the reference point.
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Figure 4.24: Interfacial Tension for X104 Al and X104 B1
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4.2.7 Express Train X108 Al and X108 B1

This part will analyzed the tranformers for express train X108 form the result gain.
Therefore,decision will be make towards the oil whether to reused, filter or change to new oil.

Table 4.25 shows the dielectric strength reading for express train transformers, X108.

Table 4.25: Dielectric strength transformers for express train X108

Dielectric Strength (kV)

Type of Train
Transformer X108 Al X108 B1
Sampling Date

07.4.15 44 44
iy | 37 31

09.5.16 37 40
23.11.16 41 46

24.5.17 56 50
22.11.17 52 48

15.5.18 42 36
13.11.18 46 52
08.07.19 32 30

Reference Point 530
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Dielectric strength need to be higher or equal to 30 kV because of the reference point.
Therefore, if the sampling oil has value lower than 30 kV, the transformer oil need to be done
to the process of cooking oil. The process is used to increase the dielectric strength beyond the
minimum reference point. As show in Figure 4.25 the lowest value for X108 Al is 32 kV on
8™ July 2019 while the highest is 56 kV on 24" May 2017. For X108 B1 transformer, the lowest
value for dielectric strength is 30 kV and the highest value is 52 kV. Overall data for dielectric
strength for both transformer shows that the dielectric strength is upper and equal the reference

point. So, the transformer oil is still safe to use.

= A 3
52 52
R0 48
e} = 46 : - | 25
40 41 i
a0 - 37 - || 35 .
31 32 a0

‘ __ u X108 A1
20 - u X108 B1
10 , - ; .

07415 171115 058516 231116 28517 221117 15518 13.11.18 08.07.19

Dielectric Strength (k)
]

Sampling Date

Figure 4.25: Dielectric Strength for X108 Al and X108 B1
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Table 4.26 shows the water content in express train X108 in both transformers, Al and

B1. The maximum water content can be hold the maximum is 50 ppm.

Table 4.26: Water content in both transformers for express train X108

Water Content (ppm)
Type of Train
Transformer X108 Al X108 B1
Sampling Date

07.4.15 23 24
17.11.15 34 42

0. 5215 28 38
23.11.16 32 34

24.5.17 17 19
22.11.17 30 34

15.5.18 28 32
13.11.18 23 26
08.07.19 34 28

Reference Point <50
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Water content that exceed the reference point can occur the secondary damage towards
the transformer oil. The maximum reference point for water content is 50 ppm. Therefore, the
water content need to be lower than reference point to avoid any damage towards the oil and
other transformer components such as winding and core. Figure 4.26 shows overall value for
water content for both transformer is under control and can be used. The higher value for X108
Al is 34 ppm while the lowest is 17 ppm. Moreover, for X018 B1 transformer, the lowest value
is 19 ppm while the highest value is 42 ppm. At 17" November 2015 and 8" July 2019 for X108
Al, the water content value is same which is 34 ppm. For the X108 B1 transformer, at 23"

November 2016 and 22" November 2017 the water content also constant which is 34 ppm.
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Figure 4.26: Water Content for X108 Al and X108 B1
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Table 4.27 shows the acid number content in express train X108 transformers. The acid

number reading for the transformer oil cannot exceed the reference point which is 20.

Table 4.27: Acid number in express train, X018 for both transformers

Acid Number
Type of Train
Transformer X108 Al X108 B1
Sampling Date

07.4.15 0.1 0.1
17.11.15 0.1 0.1
09.5.16 0.1 0:1
23.11.16 0k -
24517 01 01
221117 0.1 0.1

15.5.18 01 0.1
13.11.18 o e
08.07.19 0.1 Ot

Reference Point <0.2
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Figure 4.27 shows the constant value from starting the sampling point is taken until the
last sampling point. Moreover, the maximum acid number can content in the transformer oil is
0.2, the higher the value from this reference point need to filter back in order to get the optimum
or normal value. Other than that, the acid number can cause corrosion towards the winding, core
and surface of transformer hence it will increase the maintenance cost. The acidity also can
cause deterioration of the insulation property of paper insulation of winding. Acid number also

can be used in the process of neutralization towards the base or KOH.
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Figure 4.27: Acid Number for X108 Al and X108 B1
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Table 4.28 shows the interfacial tension in both transformers oil for express train X108.

The interfacial minimum point or reference point is 20 mN/m.

Table 4.28: Interfacial tension data for express train X108

Interfacial Tension (mN/m)
Type of Train
Transformer X108 Al X108 B1
Sampling Date

07.4.15 24.03 23.34
17.11.15 23.45 22.99

09.5.16 23.78 23.45
234116 24.37 24.83

24.5.17 23.77 24.00
22.11.17 23.21 23.81

15.5.18 22.80 23.40
13.11.18 20.68 21.04
08.07.19 21.91 21.25

Reference Point 520
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Interfacial tension function needed to measure the attractive molecular force between
water and oil. Other than that, it also used to determine the presence of polar contaminants and
oil decay products. Figure 4.28 shows the interfacial tension for both transformers, the highest
value for X108 Al is 24.37 mN/m and lowest value is 20.68 mN/m. For X108 B1 transformer,
the highest value is 24.83 mN/m while the highest is 21.04 mN/m. The overall data is still under
control because it is beyond the reference point which is 20 mN/m. If the value of interfacial

tension is lower, it might cause other foreign particle to contaminated easily.
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Figure 4.28: Interfacial Tension for X108 Al and X108 B1
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Figure 4.29 shows comparison between two transformers with different train which are
express and transit train. The comparison is make on the dielectric strength result. For transit
train T102, the highest value is 46 kV while the lowest value is 32 kv. For express train X102,

the highest value is 46 kV and the lowest value is 29 kV.
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Figure 4.29: Comparison dielectric strength for T102 Al and X102 Al
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Figure 4.30 is compared between two different type of train, which are transit train T102
and express train X102. The comparison result also is made with same B1 transformers. For
transit train T102, the highest value is 40 kV and the lowest value is 24 kV. For express train

X102, the highest value is 49 kV and the lowest value is 20 kV.
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Figure 4.30: Dielectric strength comparison between T102 B1 and X102 B1
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Figure 4.31 shows compariosn of water content between express train, X102 Al and

transit train, T102 Al. The highest water content value for transit train, T102 is 41 ppm and the

ppm and the lowest value is 25 ppm.
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Figure 4.31: Comparison water content data for T102 Al and X102 Al
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Figure 4.32 shows the comparison water content data for express train X102 B1 and
transit train T102 B1. From the graph shows that the highest value for water content for transit
train is 46 ppm and the lowest is 21 ppm. For express train X102 B1, the highest value is 49

ppm and the lowest value is 14 ppm.
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Figure 4.32: Comparison water content for X102 B1 and T102 B1
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Figure 4.33 shows the comparison graph between express train X102 Al and transit
train T102 Al for interfacial tension value. For transit train, T102 the highest value is 24.15
mN/m while the lowest reading is 19.5 mN/m. For express train X102, the highest value is 28.13

mN/m and the lowest value is 24.94 mN/m.
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Figure 4.33: Comparison interfacial tension value for transit train T102 Al and express train
X102 Al
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Figure 4.34 shows comparison between interfacial tension value for transit train T102
B1 and express train X102 B1. For transit train, T102 the highest value is 23.3 mN/m and the
lowest value is 19.83 mN/m. While for express train, X102 B1 the highest value is 22.77 mN/m

and the lowest value is 19.34 mN/m.
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Figure 4.34: Interfacial tension data for transit train T102 B1 and express train X102 B1
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4.3 Discussion

Detailed analysis has been analyzed based on the dielectric strength, water content, acid
number and interfacial tension towards express and transit train which are T101 Al and B1,
T102 Al and B1, T103 Al and B1, T104 Al and T104 B1, X102 Al and B1, X104 Al and B1
and X108 Al and B1. Moreover, transformers are analyzed based on result gain from the ERL
company. The maintenance towards the transformers are done by semiannually or each six
months per year, this is because to prevent any damage that might be occurred towards the
transformer oil and its components. The damage towards the transformer oil and the transformer
components might increase the maintenance cost and shutdown time, so it will lower the

production time.

Based on previous analysis, the dielectric strength is analyzed first because it plays an
important role in transformer to function. Dielectric strength also called breakdown voltage for
transformer oil. Breakdown voltage can be analyzed at which voltage between two electrodes
immersed in the oil, separated by a particular distance. The lower the dielectric strength reduce
the performance of transformer to step down the voltage for express and transit train, because
the lower the breakdown voltage or dielectric strength shows the presence of moisture content
and conducting substance in the oil. The reference point for dielectric strength safely to used is
30 kV, the lower the value will cause secondary damage towards the ability of transformer to

perform its job.
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Next, water content is an important to monitor because it will cause secondary damage
towards the transformer oil and also transformer components such as winding, core and it
surface. Water contamination can promote oxidation, lead to vapor cavitation and catalyze rust
or other corrosion. Most of oil have additives in order to increase the extend the lifespan of
lubricant hence can control the oxidation. Although the additive is function to prolong the
lifetime of the transformer oil, it also depletes over time especially when combine with the

higher moisture levels.

Other than that, acid number also need to monitored because it is harmful property. The
water content in the oil might become soluble if the oil is acidic. Moreover, it is deteriorates the
insulation property of paper insulation of winding and acidity also will accelerate the oxidation
process in the oil. The constant number in the result for acid number due to dissolved gas
analysis data such as hydrogen. The reference point for hydrogen gas is 100 while overall data
for hydrogen gas still under the reference point, so it will not give effect towards acid number
results. Higher number of acidity also can cause rusting of iron in the presence of moisture. The
oxidation from the acid number can cause corrosion towards the transformer surface. its oil
properties, winding and core. If the failure occurs, it will increase the secondary damage towards
the transformer hence increase the maintenance cost. The increase number of acid will darken

the oil and produce water and acids hence will culminate in producing the sludge.
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Furthermore, dissolved gas analysis shows the result for gas content in the transformer
oil such as hydrogen, oxygen, carbon dioxide and carbon monoxide. The result for overall gas
shows that, the gas still under control and under reference point, so the gas content will not
affect towards the transformer oils’ properties. The higher number of gas content in the
transformer oils’ can cause failure towards the oils’ properties such as corrosion, oil dilution
and oxidation. The percentage of discounted cumulative gain for transformer oil also give the
good result, which is lower than the reference point which is 720 ppm. So, the oil quality will

remain good and safe to use.

Finally, based on the previous analysis the most part need to be monitored is interfacial
tension because most of the value is near to reference point. Interfacial tension is function as to
measure the attractive molecular mass between the water and oil. It is also used to determine the
polar contaminants and decay product, so the good interfacial tension is the highest value. The
lower value for interfacial tension might lower the force attraction between the particle, hence
other foreign particle can easily mix with the current oil particle and cause damage towards the

oil.
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4.4 Preventive Maintenance Strategy

A transformer is typically a sturdy system with very good reliability which needs

relatively low maintenance. When the transformer is applied towards the system, usually the

user need to have a strategy for ensures an acceptable degree of efficiency and streamlined

service life. An optimized maintenance strategy will ensure that required availability and

reliability of transformer over its lifetime at low maintenance cost. The objectives or goal for

good maintenance is to detect any early failure or abnormalities before it become worst. Figure

4.35 shows a basic maintenance process.
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Figure 4.35 Maintenance Process
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One of the important parts need to be monitored is transformer oil, because it plays an
important role not only as coolant towards the transformer but as insulator. The lower the quality
of the oil, it will affect the performance of transformer to reach its optimized performance.
Therefore, preventive maintenance need to do in the transformer oil such as dielectric strength,
water content, acid number and interfacial tension. Table 4.29 shows the sampling oil need to

be taken by following the maintenance duration.

Table 4.29: Oil sampling duration

Test Description Limit Maintenance Duration
Dielectric Strength Minimum to 30 kV Each 6 month per year
Water Content Maximum to 50 ppm Each 6 month per year
Acid Number Upto 0.2 Each 6 month per year
Interfacial Tension Minimum to 20 mN/m Each 6 month per year
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Figure 4.36 shows the action need to be taken if the oil sampling data exceeds the
reference value. The drastic action need to take to prevent any worst failure might occur towards
the transformer oil and transformer parts which can cause higher maintenance cost. With the
help of the above figure, it helps the users identify the source of problem easily and solve it

effectively.
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Figure 4.36: Decision Process in Cases of Oil Test Returning “Abnormal Values”
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Furthermore, the transformer oil need to be tested in order to ensure it works for today’s
standards. Most of the standards are set by the ASTM which is international standards and oil
testing is including the dielectric strength (ASTM D877), water content (ASTM D924-08), acid
number (ASTM D664) and interfacial tension (ASTM D971). By doing the test, it will show
the condition of the oils whether it is clean and create a baseline property that need to be tested

periodically.

Some process can be done in order to achieve optimize performance for the transformer
such as filtration process in order to reduce the contamination of particles or water. Moreover,
to increase the dielectric strength, reduce the water content, reduce the acid number and increase
the interfacial tension to optimize value, filtration process is needed by using VFDR 30 machine.
This machine is online filtration process because to reduce the number of sludge in the oil rather

than offline filtration.

The VFDR 30 machine process flow by transferring the oil from main transformer via
VFDR 30 machine to external storage tank. Next, during the filtration or oil drying process the
oil will circulate from the storage tank to the main transformer and return back to the storage
tank. Time taken for the filtration process to occur is within 45 to 90 minutes. This process is
repeated until all the value is in acceptable value and when required. Finally, transferring back

the oil from the external storage tank to main transformer after the filtration process is complete.
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Finally, by checking the component parts for transformer and environmental factors
also are the factors the reliability of the transformer is decreasing. Therefore, action need to be
taken in order to increase the reliability of the transformer oil to become good insulator and
good coolant towards the transformer to achieve the optimized performance. Some of the
components that can be monitored is silica gel, surface, winding and core while the

environmental factors is temperatures and person in charge to do oil sampling.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The purpose of this study to analyze and study the maintenance practice on railway
transformer oil. The objective of this study is to analyze railway vehicle transformer oil
condition. Second, to compared the new and used transformer oil. Lastly, make recommendation
to ERL Maintenance Support Sdn. Bhd. towards transformer oil whether for replacement, reused
or filter the used oil. The issues for the transformer oil has been analyzed and identified from
the data collection based on last 5 years’ result which are from 2015 to 2019. Based on the result
shown for express train X102 A1 and X102 B1 both transformer oil need to changed due to
lower dielectric strength which is 29 kV at last sampling date. the lowest reading for dielectric

strength can reduce the performance of transformers.

Next, for transit train T102 A1, the transformer oil need to filter first in order to increase
back the value for interfacial tension. After filtration process have done, test the transformer oil
back, if the interfacial tension value still below than reference point, change to new oil. This is
accomplished the third objective which is make recommendations whether the used oil can be

reused, replacement or filter the oil.
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The reducing number for all parts because the contamination occurred in the transformer
oil itself such as moisture, particle and air contamination hence deplete the additives in the oil
that function to prolong the oil life. Therefore, the transformer components also need to
monitored to avoid any external contaminant such as air, dust or water that can affect the
transformer oil. This result is gained based on the data that have being collected on the ERL

Maintenance Support Sdn. Bhd.

This analysis cannot eliminate or shorten the duration for maintenance due to cost of oil
sampling issues but can only propose the better way to manage the maintenance or doing the oil
sampling. Hence, the second objective of this study has been accomplished which is analyzed
the data whether beyond the reference point or not. Next, third objective also has been
accomplished by make recommendations for transformer oil if any error occurred. The strategy
is obtained by doing some research towards the transformer oil and its components. Lastly, all

objective for this study is achieved.
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5.2 Recommendations for future studies

This section offers some ideas for future research and further study. To further improve
the maintenance and strategy of the transformer oil study. Here are the suggestions and potential

works listed:

1. Determine the operation time, mileage covered and maintenance cost of repairs for
each express and transit train that have been analyzed for meet the analysis
requirements. So, it will make this analysis more accurate and efficient.

2. Analyze the maintenance critical issues that usually happen when the transformer got
failure, so easy to determine the source of failure.

3. Furthermore, need to prolong the duration to collect the data, in order to gain the more
details results and can shows the trend.

4. Based on the trend has been analyzed, the oil must be checked every six months and
need to change if the reading of four main aspects such as dielectric strength, water

content, acid number and interfacial tension is lower than the reference point.
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APPENDICES

Appendix Al: Gantt Chart for PSM 1
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Appendix A2: Gantt Chart for PSM 2
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Appendix B: Site visit to ERL Maintenance Support Sdn. Bhd., Sepang, Selangor
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